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GeneraL InTrODuCTIOn

Bone is a fundamental part of the musculoskeletal system. Sufficient strength is needed 
to bear loads and transmit muscles forces.1 There are three types of cells present in bone 
that are involved in the growth and healing of bone; osteoblasts (differentiated bone-
forming cells), osteocytes (differentiated osteoblasts fully surrounded by osteoid or bone 
matrix, which maintains the bone matrix) and osteoclasts (bone resorption).The major 
structural component (90%) of bone matrix is collagen. This matrix together with other 
components becomes mineralized to form bone. During mineralisation hydroxyapatite 
crystals are formed. These consist of calcium and phosphate, which can be released into 
the blood after bone resorption by osteoclasts. Due to the storage of calcium and phos-
phate, bone also plays a role in homeostatic regulation of blood calcium level (Figure 
1).2 The homeostasis of calcium is regulated by parathyroid hormone (PTH), vitamin D 
and calcitonin. PTH secreted by the parathyroid gland, stimulates bone resorption by 
osteoclasts resulting in the release of calcium. It also reduces excretion of calcium by the 
kidneys and stimulates calcium absorption by the small intestine. Vitamin D also results 
in an increased calcium concentration. Calcitonin, produced by the thyroid gland, and 
PTH have reciprocal effects in the regulation of calcium homeostasis.

Vitamin D has been discovered during the search for a treatment of rickets, an 
emerging disease during the 19th century. Around 1900 it was accepted that rickets was 
associated with abnormally low mineralisation of bones, but it took till 1922 to prove 
that it was caused by a deficiency of vitamin D.3,4 Vitamin D can be synthesized in the 
skin through sunlight exposure. Ultraviolet B radiation penetrates the skin and converts 
7-dehydrocholesterol to vitamin D3 (cholecalciferol). Vitamin D is also obtained from 
food products containing vitamin D3 or vitamin D2 (ergocalciferol). Both forms are 
converted to 25-hydroxyvitamin D [25(OH)D] (calcidiol) in the liver, and hydroxylated by 
25-hydroxyvitamin-D-1α-hydroxylase in the kidneys to its most active form: 1,25-dihy-
droxyvitamin D [1,25(OH)2D3] (calcitriol) (Figure 1.).5

Vitamin D acts in its classical endocrine function to increase calcium concentration in 
the blood via vitamin D receptors (VDRs) in the intestine, kidney, parathyroid glands and 
bone. In the duodenum and small intestine activated VDRs lead to increased epithelial 
absorption of calcium.6,7 In the kidney vitamin D stimulates the re-absorption of calcium 
in the distal tubules.8 In the parathyroid glands vitamin D gives a negative feedback on 
the PTH production. In bone vitamin D results in the expression of the receptor activator 
of nuclear factor-κB ligand (RANKL). RANK, the receptor for RANKL on preosteoclasts, 
binds RANKL, which induces preosteoclasts to become mature osteoclasts. Mature 
osteoclasts remove calcium and phosphorus from the bone, maintaining calcium and 
phosphorus levels in the blood.5
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Figure 1. Calcium homeostasis
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Another condition leading to bone fragility is Osteoporosis. Osteoporosis is a skeletal 
disorder that is characterised by low bone mass and micro-architectural deterioration of 
bone structure, resulting in bone fragility and an increased fracture risk.9 It is caused by 
an imbalance between bone resorption and bone formation, in favour of bone resorp-
tion. The definition of osteoporosis is based on the T-score for bone mineral density9, 
measured at the femoral neck by dual energy X-ray absorptiometry (DXA). T-score for 
osteoporosis is defined as a value for BMD ≤ -2.5 below the young female adult mean9. 
Typical osteoporotic fractures are located in the spine, hip, distal forearm and proximal 
humerus.9 At the age of 50, the remaining lifetime probability for any of these fractures is 
22.4% for men and 46.4% for women. These fractures, except for forearm fractures, are 
associated with increased mortality. Bisphosphonates are the initial treatment option 
and treatment should be reviewed after 3-5 years. The initiation of pharmacological 
treatment is based on the FRAX, an algorithm that calculates the 10-year probability of a 
major fracture (hip, spine, humerus or wrist).

A fracture is a common injury to the bone after a trauma, which is a result from of dif-
ferent loads in both magnitude and direction than the loads normally experienced.1 
Fracture healing is the subsequent difficult biological process resulting in restoration of 
the bone and two basic types of bone healing are described.10

1. Natural or secondary fracture healing
This is a process that can be divided into four overlapping stages: the inflammation stage, 
the soft callus formation stage, the hard callus formation stage and the bone remodel-
ing stage. Each stage is characterized by specific cellular and molecular processes.11 
The inflammatory stage starts immediately after fracture when a fracture haematoma 
appears and forms a fibrin clot. In the weeks after the fracture chondrocytes produce 
a cartilaginous matrix until all the granulation tissue is replaced by cartilage. Where car-
tilage production is deficient, fibroblasts fill the area with fibrous tissue, forming a semi 
rigid fibrous cartilaginous matrix called soft callus. Hard callus formation is the result of 
mineralized bone matrix / calcified callus by osteoblasts. During the remodeling stage 
hard callus is transformed into the original cortical and/or trabecular bone configura-
tion. This process is started with resorption by osteoclasts followed by the formation of 
lamellar bone.

2. Direct or primary bone healing
This is the result of surgical anatomical fracture reduction, with compression of both de 
fracture ends with almost complete stability1. This healing process relies on direct bone 
remodeling, whereby osteoclasts cuts cones across the fracture and osteoblasts form 
new bone.1
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The diamond concept of fracture healing was introduced by Giannoudis et al.10 in 
2007. Mechanical stability was added to the above described complex of interaction of 
osteogenic cells, osteoconductive scaffolds and growth factors, that should result in 
fracture healing. These three biological elements with mechanical stability are needed 
for proper fracture healing and the absence could result in delayed fracture healing 
or non-union. Delayed union is defined as a fracture which takes longer than usual to 
heal unite. A non-union is a fracture which fails to achieve union by 9 months since the 
injury, and for which there has been no signs of healing for 3 months. Some, have recom-
mended that for long bones non-union should be considered after a period of 6 months 
if no evidence of radiological fracture healing is present.12 The incidence of fracture 
non-union is estimated to be up to 10%.13-15 Delayed and non-union are accompanied by 
additional burden for the patients and increased costs (€18.000 – €20.000)16, as a result 
of increased duration of treatment with additional visits, radiological examinations and 
possible additional surgery. Several risk factors of impaired fracture healing have been 
identified in the literature.12,17,18 Vitamin D deficiency and osteoporosis have been sug-
gested as risk factors.

Since the high prevalence of vitamin D deficiency in adults19,20 and osteoporosis9 in 
Europe, the question rises about their actual role in fracture healing. Since both condi-
tions interfere negatively with the homeostasis of bone, it could be expected that these 
impair fracture healing resulting in delayed and or non-union. Aim of this thesis is to 
investigate the effect of vitamin D status and osteoporosis on fracture healing.
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OuTLIne OF THIs THesIs

This thesis is divided in two parts. The first parts focus on the effect of vitamin D on 
fracture healing and in the second part the effect of osteoporosis on fracture healing is 
discussed.

An extensive review of literature about the effect of vitamin D on fracture healing is 
presented in Chapter 2. Since fracture healing is a result of rather complex consecutive 
biological events, this second chapter focuses at first on the cellular effects of vitamin 
D during fracture healing. Subsequently the available evidence regarding its clinical 
involvement in the process of fracture healing is reviewed. Chapters 3 and 4 present 
the results of two cross sectional studies performed in fracture patients. The main sci-
entific research question for both studies was to determine the prevalence of vitamin D 
deficiency in adults (Chapter 3) and children (Chapter 4). In both studies risk factors for 
vitamin D deficiency were investigated and compared to known risk factors. In children 
additionally the occurrence of complications during the fracture healing was examined 
and plotted against vitamin D status. Chapter 5 describes a retrospective study regard-
ing the effect of vitamin D deficiency on fracture healing in adult fracture patients. The 
main question of interest in this study was the effect of vitamin D status on fracture 
healing.

In the Chapters 6, 7, and 8 of this thesis, bone quality in relation to fracture healing 
are evaluated, with a specific focus on osteoporosis. Chapter 6 provides a review of the 
evidence regarding the effect of osteoporosis on fracture healing. A retrospective study 
on the effect of osteoporosis on fracture healing is presented in Chapter 7. Chapter 
8 comprises a more fundamental study on osteoporosis. In this study the levels of 
sclerostin are determined in fracture patients with osteoporosis. Since sclerostin causes 
increased bone resorption and decreased bone formation, it could by hypothesized that 
it might be involved in the in the development of osteoporosis.

In the appendix of this thesis, two case reports are presented in Chapters 9 and 10 
which illustrate the role of vitamin D plays in bone metabolism and fracture healing. The 
first case report is about a patient with multiple pathological fractures due a severe vi-
tamin D deficiency induced autonomous hyperparathyroidism. The second case report 
describes a successful treatment of a non-union in a patient with a femur fracture and 
vitamin D deficiency. The illustrations act as the bridge towards the general discussion 
and future perspectives.
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absTraCT

Introduction
Vitamin D is essential for bone mineralization and for the subsequent maintenance 
of bone quality. Mineralization is part of hard callus formation and bone remodelling, 
processes, which are part of fracture healing. We provide a comprehensive review of the 
literature to summarize and clarify if possible, the cellular effects of vitamin D and its 
clinical involvement in the process of fracture healing in human.

Material and methods
We conducted a literature search in PubMed, Embase (OVID version), and Web of Sci-
ence.

Results
A total of 75 in vitro and 30 in vivo studies were found with inconsistent results about the 
cellular effect of vitamin D on fracture involved inflammatory cells, cytokines, growth 
factors, osteoblasts, osteoclasts and on the process of mineralization. With only five in 
vitro studies performed on material derived from a fracture site and one in vivo study in 
fracture patients, the exact cellular role remains unclear.

Seven studies investigated the circulating vitamin D metabolites in fracture healing. 
Although it appears that 25(OH)D and 24,25(OH)2D3 are not affected by the occurrence 
of a fracture, this might not be the case with serum concentrations of 1,25(OH)2D3. The 
potential clinical effect of vitamin D deficiency is only described in one case series en 
three case controlled studies. Where the results tend to show no effect of a vitamin D 
deficiency.

No clinical studies were found investigating solely vitamin D supplementation. Two 
clinical studies found a positive effect of vitamin D supplementation and calcium, of 
increased bone mineral density or respectively increased fracture callus area at the 
fracture site. One study found indirect evidence that vitamin D and calcium promoted 
fracture healing.

Conclusion
Despite these results, and the presumed beneficial effect of vitamin D supplementation 
in deficient patients, clinical studies that address the effects of vitamin D deficiency or 
supplementation on fracture healing are scarce and remain inconclusive. We conclude 
that vitamin D has a role in fracture healing, but the available data are too inconsistent 
to elucidate how and in what manner.
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InTrODuCTIOn

Fracture healing is a complex biological process that starts directly after a fracture has 
occurred. Fracture healing processes can be divided into four overlapping stages: the 
inflammation stage, the soft callus formation stage, the hard callus formation stage 
and the bone remodelling stage.1 In case of an anatomical reduction and rigidly stable 
conditions no soft callus formation occur.2 Each stage of the fracture healing process is 
characterized by specific cellular and molecular processes.1,3-5 Normal fracture healing 
requires the coordinated action of signalling molecules, growth factors, osteoprogenitor 
cells and an extracellular matrix scaffold, as well as preservation of mechanical stabil-
ity of the fracture. 1,3-6 Many of these basic requirements for bone growth are in turn 
influenced by a number of physiological, cellular, and molecular/genetic factors.1

Vitamin D is essential for bone mineralization and for the subsequent maintenance 
of bone quality through its vital role in the regulation of calcium and skeletal homeosta-
sis. Bone mineralization is part of hard callus formation and bone remodelling. Vitamin 
D is thus likely to play a key role in fracture healing in at least these stages. The classical 
endocrine function of vitamin D is the maintenance of calcium homeostasis through 
binding of 1,25(OH)2D3 to vitamin D receptors in the intestine, kidney, parathyroid 
glands and bone (Figure 1). The non-classical function of vitamin D is in most human 
tissue mediated through the intracellular expression of the Cyp27b1 gene (encoding for 
the 1α-hydroxylase enzyme), Cyp24a1 gene (encoding for the 24-hydroxylase enzyme) 
and vitamin D receptors.7

Whereas the classical calcium regulating actions of vitamin D are well documented, 
much less is known about the role of vitamin D in fracture healing in humans. The aim 
of this systematic review of the literature on the role of vitamin D in fracture healing is 
to evaluate and summarize what is known about the cellular effects of vitamin D during 
fracture healing and of its clinical involvement in the process of fracture healing in hu-
man.

MeTHODs

We conducted a literature search in PubMed, Embase (OVID version), and Web of Sci-
ence. A systematic review was performed according to the PRISMA checklist. The search 
consisted of two subject queries taking into account the terminological and technical 
differences between databases (table 1).
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The first query, the cellular effects of vitamin D in fracture healing, concerned vitamin 
D and specific cytokines [Interleukin-1 (IL-1), Interleukin-6 (IL-6), Tumor Necrosis Factor-
alpha (TNF-α)], growth factors [Transforming Growth Factor beta (TGF-β), Insulin-Like 
Growth Factor I & II (IGFI/II), Bone Morphogenetic Proteins (BMP’s), Vascular Endothelial 
Growth Factor (VEGF), Fibroblast Growth Factor (FGF), Platelet-Derived Growth Factor 
(PDGF)], osteoblasts and osteoclasts.[1, 3-5] The second query, the clinical involvement 
of vitamin D in fracture healing, included vitamin D, vitamin D deficiency and fracture 
healing. Various synonyms and related terms were used for all topics (table 1). The 
searches were conducted at the end of September 2013.

1,25(OH)2D3 
(calcitriol) 

25(OH)D (calcidiol) 

vitamin D3 or vitamin D2 

(Diet) 

 
Liver 

25-hydroxylase 

Kidney 
 1α-hydroxylase 

(Cyp27b1) 

Intestine 
↑ absorption calcium 

 

 

Kidney 
↑ re-absorption 

calcium 
↓ Cyp27b1 
↑ Cyp24a1 

Bone 
bone remodelling & 

mineralization 
 

 

Parathyroid gland 
↓ PTH production 

 

1,24,25(OH)2D3  

 

7-dehydrocholesterol  

Skin 
ultraviolet B radiation 

vitamin D3 

Intracellular 
 1α-hydroxylase 

(Cyp27b1) 
24-hydroxylase 

(Cyp24a1) 

 

1,25(OH)2D3  

Intracellular 
24-hydroxylase 

(Cyp24a1) 

 

24,25(OH)D  

 

Figure 1. Flow chart of vitamin D metabolism and its classical function in the maintenance of calcium ho-
meostasis and skeletal homeostasis
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Table 1. Search strategies

Query Database search strategy

1 PubMed (vitamin d[ti] OR vitamin d1[ti] OR vitamin d2[ti] OR vitamin d3[ti] OR “vitamin 
d”[ti] OR Cholecalciferol[ti] OR Hydroxycholecalciferols[ti] OR Ergocalciferol[ti] 
OR “25-Hydroxyvitamin D 2”[ti] OR Dihydrotachysterol[ti] OR Calcifediol[ti] OR 
Dihydroxycholecalciferols[ti] OR “24,25-Dihydroxyvitamin D 3”[ti] OR Calcitriol[ti] OR 
vitamin d[ti] OR “Vitamin D”[Majr]) anD (“Interleukin-1”[mesh] OR “Interleukin-6”[mesh] 
OR “Tumor Necrosis Factor-alpha”[mesh] OR “Transforming Growth Factor beta”[mesh] 
OR “Insulin-Like Growth Factor II”[mesh] OR “Insulin-Like Growth Factor I”[mesh] OR 
“Bone Morphogenetic Proteins”[mesh] OR “Vascular Endothelial Growth Factor A”[mesh] 
OR “Fibroblast Growth Factor “[mesh] OR “Platelet-Derived Growth Factor”[mesh] OR 
“Interleukin-1”[ti] OR “Interleukin-6”[ti] OR “Tumor Necrosis Factor-alpha”[ti] OR tnf 
alpha[ti] OR “Transforming Growth Factor beta”[ti] OR tgf beta[ti] OR “Insulin-Like Growth 
Factor II”[ti] OR “Insulin-Like Growth Factor I”[ti] OR “Bone Morphogenetic Proteins”[ti] 
OR “Vascular Endothelial Growth Factor A”[ti] OR “Fibroblast Growth Factor”[ti] 
OR “Platelet-Derived Growth Factor”[ti] OR “Osteoblasts”[Mesh] OR osteoblasts[ti] 
OR osteoblast[ti] OR osteoblastic[ti] OR “Osteoclasts”[Mesh] OR osteoclasts[ti] OR 
Osteoclast[ti] OR osteoclastic[ti]) anD english[la] NOT “Case Reports”[Publication Type], 
filter: Human

Embase 
(OVID-
version)

(exp *Vitamin D/ OR vitamin d.ti OR vitamin d1.ti OR vitamin d2.ti OR vitamin d3.ti OR 
“vitamin d”.ti OR Cholecalciferol.ti OR Hydroxycholecalciferols.ti OR Ergocalciferols.
ti OR “25-Hydroxyvitamin D 2”.ti OR Dihydrotachysterol.ti OR Calcifediol.ti OR 
Dihydroxycholecalciferols.ti OR “24,25-Dihydroxyvitamin D 3”.ti OR Calcitriol.ti OR vitamin 
d.ti) anD (*Interleukin 1/ OR “Interleukin-1”.ti OR *Interleukin 6/ OR “Interleukin-6”.ti OR 
*tumor necrosis factor alpha/ OR “Tumor Necrosis Factor-alpha”.ti OR tnf alpha.ti OR 
*Transforming Growth Factor beta/ OR “Transforming Growth Factor beta”.ti OR tgf beta.
ti OR *somatomedin B/ OR “Insulin-Like Growth Factor II”.ti OR “Insulin-Like Growth 
Factor 2”.ti OR “Insulin-Like Growth Factor I”.ti OR “Insulin-Like Growth Factor 1”.ti OR 
*somatomedin C/ OR *Bone Morphogenetic Protein/ OR “Bone Morphogenetic Proteins”.
ti OR Bone Morphogenetic Protein.ti OR *vasculotropin/ OR “Vascular Endothelial 
Growth Factor A”.ti OR *fibroblast growth factor / OR “Fibroblast Growth Factor”.ti OR 
“Fibroblast Growth Factor II”.ti OR *Platelet Derived Growth Factor/ OR “Platelet-Derived 
Growth Factor”.ti OR Osteoblast/ OR osteoblasts.ti OR osteoblast.ti OR osteoblastic.ti 
OR Osteoclast/ OR osteoclasts.ti OR Osteoclast.ti OR osteoclastic.ti) anD english.la NOT 
(Journal: Conference Abstract.pt OR case report/), filter Human

Web of 
Science

((TI=(“vitamin d” OR “Cholecalciferol” OR “Hydroxycholecalciferols” OR “Ergocalciferols” 
OR “25-Hydroxyvitamin D 2” OR “Dihydrotachysterol” OR “Calcifediol” OR 
“Dihydroxycholecalciferols” OR “24,25-Dihydroxyvitamin D 3” OR “Calcitriol” OR “vitamin 
d”) anD TS=(“Interleukin-1” OR “Interleukin-6” OR “Tumor Necrosis Factor-alpha” OR 
“Transforming Growth Factor beta” OR “Insulin-Like Growth Factor II” OR “Insulin-Like 
Growth Factor I” OR “Bone Morphogenetic Proteins” OR “Vascular Endothelial Growth 
Factor A” OR “Fibroblast Growth Factor 2” OR “Platelet-Derived Growth Factor” OR 
“osteoblast” OR “osteoclast” OR “osteoblasts” OR “osteoclasts” OR “osteoblastic” OR 
“osteoclastic”)) OR (TS=(“vitamin d” OR “Cholecalciferol” OR “Hydroxycholecalciferols” 
OR “Ergocalciferols” OR “25-Hydroxyvitamin D 2” OR “Dihydrotachysterol” OR 
“Calcifediol” OR “Dihydroxycholecalciferols” OR “24,25-Dihydroxyvitamin D 3” OR 
“Calcitriol” OR “vitamin d”) AND TI=(“Interleukin-1” OR “Interleukin-6” OR “Tumor 
Necrosis Factor-alpha” OR “Transforming Growth Factor beta” OR “Insulin-Like Growth 
Factor II” OR “Insulin-Like Growth Factor I” OR “Bone Morphogenetic Proteins” OR 
“Vascular Endothelial Growth Factor A” OR “Fibroblast Growth Factor “ OR “Platelet-
Derived Growth Factor” OR “osteoblast” OR “osteoclast” OR “osteoblasts” OR 
“osteoclasts” OR “osteoblastic” OR “osteoclastic”))) anD Human AND LA=(English) NOT 
TI=(“case report*”); Refined by: [excluding] Document Types=( MEETING ABSTRACT )
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For both queries the results were limited to English language articles and Conference 
abstracts were excluded. For the first query, both in vitro and in vivo human clinical stud-
ies were included. Articles were only included when describing an effect of vitamin D on 
osteoblasts or osteoclasts in the context of fracture healing or when they described an 
effect of vitamin D on the expression of interleukins or growth factors by bone cells or by 
cells involved in fracture healing, or an effect of vitamin D on circulating concentrations 
of these interleukins or growth factors. No case reports were included. We first screened 
titles and abstracts to ascertain whether the articles contained information pertaining 
to the subject of the review and whether they met the eligibility criteria. The full article 
was then read before including it in the analysis.

Table 1. Search strategies (continued)

Query Database search strategy

2 PubMed (vitamin d OR vitamin d1 OR vitamin d2 OR vitamin d3 OR “Vitamin D/administration 
and dosage”[Mesh] OR “vitamin d” OR “Vitamin D”[mesh] OR Cholecalciferol 
OR Hydroxycholecalciferols OR Ergocalciferols OR “25-Hydroxyvitamin D 
2” OR Dihydrotachysterol OR Calcifediol OR Dihydroxycholecalciferols OR 
“24,25-Dihydroxyvitamin D 3” OR Calcitriol OR “Vitamin D Deficiency”[Mesh] OR vitamin D 
insufficiency OR vitamin D deficiency OR “vitamin d deficient” OR “vitamin d insufficient” 
OR Osteomalacia OR Rickets) anD (“Fracture Healing”[Mesh] OR “fracture healing” OR 
((fracture[ti] OR fractures[ti]) AND healing[ti]) OR (“Fractures, Bone”[Mesh] AND “Wound 
Healing”[mesh]) OR fracture healing OR fractures healing OR “bone healing” OR ((fracture 
OR fractures OR fractured) AND (healing OR heal OR healed))) anD English[la]

Embase 
(OVID-
version)

(vitamin D deficiency/ OR vitamin D deficiency.mp OR vitamin D insufficiency.
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resuLTs

The query on cellular effects of vitamin D in fracture healing resulted in 2243 articles, 
including 816 duplicates and 160 in vivo or in vitro animal studies. A total of 153 articles 
were selected and read, after screening of titles and abstracts. A total of 105 papers, 
75 with in vitro data and 30 with in vivo data, were found to fulfil the criteria of the 
search and were included in the analysis (Figure 2). The query on the clinical involve-
ment of vitamin D in fracture healing resulted in 927 articles. After excluding duplicate 
publications, animal studies, case report and in vitro studies, 431 titles and abstracts 
were screened. Only 14 articles were found to contain relevant information, and were 
subdivided based on the information provided on vitamin D metabolites during fracture 
healing, the effect of vitamin D deficiency on fracture healing and the effect of vitamin D 
supplementation on fracture healing (Figure 2).
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The cellular eff ect of vitamin D in fracture healing
The fracture healing process can be divided into four overlapping stages: the infl am-
mation stage, the soft  callus formation stage, the hard callus formation stage and the 
bone remodelling stage (Figure 3). Each stage is characterised by specifi c cellular and 
molecular processes.1

The infl ammatory stage
Local disruption of bone and soft  tissue leads to a fracture haematoma and to an associ-
ated infl ammatory response. This results in the formation of a well vascularised precur-
sor granulation tissue as a result of the infi ltration of the hematoma by degranulated 
platelets, macrophages, granulocytes, lymphocytes, and monocytes, in the presence of 
a wide range of cytokines and growth factors.

The assumed eff ects of vitamin D on the in vitro expression of IL-1, IL-6 or TNF-α 
and their serum levels vary between studies. Vitamin D has been reported to reduce8-22, 
increase13,23-30 or to have no infl uence12,13,22,26,31-34 on the expression of IL-1, IL-6 or TNF-α. 
Similar variability in results have been reported on the eff ect of vitamin D on serum 
levels of IL-117,35-39, IL-636-48 and TNF-α17,35-37,39,42-44,49-53. Patients with a hip fracture and a 
vitamin D defi ciency at the time of fracture, have been shown to have a higher serum 
level of IL-6 in the year aft er the fracture.54

In vitro studies show that vitamin D increased the production and release of TGF-β55, 
and up-regulated the synthesis of TGF-β receptor I and II31,55-57 in osteoblasts. In con-
trast, Torricelli et al.32 showed a decreased expression of TGF-β by osteoblasts aft er 
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1,25(OH)2D3 stimulation and Sugimoto et al.58 found no effect of vitamin D on the TGF-β 
production by osteoblasts. In vivo, Mahon et al.59 showed an increased serum level of 
TGF-β1 in patients with multiple sclerosis after vitamin D supplementation, but Isik et 
al.60 showed significantly higher serum levels of TGF-β1 in patients with severe vitamin 
D deficiency. In relation to the Bone Morphogenetic Proteins (BMPs), vitamin D has been 
shown to down-regulate BMP-2 and BMP-4 mRNA expression61, and to up-regulate BMP-
3 mRNA expression in osteoblasts.55,62

In osteoblastic cell cultures vitamin D has shown to enhance the expression of 
VEGF31,55,63-67, although the exact mechanism by which this occurs is unclear. In human 
lumbar annulus tissue 1,25(OH)2D3 decreased and 24,25(OH)2D3 increased the produc-
tion of VEGF.68 The secretion of Platelet-Derived Growth Factor (PDGF), which stimulates 
the proliferation and migration of mesenchymal stem cells and osteoblasts, was shown 
to be enhanced by vitamin D in osteoblastic cell cultures.69,70

The soft callus formation stage
In this second stage of fracture healing chondrocytes produce a cartilaginous matrix 
until all the granulation tissue is replaced by cartilage. Where cartilage production is 
deficient, fibroblasts fill the area with fibrous tissue, forming a semi rigid fibrous carti-
laginous matrix called soft callus.

The proliferation and differentiation of chondrocytes and fibroblasts are stimulated 
by growth factors including TGF-β, PDGF and IGF1. These growth factors appear to be 
at least partly dependent on the presence of vitamin D,31,55,57,69 although Saggese et al.18 
showed that 1,25(OH)2D3 inhibited the proliferation of chondrocytes.

Various in vitro studies (human bone marrow or osteoblastic cells) have addressed 
the effect of vitamin D on IGF-I (promotes bone matrix formation3), IGF-II (stimulates 
type I collagen production, cartilage matrix synthesis, and cellular proliferation3) and 
the IGF-binding proteins. Results from these studies are conflicting regarding the effect 
of vitamin D on the expression of IGF-I, IGF II or IGF-binding proteins.31,55,71-75 A positive 
correlation was found between the serum concentration of IGF-I and vitamin D was 
found in in vivo studies76-78, and a vitamin D deficiency was found to be associated with 
lower circulating IGF-I levels in healthy human subjects79. However vitamin D supple-
mentation did not appear to influence the IGF I levels in a clinical trial in 318 overweight 
or obese subjects.80

The hard callus formation stage
This third stage of fracture healing is also known as the stage of primary bone formation, 
where a high level of osteoblast activity results in the formation of a mineralized bone 
matrix.
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Osteogenic differentiation has found to be promoted by 1,25(OH)2D3 during the early 
stages of osteoblastogenesis,55,81 and osteoblast proliferation was found to be either 
positively or negatively influenced by vitamin D.55,82-84 Vitamin D in combination with 
vitamin K was found to modulate the differentiation of human mesenchymal stem cells 
derived from fracture sites towards the osteoblastic phenotype. Zhou et al.85 showed 
that in bone marrow cells from vitamin D deficient patients vitamin D supplementation 
resulted in a greater stimulation of osteoblastogenesis then in bone marrow cells from 
vitamin D sufficient patients. The production of collagen I, the major component of 
the extracellular matrix, by osteoblastic cell cultures is stimulated by vitamin D55,82,86, 
although no effect was found in other in vitro studies.55,87,88 The production of osteocal-
cin and osteopontin (noncollagenous matrix proteins) by osteoblasts, is stimulated by 
vitamin D.55 In human the presence of vitamin D resulted in more osteocalcin production 
in late then in early stage fracture callus.89 The Cyp27B1 gene and Cyp24 gene enable 
osteoblasts to metabolise 25(OH)D90, which in turn exerts autocrine and paracrine ac-
tions.74,83,91-93

Vitamin D is essential for the maintenance of mineralisation of the skeleton.94 Vitamin 
D promotes Tissue-Nonspecific Alkaline Phosphatase (TNAP) expression by chondro-
cytes and osteoblasts. TNAP hydrolyses pyrophosphate, which inhibits hydroxyapatite 
formation, into inorganic phosphatase. This allows the formation of hydroxyapatite, 
which fills the space between collagen fibrils in the skeletal matrices.95 In cultures of os-
teoblasts96-98 vitamin D stimulates mineralization of the extracellular matrix.55,93 Van Driel 
et al.99 showed that 1,25(OH)2D3 directly stimulated mineralization by activation of vita-
min D receptors in the osteoblast, and that the mineralization process was enhanced by 
the catabolic products of 25(OH)D and 1,25(OH)2D3 (24R,25(OH)2D3 and 1,24R,25(OH)3D3 
respectively). The addition of vitamin D to cultures of human osteocytes has been 
shown to release FGF-23100,101, which plays a central role in skeletal mineralization and 
bone metabolism. 100-102 In vivo, vitamin D supplementation is however associated to 
either higher103 or lower104 circulating FGF-23 levels. Treatment with high dose vitamin 
D resulted in no effect on the mineralization process or vitamin D was shown to actu-
ally inhibit the mineralization.55 In cultured human osteoblasts derived from ethmoidal 
bones, vitamin D had no effect on the extent of the area of mineralization.58In human 
bone marrow stromal cells vitamin D negatively influenced extracellular mineralization, 
by reduced calcium incorporation and calcium content of the matrix.87

The stage of hard callus remodelling
The fourth stage of fracture healing, the callus remodelling process, starts with the re-
sorption of the hard callus. Kogawa et al.105 showed that vitamin D may be an important 
regulator of osteoclastogenesis, because of the expression of vitamin D receptors106 
and of the Cyp27b193 gene by osteoclasts. 1,25(OH)2D3 stimulated osteoclast formation 
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from human bone marrow cells.107,108 Vitamin D stimulated osteoclast-mediated bone 
resorption109 by increasing the expression of RANKL on the surface of the osteoblast.110 
However, Kudo et al.111 found no stimulating effect on osteoclast bone resorbing activity. 
On the other hand vitamin D may also inhibit osteoclastogenesis by down-regulation 
of RANK expression.112 Braun et al.113 found that supplementation with a vitamin D 
analogue, 1 alpha-(OH)D3, decreased bone resorption in iliac crest biopsies from pa-
tients on chronic glucocorticoid treatment. Increasing vitamin D concentrations dose-
dependently inhibited the resorptive activity of osteoclast cell cultures, with a maximal 
inhibitory effect observed at 50 nmol calcidiol, which corresponds to the cut-off level 
below which vitamin D deficiency is defined in humans.114

The clinical involvement of vitamin D in fracture healing
Vitamin D metabolites during fracture healing
Alkalay et al.115 measured the serum and intra osseous levels of 25(OH)D, 24,25(OH)2D3 
and 1,25(OH)2D3 in 28 patients after fracture surgery and in 27 patients after elective 
joint surgery (table 2). They found a significantly reduced level of serum 1,25(OH)2D3 
in fracture patients compared to serum levels in electively operated patients. In the 7 
patients with a trochanteric femur fracture they showed that the local intra osseous 
24,25(OH)2D3 was 4.6 times higher and 1,25(OH)2D3 was 5.9 times higher than the serum 
concentrations and, respectively, 4.4 and 5.6 times higher compared to the local intra 
osseous levels in elective treated patients.115

Results from a number of studies on serum levels of vitamin D metabolites after a 
recent fracture are not concordant (table 2). Briggs et al.116 measured the serum con-
centration of 25(OH)D, 24R,25(OH)2D3 and 1,25(OH)2D3 during 6 weeks in 28 patients 
with a long bone diaphyseal fracture. Only serum 1,25(OH)2D3 concentrations showed 
a significant change over time; in the form of a 21% decrease after 6 weeks. Meller et 
al.117 measured the serum levels of 25(OH)D and 24,25(OH)2D3 in 13 young patients 
(mean age 24.5 years) with a fracture and in a healthy control group. They found that 
the level of 24,25(OH)2D3 had significantly increased after 6 weeks in fracture patients, 
with no significant difference observed in the level of 25(OH)D. In 41 geriatric patients 
no significant difference was found however in case of 24,25(OH)2D3 serum levels after 
a hip fracture.118In these 41 patients 25(OH)D levels were significantly lower at base line 
compared to controls and it remained low at 6 weeks, whereas 1,25(OH)2D3 was sig-
nificant increased at baseline compared to controls and remained increased despite a 
significant decrease at 6 weeks.118 Wölfl et al.121 found no significant difference in 25(OH)
D levels in 15 fracture patients with a normal bone mineral density (BMD) compared to 
15 paired fracture patients with a low BMD during an 8 week follow-up period. In 11 pa-
tients with a hip fracture there were no significant differences in serum levels of 25(OH)D 
measured during a 6 month follow-up120 period.[120]Another study, in 205 patients with 
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Table 2. Overview of the results on clinical involvement of vitamin D in fracture healing

study Year Type of study study design result

Meller117 1984 Case 
controlled

Serum concentrations 25(OH)D and 
24,25(OH)2D3 were measured in 13 
patients with a fracture (at baseline and 
after 6 weeks), healthy control group (at 
baseline).

-  25(OH)D no sign. change
-  24,25(OH)2D3 sign. increased 

after 6 wks.

Meller118 1985 Case 
controlled

Serum levels 25(OH)D, 24,25(OH)2D3 and 
1,25(OH)2D3 were measured in;
41 geriatric patients with a fracture(s) 
(36/43 were hip fractures) (at baseline 
and after 6 weeks), healthy control group 
(at baseline).

-  25(OH)D was sign. lower 
at the time of fracture, and 
remained lower (no sign. 
change).

-  24,25(OH)2D3 no sign. change.
-  1,25(OH)2D3 was sign higher 

initially and decreased 
significantly 6 wks later 
but remained increased 
compared to the control.

Alkalay115 1989 Case 
controlled

Serum and bone levels of 25(OH)D, 
24R,25(OH)2D3 and 1,25(OH)2D3 were 
measured once in;
28 patients operated on a fracture, 27 
control patients undergoing an elective 
joint procedure.

-  Serum 25(OH)D and 
24,25(OH)2D3 no sign. 
difference

-  Serum 1,25(OH)2D3 sign. 
lower

Sub analysis of 7 patients 
with a pertrochanteric femur 
fracture; bone levels of 
24,25(OH)2D3 and 1,25(OH)2D3 
were higher compared to the 
serum level of those patients 
and compared to the bone 
levels in the elective treated 
patients.

Yu-Yahiro119 2001 Case series Serum levels 1,25(OH)2D3 were measured 
in;
205 patients with a hip fracture during 
1 year.

-  Sign. decreased after 10 days, 
followed by a sign. gradually 
increase after 1 year.

Sakuma120 2006 Case series Serum levels of 25(OH)D were measured 
in;
11 patients with a hip fracture at 
admission, operation, 2 weeks, 4 weeks, 3 
months and 6 months after surgery.

-  No sign. changes.

Briggs116 2013 Case series Serum levels of 25(OH)D, 24R,25(OH)2D3 
and 1,25(OH)2D3 were measured in;
28 patients with a long bone diaphyseal 
fracture two days, 1 week and 6 weeks 
post-fracture.

-  25(OH)2D3 sign. decreased 
(21%) after 6 wks. - 
24,25(OH)2D3 no sign. change.

-  1,25(OH)2D3 no sign. change.

Wölfl121 2013 Case 
controlled

Serum levels of 25(OH)D were measured 
in;
15 fracture patients with a normal BMD, 
15 paired fracture patients with a low 
BMD over a 8 wk period

-  25(OH)D no sign. differences 
was found between the two 
groups and no sign. changes 
were found within the two 
groups.
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a hip fracture, showed a significant decrease of the serum concentration 1,25(OH)2D3 
after 10 days followed by a gradually increase one year later.119

The effect of vitamin D deficiency on fracture healing
In a case series, Brinker et al.124 reported 25(OH)D levels of < 75nmol/L in 21 out of 37 
(57%) patients with non-union following a fracture, with 18/37 (49%) having a level < 
50nmol/L (table 2). The authors proposed that vitamin D deficiency may account for 
the elevated alkaline phosphatase, elevated parathyroid hormone, and decreased 

Table 2. Overview of the results on clinical involvement of vitamin D in fracture healing (continued)

study Year Type of study study design result

Haining122 1986 Case 
controlled

Compared the serum concentrations of 
25(OH)D, 24R,25(OH)2D3 and 1,25(OH)2D3 
from 15 patients with an established non-
union of a fracture to 15 healthy controls

-  No significant differences.

Tauber123 1990 Case 
controlled

Serum levels of 25(OH)D, 24R,25(OH)2D3 
and 1,25(OH)2D3 were measured in 4 
patients with a delayed- or non-union. 
Mean serum metabolites were compared 
with those from 15 patients with 
coxarthrosis.

-  4/4 had a 25(OH)D level < 
75nmol/L.

-  3/4 had a 25(OH)D level < 
50nmol/L.

-  The levels of 25(OH)D 
and 24R,25(OH)2D3 were 
significant lower compared 
with those of the control 
group.

Brinker124 2007 Case series 37/683 patients with a non-union were 
evaluated for metabolic and endocrine 
abnormalities

-  21/37 had a 25(OH)D level 
<75nmol/L (57%).

-  18/37 had a 25(OH)D level 
<50nmol/L (49%).

Boszcyk125 2013 Case 
controlled

Compared 35 patients with a non-union 
of a operated long bone diaphyseal 
fracture with 35 patients with a long bone 
diaphyseal fracture.

-  In both groups 30/35 (86%) 
had a 25(OH)D level < 
75nmol/L.

Hoikka126 1980 Double-blind 
comparative 
study

37 patients with a osteoporotic hip 
fracture received daily vitamin D and 
calcium or placebo an calcium during 4 
months.

-  The treatment did not change 
the BMD or the muscular 
force in either group. 
Placebo treatment resulted 
in a significant higer level of 
alkaline phosphatase.

Doetsch127 2004 Randomised 
controlled 
trial

30 women with a osteoporotic or 
osteopenic proximal humerus fracture 
were double-blind randomly assigned to 
either oral 800 IU vitamin D3 plus 1 gram 
calcium or placebo.

-  Significantly more increased 
bone mineral density of the 
proximal humerus in the 
medication group after 6 
weeks.

Kolb128 2013 Case series 94 postmenopausal females with a 
distal radius fracture received daily 
supplements of 1000 mg calcium and 
880 IU 25-[OH]-cholecalciferol during 6 
weeks.

-  Callus area correlated 
significantly with 
postoperative normal 
range calcium levels on the 
fractured site.
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calcium that they also observed in some of the patients studied; parameters that have 
been shown to be associated with impaired fracture healing. They also suggested that 
vitamin D deficiency may be responsible for inadequate calcium availability for the pro-
cess of fracture healing or increased resorption due to chronically increased parathyroid 
hormone concentrations. In a case control study of seven patients, four patients who 
suffered delayed fracture healing had a 25(OH)D level < 75nmol/L, three with a level 
<50 nmol/L (table 2).123 The levels of 25(OH)D and 24,25(OH)2D3 of these patients were 
significantly lower compared with levels measured in 15 otherwise healthy patients with 
coxarthrosis (table 2). 123 Tauber et al. 123 argue that these findings support the observa-
tion that a delayed union probably consumes more vitamin D metabolites.

In contrast, a retrospective case-controlled study of 35 patients with non-union of a 
diaphyseal fracture showed no difference in terms of prevalence of vitamin D deficiency 
compared to controls with normal healing of a similar fracture (table 2).125 Haining et al.122 
also found no significant difference in serum concentrations of 25(OH)D, 24R,25(OH)2D3 
and 1,25(OH)2D3 in 15 patients with an established non-union of a fracture compared to 
15 healthy controls (table 2). The authors concluded that their findings suggested that 
patients with non-union of a fracture have normal bone turnover, with no evidence of 
disturbed production or utilization of vitamin D metabolites, and that disturbance in 
vitamin D metabolism is therefore unlikely to significantly contribute to the persistence 
of non-union of a fracture. 122

The effect of vitamin D supplementation on fracture healing
In a placebo controlled randomized study supplementation of vitamin D in combina-
tion with calcium was found to significantly enhance callus formation in women with 
a osteoporotic or osteopenic proximal humerus fractures compared to placebo users 
(table 2).127 Both the active and the placebo group showed an increased BMD of the 
proximal humerus with a peak level in week 6, but the increase in the vitamin D and 
calcium group was significantly higher than in the placebo group.127 In a double-blind 
comparative study Hoikka et al.126 treated 37 patients with osteoporotic hip fractures 
with 1-alpha-hydroxycholecalciferol and calcium carbonate or with calcium carbonate 
alone for a duration of 4 months. Alkaline phosphatase level rose significantly and the 
level of calcium remained the same in the calcium carbonate group, whereas alkaline 
phosphatase level remained the same and the level of calcium rose significantly in the 
vitamin D and calcium carbonate group the (table 2). Based on these results, the authors 
postulated that vitamin D may have an effect on fracture healing. Similarly, Kolb et al.128 
investigated the effect of vitamin D and calcium supplementation on callus formation 
after a distal radius fracture in 94 postmenopausal patients (table 2). They found that 
patients suffering from significant vitamin D deficiency did not show significantly dif-
ferent fracture callus area parameters at the sixth week of control indicating regular 
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callus formation and fracture healing patterns in this group once calcium and vitamin 
D are substituted. They concluded that adequate calcium homeostasis is required for 
appropriate callus formation indicating a need for timely supplementation of calcium 
and vitamin D.

DIsCussIOn

The aim of this systematic review of the literature on the role of vitamin D in fracture 
healing is to evaluate and summarize what is known about the cellular effects of vitamin 
D during fracture healing and of its clinical involvement in the process of fracture heal-
ing in human.

At a cellular level, vitamin D is involved in every stage of the complex process of 
fracture healing through its effects on inflammatory cells, cytokines, growth factors, os-
teoblasts, osteoclasts and through its effect on the process of mineralization (Figure 3). 
This finding is based on results from in vivo, and in vitro studies predominantly. With the 
results not always concordant, which tend to weaken the premise of the cellular involve-
ment of vitamin D in the process. Only 6 studies (5 in vitro and 1 in vivo) were performed 
on material derived from a fracture site or in fracture patients. This too makes it also 
more difficult to evaluate the exact cellular role of vitamin D in human fracture healing.

Four case controlled studies and three case series studied the vitamin D metabolites 
in fracture healing. Although it appears that circulating serum concentrations of 25(OH)
D and 24,25(OH)2D3 are not affected by the occurrence of a fracture, this might not be the 
case with serum concentrations of 1,25(OH)2D3. Whether local intra-osseous accumula-
tion results in a decrease in circulating 1,25(OH)2D3 remains unclear. Only one study115 
found a significantly higher level of 1,25(OH)2D3 at the fracture site in a sub-analysis of 
the data. In contrast, studies in animal models did find evidence for increased levels of 
24,25(OH)2D3, 1,25(OH)2D3

129-131 and their receptors129,132,133 in callus tissue.
A possible influence of vitamin D deficiency on fracture healing in humans remains 

controversial as only based on retrospective indirect evidence and causality remains 
elusive. One case series134 did document that about 47% of patients with non-union had 
a 25(OH)D deficiency, a prevalence which is in keeping however with that found in the 
general population.135,136 One case controlled study, which included only four patients, 
showed a significantly lower serum level of 25(OH)D and 24,25(OH)2D3. Two case con-
trolled studies showed no difference in the prevalence of vitamin D deficiency between 
patients with delayed- or non-union of a fracture and controls. There has recently been 
increased awareness of the potential negative impact of vitamin D deficiency on the 
occurrence of a fracture. In the elderly, it is indeed recommended that a sufficient serum 
concentration of 25(OH)D is maintained in order to decrease the risk of falls and frac-
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ture.135,137,138 Although results of studies on the vitamin D deficiency effect on fracture 
healing remain inconclusive in humans, in rats vitamin D deficiency has been clearly 
shown to be associated with impaired fracture healing compared to normal fracture 
healing in a vitamin D sufficient control group139; less resistance to torsional stress140,141 
delayed union, increased bone fragility, smaller amount of callus and under-mineralized 
bone.142Although Melhus et al.143 did not find this negative impact.

Only two of the three human studies quantified the impact of supplementation of 
vitamin D on the process of fracture healing. Both found a positive effect in the form 
of increased bone mineral density or increased fracture callus area at the fracture site. 
Notwithstanding data on the effect of vitamin D supplementation on fracture healing in 
humans are scarce, with mostly data available based on combination treatment with 
calcium in patients with osteoporosis. In contrast, data from animal studies do suggest 
that vitamin D supplementation improved callus structure144-149, improved biomechani-
cal properties of the callus140,146,150-154

, increased the energy required for inducing a refrac-
ture147,155,156, and improved consolidation rate and mineralization139,149,157-159. However, 
these data could not be confirmed in other animal studies showing no histological154or 
biomechanical effect,141,159or showing even negative effects of vitamin D supplementa-
tion on callus remodelling160, breaking strength161, and impaired fracture healing158.

In conclusion, published results of studies in humans or studies using human tissue 
provide evidence that vitamin D affects the cellular process of fracture healing, although 
the exact cellular role of vitamin D in human fracture healing remains unclear. Despite 
these intriguing results and the presumed beneficial effect of vitamin D supplementa-
tion in deficient patients, clinical studies that address the clinical effects of vitamin D 
deficiency or supplementation on fracture healing are scarce and remain inconclusive. 
We conclude that vitamin D has a role in fracture healing, but the available data are 
too inconsistent to elucidate how and in what manner. Future research should focus on 
the clinical effects of vitamin D deficiency and vitamin D supplementation on fracture 
healing.

Acknowledgement
We gratefully acknowledge the assistance of Jan Schoones, librarian at the Walaeus 
Library (Leiden University Medical Center), with the literature search.



2

33

reFerenCes
 1. Schindeler A, McDonald MM, Bokko P, Little DG. Bone remodeling during fracture repair: The 

cellular picture. Seminars in cell & developmental biology. 2008;19(5):459-466.
 2. Marsell R, Einhorn TA. The biology of fracture healing. Injury. 2011;42(6):551-555.
 3. Tsiridis E, Upadhyay N, Giannoudis P. Molecular aspects of fracture healing: which are the impor-

tant molecules? Injury. 2007;38 Suppl 1:S11-25.
 4. Gerstenfeld LC, Cullinane DM, Barnes GL, Graves DT, Einhorn TA. Fracture healing as a post-natal 

developmental process: molecular, spatial, and temporal aspects of its regulation. J Cell Biochem. 
2003;88(5):873-884.

 5. Pape HC, Marcucio R, Humphrey C, Colnot C, Knobe M, Harvey EJ. Trauma-induced inflammation 
and fracture healing. Journal of orthopaedic trauma. 2010;24(9):522-525.

 6. Giannoudis PV, Einhorn TA, Marsh D. Fracture healing: the diamond concept. Injury. 2007;38 
Suppl 4:S3-6.

 7. Haussler MR, Whitfield GK, Kaneko I, et al. Molecular Mechanisms of Vitamin D Action. Calcif Tis-
sue Int. 2012.

 8. Dickie LJ, Church LD, Coulthard LR, Mathews RJ, Emery P, McDermott MF. Vitamin D3 down-regu-
lates intracellular Toll-like receptor 9 expression and Toll-like receptor 9-induced IL-6 production 
in human monocytes. Rheumatology (Oxford). 2010;49(8):1466-1471.

 9. Chen FP, Lee N, Wang KC, Soong YK, Huang KE. Effect of estrogen and 1alpha,25(OH)2- vitamin 
D3 on the activity and growth of human primary osteoblast-like cells in vitro. Fertil Steril. 
2002;77(5):1038-1043.

 10. Villaggio B, Soldano S, Cutolo M. 1,25-dihydroxyvitamin D3 downregulates aromatase expression 
and inflammatory cytokines in human macrophages. Clin Exp Rheumatol. 2012;30(6):934-938.

 11. Cohen ML, Douvdevani A, Chaimovitz C, Shany S. Regulation of TNF-alpha by 1alpha,25-dihy-
droxyvitamin D3 in human macrophages from CAPD patients. Kidney Int. 2001;59(1):69-75.

 12. Di RM, Malaguarnera G, De GC, Palumbo M, Nunnari G, Malaguarnera L. Immuno-modulatory 
effects of vitamin D3 in human monocyte and macrophages. Cell Immunol. 2012;280(1):36-43.

 13. Hustmyer FG, Girasole G, Manolagas SC. Signal-dependent pleiotropic regulation of lymphocyte 
proliferation and cytokine production by 1,25-dihydroxyvitamin D3: potent modulation of the 
hormonal effects by phorbol esters. Immunology. 1992;77(4):520-526.

 14. Katakami N, Nakao Y, Fujita T. Suppressive effect of 1,25(OH)2D3, and glucocorticoids on produc-
tion of tumor necrosis factor-alpha by human peripheral blood adherent cells. Kobe J Med Sci. 
1991;37(3):179-188.

 15. Kuo YT, Kuo CH, Lam KP, et al. Effects of vitamin D3 on expression of tumor necrosis factor-alpha 
and chemokines by monocytes. J Food Sci. 2010;75(6):H200-H204.

 16. Muller K, Diamant M, Bendtzen K. Inhibition of production and function of interleukin-6 by 
1,25-dihydroxyvitamin D3. Immunol Lett. 1991;28(2):115-120.

 17. Panichi V, De PS, Andreini B, et al. Calcitriol modulates in vivo and in vitro cytokine production: a 
role for intracellular calcium. Kidney Int. 1998;54(5):1463-1469.

 18. Saggese G, Federico G, Cinquanta L. In vitro effects of growth hormone and other hormones on 
chondrocytes and osteoblast-like cells. Acta Paediatr Suppl. 1993;82 Suppl 391:54-59.

 19. Tsoukas CD, Watry D, Escobar SS, et al. Inhibition of interleukin-1 production by 1,25-dihydroxyvi-
tamin D3. J Clin Endocrinol Metab. 1989;69(1):127-133.



Chapter 2  |  The role of vitamin D in human fracture healing: a systematic review of the literature

34

 20. Tsukamoto Y, Nagaba Y, Izumida I, Morishita T, Saitoh M. Comparison of effects of calcitriol and 
calcium carbonate on secretion of interleukin-1 beta and tumour necrosis factor-alpha by urae-
mic peripheral blood mononuclear cells. Nephrol Dial Transplant. 1996;11 Suppl 3:15-21.

 21. Yaron I, Meyer FA, Weisman Y, Yaron M. Effect of 1,25-dihydroxyvitamin D3 on interleukin 1 beta 
actions and cell growth in human synovial fibroblast cultures. J Rheumatol. 1993;20(9):1527-
1532.

 22. Zarrabeitia MT, Riancho JA, Amado JA, Olmos JM, Gonzalez-Macias J. Effect of calcitriol on the se-
cretion of prostaglandin E2, interleukin 1, and tumor necrosis factor alpha by human monocytes. 
Bone. 1992;13(2):185-189.

 23. Lee BN, Kim TH, Jun JB, et al. Upregulation of interleukin-1beta production by 1,25-dihydroxyvi-
tamin D(3) in activated human macrophages. Mol Biol Rep. 2011;38(3):2193-2201.

 24. Bermudez LE, Young LS, Gupta S. 1,25 Dihydroxyvitamin D3-dependent inhibition of growth or 
killing of Mycobacterium avium complex in human macrophages is mediated by TNF and GM-CSF. 
Cell Immunol. 1990;127(2):432-441.

 25. Bhalla AK, Amento EP, Krane SM. Differential effects of 1,25-dihydroxyvitamin D3 on human 
lymphocytes and monocyte/macrophages: inhibition of interleukin-2 and augmentation of 
interleukin-1 production. Cell Immunol. 1986;98(2):311-322.

 26. Bhalla AK, Paavonen T, Williams MM, Delves PJ, Lydyard PM. Regulation of interleukin-1 and 
tumour necrosis factor gene expression in myelomonocytic cell lines by 1,25-dihydroxyvitamin 
D3. Immunology. 1991;72(1):61-64.

 27. Haran N, Gurwicz S, Gallati H, Shalita B, Bar-Khayim Y. Effect of 1 alpha-hydroxyvitamin D3 treat-
ment on production of tumor necrosis factor-alpha by peripheral blood mononuclear cells and 
on serum concentrations of soluble tumor necrosis factor receptors in hemodialysis patients. 
Nephron. 1994;66(3):262-266.

 28. Prehn JL, Fagan DL, Jordan SC, Adams JS. Potentiation of lipopolysaccharide-induced tumor 
necrosis factor-alpha expression by 1,25-dihydroxyvitamin D3. Blood. 1992;80(11):2811-2816.

 29. Spear GT, Paulnock DM, Helgeson DO, Borden EC. Requirement of differentiative signals of both 
interferon-gamma and 1,25-dihydroxyvitamin D3 for induction and secretion of interleukin-1 by 
HL-60 cells. Cancer Res. 1988;48(7):1740-1744.

 30. Srviastava MD, DeLuca H, Ambrus JL. Inhibition of IL-6 and IL-8 production in human fibroblast 
cell lines by 1,25 (OH)2 vitamin D3 and two of its analogs with lower calcemic activity. Res Com-
mun Chem Pathol Pharmacol. 1994;83(2):145-150.

 31. Gurlek A, Pittelkow MR, Kumar R. Modulation of growth factor/cytokine synthesis and signaling 
by 1alpha,25-dihydroxyvitamin D(3): implications in cell growth and differentiation. Endocr Rev; 
2002, 2002.

 32. Torricelli P, Fini M, Giavaresi G, Giardino R. Human osteoblast cultures from osteoporotic and 
healthy bone: biochemical markers and cytokine expression in basal conditions and in response 
to 1,25(OH)2D3. Artif Cells Blood Substit Immobil Biotechnol. 2002;30(3):219-227.

 33. Hogasen AK, Nordsletten L, Aasen AO, Falch JA. 17 beta-Oestradiol and 1 alpha,25-dihydroxy-
cholecalciferol modulate constitutive and bone matrix-induced interleukin-1 beta (IL-1 beta) 
production by peripheral blood mononuclear cells isolated from postmenopausal women. Scand 
J Clin Lab Invest. 1998;58(2):97-102.

 34. Littlewood AJ, Russell J, Harvey GR, Hughes DE, Russell RG, Gowen M. The modulation of the 
expression of IL-6 and its receptor in human osteoblasts in vitro. Endocrinology. 1991;129(3):1513-
1520.



2

35

 35. Barker T, Martins TB, Hill HR, et al. Circulating pro-inflammatory cytokines are elevated and peak 
power output correlates with 25-hydroxyvitamin D in vitamin D insufficient adults. Eur J Appl 
Physiol. 2013;113(6):1523-1534.

 36. Borazan A, Ustun H, Cefle A, Sekitmez N, Yilmaz A. Comparative efficacy of oral and intravenous 
calcitriol treatment in haemodialysis patients: effects on serum biochemistry and cytokine lev-
els. J Int Med Res. 2003;31(6):489-496.

 37. Muller K, Gram J, Bollerslev J, et al. Down-regulation of monocyte functions by treatment of 
healthy adults with 1 alpha,25 dihydroxyvitamin D3. Int J Immunopharmacol. 1991;13(5):525-530.

 38. Turk S, Akbulut M, Yildiz A, et al. Comparative effect of oral pulse and intravenous calcitriol treat-
ment in hemodialysis patients: the effect on serum IL-1 and IL-6 levels and bone mineral density. 
Nephron. 2002;90(2):188-194.

 39. Riancho JA, Zarrabeitia MT, de Francisco AL, et al. Vitamin D therapy modulates cytokine secre-
tion in patients with renal failure. Nephron. 1993;65(3):364-368.

 40. Alvarez JA, Zughaier SM, Law J, et al. Effects of high-dose cholecalciferol on serum markers 
of inflammation and immunity in patients with early chronic kidney disease. Eur J Clin Nutr. 
2013;67(3):264-269.

 41. Beilfuss J, Berg V, Sneve M, Jorde R, Kamycheva E. Effects of a 1-year supplementation with 
cholecalciferol on interleukin-6, tumor necrosis factor-alpha and insulin resistance in overweight 
and obese subjects. Cytokine. 2012;60(3):870-874.

 42. Grossmann RE, Zughaier SM, Liu S, Lyles RH, Tangpricha V. Impact of vitamin D supplementation 
on markers of inflammation in adults with cystic fibrosis hospitalized for a pulmonary exacerba-
tion. Eur J Clin Nutr. 2012;66(9):1072-1074.

 43. Shab-Bidar S, Neyestani TR, Djazayery A, et al. Improvement of vitamin D status resulted in ame-
lioration of biomarkers of systemic inflammation in the subjects with type 2 diabetes. Diabetes 
Metab Res Rev. 2012;28(5):424-430.

 44. Stubbs JR, Idiculla A, Slusser J, Menard R, Quarles LD. Cholecalciferol supplementation alters 
calcitriol-responsive monocyte proteins and decreases inflammatory cytokines in ESRD. J Am Soc 
Nephrol. 2010;21(2):353-361.

 45. Bucharles S, Barberato SH, Stinghen AE, et al. Impact of cholecalciferol treatment on biomarkers 
of inflammation and myocardial structure in hemodialysis patients without hyperparathyroid-
ism. J Ren Nutr. 2012;22(2):284-291.

 46. Jamali Z, Arababadi MK, Asadikaram G. Serum levels of IL-6, IL-10, IL-12, IL-17 and IFN-gamma 
and their association with markers of bone metabolism in vitamin D-deficient female students. 
Inflammation. 2013;36(1):164-168.

 47. Gannage-Yared MH, Azoury M, Mansour I, Baddoura R, Halaby G, Naaman R. Effects of a short-
term calcium and vitamin D treatment on serum cytokines, bone markers, insulin and lipid 
concentrations in healthy post-menopausal women. J Endocrinol Invest. 2003;26(8):748-753.

 48. Assimon MM, Salenger PV, El-Fawal HA, Mason DL. Nutritional vitamin D supplementation in 
haemodialysis: A potential vascular benefit? Nephrology (Carlton ). 2012;17(3):237-242.

 49. Inanir A, Ozoran K, Tutkak H, Mermerci B. The effects of calcitriol therapy on serum interleukin-1, 
interleukin-6 and tumour necrosis factor-alpha concentrations in post-menopausal patients with 
osteoporosis. J Int Med Res; 2004, 2004.

 50. Peterson CA, Heffernan ME. Serum tumor necrosis factor-alpha concentrations are negatively 
correlated with serum 25(OH)D concentrations in healthy women. J Inflamm 2008, 2008.



Chapter 2  |  The role of vitamin D in human fracture healing: a systematic review of the literature

36

 51. Eleftheriadis T, Antoniadi G, Liakopoulos V, Stefanidis I, Galaktidou G. Inverse association of se-
rum 25-hydroxyvitamin D with markers of inflammation and suppression of osteoclastic activity 
in hemodialysis patients. Iran J Kidney Dis; 2012, 2012.

 52. Khoo AL, Chai LY, Koenen HJ, et al. Regulation of cytokine responses by seasonality of vitamin D 
status in healthy individuals. Clin Exp Immunol. 2011;164(1):72-79.

 53. Schleithoff SS, Zittermann A, Tenderich G, Berthold HK, Stehle P, Koerfer R. Vitamin D supple-
mentation improves cytokine profiles in patients with congestive heart failure: a double-blind, 
randomized, placebo-controlled trial. Am J Clin Nutr. 2006;83(4):754-759.

 54. Miller RR, Hicks GE, Shardell MD, et al. Association of serum vitamin D levels with inflamma-
tory response following hip fracture: the Baltimore Hip Studies. J Gerontol A Biol Sci Med Sci. 
2007;62(12):1402-1406.

 55. van Leeuwen JP, van Driel M, van den Bemd GJ, Pols HA. Vitamin D control of osteoblast function 
and bone extracellular matrix mineralization. Crit Rev Eukaryot Gene Expr; 2001, 2001.

 56. Wu Y, Haugen JD, Zinsmeister AR, Kumar R. 1 alpha,25-Dihydroxyvitamin D3 increases transform-
ing growth factor and transforming growth factor receptor type I and II synthesis in human bone 
cells. Biochem Biophys Res Commun. 1997;239(3):734-739.

 57. Nagel D, Kumar R. 1 alpha,25-dihydroxyvitamin D3 increases TGF beta 1 binding to human osteo-
blasts. Biochem Biophys Res Commun. 2002;290(5):1558-1563.

 58. Sugimoto I, Hirakawa K, Ishino T, Takeno S, Yajin K. Vitamin D3, vitamin K2, and warfarin regulate 
bone metabolism in human paranasal sinus bones. Rhinology. 2007;45(3):208-213.

 59. Mahon BD, Gordon SA, Cruz J, Cosman F, Cantorna MT. Cytokine profile in patients with multiple 
sclerosis following vitamin D supplementation. J Neuroimmunol. 2003;134(1-2):128-132.

 60. Isik S, Ozuguz U, Tutuncu YA, et al. Serum transforming growth factor-beta levels in patients with 
vitamin D deficiency. Eur J Intern Med. 2012;23(1):93-97.

 61. Virdi AS, Cook LJ, Oreffo RO, Triffitt JT. Modulation of bone morphogenetic protein-2 and bone 
morphogenetic protein-4 gene expression in osteoblastic cell lines. Cell Mol Biol (Noisy -le-grand). 
1998;44(8):1237-1246.

 62. Faucheux C, Bareille R, Amedee J, Triffitt JT. Effect of 1,25(OH)2D3 on bone morphogenetic pro-
tein-3 mRNA expression. J Cell Biochem. 1999;73(1):11-19.

 63. Wang DS, Miura M, Demura H, Sato K. Anabolic effects of 1,25-dihydroxyvitamin D3 on osteoblasts 
are enhanced by vascular endothelial growth factor produced by osteoblasts and by growth fac-
tors produced by endothelial cells. Endocrinology. 1997;138(7):2953-2962.

 64. Neve A, Cantatore FP, Corrado A, Gaudio A, Ruggieri S, Ribatti D. In vitro and in vivo angiogenic 
activity of osteoarthritic and osteoporotic osteoblasts is modulated by VEGF and vitamin D3 
treatment. Regul Pept. 2013;184:81-84.

 65. Wang DS, Yamazaki K, Nohtomi K, et al. Increase of vascular endothelial growth factor mRNA 
expression by 1,25-dihydroxyvitamin D3 in human osteoblast-like cells. J Bone Miner Res. 
1996;11(4):472-479.

 66. Corrado A, Neve A, Cantatore FP. Expression of vascular endothelial growth factor in normal, 
osteoarthritic and osteoporotic osteoblasts. Clin Exp Med. 2013;13(1):81-84.

 67. Schlaeppi JM, Gutzwiller S, Finkenzeller G, Fournier B. 1,25-Dihydroxyvitamin D3 induces the 
expression of vascular endothelial growth factor in osteoblastic cells. Endocr Res. 1997;23(3):213-
229.

 68. Gruber HE, Hoelscher G, Ingram JA, Chow Y, Loeffler B, Hanley EN, Jr. 1,25(OH)2-vitamin D3 
inhibits proliferation and decreases production of monocyte chemoattractant protein-1, 



2

37

thrombopoietin, VEGF, and angiogenin by human annulus cells in vitro. Spine (Phila Pa 1976 ). 
2008;33(7):755-765.

 69. Ito M, Azuma Y, Ohta T, Komoriya K. Effects of ultrasound and 1,25-dihydroxyvitamin D3 on 
growth factor secretion in co-cultures of osteoblasts and endothelial cells. Ultrasound Med Biol; 
2000, 2000.

 70. Pedigo N, Zhang H, Koszewski NJ, Kaetzel DM. A 5’-distal element mediates vitamin D-inducibility 
of PDGF-A gene transcription. Growth Factors. 2003;21(3-4):151-160.

 71. Scharla SH, Strong DD, Rosen C, et al. 1,25-Dihydroxyvitamin D3 increases secretion of insulin-
like growth factor binding protein-4 (IGFBP-4) by human osteoblast-like cells in vitro and elevates 
IGFBP-4 serum levels in vivo. J Clin Endocrinol Metab. 1993;77(5):1190-1197.

 72. Chenu C, Valentin-Opran A, Chavassieux P, Saez S, Meunier PJ, Delmas PD. Insulin like growth 
factor I hormonal regulation by growth hormone and by 1,25(OH)2D3 and activity on human 
osteoblast-like cells in short-term cultures. Bone. 1990;11(2):81-86.

 73. Fernandez-Cancio M, Audi L, Carrascosa A, et al. Vitamin D and growth hormone regulate growth 
hormone/insulin-like growth factor (GH-IGF) axis gene expression in human fetal epiphyseal 
chondrocytes. Growth Horm IGF Res. 2009;19(3):232-237.

 74. Geng S, Zhou S, Bi Z, Glowacki J. Vitamin D metabolism in human bone marrow stromal (mesen-
chymal stem) cells. Metabolism. 2013.

 75. Kveiborg M, Flyvbjerg A, Eriksen EF, Kassem M. 1,25-Dihydroxyvitamin D3 stimulates the produc-
tion of insulin-like growth factor-binding proteins-2, -3 and -4 in human bone marrow stromal 
cells. Eur J Endocrinol. 2001;144(5):549-557.

 76. Ameri P, Giusti A, Boschetti M, Murialdo G, Minuto F, Ferone D. Interactions between vitamin D and 
IGF-I: from physiology to clinical practice. Clin Endocrinol (Oxf). 2013;79(4):457-463.

 77. Soliman AT, Al KF, Alhemaidi N, Al AM, Al ZM, Yakoot K. Linear growth in relation to the circulating 
concentrations of insulin-like growth factor I, parathyroid hormone, and 25-hydroxy vitamin D in 
children with nutritional rickets before and after treatment: endocrine adaptation to vitamin D 
deficiency. Metabolism. 2008;57(1):95-102.

 78. Zofkova I, Kancheva RL, Bendlova B. Effect of 1,25(OH)2 vitamin D3 on circulating insulin-like 
growth factor-I and beta 2 microglobulin in patients with osteoporosis. Calcif Tissue Int. 
1997;60(3):236-239.

 79. Bogazzi F, Rossi G, Lombardi M, et al. Vitamin D status may contribute to serum insulin-like 
growth factor I concentrations in healthy subjects. J Endocrinol Invest. 2011;34(8):e200-e203.

 80. Kamycheva E, Berg V, Jorde R. Insulin-like growth factor I, growth hormone, and insulin sensitiv-
ity: the effects of a one-year cholecalciferol supplementation in middle-aged overweight and 
obese subjects. Endocrine. 2013;43(2):412-418.

 81. Anderson PH, Atkins GJ. The skeleton as an intracrine organ for vitamin D metabolism. Mol 
Aspects Med; 2008, 2008.

 82. van den Bemd GJ, Pols HA, Birkenhager JC, Kleinekoort WM, van Leeuwen JP. Differential effects 
of 1,25-dihydroxyvitamin D3-analogs on osteoblast-like cells and on in vitro bone resorption. J 
Steroid Biochem Mol Biol. 1995;55(3-4):337-346.

 83. Geng S, Zhou S, Glowacki J. Effects of 25-hydroxyvitamin D(3) on proliferation and osteoblast dif-
ferentiation of human marrow stromal cells require CYP27B1/1alpha-hydroxylase. J Bone Miner 
Res. 2011;26(5):1145-1153.

 84. Adelina CM, Helena FM. Long-term effects of parathyroid hormone, 1,25-dihydroxyvitamin d(3), 
and dexamethasone on the cell growth and functional activity of human osteogenic alveolar 
bone cell cultures. Pharmacol Res. 2000;42(4):345-353.



Chapter 2  |  The role of vitamin D in human fracture healing: a systematic review of the literature

38

 85. Zhou S, Glowacki J, Kim SW, et al. Clinical characteristics influence in vitro action of 1,25-dihy-
droxyvitamin D(3) in human marrow stromal cells. J Bone Miner Res. 2012;27(9):1992-2000.

 86. Tasaki Y, Takamori R, Koshihara Y. Prostaglandin D2 metabolite stimulates collagen synthesis by 
human osteoblasts during calcification. Prostaglandins. 1991;41(4):303-313.

 87. Fromigue O, Marie PJ, Lomri A. Differential effects of transforming growth factor beta2, dexa-
methasone and 1,25-dihydroxyvitamin D on human bone marrow stromal cells. Cytokine. 
1997;9(8):613-623.

 88. Ingram RT, Bonde SK, Riggs BL, Fitzpatrick LA. Effects of transforming growth factor beta (TGF 
beta) and 1,25 dihydroxyvitamin D3 on the function, cytochemistry and morphology of normal 
human osteoblast-like cells. Differentiation. 1994;55(2):153-163.

 89. Morike M, Schulz M, Nerlich A, et al. Expression of osteoblastic markers in cultured human bone 
and fracture callus cells. J Mol Med (Berl). 1995;73(11):571-575.

 90. Siu-Caldera ML, Zou L, Ehrlich MG, Schwartz ER, Ishizuka S, Reddy GS. Human osteoblasts in 
culture metabolize both 1 alpha, 25-dihydroxyvitamin D3 and its precursor 25-hydroxyvitamin D3 
into their respective lactones. Endocrinology. 1995;136(10):4195-4203.

 91. Anderson PH, Atkins GJ, Turner AG, Kogawa M, Findlay DM, Morris HA. Vitamin D metabolism 
within bone cells: effects on bone structure and strength. Mol Cell Endocrinol; 2011, 2011.

 92. Atkins GJ, Anderson PH, Findlay DM, et al. Metabolism of vitamin D3 in human osteoblasts: evi-
dence for autocrine and paracrine activities of 1 alpha,25-dihydroxyvitamin D3. Bone; 2007, 2007.

 93. van Driel M, Koedam M, Buurman CJ, et al. Evidence for auto/paracrine actions of vitamin D in 
bone: 1alpha-hydroxylase expression and activity in human bone cells. FASEB J. 2006;20(13):2417-
2419.

 94. Dusso AS, Brown AJ, Slatopolsky E. Vitamin D. Am J Physiol Renal Physiol. 2005;289(1):F8-28.
 95. Orimo H. The mechanism of mineralization and the role of alkaline phosphatase in health and 

disease. J Nihon Med Sch; 2010, 2010.
 96. Bosetti M, Boccafoschi F, Leigheb M, Cannas MF. Effect of different growth factors on human 

osteoblasts activities: a possible application in bone regeneration for tissue engineering. Biomol 
Eng. 2007;24(6):613-618.

 97. Woeckel VJ, Alves RD, Swagemakers SM, et al. 1Alpha,25-(OH)2D3 acts in the early phase of 
osteoblast differentiation to enhance mineralization via accelerated production of mature matrix 
vesicles. J Cell Physiol. 2010;225(2):593-600.

 98. Woeckel VJ, Bruedigam C, Koedam M, Chiba H, van der Eerden BC, van Leeuwen JP. 1alpha,25-
dihydroxyvitamin D3 and rosiglitazone synergistically enhance osteoblast-mediated mineraliza-
tion. Gene. 2013;512(2):438-443.

 99. van Driel M, Koedam M, Buurman CJ, et al. Evidence that both 1 alpha,25-dihydroxyvitamin D-3 
and 24-hydroxylated D-3 enhance human osteoblast differentiation and mineralization. Journal 
of Cellular Biochemistry. 2006;99(3):922-935.

 100. Wesseling-Perry K. FGF-23 in bone biology. Pediatr Nephrol; 2010, 2010.
 101. Alon US. Clinical practice. Fibroblast growth factor (FGF)23: a new hormone. Eur J Pediatr; 2011, 

2011.
 102. Liu S, Quarles LD. How fibroblast growth factor 23 works. J Am Soc Nephrol. 2007;18(6):1637-1647.
 103. Turner C, Dalton N, Inaoui R, Fogelman I, Fraser WD, Hampson G. Effect of a 300 000-IU loading 

dose of ergocalciferol (Vitamin D2) on circulating 1,25(OH)2-vitamin D and fibroblast growth fac-
tor-23 (FGF-23) in vitamin D insufficiency. J Clin Endocrinol Metab. 2013;98(2):550-556.

 104. Uzum AK, Salman S, Telci A, et al. Effects of vitamin D replacement therapy on serum FGF23 con-
centrations in vitamin D-deficient women in short term. Eur J Endocrinol. 2010;163(5):825-831.



2

39

 105. Kogawa M, Anderson PH, Findlay DM, Morris HA, Atkins GJ. The metabolism of 25-(OH)vitamin D3 
by osteoclasts and their precursors regulates the differentiation of osteoclasts. J Steroid Biochem 
Mol Biol; 2010, 2010.

 106. Mee AP, Hoyland JA, Braidman IP, Freemont AJ, Davies M, Mawer EB. Demonstration of vitamin D 
receptor transcripts in actively resorbing osteoclasts in bone sections. Bone. 1996;18(4):295-299.

 107. Qi DY, Perkins SL, Kling SJ, Russell RG. Divergent regulation of 1,25-dihydroxyvitamin D3 on hu-
man bone marrow osteoclastogenesis and myelopoiesis. J Cell Biochem. 1999;72(3):387-395.

 108. Thavarajah M, Evans DB, Kanis JA. 1,25(OH)2D3 induces differentiation of osteoclast-like cells 
from human bone marrow cultures. Biochem Biophys Res Commun. 1991;176(3):1189-1195.

 109. Flanagan AM, Stow MD, Kendall N, Brace W. The role of 1,25-dihydroxycholecalciferol and pros-
taglandin E2 in the regulation of human osteoclastic bone resorption in vitro. Int J Exp Pathol. 
1995;76(1):37-42.

 110. Atkins GJ, Kostakis P, Pan B, et al. RANKL expression is related to the differentiation state of hu-
man osteoblasts. J Bone Miner Res. 2003;18(6):1088-1098.

 111. Kudo O, Sabokbar A, Pocock A, Itonaga I, Athanasou NA. Isolation of human osteoclasts formed 
in vitro: hormonal effects on the bone-resorbing activity of human osteoclasts. Calcif Tissue Int. 
2002;71(6):539-546.

 112. Kim TH, Lee B, Kwon E, et al. 1,25-Dihydroxyvitamin D3 inhibits directly human osteoclastogen-
esis by down-regulation of the c-Fms and RANK expression. Joint Bone Spine. 2013;80(3):307-314.

 113. Braun JJ, Birkenhager-Frenkel DH, Rietveld AH, Juttmann JR, Visser TJ, Birkenhager JC. Influence 
of 1 alpha-(OH)D3 administration on bone and bone mineral metabolism in patients on chronic 
glucocorticoid treatment; a double blind controlled study. Clin Endocrinol (Oxf). 1983;19(2):265-
273.

 114. Kogawa M, Findlay DM, Anderson PH, et al. Osteoclastic metabolism of 25(OH)-vitamin D3: a 
potential mechanism for optimization of bone resorption. Endocrinology; 2010, 2010.

 115. Alkalay D, Shany S, Dekel S. Serum and bone vitamin D metabolites in elective patients and 
patients after fracture. J Bone Joint Surg Br; 1989, 1989.

 116. Briggs AD, Kuan V, Greiller CL, et al. Longitudinal study of vitamin D metabolites after long bone 
fracture. J Bone Miner Res. 2013;28(6):1301-1307.

 117. Meller Y, Shainkin-Kestenbaum R, Shany S, et al. Parathyroid hormone, calcitonin, and vitamin 
D metabolites during normal fracture healing in humans. A preliminary report. Clin Orthop Relat 
Res; 1984, 1984.

 118. Meller Y, Kestenbaum RS, Shany S. Parathormone, calcitonin, and vitamin D metabolites during 
normal fracture healing in geriatric patients. Clin Orthop Relat Res. 1985;NO. 199.

 119. Yu-Yahiro JA, Michael RH, Dubin NH, et al. Serum and urine markers of bone metabolism during 
the year after hip fracture. J Am Geriatr Soc. 2001;49(7):877-883.

 120. Sakuma M, Endo N, Minato I, Toyama H, Endo E. Changes in serum 25-hydroxycholecalciferol and 
intact parathyroid hormone status after hip fracture. Acta Medica et Biologica. 2006;54(3):Sep-
tember.

 121. Wölfl C, Englert S, Moghaddam AA, et al. Time course of 25(OH)D3 vitamin D3 as well as PTH 
(parathyroid hormone) during fracture healing of patients with normal and low bone mineral 
density (BMD). BMC Musculoskelet Disord. 2013;14:6.

 122. Haining SA, Atkins RM, Guilland-Cumming DF, Sharrard WJ, Russell RG, Kanis JA. Vitamin D me-
tabolites in patients with established non-union of fracture. Bone and mineral; 1986, 1986.

 123. Tauber C, Noff D, Noff M, Malkin C. Blood levels of active metabolites of vitamin D3 in fracture 
repair in humans. A preliminary report. Arch Orthop Trauma Surg; 1990, 1990.



Chapter 2  |  The role of vitamin D in human fracture healing: a systematic review of the literature

40

 124. Brinker MR, O’Connor DP, Monla YT, Earthman TP. Metabolic and endocrine abnormalities in 
patients with nonunions. J Orthop Trauma. 2007;21(8):557-570.

 125. Boszczyk AM, Zakrzewski P, Pomianowski S. Vitamin D concentration in patients with normal and 
impaired bone union. Pol Orthop Traumatol. 2013;78:1-3.

 126. Hoikka V, Alhava EM, Aro A, Karjalainen P, Rehnberg V. Treatment of osteoporosis with 1-alpha-
hydroxycholecalciferol and calcium. Acta Med Scand. 1980;207(3):221-224.

 127. Doetsch AM, Faber J, Lynnerup N, Watjen I, Bliddal H, Danneskiold-Samsoe B. The effect of 
calcium and vitamin D3 supplementation on the healing of the proximal humerus fracture: a 
randomized placebo-controlled study. Calcif Tissue Int. 2004;75(3):183-188.

 128. Kolb JP, Schilling AF, Bischoff J, et al. Calcium homeostasis influences radiological fracture heal-
ing in postmenopausal women. Arch Orthop Trauma Surg. 2013;133(2):187-192.

 129. Jingushi S, Iwaki A, Higuchi O, et al. Serum 1alpha,25-dihydroxyvitamin D3 accumulates into the 
fracture callus during rat femoral fracture healing. Endocrinology. 1998;139(4):1467-1473.

 130. Lidor C, Dekel S, Edelstein S. The metabolism of vitamin D3 during fracture healing in chicks. 
Endocrinology. 1987;120(1):389-393.

 131. Lidor C, Dekel S, Hallel T, Edelstein S. Levels of active metabolites of vitamin D3 in the callus of 
fracture repair in chicks. The Journal of bone and joint surgery British volume. 1987;69(1):132-136.

 132. Kato A, Seo EG, Einhorn TA, Bishop JE, Norman AW. Studies on 24R,25-dihydroxyvitamin D3: 
evidence for a nonnuclear membrane receptor in the chick tibial fracture-healing callus. Bone. 
1998;23(2):141-146.

 133. Kato A, Bishop JE, Norman AW. Evidence for a 1 alpha,25-dihydroxyvitamin D-3 receptor binding 
protein in a membrane fraction isolated from a chick tibial fracture healing callus. Biochemical 
and biophysical research communications. 1998;244(3):724-727.

 134. Brinker MR, O’Connor DP, Monla YT, Earthman TP. Metabolic and endocrine abnormalities in 
patients with nonunions. Journal of orthopaedic trauma. 2007;21(8):557-570.

 135. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Guidelines for preventing and treating vitamin D 
deficiency and insufficiency revisited. J Clin Endocrinol Metab. 2012;97(4):1153-1158.

 136. Mithal A, Wahl DA, Bonjour JP, et al. Global vitamin D status and determinants of hypovita-
minosis D. Osteoporosis international : a journal established as result of cooperation between 
the European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 
2009;20(11):1807-1820.

 137. Brouwer-Brolsma EM, Bischoff-Ferrari HA, Bouillon R, et al. Vitamin D: do we get enough? A dis-
cussion between vitamin D experts in order to make a step towards the harmonisation of dietary 
reference intakes for vitamin D across Europe. Osteoporos Int. 2013;24(5):1567-1577.

 138. Bischoff-Ferrari HA, Willett WC, Orav EJ, et al. A pooled analysis of vitamin D dose requirements 
for fracture prevention. The New England journal of medicine. 2012;367(1):40-49.

 139. Brumbaugh PF, Speer DP, Pitt MJ. 1 alpha, 25-Dihydroxyvitamin D3 a metabolite of vitamin D that 
promotes bone repair. The American journal of pathology. 1982;106(2):171-179.

 140. Dekel S, Salama R, Edelstein S. The effect of vitamin D and its metabolites on fracture repair in 
chicks. Clinical science (London, England : 1979). 1983;65(4):429-436.

 141. Einhorn TA, Bonnarens F, Burstein AH. The contributions of dietary protein and mineral to the 
healing of experimental fractures. A biomechanical study. The Journal of bone and joint surgery 
American volume. 1986;68(9):1389-1395.

 142. Lindholm TS, Hackman R, Lindholm RV, Kinnunen P. Fracture callus and mast cells in rats with 
calcium and vitamin D deficiency. Acta orthopaedica Scandinavica. 1972;43(4):221-233.



2

41

 143. Melhus G, Solberg LB, Dimmen S, Madsen JE, Nordsletten L, Reinholt FP. Experimental osteopo-
rosis induced by ovariectomy and vitamin D deficiency does not markedly affect fracture healing 
in rats. Acta Orthop. 2007;78(3):393-403.

 144. Andreen O, Larsson SE. Effects of 1,25-dihydroxycholecalciferol on fracture healing. Cal-
cium, phosphate, and zinc in callus and serum. Archives of orthopaedic and trauma surgery. 
1984;103(4):257-262.

 145. Steier A, Gedalia I, Schwarz A, Rodan A. Effect of vitamin D2 and fluoride on experimental bone 
fracture healing in rats. Journal of dental research. 1967;46(4):675-680.

 146. Fu L, Tang T, Miao Y, Hao Y, Dai K. Effect of 1,25-dihydroxy vitamin D3 on fracture healing and bone 
remodeling in ovariectomized rat femora. Bone. 2009;44(5):893-898.

 147. Lindgren JU, Narechania RG, McBeath AA. Effects of 1.25 dihydroxyvitamin D3 and calcitonin on 
fracture healing in adult rats. Clin Orthop Relat Res. 1981;No. 160:304-308.

 148. Akkaya S, Nazali M, Kilic A, Bir F. Cefazolin-sodium has no adverse effect on fracture healing in an 
experimental rabbit model. Eklem Hast Cerrahisi. 2012;23(1):44-48.

 149. Omeroglu S, Erdogan D, Omeroglu H. Effects of single high-dose vitamin D3 on fracture heal-
ing. An ultrastructural study in healthy guinea pigs. Archives of orthopaedic and trauma surgery. 
1997;116(1-2):37-40.

 150. Norman AW, Okamura WH, Bishop JE, Henry HL. Update on biological actions of 1alpha,25(OH)2-
vitamin D3 (rapid effects) and 24R,25(OH)2-vitamin D3. Mol Cell Endocrinol. 2002;197(1-2):1-13.

 151. Saito M, Shiraishi A, Ito M, et al. Comparison of effects of alfacalcidol and alendronate on me-
chanical properties and bone collagen cross-links of callus in the fracture repair rat model. Bone. 
2010;46(4):1170-1179.

 152. Lidor C, Dekel S, Meyer MS, Blaugrund E, Hallel T, Edelstein S. Biochemical and biomechanical 
properties of avian callus after local administration of dihydroxylated vitamin D metabolites. The 
Journal of bone and joint surgery British volume. 1990;72(1):137-140.

 153. Seo EG, Einhorn TA, Norman AW. 24R,25-dihydroxyvitamin D-3: An essential vitamin D-3 me-
tabolite for both normal bone integrity and healing of tibial fracture in chicks. Endocrinology. 
1997;138(9):3864-3872.

 154. Aslan B, Kalaci A, Bozlar M, Atik E, Yanat AN, Tasci A. Effects of vitamin D3 and calcium on fracture 
healing in rats. Turkiye Klinikleri Journal of Medical Sciences. 2006;26(5):507-513.

 155. Delgado-Martinez AD, Martinez ME, Carrascal MT, Rodriguez-Avial M, Munuera L. Effect of 25-OH-
vitamin D on fracture healing in elderly rats. Journal of orthopaedic research : official publication 
of the Orthopaedic Research Society. 1998;16(6):650-653.

 156. Omeroglu H, Ates Y, Akkus O, Korkusuz F, Bicimoglu A, Akkas N. Biomechanical analysis of the 
effects of single high-dose vitamin D3 on fracture healing in a healthy rabbit model. Archives of 
orthopaedic and trauma surgery. 1997;116(5):271-274.

 157. Lindholm TS, Sevastikoglou JA. The effect of 1alpha-hydroxycholecalciferol on the healing of 
experimental fractures in adult rats. Acta orthopaedica Scandinavica. 1978;49(6):485-491.

 158. Dekel S, Ornoy A, Sekeles E. Contrasting effects on bone formation and on fracture healing of cho-
lecalciferol and of 1 alpha-hydroxycholecalciferol. Calcified tissue international. 1979;28(3):245-
251.

 159. Andreen O, Larsson SE. Effects of parathyroidectomy and vitamin D on fracture healing. Fracture 
biomechanics in rats after parathyroidectomy and treatment with 1,25-dihydroxycholecalciferol. 
Acta orthopaedica Scandinavica. 1983;54(6):805-809.



Chapter 2  |  The role of vitamin D in human fracture healing: a systematic review of the literature

42

 160. Cao YP, Mori S, Mashiba T, et al. 1 alpha,25-dihydroxy-2 beta(3-hydroxypropoxy)vitamin D-3 (ED-
71) suppressed callus remodeling but did not interfere with fracture healing in rat femora. Bone. 
2007;40(1):132-139.

 161. Lindgren JU, DeLuca HF, Mazess RB. Effects of 1,25(OH)2D3 on bone tissue in the rabbit: stud-
ies on fracture healing, disuse osteoporosis, and prednisone osteoporosis. Calcif Tissue Int. 
1984;36(5):591-595.





3



Vitamin D deficiency in adult fracture 
patients: prevalence and risk factors

Gorter ea 
Krijnen P 
Schipper IB

Eur J Trauma Emerg Surg. 2016 Jun;42(3):369-78



Chapter 3  |  Vitamin D deficiency in adult fracture patients: prevalence and risk factors

46

absTraCT

Purpose
Although vitamin D levels are not routinely monitored in outpatient fracture patients, 
identification of fracture patients with a deficient vitamin D status may be clinically rel-
evant because of the potential role of vitamin D in fracture healing. This study aimed to 
determine the prevalence of and risk factors for vitamin D deficiency in non-operatively 
treated adult fracture patients.

Patients and Methods
Vitamin D levels determined in a cross-sectional study of adult patients, who were treat-
ed non-operatively for a fracture of the upper or lower extremity in the outpatient clinic 
of a level 1 trauma centre, during one calendar year. Potential risk factors for (severe) 
vitamin D deficiency were analysed using multivariable logistic regression analysis.

Results
A total of 208 men and 319 women with a mean age of 49.7 years (SD 19.9) were in-
cluded. In this population, 71% had a serum calcidiol < 75nmol/L, 40% were vitamin D 
deficient (serum calcidiol < 50nmol/L) and 11% were severely vitamin D deficient (serum 
calcidiol < 25nmol/L). Smoking and season (winter and spring) were independent risk 
factors for vitamin D deficiency. An increasing age, a non-Caucasian skin type, winter 
and smoking were identified as independent risk factors for severe vitamin D deficiency. 
The use of vitamin D, alcohol consumption and higher average daily sun exposure were 
independent protective factors against (severe) vitamin D deficiency.

Conclusion
Given the potential role of vitamin D in fracture healing, clinicians treating adult fracture 
patients should be aware of the frequent presence of vitamin D deficiency during the 
winter, especially in smoking and non-Caucasian patients. Research on the effect of vi-
tamin D deficiency or supplementation on fracture healing is needed, before suggesting 
routine monitoring or supplementation.
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InTrODuCTIOn

Vitamin D is acquired through nutritional uptake and by the cutaneous synthesis un-
der the influence of UV-radiation. Vitamin D status has been associated with cancer, 
immune deregulation, diabetes mellitus, cardiovascular health, muscle function and 
mental health.1Vitamin D is also essential for the development and maintenance of a 
mineralized bone.2 And it plays a significant role in the complex cellular processes of 
fracture healing.3 Although animal studies suggest that a deficiency may hamper frac-
ture healing, human studies that address the clinical effects of vitamin D deficiency or 
supplementation on fracture healing are scarce and remain inconclusive.3

The prevalence of vitamin D deficiency is considered a global health problem.4,5 In 
fracture patients, most studies focus on the elderly with hip fractures and predominantly 
osteoporotic fractures. These studies found a vitamin D deficiency (serum calcidiol < 
50nmol/L) prevalence varying between 22% and 100%.6-30 Studies in non hip or osteopo-
rotic fracture patients found vitamin D prevalences of 13% to 50%.31-36

Currently, vitamin D status is not routinely monitored in outpatient fracture patients. 
Given the potential role that vitamin D has in fracture healing, it might be clinically rel-
evant to identify fracture patients who are at risk for vitamin D deficiency. The aim of the 
present study was to determine the prevalence of vitamin D deficiency and identify risk 
factors for vitamin D deficiency in outpatient adult fracture patients that were treated 
non-operatively for a fracture of the upper or lower extremity.

PaTIenTs anD MeTHODs

Study design and participants
Approval for this cross-sectional study was obtained from the institutional Medical Eth-
ics Review Committee. All consecutive adult patients (≥ 18 years) with conservatively 
treated fractures of the upper or lower extremity, in the outpatient clinic of our level 1 
trauma centre between 1 September 2012 and 1 October 2013, were informed about the 
study. They were asked to participate within one week after the fracture had occurred 
and to provide written informed consent. After the patient’s consent was obtained, blood 
was taken, a questionnaire was filled out, and demographic and fracture characteristics 
were documented.

Procedures
Blood was taken during the first outpatient control. The serum concentration calcidiol 
was measured using an Electro Chemo Luminescence Immuno Assay (ECLIA) from Roche 
Diagnostics (Modular E170). The vitamin D serum concentration was defined as suffi-
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cient if the serum calcidiol level was ≥ 75nmol/L (30ng/ml); insufficient if the level was 
between 50 and 75nmol/L; deficient if the serum calcidiol level was < 50nmol/L (20 ng/
ml), and severely deficient if the serum level was < 25nmol/L (10 ng/ml).1,37-40

Included patients, unaware of their vitamin D status, completed a questionnaire on 
potentially relevant factors for vitamin D deficiency including medical history, medica-
tion and vitamin D usage prior to fracture. In the questionnaire, daily UV-radiation expo-
sure was defined as the average number of hours spent outdoors between 10.00 am and 
15.00 pm.1,37,40 Also the use of a solarium was questioned. Skin type was determined us-
ing the Fitzpatrick scale41 (Type I: pale white skin, always burns, never tans; Type II: white 
skin, burns easily, tans minimally; Type III: white skin, burns moderately tans uniformly; 
Type IV: light brown / moderate brown skin, burns minimally, always tans well; Type V: 
Brown, rarely burns, tans profusely. Type VI: dark brown to black skin, never burns).

Statistical analysis
Patient characteristics are presented as mean and standard deviation (SD) or as number 
(%). Patient groups were compared using the student t-test for continuous variables and 
the Chi-square test or Fisher’s exact test (when the expected count in any of the cells of 
the 2x2 contingency table was < 5) for categorical data. Patients characteristics with a 
univariable association (p≤0·10) with (severe) vitamin D deficiency were combined in a 
forward stepwise multivariable logistic regression analysis to identify independent risk 
factors for these conditions (p-to-enter <0·05 and p-to-remove >0·10). The predictive 
value of selected potential risk factors was expressed as the adjusted odds ratio (OR) 
with its corresponding 95% confidence interval (CI). Statistical analysis was performed 
with SPSS software version 20 (SPSS, Inc., Chicago, IL, USA). P values <0·05 were consid-
ered statistically significant.

resuLTs

Patient characteristics
A total of 902 patients, 412 men and 490 women (54%) with a mean age of 47.8 years 
(SD 21.3) were eligible and approached for participation. Of these, 208 men and 319 
women (61%) with a mean age of 49.7 years (SD 19.9) agreed to participate. The most 
frequently encountered reasons for non-participation included reluctance to undergo a 
venepuncture and participation in another study.

The vast majority of the 551 fractures in the 527 included patients were located in the 
upper extremity (71%). The most frequently fractures were distal radius fractures (33%; 
Figure 1), followed by metatarsal (13%) and metacarpal fractures (12%). In the non-
participating patient group the fracture (n = 376) distribution was similar: 287 fractures 
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were located in the upper extremity (76%), 27% was located in the distal radius, 21% was 
located in the metacarpal bones and 10% in the metatarsal bones.

Of the 527 patients, 101 (19%) had no previous medical history, 216 (41%) did not 
use any medication and 117 (22%) used vitamin D supplements, in some cases in com-
bination with calcium or as a component in a multivitamin (Table 1). Most patients, 482 
(92%), had a white skin type (I- III), 38 patients (7%) had skin type IV and only 4 (1%) had 
skin type V or VI. The average sun exposure between 10.00 am and 15.00 pm was 1.9 
hours per day (SD 1.2).

  

 
  

 
 
 
 
 
 
 
 
 
 
 
  

4 Proximal humerus 
4 Midshaft humerus 
5 Distal humerus 

24 Proximal radius and or ulna 
1 Midshaft radius and or ulna 

182 Distal radius and or ulna 

57 Carpalia 
68 Metacarpalia 
47 Phalanx 

0 Proximal femur 
0 Shaft femur 
4 Distal femur 

7 Patella 

6 Proximal tibia and or fibula 
2 Midshaft  tibia and or fibula 

44 Distal  tibia and or fibula 

15 Tarsalia 
71 Metatarsalia 
10 Phalanx 

Figure 1. Fracture location of 551 fractures. In bolt the numbers of fractures at the specific location.
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The blood sample was taken at a median period of 7 days after fracture (range 0 - 85 
days). The mean concentration serum calcidiol was 59·5 nmol/L (SD 29·4, range 8 - 175). 
A minority of 151 (29%) patients had a sufficient calcidiol level, 166 patients (31%) had 
insufficient levels (50-75 nmol/l) and 210 patients (40%) had a vitamin D deficiency (cal-
cidiol < 50nmol/L), of whom 58 patients (11% of the total group) had a severe vitamin 
D deficiency. The highest prevalence of vitamin D deficiency was observed during the 
winter and spring (53%; Figure 2).

Risk factors for vitamin D deficiency; calcidiol < 50nmol/L
Potential risk factors for vitamin D deficiency (univariable p≤0·10) were male gender, 
older age, body mass index (BMI) ≥30, non-Caucasian skin type (skin type IV, V, VI), dia-
betes mellitus, use of anti-hypertensive medication or non-steroid anti-inflammatory 
drugs (NSAIDs), smoking and season (winter and spring) (Table 1). Potentially protective 
factors against vitamin D deficiency were the use of vitamin D, alcohol consumption, 
more daily sun exposure, and the use of a solarium or a holiday with high sun exposure 
within the previous month.

In the multivariable logistic regression model, independent and statistically sig-
nificant risk factors for vitamin D deficiency were smoking (OR 2.02) and season (winter 
OR 2.44, and spring; OR 3.07) (Table 2). Independent protective factors against vitamin 
D deficiency were the use of vitamin D (OR 0.46), alcohol consumption (OR 0.47 and 
0·26 respectively for ≤2 and >2 units per day), more daily sun exposure (OR 0·77 per 
additional hour) and a recent holiday with a high sun exposure (OR 0.43).
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100% 
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Calcidiol 25 – 50nmol/L 

Calcidiol ≤ 25nmol/L 

Figure 2. Vitamin D status in adult fracture patients by season; summer (June - August), autumn (Septem-
ber -November), winter (December - February) and spring (March - May).
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Table 2. Multivariate logistic regression analysis of risk factors for vitamin D deficiency (calcidiol < 50mol/L) 
and severe vitamin D deficiency (calcidiol < 25mol/L).

Characteristic Vitamin D deficiency
adjusted Or (95% CI)

severe vitamin D 
deficiency

adjusted Or (95% CI)

Gender Women
Not included X

Men

age Years 1.01 (1.00 – 1.02) 1.02 (1.01 – 1.04)

BMI Normal/overweight; BMI < 30

Not included XObese; BMI ≥ 30

Unknown

skin-type Caucasian (type I, II, III)
Not included

r

Non-Caucasian (type IV, V, VI) 4.07 (1.63 – 10.2)

Medical history Diabetes Mellitus Yes
Not included X

No

use of medicine Vitamin D Yes 0.46 (0.28 – 0.77) 0.28 (0.10 – 0.79)

No r r

Anti-hypertension Yes
Not included X

No

NSAID Yes
Not included Not included

No

Intoxication Smoking Yes 2.02 (1.25 – 3.25) 2.79 (1.44 – 5.42)

No r r

Alcohol consumption None r r

Alcohol consumption ≤ 2 u/day 0.47 (0.31 – 0.71) 0.42 (0.22 – 0.79)

Alcohol consumption > 2 u/day 0.26 (0.11 – 0.62) 0.24 (0.06 – 1.13)

sun exposure Number of hours /day 0.77 (0.65 – 0.92) 0.72 (0.54 – 0.97)

Use of solarium Yes 0.40 (0.15 – 1.00)
X

No r

Vacation in the prior 4 
weeks

Yes
0.43 (0.21 – 0.89)

Not included
No r

season inclusion Summer r r

Autumn 1.09 (0.62 – 1.93) 0.81 (0.29 – 2.23)

Winter 2.44 (1.36 – 4.38) 2.61 (1.01 – 6.17)

Spring 3.07 (1.70 – 5.55) 2.23 (0.90 – 5.49)

BMI body mass index, NSAID nonsteroidal antiinflammatory drug, OR odds ratio, CI confidence interval,
r Reference, X Not included in the analysis (univariable p > 0.10), Not included not included in the logistic 
regression model after forward stepwise selection
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Risk factors for severe vitamin D deficiency; calcidiol < 25nmol/L
Potential risk factors for severe vitamin D deficiency (univariable p≤0.10) were older age, 
non-Caucasian skin type, use of NSAIDs, smoking and season (winter and spring) (Table 
1). Potentially protective factors against severe vitamin D deficiency were use of vitamin 
D, alcohol consumption, more daily sun exposure and a recent holiday with high sun 
exposure.

In the multivariable logistic regression model, independent risk factors for severe 
vitamin D deficiency were older age (OR 1.02 per one-year increase), non-Caucasian skin 
type (OR 4.07), smoking (OR 2.79) and winter (OR 2.61) (Table 2). Independent protective 
factors against severe vitamin D deficiency were the use of vitamin D (OR 0.28), limited 
alcohol consumption (≤ 2 alcohol units per day OR 0.42) and more daily sun exposure 
(OR 0.72 per additional hour).

DIsCussIOn

Our results shows that on average in one calendar year 71% of the outpatient adult 
fracture population had an suboptimal vitamin D status (calcidiol < 75nmol/L), 40% 
was vitamin D deficient and 11% of the population was severely vitamin D deficient. 
Smoking and season (winter and spring) were independent risk factors for a vitamin D 
deficiency, whereas smoking, winter, age and a non-Caucasian skin type were identified 
as independent risk factors for severe vitamin D deficiency.

We defined vitamin D deficiency as a serum calcidiol level < 50nmol/L, and ≥75nmol/L 
was considered to be optimal/sufficient. These commonly used cut-off values are based 
on studies evaluating the effect of calcidiol concentration on calcium absorption, para-
thyroid hormone synthesis suppression, maintenance of bone mineral density and fall 
/ fracture prevention and other non skeletal actions of vitamin D.1,37-39,42 However, due 
to the inconsistent evidence regarding these effects, there is no consensus in literature 
on these definitions.1,4,37,43-46 And it has also been suggested that a serum calcidiol > 
50nmol/L could be sufficient.

Compared to other studies in non hip or osteoporotic fracture patients we found 
seeming differences in prevalence (Table 3). Briggs et al.33 found a vitamin D deficiency 
in 14/28 fracture patients in London between April and October. In our region (latitude 
52° N) we found a 33% deficiency prevalence during these months. Bee et al.34 measured 
a serum calcidiol <50 nmol/L in 28% of their operated fracture population, 32/103 (31%) 
during the winter (January, February and March) and 24/98 (26%) in during summer 
(July, August and September). In these periods, 50% and 24% of our patients were defi-
cient respectively. Wright et al.31 found in 18/37 (49%) male patients with a distal forearm 
fracture living in Northern Ireland a vitamin D deficiency. Of the 49 male patients with 
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a distal forearm fracture in our study, 20 (41%) were vitamin D deficient. Smith et al.35 
found only in 10/75 (13%) patients with an ankle fracture a deficiency, as compared to 
53% of the patients with an ankle fracture in our study. Four of our seven patients with 
patellar fractures were vitamin D deficient, where Reinhardt et al.36 found a prevalence 
of 33%. Bogunovic et al.32 also found a 40% vitamin D deficiency in their operated trauma 
patients, 94/121 patients had a lower extremity fracture. These seeming differences in 
prevalence may have resulted from seasonal differences and differences in geographical 
distribution or latitude1,4, but may also be caused by differences in other characteristics 
of the study populations and by statistical imprecision. Nonetheless, clinicians should 
be aware that patients living north of 35 degrees latitude produce little or no vitamin D 
from November to February due to the scarce sunlight1, and uptake from food is gener-
ally insufficient to retain adequate serum concentrations of vitamin D.37 Consequently, 
active supplementation is the only way for vitamin D deficient patients to complement 
their deficiency during the winter months.

Given the role of vitamin D in the maintenance of bone health, it could be hypoth-
esized that vitamin D deficiency might be more prevalent in a fracture population than in 
the general population. However, the prevalence of 40% in our fracture population was 
relatively low compared to estimates in the general Dutch population (43% - 71%).47-49 
Well-known causes of vitamin D deficiency include reduced skin synthesis (skin type, 
sun exposure, aging, season and latitude), decreased bio-availability (mal-absorption, 
obesity), decreased synthesis (liver failure), increased catabolism and increased urinary 
loss.1 Of these causes, the predictive value of skin type, sun exposure, aging, season and 
obesity was analysed and confirmed in our study, although statistical significance could 

Table 3. Prevalence of vitamin D deficiency (calcidiol < 50mol/L) in adult fracture patients

study Year
Location - 
latitude Fracture population n

Mean 
age

Vitamin D 
deficiency

Bee et al. 34 2013 USA; 42- 44° N
Operated traumatic fractures in 
upper and lower extremity

201 56 28%

Briggs et al.33 2013 UK; 51° N
Operated and non-operated long 
bone fractures

33 53 50%

Bogunovic et al.32 2010 USA; 41° N
Operated traumatic fractures in 
upper and lower extremity

121 63 40%

Bogunovic et al.32 2010 USA; 41° N
Operated distal radial or ulnar 
fracture

43 66 16%

Reinhardt et al.36 2012 USA; 41° N Operated patella fractures 30 58 33%

Smith et al.35 2013 USA; 42° N Ankle fractures 75 52 13%

Wright et al.31 2007 UK; 55° N Fore arm fracture in male 37 54 49%

UK: United Kingdom
USA:  United States of America
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not demonstrate all parameters. This may be due to the small patient numbers for some 
subgroups such as obese patients and patients with a non-Caucasian skin type.

In concordance with the results of earlier studies50,51, vitamin D deficiency was more 
prevalent in smokers in our study. Smoking has been shown to delay fracture healing 
in animal and human studies and nicotine is thought to inhibit the vascularisation of 
bone and diminish osteoblast function.52 Where on the other hand vitamin D has been 
shown to modulate the synthesis of vascular growth factors 53 and functioning of osteo-
blasts54,55. The combination of the direct (vascularisation) and indirect effects (vitamin D 
deficiency) of smoking might substantially increase the risk for impaired bone healing, 
although this hypothesis is still to be confirmed in further research.

A striking finding was that the use of alcohol was associated with a reduced risk 
of vitamin D deficiency in our study group. This association has been found in other 
studies50, whereas other studies did not find any association 49,56-59, or a negative associa-
tion60-62. As yet, the mechanism by which alcohol may affect the serum concentration 
calcidiol remains rather unknown. Some studies indicate that alcohol influences the 
serum concentration vitamin D indirectly through its effect on the expression of para-
thyroid hormone.59,63,64 On the other hand, results from an animal study showed that 
alcohol results in CYP24A1 induction, an enzyme that breaks down calcidiol.65

A limitation of this study is that only the serum concentration calcidiol was measured 
and not serum 1,25-dihydroxycholecalciferol or vitamin D binding protein. Calcidiol is 
considered to be the best indicator to monitor the vitamin D status, as 1,25-dihydroxy-
cholecalciferol does not reflect vitamin D reserves nor vitamin D status.37 However, as 
the most active form of vitamin D, 1,25-dihydroxycholecalciferol might reflect vitamin D 
activity during the initial phase of fracture healing better. A low vitamin D binding protein 
is found to compensate for a low serum concentration of calcidiol (deficiency) resulting 
in similar “net” concentrations of estimated bio-availability calcidiol.66 Another study 
limitation was that the time until blood sampling ranged up to 85 days, although half of 
the samples were obtained within 7 days and 80% within 11 days after the fracture. The 
majority of the cases with delayed blood sampling occurred in patients who were re-
ferred from other hospitals and some other cases were due to a delayed inclusion in the 
study. These delayed blood samples may have resulted in a less accurate determination 
of the vitamin D status at the time of fracture, taking into account the circulating half-life 
of calcidiol (2 - 3 weeks) and its metabolization during the process of fracture healing. 
Vitamin D status should ideally be determined on the day of fracture. Another issue is 
that the percentage of women and mean age in the study group were somewhat higher 
compared to the non-participating patients, which may affect the generalizability of the 
study results. These differences were most likely due to the fact that patients above the 
age of 50 years were routinely offered a screening for osteoporosis and the proportion 
of women in this age category was higher.



Chapter 3  |  Vitamin D deficiency in adult fracture patients: prevalence and risk factors

58

In conclusion, we found 71% of our adult fracture patients to have suboptimal levels 
of vitamin D, including 40% with vitamin D deficiency (calcidiol <50nmol/L). Given the 
potential of vitamin D in fracture healing, clinicians treating adult fracture patients 
should be aware of the frequent presence of vitamin D deficiency during the winter, 
especially in smoking and non-Caucasian patients. Research on the effect of vitamin D 
deficiency and supplementation on fracture healing is needed, before suggesting rou-
tine monitoring or supplementation in all adult fracture patients or in selected groups.
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absTraCT

Objective
Although vitamin D levels are not routinely monitored in pediatric fracture patients, 
identification of children with a vitamin D deficiency may be clinically relevant because 
of the potential role of vitamin D in fracture healing. This study aimed to determine the 
prevalence of vitamin D deficiency in a pediatric fracture population and to identify risk 
factors for deficiency.

Patients and Methods
In this cross-sectional study all pediatric patients (<18 years), who were treated for a 
fracture of the upper or lower extremity from September 2012 to October 2013 in the 
outpatient setting of a level one trauma center, were included. Vitamin D deficiency was 
defined as a serum calcidiol <50 nmol/L. Potential risk factors for vitamin D deficiency 
were analysed using multivariable logistic regression analysis.

Results
A total of 108 boys (58%) and 79 girls, mean age 11.1 years (SD 3.9), with 189 fractures 
were included. Sixty-four children (34%) were vitamin D deficient. Of those with follow-
up measurements, 74% were no longer deficient after supplementation. Vitamin D 
status did not influence the occurrence of complications during fracture treatment. 
Independent risk factors for vitamin D deficiency were higher age, season (spring) and a 
non-Caucasian skin type.

Conclusion
Clinicians who treat children with a fracture should inform patients and parents on vita-
min D supplementation. Vitamin D measurement and supplementation may be needed 
for children with a non-Caucasian skin type or for those who present with a fracture 
during spring months.
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InTrODuCTIOn

Up to 60% of boys and 40% of girls sustain a fracture during childhood.1-5 Increased 
participation in competitive sports and the relative under-mineralization of the skeleton 
during the early phase of the pubertal growth spurt may contribute to the high fracture 
rate.6 Vitamin D deficiency is considered a global health problem.7 The prevalence in 
healthy European children varies between 8% and 95% depending on risk factors such 
as geographical location, sun exposure, skin type, vitamin D supplementation or the 
presence of obesity.7,8 Vitamin D is essential for bone mineralization and maintenance of 
bone quality through its vital role in the regulation of calcium and skeletal homeostasis.9 
Although vitamin D plays a role in the complex cellular processes of fracture healing, 
studies that address risk factors for vitamin D deficiency, the clinical effects of vitamin D 
deficiency or supplementation on fracture healing are scarce and inconclusive.9,10

Low bone mineral density is a risk factor for fractures.11 Infants with severe vitamin 
D deficiency, such as is present in rickets, have a tendency towards increased fracture 
rates.12,13 The possible relation between vitamin D deficiency and the occurrence of 
pediatric fractures has not yet been established.14-17 A recent study showed that a lower 
vitamin D status is associated with fractures requiring surgery, but not with the occur-
rence of fractures 18. Although the prevalence of vitamin D deficiency in children in the 
general population has been well described7,8, the prevalence of vitamin D deficiency 
in the pediatric fracture population is less often reported with a wide variation ranging 
from 8% to 47% (Table 1).14,15,17-21

The primary aim of the present study was to determine the prevalence of vitamin 
D deficiency in a general pediatric trauma population, who sustained a fracture in the 
upper or lower extremity. The second aim was to identify the risk factors for vitamin D 
deficiency in this patient group.

Table 1. Prevalence of vitamin D deficiency (calcidiol < 50mol/L) in pediatric fracture patients

study Year Included fracture population
Prevalence of 
vitamin D deficiency

Schilling et al.15 2011 118 children younger than 2 years old 8%

Ceroni et al. 20 2012
100 children with a fracture of the upper- or lower 
extremity 12%

Minkowitz et al.18 2015 369 children 18%

Contreras et al.17 2014 100 children with a fracture 20%

Olney et al.21 2008 68 children with two or more fractures in the past 21%

James et al.19 2013 213 children with a fracture of the upper extremity 24%

Rayn et al.14 2012 76 African American children with a forearm fracture 47%



Chapter 4  |  Vitamin D deficiency in pediatric fracture patients

68

PaTIenTs anD MeTHODs

Approval for this cross-sectional study was obtained from the institutional Medical 
Ethics Review Committee. The study included all consecutive pediatric patients (age < 
18 years), who were treated for a fracture of the upper or lower extremity between 1 
September 2012 and 1 October 2013 in the outpatient clinic of our level 1 trauma center. 
According to Dutch law, children from 16 are considered able to give informed consent 
themselves for study participation. For children of 12 to 16 years consent from both the 
child and the parents is needed before inclusion. In children younger than 12 years only 
consent of the parents is necessary. In this study, conservatively treated children and/
or their parents received study information and were asked to provide written informed 
consent in the plaster room approximately one week after fracture. In case of operative 
treatment children and/or their parents were asked to provide written informed consent 
before surgery. After consent was obtained, blood was taken, questionnaires were filled 
out and patient demographics and fracture type were documented.

A blood sample was taken during the first follow-up visit after fracture. The serum 
concentration 25-hydroxyvitamin D was measured using an Electro Chemo Lumines-
cence Immuno Assay from Roche Diagnostics (Modular E170). In the literature there is 
no consensus on the appropriate vitamin D levels, which may explain the inconsistent 
data found on the effect of vitamin D deficiency on the occurrence of hyperparathyroid-
ism, metabolic bone disease and hypocalcaemia. The American Academy of Pediatrics22, 
the Pediatric Endocrine Society23 and the Institute of Medicine24 consider a serum 
concentration vitamin D > 50nmol as sufficient/normal. Also, according to their recom-
mendations a minimum serum concentration of 50nmol/L should also be maintained or 
should be the target value in case of supplementation. Serum concentrations below this 
50nmol/L were defined as deficient by the Endocrine Society Clinical Practice Guide-
line.25 Based on these definitions and target values we defined a vitamin D deficiency 
as serum 25-hydroxyvitamin D level < 50nmol/L (20 ng/ml) in our study. In case of a 

Table 2. Schedule for supplementation of children with vitamin D deficiency (25-hydroxyvitamin D 
<50nmol/L).

Children younger than 1 year Children older than 1 year

Clinical, biochemical or radiological signs of rickets? Clinical, biochemical or radiological signs of rickets?

No Yes No Yes

•  1,000 IU vitamin D per 
day during 4 weeks 
followed by

•  400 IU (10 μg) vitamin D 
per day during 3 months

•  50,0000 IU vitamin D 
per day during 4 weeks 
followed by

•  400 IU (10 μg) vitamin D 
per day during 3 months

•  2,000 IU vitamin D per 
day during 4 weeks 
followed by

•  400 IU (10 μg) vitamin D 
per day during 3 months

•  50,000 IU vitamin D 
per day during 8 weeks 
followed by

•  400 IU (10 μg) vitamin D 
per day during 3 months
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vitamin D deficiency, children were referred to a pediatrician for further assessment, 
supplementation according to the schedule presented in Table 2. and follow-up. BMI 
was determined according to gender and age. Classification of being underweight, 
having a normal weight, or being overweight or obese was based on the BMI distribu-
tion for Dutch boys and girls in 2009.26 Month of fracture was categorized into autumn 
(September, October, November), winter (December, January, February), spring (March, 
April , May) and summer (June, July, August).

The children and/or their parents, completed a questionnaire on potential risk fac-
tors for vitamin D deficiency including medical history, medication, sun exposure and 
vitamin D usage prior to the fracture.27 In the questionnaire, daily UV-radiation exposure 
was defined as the average number of hours spent outdoors between 10:00 am and 
03:00 pm.27-29 Skin type was determined using the Fitzpatrick scale30 (Type I: pale white 
skin, always burns, never tans; Type II: white skin, burns easily, tans minimally; Type III: 
white skin, burns moderately, tans uniformly; Type IV: light brown / moderate brown 
skin, burns minimally, always tans well; Type V: Brown, rarely burns, tans profusely; Type 
VI: dark brown to black skin, never burns).

Complications concerning fracture healing including refracture, epiphysiodesis, 
malunion, delayed union and non-union, that occurred within 6 months after the frac-
ture, were documented.

Patient characteristics are presented as mean with standard deviation (SD) or as 
number (percentage). Patient groups were compared using the Student’s t-test for 
continuous variables and the Chi-squared test or Fisher’s exact test for categorical 
data, as appropriate. Patients characteristics with a univariable association (p≤0.10) 
with vitamin D deficiency were combined in a multivariable logistic regression analysis 
to identify independent risk factors for these conditions. The strength of selected risk 
factors was expressed as the adjusted odds ratio (OR) with its corresponding 95% con-
fidence interval (CI). Statistical analysis was performed with SPSS software version 20 
(IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). P values <0.05 
were considered statistically significant.

resuLTs

A total of 587 children with fractures (40% located in the distal forearm), including 352 
boys (60%) and 235 girls, with a mean age of 10.2 years (SD 4.1) were eligible. Of these 
children 187 (31.9%) participated after providing written informed consent, 108 were 
boys (58%) and 79 girls, with a mean age of 11.1 years (SD 3.9)( Table 3). Together they 
sustained 189 fractures, of which the most frequent (43%) were distal forearm fractures 
(Figure 1). Most of the fractures were treated nonoperatively (n=161; 85%). The majority 
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of the operated fractures were treated with K-wires (14/28) or Elastic Stable Intramed-
ullary Nailing (6/28). Of the 187 children 73 (39%) had previously sustained a fracture 
(Table 3).

Medication was used by 23 (18%) patients, predominantly against (allergic) asthma 
(salbutamol and/or salmeterol /fluticasone), attention deficit hyperactivity (methyl-
phenidate), or diabetes (insulin). Most patients, 163 (88%), had a Caucasian skin type 
(Fitzpatrick skin type I, II or III). Vitamin D supplements were used by 24 (13%) patients 
(although no previous vitamin D deficiency was reported), mostly as a component 
in a multivitamin. Four of the five children younger than four years received vitamin 
D supplements (although recommended in the Netherlands), and only one of the 22 
children with a dark skin type (IV or V) aged 4 years and older received vitamin D supple-
mentation.
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Figure 1. Fracture location and treatment of 189 fractures. The bold numbers indicate the 
number of fractures. The number (%) of conservatively treated fractures are indicated 
between parentheses. 

 

Results 
A total of 587 children with fractures (40% located in the distal forearm), including 352  boys 
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Figure 1. Fracture location and treatment of 189 fractures. The bold numbers indicate the number of frac-
tures. The number (%) of conservatively treated fractures are indicated between parentheses.
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Table 3. Univariable association and Multivariable logistic regression analyses of patient characteristics / 
risk factors for vitamin D deficiency. Results are presented as number (%) unless indicated otherwise.

Characteristic Vitamin D deficiency risk factor

Total
n = 187

Yes
n = 64

no
n = 123

p Or
adjusted 

Or 
(95% CI)

Gender Boy 108 (58) 41 (38) 67 (62) 0.21

Girl 79 (42) 23 (29) 56 (71)

age, years* 11.1 (3.9) 12.3 (3.4) 10.4 (4.1) 0.002 1.15 (1.04 - 1.26)

BMI Underweight 33 (19) 9 (27) 24 (73) 0.67

Normal weight 118 (68) 42 (36) 76 (64)

Overweight / Obese 23 (13) 8 (35) 15 (65)

skin-type Caucasian (type I, II, III) 163 (88) 49 (30) 114 (70) 0.001 Reference

Non-Caucasian (type IV, V, VI) 23 (12) 15 (65) 8 (35) 4.71 (1.68 - 13.2)

Fracture history Fracture Yes 73 (39) 25 (34) 48 (66) 1.00

No 114 (61) 39 (34) 75 (66)

use of medication Any Yes 23 (12) 5 (22) 18 (78) 0.18

No 164 (88) 59 (36) 105(64)

use of vitamin D Vitamin D supplements Yes 24 (13) 6 (25) 18 (75) 0.31

No 163 (87) 58 (36) 105 (64)

sun exposure Number of hours /day* 1.80 (0.9) 1.65 (0.9) 1.83 (0.9) 0.20

Sun vacation in previous 
month

Yes 20 (11) 1 (5) 19 (95) 0.004 0.11 (0.01 - 0.88)

No 166 (89) 62 (37) 104 (63) Reference

season of fracture Summer 53 (28) 11 (21) 42 (79) 0.02 Reference

Autumn 44 (24) 12 (27) 32 (73) 1.70 (0.59 - 4.90)

Winter 37 (20) 16 (43) 21 (57) 2.64 (0.95 - 7.39)

Spring 53 (28) 25 (47) 28 (53) 3.15 (1.23 - 8.11)

*Mean (standard deviation)
OR: odds ratio, CI: confidence interval, BMI: body mass index
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The blood sample for determination of serum 25-hydroxyvitamin D levels was taken 
at a median of 8 days after fracture (range 0 - 69 days). With a mean of 64.9 (SD 27) a total 
of 123 children (66%) had a 25-hydroxyvitamin D level ≥ 50 nmol/L and 64 children (34%) 
were vitamin D deficient (25-hydroxyvitamin D < 50nmol/L).

Potential risk factors (univariable p≤ 0.10) for vitamin D deficiency were higher age, 
non-Caucasian skin type and season (winter and spring) (Table 3). A potentially protec-
tive factor against vitamin D deficiency was a holiday with high sun exposure within 
the previous month. Combined in the multivariable logistic regression model, all these 
factors were shown to be independent risk/protective factors for vitamin D deficiency.

The 64 children with a vitamin D deficiency were referred to the pediatrician (Figure 
2) of whom 51 actually visited the pediatrician. No clinical, biochemical or radiological 
signs of rickets were found in any of these children. Osteopenia was diagnosed with a 
DEXA scan in one of two children with celiac disease. All 51 children were treated ac-
cording to the protocol shown in Table 1. In 39 of them the serum 25-hydroxyvitamin D 
measurement was repeated after 4 months; 29 (74%) were no longer vitamin D deficient 
(Figure 2). No vitamin D intoxication occurred in any of the supplemented children.

The mean follow-up in the 160 conservatively treated patients was 6.1 weeks (range 
1-59 weeks). During the cast immobilization, which lasted on average 3.7 weeks, no com-
plications occurred. In 3 of the 160 children a refracture occurred respectively within one 
month, after 6 weeks and after 5 months after removal of the cast respectively. In 3 of 
the 160 children a refracture occurred respectively within one month, after 6 weeks and 
after 5 months after removal of the cast. In these 3 children the initial 25-hydroxyvitamin 
D levels were 119, 39 and 23 nmol/L respectively. Only in the last patient the vitamin D 
level was determined at the second presentation, which showed to be sufficient. The 
occurrence of complications after cast immobilization was not related to the initial vita-
min D status in this cohort. The 28 children with an operatively treated fracture had an 
average follow-up of 15.4 weeks (range 1-42 weeks). In 21 children, the fixation material 
was removed according to the treatment protocol. In the operatively treated group all 
fractures healed without complications within 6 months after inclusion.

DIsCussIOn

The results of this study show that 34% of the pediatric fracture patients had a vitamin 
D deficiency, all patients were without signs of rickets. Higher age, a non-Caucasian skin 
type and spring season were independent risk factors for vitamin D deficiency. After 
four months of treatment with vitamin D, 74% of the children with an initial vitamin D 
deficiency were no longer vitamin D deficient.



4

73

In literature, a prevalence of 8% to 47% vitamin D deficiency is described in the pe-
diatric fracture population (Table 1). Inclusion into our study was not limited to certain 
age groups, type of treatment, skin type or fracture location. The observed prevalence of 
34% vitamin D deficiency, therefore probably also reflects the prevalence in the general 
pediatric fracture population. Schilling et al.15 found a far lower incidence of 8% vitamin 
D deficiency in 118 children younger than 2 years with a fracture. This low prevalence 
may be age and country dependent due to the recommendation of the American Acad-
emy of Pediatrics to supplement vitamin D in the very young children31. As no children 
younger than 2 years were present, we could not compare these data to our results. 
On the other hand, Ryan et al.14 examined 76 African American children with a forearm 
fracture and found 47% to be vitamin D deficient. The inclusion of only children with 
a dark skin type, a risk factor for having a vitamin D deficiency, probably explains why 
they found so many more vitamin D deficient children in their population compared 
to our pediatric population. This obvious variation in vitamin D deficiency prevalence 
clearly reflects the presence or absence of certain risk factors. The five children with a 
dark skin type (type V or VI) that were included in our study were indeed all vitamin D 
deficient. Olney et al.21 retrospectively identified children with a history of two or more 
fractures and found a vitamin D deficiency prevalence of 21% in this group. The results 
of James et al.19 were limited to children with an upper extremity fracture, and showed 
a vitamin D deficiency in 24%. Ceroni et al.20 included 100 adolescent (between 10 and 
16 years) patients with upper- or lower limb fractures and found in 12 (12%) a vitamin 
D deficiency. We documented prevalence of 46% vitamin D deficiency in 98 children 
between 10 and 16 years.. Ceroni et al.20 only included operatively treated children and 
measured the vitamin D concentration at once after storage, which may help to explain 
the difference in prevalence. Similar to our study, Contreras et al.17 did not limit their 
inclusion to age or fracture location, although they did not report the patients’ skin type, 
whereas Minkowitz et al.18 included all fracture locations in a population between 2 - 18 
years. They found a vitamin D deficiency in 20% and 18% respectively. The seeming dif-
ferences in prevalence between our and other studies may have resulted from seasonal 
differences and differences in geographical distribution or latitude,27,32 but also from 
differences in characteristics of the study populations. It should be noted that in our 
study only 12% of the children had a non-Caucasian skin type and our study population 
tended to be more towards adolescence with a mean age of 11.1 years.

To our knowledge, only James et al.19 and Minkowitz et al.18 described risk factors for 
vitamin D deficiency in a pediatric fracture population. Although not tested in a multi-
variable analysis, they also described a significant effect of skin type on the serum con-
centration of vitamin D. In contrast to our results, age and season did not seem to affect 
the serum calcidiol level in study of James et al.19 Contreras et al.17 merged the fracture 
group with the non-fracture group and described risk factors for an insufficient vitamin 
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D concentration ( < 75nmol/l). They also found more insufficiency in non-Caucasian chil-
dren, as well as in children presenting in the winter and spring. Some established risk 
factors for vitamin D deficiency in a nonfracture population have been reported in the 
literature. One of these is obesity.22 Because vitamin D is a fat-soluble vitamin, a higher 
dose of vitamin D supplementation in obese children is recommended.22 Although some 
studies have identified obesity as a risk factor for vitamin D deficiency, we did not find 
this relation in our pediatric fracture population.

Results of studies in many countries and also national data on Dutch children indi-
cate that prevalence of vitamin D deficiency is not expected to differ in children with or 
without a fracture 14,17,18,20,21,33,34. Thus, routine vitamin D measurement in children with 
a fracture should be avoided. The prevailing advices of the National Health Councils 
render routine vitamin D measurement in children with a non-Caucasion skin type 
unnecessary. The Dutch Health Council advises daily vitamin D supplementation of 
400IU (International Units) in children up to four years in order to prevent rickets.35 In 
children of four years and older the Health Council advises standard daily vitamin D 
supplementation with 400IU in children with a light skin type (Fitzpatrick skin type I, II or 
III) who have insufficient daily sun exposure (<15 min between 11:00 AM and 03:00 PM) 
and in all children with a dark skin type (Fitzpatrick skin type IV, V or VI).35 This amount 
of 400IU is consistent with estimated average requirement described by the Institute of 
Medicine24 and the Endocrine Society Clinical Practice Guideline even a describes higher 
(600-1000IU) daily recommendation for children at risk for vitamin D deficiency. Our 
results also indicate that these recommendations are poorly implemented; only 1/22 
children with a dark skin type aged ≥ 4 years had received vitamin D supplementation 
prior to the study. And we identified a non-Caucasian skin type as a independent risk 
factor for vitamin D deficiency. A result also described by James et al.19, Contreras et 
al.17 and Minkowitz et al.18. The overall awareness of the importance of an adequate 
vitamin D status in these children and knowledge of the advice of the Health Council 
(supplementation with 400IU per day in the risk population) should become part of the 
fracture treatment protocol.

A limitation of our study was the low participation rate. The most commonly reasons 
provided by children and their parents for non-participation were fear for blood collec-
tion and the increased time spent in the hospital. The low participation rate may have 
introduced a selection bias, but the included group of children seemed representative 
based on the available information of all eligible children regarding age, gender, fracture 
location and seasonal distribution. Although blood samples were obtained as soon as 
possible after the fracture had occurred, this took place up to two months after initial 
trauma. The delay in some patients resulted in a less accurate determination of the vita-
min D status at the time of injury. Another limitation was that data concerning fracture 
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healing was obtained retrospectively, with all well known short comings of retrospective 
data acquisition.

In conclusion, this study has shown that one in three children with a fracture can 
be vitamin D deficient. Nevertheless, routine vitamin D measurement in children with 
fractures is not recommended. The results of our study also show that higher age, a 
non-Caucasian skin type and spring season are risk factors for vitamin D deficiency in 
pediatric fracture patients. Clinicians who treat children with a fracture should inform 
the patient and their parents about the prevailing advice regarding vitamin D supple-
mentation and also note the presence of potential risk factors. Vitamin D measurement 
and supplementation can be considered in children with a non- Caucasian skin type and 
in those who present with a fracture during spring months.
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Introduction
The effect of vitamin D on maintaining bone health is well researched and its role in the 
various metabolic stages of fracture healing has become evident, the clinical effects of 
a vitamin D deficiency in human fracture healing are less well described. Considering 
today’s high prevalence of vitamin D deficiency, the aim of this present study was to 
investigate the effect of vitamin D status on human adult fracture healing.

Methods
The serum calcidiol concentration was measured in a cohort of adult patients with a 
fracture in the upper or lower extremity between September 2012 and October 2013. 
Deficient patients (serum calcidiol <50nmol/L) were treated with vitamin D. Clinical and 
radiological consolidation was determined.

Results
Vitamin D concentration was measured in 617 patients; 249 (40%) were vitamin D 
deficient, they subsequently received vitamin D supplements. In 141 patients with a 
deficiency vitamin D was measured again after 4 months; 111 patients (78.7%) were no 
longer vitamin D deficient, and 30 remained vitamin D deficient. In six patients of the 
entire cohort, a clinical delayed union was described. The incidence of delayed union 
was higher in the group that remained vitamin D deficient (9.7%) compared to the 
patients who were not initially deficient (0.3%) and those who were no longer deficient 
after supplementation (1.7%; p<0.001). The incidence of radiological delayed union did 
not differ between these three groups (p=0.67).

Conclusion
The results of this research suggests that the vitamin D status at time of fracture affects 
fracture healing. Further research is needed to confirm these results.



5

81

InTrODuCTIOn

Vitamin D is synthesised in the skin under influence of UV irradiation. It is hydroxylated 
in the liver, forming calcidiol (25(OH)D), and later in the kidneys to its most biochemi-
cally active form:1,25(OH)2D3. The active form binds to receptors in the intestine, kidney, 
parathyroid glands and bone, regulating plasma levels of calcium and phosphorus and 
subsequently bone mineralisation and bone quality.1 The high prevalence of vitamin D 
deficiency is considered a global problem.2,3 Vitamin D deficiency is known to cause os-
teopenia, and osteomalacia, and to worsen osteoporosis.4 It also weakens the muscles 
and may subsequently increase the risk of falls and fractures5.

The effect of vitamin D on maintaining bone health is well researched on a cellular 
level and its role in the various metabolic stages of fracture healing has become evident.6 
However, the clinical effects of a vitamin D deficiency and of supplementation on human 
fracture healing are less well described and published results remain inconclusive.6 In 
two retrospective studies, no difference in vitamin D concentrations was found between 
fracture patients with delayed or non-union and matched healthy controls.7,8 Two case-
control studies found significantly lower serum concentrations of vitamin D in patients 
with a non-union.9,10 Two human studies reported the effect of supplementation of 
vitamin D on fracture healing, one found a positive effect on bone mineral density11 and 
one found increased fracture callus area at the fracture site12.

Considering today’s high prevalence of vitamin D deficiency, it is relevant to address 
the potentially adverse clinical effect of vitamin D deficiency on fracture healing. The 
aim of the present study was to investigate whether complications in fracture consolida-
tion occur more frequently in continued vitamin D deficient patients even after vitamin 
D supplementation, compared to patients who are no longer vitamin D deficient after 
vitamin D supplementation and patients who had adequate vitamin D levels at time of 
trauma.

MeTHODs

Patients
All adult patients (≥18 years) with a fracture of the upper or lower extremity, treated 
between September 2012 and October 2013 in the outpatient clinic of the Leiden Uni-
versity Medical Centre, a level 1 trauma centre, were eligible for inclusion in the study. 
No exclusion criteria were applied. Within one week after fracture patients were asked 
to participate and to provide written informed consent. After the patient’s consent 
was obtained, blood was taken and a questionnaire was filled out covering medical 
history and prior medication use. Demographics and fracture characteristics were also 
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documented. The study was approved by the institutional Medical Ethics Review Board 
(protocol 12.058).

Vitamin D status
The serum calcidiol (25-(OH)D) concentration was measured by means of Roche 
Diagnostics’ Electro Chemo Luminescence Immuno Assay (ECLIA, Modular E170). The 
vitamin D serum concentration was defined as sufficient if the serum calcidiol level was 
≥ 75nmol/L (30ng/ml); insufficient if the level was between 50 and 75nmol/L; deficient if 
the serum calcidiol level was < 50nmol/L (20 ng/ml), and severely deficient if the serum 
level was < 25nmol/L (10 ng/ml).4,13-16 Patients who were vitamin D deficient (<50nmol/L) 
received a prescription for cholecalciferol supplementation (1200 IU per os once daily) 
for a duration of 4 months, without verification of daily intake during this period. After 
four months, all initially deficient patients were asked to have their vitamin D serum 
concentration measured again either by the general practitioner or in the outpatient 
clinic if they had not been discharged.

Fracture consolidation
Both clinical and radiological delayed union were registered retrospectively from the 
electronic hospital records. Clinical delayed union was registered when this was ap-
pointed in the hospital records as such. Radiological delayed union was defined as in-
complete union / consolidation on radiography after 16 weeks or more, i.e. no complete 
bridging bone growth between the two fracture fragments.

Statistical Analysis
Patient characteristics are presented as mean and standard deviation (SD) or as number 
and percentage. Categorical variables were compared between patient groups using the 
Chi-square test, and the student t-test was used for group comparisons of continuous 
variables. P values <0.05 were considered statistically significant. Statistical analysis 
was performed with SPSS software version 20 (SPSS, Inc. Chicago, IL, USA).

resuLTs

Patients and vitamin D status
The vitamin D concentration of 617 patients was measured. Patients’ characteristics 
are shown in Table 1. The study population were generally healthy with slightly more 
women around the age of 50. At the time of trauma, the serum calcidiol levels ranged be-
tween 7 and 175 nmol/L, with a mean of 59.2 nmol/L (SD=29.0). Vitamin D deficiency was 
detected in 249 patients (40%), including 67 (11%) patients with severe deficiency. Only 
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173 patients (28%) had sufficient vitamin D levels (Figure 1). In 141 deficient patients 
(57%), the vitamin D serum concentration was determined again after four months of 
supplementation. Thirty (21%) of these patients still had insufficient vitamin D levels at 
that time. Eighteen of the 30 patients with persistent deficiency had a severe deficiency 
at the time of trauma.

Fracture consolidation
Together these 617 patients were treated for 643 fractures. In 6 patients a clinical 
delayed union was described in the patient record; three patient were treated for a 
midshaft humerus fracture, one for a proximal humerus fracture, one for a metatarsal 
fracture and one for an ankle fracture. In patients who remained vitamin D deficient 
despite supplementation, significantly more clinical delayed unions (n=3 ;9.7%) were 
registered compared to patients who were not initially vitamin D deficient (0.3%) and 
initially deficient patients who were no longer vitamin D deficient after supplementation 
(1.7%; p<0.001; Table 2).

Most (87%) of the 643 fractures healed within 16 weeks. These patients were dis-
charged from follow-up at the outpatient clinic. Of the remaining 84 (13%) fractures 
radiological imaging was available to assess consolidation after 16 weeks. In this group 

Table 1. Characteristics of patients with an extremity fracture, by vitamin D status

Characteristic

Initially not 
vitamin D 
deficient 
(n=368)

Initially vitamin D deficient
status after 4 months supplementation

(n=249)

not vitamin D 
deficient
(n=111)

still vitamin D 
deficient

(n=30)
p*

vitamin D status 
unknown
(n=108)

Female gender, n (%) 229 (62) 79 (71) 14 (47) 0.04 39 (36)

Age in years, mean (SD) 48.7 (19.1) 58.5 (16,.) 50.3 (18.3) 0.00 41,6 (20,3)

No medical history, n (%) 232 (63) 85 (77) 26 (87) 0.002 69 (64)

No use of medication, n (%) 150 (40) 35 (32) 11 (37) 0.21 61 (57)

Conservative treatment, n (%) 316 (86) 93 (85) 27 (90) 0.68 90 (83)

Fracture location, n (%)

- Distal forearm 123 (32) 46 (40) 7 (23) 24 (21)

- Metacarpalia 51 (13) 12 (10) 1 (3) 17 (15)

- Metatarsalia 39 (10) 7 (6) 8 (26) 21 (18)

 - Ankle 38 (10) 17 (15) 3 (10) 11 (10)

* Comparison of 3 groups: patients who were initially not vitamin D deficient, patients who were no longer 
vitamin D deficient after supplementation, and patients who were still vitamin D deficient after supple-
mentation.
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of fractures, 39 (46%) fractures did not show complete radiological consolidation at 16 
weeks and were considered to have radiological delayed union. No statistically signifi-
cant difference was found for the incidence of radiological delayed union between the 
patients presenting with initially no vitamin D deficiency, the patients who were no lon-
ger vitamin D deficient after supplementations and the patients who remained vitamin 
D deficient after supplementation (p=0.67; Table2).

DIsCussIOn

A high prevalence of vitamin D deficiency (40%) or severe deficiency (11%) was found in 
a general adult outpatient fracture population. In patients with a vitamin D deficiency 
more delayed union were described clinically, although the incidence of radiological 
delayed union did not depend on vitamin D status.

Up until now, a few studies have been performed that explored the effect of vitamin 
D on fracture healing, all with inconclusive results. This study investigated the effect of 
the initial vitamin D status and supplementation on fracture healing in a large cohort. 
Two case-control studies found more vitamin D deficiency in patients with delayed or 
non-union compared to patients with normal fracture healing.9,10 A possible detrimental 
effect of vitamin D deficiency on clinical fracture healing has been suggested by Brinker et 
al.17 Tauber et al.9 suggested that a deficiency might be the result of increased consump-
tion of vitamin D metabolites during the process of delayed union. In our large cohort 
of patients with an extremity fracture, we found only 5 cases of clinical and radiological 
delayed union that resulted in secondary surgery. We did not find any indication that 
the initial vitamin D status or supplementation influenced the incidence of radiological 
delayed union. This result is supported by two other case-control studies, that both 

Table 2. Incidence of clinical and radiological delayed union in patients with extremity fractures, by vitamin D 
status.

Delayed union *

Initially not vitamin 
D deficient

Initially vitamin D deficient
Status after supplementation

not vitamin D 
deficient

still vitamin D 
deficient

P**
vitamin D status 

unknown

Clinical 1/382 (0.3%) 2/117 (1.7%) 3/30 (9.7%) <0.001 0/114 (0%)

Radiological 20/42 (48%) 11/21 (52%) 4/6 (67%) 0.67 4/15 (27%)

* The incidence of clinical delayed union was determined in 643 fractures, and of radiological delayed 
union in 84 fractures.
** Comparison of 3 groups: patients who were initially not vitamin D deficient, patients who were no longer 
vitamin D deficient after supplementation, and patients who were still vitamin D deficient after supple-
mentation.
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did not find a significant difference in serum vitamin D concentration in patients with a 
delayed or non union compared to patients with normal a fracture healing.7,8

In contrast to the studies of Doetsch et al.11, Kolb et al.12 and Hoikka et al.18, our study 
did not show a positive influence of vitamin D supplementation on radiological fracture 
healing. Doetsch et al.11 found a significant positive effect of calcium and vitamin D 
supplementation on callus formation after 6 weeks in a placebo randomised controlled 
trial in female osteoporotic or osteopenic patients with a mean age 78 years and a hu-
merus fracture. Kolb et al.12 who studied postmenopausal women of 50 years or older 
with a single distal radius fracture, found that supplementation of calcium and vitamin 
D in case of a vitamin D deficiency resulted in normal fracture callus area parameters. 
Hoikka et al.18 postulated that vitamin D may have a positive effect on callus formation, 
based on the alkaline phosphatase and calcium serum concentration after vitamin D 
and calcium supplementation in patients with an osteoporotic hip fracture. Lee et al.19 
found that vitamin D supplementation was associated with better grip strength recovery 
after 6 months in postmenopausal women with a distal radius fracture. The studies 
mentioned above that showed a positive effect of vitamin D supplementation in case 
of vitamin D deficiency on fracture healing, were performed in elderly postmenopausal 
female patients, patients with osteoporotic fractures or patients with one single type of 
fracture. Not only were the patient populations rather specific, but in three studies also 
the effect of vitamin D in combination with calcium was measured, as opposed to the 
effect of isolated vitamin D supplementation. Because inclusion into our study popula-
tion was not limited to gender, age group, type or location of the fracture, our results are 
likely to reflect the effect of vitamin D in a general adult outpatient fracture population.

This study has some notable limitations. Due to the retrospective and non-proto-
colled data collection and radiological imaging, information about vitamin D serum 
concentration and radiological parameters during fracture treatment was incomplete. 
Using clinical notes by different physicians invariably leads to inter-observer bias. 
Additionally, treatment was completed within four months after fracture for the major-
ity of patients. Considering that discharged patients would have returned if they had 
encountered complications, we assume that further fracture healing occurred without 
any problems, although patients may have consulted a different hospital and were 
therefore missed. For this reason, the incidence of radiological delayed union could 
be determined in a small subgroup (14%) of the patients. These patients were slightly 
older (mean 54 vs 49 years, p=0.03), but had a similar initial vitamin D serum level and 
a similar male/female ratio compared to the group without radiological follow-up after 
16 weeks. They can therefore be considered as a fairly accurate representation of the 
average patient population.

Altogether, the results of this research suggest that the initial vitamin D status of 
adult patients with an extremity fracture does affect fracture healing. Further research is 
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needed to confirm these results. Considering the high prevalence of vitamin D deficien-
cy, the clinical implications of such an effect may be substantial and improved fracture 
healing could possibly be gained by vitamin D supplementation in deficient patients.
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Introduction
Osteoporosis is characterised by low bone mass and micro-architectural deterioration 
of bone structure. Its treatment is directed at the processes of bone formation or resorp-
tion, that are of utmost importance in fracture healing. We provide a comprehensive 
review of the literature aiming to summarize and clarify the effects of osteoporosis and 
its treatment on fracture healing.

Material and methods
A literature search was conducted in PubMed and Embase (OVID version). In vivo animal 
and human studies on long bone fractures were included. A total of 93 articles were 
included for this review; 23 studies on the effect of osteoporosis (18 animal and 5 clinical 
studies) and 70 studies on the effect of osteoporosis treatment (41 animal, 26 clinical 
studies and 3 meta-analyses) on fracture healing.

Results
In animal fracture models osteoporosis was associated with decreased callus formation 
and bone growth, bone mineral density, biomechanical strength and delayed cellular 
and differentiation processes during fracture healing. Two large databases identified 
osteoporosis as a risk factor for non-union whereas three other studies did not. One of 
those three studies however found a prolonged healing time in patients with osteopo-
rosis. Anti-osteoporosis medication showed inconsistent effects on fracture healing in 
both non-osteoporotic and osteoporotic animal models. Only the parathyroid hormone 
and anti-resorption medication were related to improved fracture healing and delayed 
remodelling respectively. Clinical studies performed in predominantly hip and distal 
radius fracture patients showed no effect of bisphosphonates on fracture healing. Para-
thyroid hormone reduced time to union in several clinical trials performed in mainly hip 
fracture patients, but this did not result in decreased delayed or non-union rates.

Conclusion
Evidence that substantiates the negative influence of osteoporosis on fracture healing 
is predominantly from animal studies and to a lesser extent from clinical studies, since 
convincing clinical evidence lacks. Bisphosphonates and parathyroid hormone may be 
used during fracture healing, since no clear negative effect has been shown. Parathyroid 
hormone might even decrease time to fracture union, without decreasing union rate.
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InTrODuCTIOn

Fracture healing is a result of an orchestrated process on cellular and molecular level, and 
can be divided in direct (primary) and indirect (secondary) fracture healing.[1-4] Direct 
fracture healing occurs when the fractured parts are anatomically reduced, compressed 
and rigidly fixated. Indirect fracture healing occurs via four stages in a situation where 
(micro) movement of the fracture fragments is possible. The four stages are inflamma-
tory response, soft callus formation, hard callus formation and bone remodelling. For 
both types of fracture healing four elements are essential in order to achieve fracture 
union: osteogenic cells, the (mechanical) environment, osteoconductive scaffolds and 
growth factors.[4] Osteoporosis is considered as a possible risk factor for impaired 
fracture union. Although the mechanical and biological elements involved in fracture 
healing are affected by osteoporosis, there is still debate whether and to what extent 
fracture healing might be impaired by osteoporosis.[5, 6]

Osteoporosis is a skeletal disorder that is characterised by low bone mass and micro-
architectural deterioration of bone structure, resulting in bone fragility and an increased 
fracture risk.[6] The prevalence of osteoporosis increases with age. Osteoporotic frac-
tures pose an increasing burden on the healthcare system, since the annual number 
of osteoporotic fractures will rise to 4.5 million in 2025 in the European Union[7] and is 
estimated to be around 18 million globally in 2040.[8] In addition, osteoporotic fractures 
are associated with high rates of morbidity and mortality.[8] Osteoporosis reduces bone 
strength because cortical bone becomes porous and cortices become thinner, especially 
in the metaphyseal or metadiaphyseal regions. Unstable and comminuted fracture pat-
terns, short epiphyseal fragments that complicate fracture fixation, impaired healing 
due to either too unstable or too rigid fixation, decreased holding power of screws in the 
osteoporotic bone and early implant-bone construct fatigue are biomechanical prob-
lems that may lead to implant loosening and loss of fixation in osteoporotic fractures.[8] 
These potential problems in fracture management add to the effect of osteoporosis on 
mechanical and biological elements involved in the healing process as described above.

Anti-osteoporotic drugs, especially antiresorptive therapy, are the cornerstone of 
treatment for osteoporosis. Their anti-resorptive effect has been posed to negatively 
influence fracture healing while anabolic therapies like teriparatide have been used in 
studies trying to enhance fracture healing. As literature provides conflicting evidence, 
we aimed to perform a systematic review of the current literature to elucidate the role of 
osteoporosis and osteoporosis treatment as potential risk factors for impaired fracture 
healing in long bone fractures in animal and clinical studies.
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MaTerIaL anD MeTHODs

The following search strategy was used in Pubmed: “(“Osteoporosis”[Mesh] OR “Osteo-
porosis, Postmenopausal”[Mesh] OR osteoporosis [tiab]) AND (“Fracture Healing”[Mesh] 
OR fracture healing [tiab])”, and in Embase (OVID version) “fracture healing.mp AND 
Osteoporosis.ab,ti.”. The search was conducted at the first of November 2020 and the 
results were limited to English language articles. Duplicates were removed before ap-
plying selection criteria. Two investigators (EAG and CRR) independently assessed the 
identified titles and abstracts for relevance.

Only in vivo animal, human studies and meta-analyses on long bone fractures were 
considered for inclusion. In case of animal studies only articles describing an effect of 
osteoporosis and/or anti-osteoporotic medication on the histological, biomechanical, 
radiological and/or clinical process of fracture healing were included. Only clinical stud-
ies that reported on one or more of the following outcome parameters were included: 
(radiographic) time to union, incidence of delayed/non-union or union rate. In case of 
multiple meta-analyses on the same subject, the most recent meta-analysis was in-
cluded. The full-text articles of potentially eligible studies were obtained and screened 
using the same inclusion criteria. Reference lists of eligible studies, reviews and meta-
analyses were hand-searched to identify further relevant studies meeting the inclusion 
criteria. The data extraction was performed by one reviewer (EAG).

Regarding the effect of medication on fracture healing, the results/studies were 
subdivided based on the mechanism of action(antiresorptive, anabolic or dual), medi-
cation group and whether the medication was supplemented in a non osteoporotic or 
osteoporotic animal model. The article selection process is presented in Figure 1. The 
search resulted in a total of 2625 articles, 1055 PubMed and 1570 Embase. After removal 
of 678 duplicates and 351 conference abstracts, the title and abstract of 1596 articles 
were screened. Of 168 articles the full text was read. A total of 93 articles were included 
for this review.

resuLTs

The results of the 93 included publications are summarized in the tables 1,2, 3 and 4.

Effect of osteoporosis on fracture healing - animal studies (Table 1)
A total of 18 prospective animal studies were found describing the effect of osteoporosis 
on fracture healing. Overall, in animal studies osteoporosis was found to negatively in-
fluence fracture healing in the majority of studies. Delayed cellular processes, decreased 
callus formation and mineralization may be the possible explanation of the observed 
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decrease of biomechanical strength. No clear effect of osteoporosis was found in radio-
logical follow-up.

In mice, the effect of osteoporosis on the fracture healing of the femur was investigat-
ed, the micro-CT analysis showed impaired healing in the osteoporotic group.[9] In an-
other genetic osteoporotic mice model with a femoral fracture age dependent differences 
were found: bending stiffness, callus size, and callus tissue distribution were not altered 
in 5-month-old osteoporotic mice compared to non-osteoporotic mice. In 10-month-old 
osteoporotic mice however bending stiffness was significantly reduced and callus size 
was increased compared to non-osteoporotic mice, indicating delayed fracture healing , 
possibly explained by an increased osteoclast activity in the 10-month-old.[10]

In rats, several studies showed that in the osteoporotic group the total callus, there 
was less bony callus and newly formed bone [11] as well as the bone mineral content 
and bone mineral density was reduced at the fracture site.[12-16] Other studies showed 
that the presence of osteoporosis had a negative impact on the quality and quantity of 
callus during early fracture healing[12, 17] and biomechanical testing[11-13, 16, 18-22]. 
Another study performed in rats with a tibial bone defect showed that osteoporosis re-
sulted in significantly less newly formed bone, a higher amount of granulation tissue and 
immature newly formed bone, compared to rats without osteoporosis[23]. Histological 
evaluation revealed a delay in the cellular differentiation processes of chondrocytes 
during fracture healing.[12, 13, 18] In ovariectomized rats with a femoral osteotomy, 
histological analyses showed less mature consolidation[21], significantly reduced bone 
volume was found at the gap[24], the gap contained more osteoclasts[24] and the gap 
was filled with scattered smaller bone trabeculae[24] compared to non-ovariectomized 
rats. But the microcomputer tomography (µCT) showed no difference in consolidation.
[21] However Gauo et al.[19] found no significant differences in bone microarchitecture 
on the micro CT between the osteoporotic and non-osteoporotic rats 12 weeks after 
fracture induction. Coa et al.[25] also did not find impaired callus formation or biome-
chanical strength.

Even in a larger animal model similar results were found. In fourteen sheep with a 
tibial shaft osteotomy osteoporosis resulted in impaired fracture healing with respect to 
callus formation, mineralization, and biomechanical properties [26].

Two studies showed that fracture healing in osteoporotic animals was also radio-
graphically lagging behind,[12, 18] or described clear differences in union rate (59% 
osteoporotic group vs 89% in the control group) after 8 weeks.[16] One study found that 
the fracture was partly united compared to a clearly present fracture gap in osteoporotic 
animals at 4 weeks. However, after 12 weeks bone union was observed in both groups.
[19] Kubo et al.[15] also showed no radiological differences in femoral fracture healing 
between ovariectomized and non-ovariectomized rats. Another study in ovariectomized 
and non-ovariectomized rats did not show a clear impairment of radiological healing.[25]
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Effect of osteoporosis on fracture healing - clinical studies (Table 2)
No meta-analyses were found investigating the effect of osteoporosis on fracture heal-
ing. Five clinical studies, 3 prospective and 2 retrospective, were found investigating the 
effect of osteoporosis on fracture healing. Overall, two large databases identified os-
teoporosis as a risk factor for non-union while three other studies did not. One of those 
three studies however found a prolonged healing time in patients with osteoporosis.

In two large database studies osteoporosis was identified as a risk factor for non-
union.[27, 28] In one analysis of a national insurance database, 47,437 patients were 
included in 12 months with 56,492 fractures for which a non-union was registered in 
2.5%. Sixty potential patient characteristics and co morbidities for non-union were 
assessed and osteoporosis was identified as a risk factor for non-union.[27] In an 
even larger database using patient-level health claims, 309,330 fractures in 18 bones 
with 15,249 non-unions (4.9%) were registered in 12 months. Again osteoporosis was 
identified as an influencing factor.[28] In a matched case-control study, on prospective 
gathered data, of 40 patients with fracture non-union and 80 patients without a fracture 
non-union a regression analysis was performed to investigate whether the presence of 
osteoporosis attributed to the non-union, but did not detect any correlation.[29]

In a small study, 29 patients, aged > 65 years, with a femoral shaft fracture and 
radiological evidence of osteoporosis based on the Singh index were retrospectively 
compared with 37 subjects, aged between 18 and 40 years, without radiological evi-
dence of osteoporosis. A prolonged union time (19.38±-5.9 weeks vs 16.19±-5.07 weeks, 
p=0.02) with more delayed unions (>24 weeks) was described (10/29 vs 4/37 p=0.03) 
in the older group with osteoporosis. However, all fractures healed within 32 weeks.
[30] Although patients with known metabolic disorders were excluded, no analysis to 
unknown metabolic disorders was performed nor correction was performed for age.A 
retrospective study on subcapital humerus fractures (n=311) and distal radius fractures 
(n=150) found a seemingly negative association, but no statistically significant evidence 
that osteoporosis was associated with delayed or non-union.[31]

Table 1. Summary of the effect of osteoporosis on fracture healing in animal studies

Osteoporosis ↓ callus/bone formation[11, 17, 23, 24, 26]
↓ bone mineral content[12-16, 26] or density[12-17]
↓biomechanical strength[9-13, 16, 18-21, 26]
Delay cellular differentiation/processes[9, 12, 13, 15, 16, 18, 21, 24]
Radiological delay[12, 16, 18] or no difference[15, 19, 25]

↑ significant increased, ↓ significant decreased
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Effect of anti-osteoporosis medication on fracture healing - animal studies (Table 3) 
A total of 41 studies were found describing the effect of anti-osteoporosis medication on 
fracture healing in both osteoporotic and non-osteoporotic animal models. The stud-
ies were subdivided based on the working mechanism of the drug (antiresorptive or 
anabolic), type of medication and whether the medication was studied in a non osteo-
porotic or osteoporotic animal model. Both male and female species were used for non-
osteoporotic models, whereas only female species were used in the osteoporotic animal 
models. Overall, inconsistent effects on fracture healing in both non-osteoporotic and 
osteoporotic animal models were observed. Antiresorptive drugs, bisphosphonates in 
particular, resulted in delayed remodelling of callus in both models. Parathyroid hor-
mone was related to improved fracture healing.

Table 2. Summary of the effect of osteoporosis on fracture healing in clinical studies

author study design Fracture 
location

n (patients / 
control)

effect bias

Wunnik[29] Prospective 
matched 
controlled

Various 120 (40/80) No effect on incidence 
of non-union

-  Variety of fractures 
location

-  Small number of 
patients

Zura[27] Prospective 
cohort

Various 56,492 
(1440/55,052)

↑ risk of non-union 
(multivariate analysis 
OR 1.423, Robust SE 
0.108; p <0.001)

-  Variety of fractures 
location

-  Insurance database

Zura[28] Inception 
cohort

Various 309,330 
(15,249/294,081)

↑ risk of non-union 
(multivariate analysis 
OR 1.24, 95% CI( 
1.14–1.34))

-  Variety of fractures 
location

-  Insurance database

Nikolaou[30] Retrospective Femoral 
shaft

66 (29/37) ↑ time to union (19.4 
weeks vs 16.2weeks, 
p=0.02) and delayed 
union (10/29 vs 4/37 
p=0.03)
No effect on incidence 
of non-union

-  Selection/inclusion
-  Small number of 

patients
-  No correction for 

age

Gorter[31] Retrospective Subcapital 
humerus 
and distal 
radius

455 (133/322) No clear effect on 
delayed or non-union

-  Retrospective 
design

-  Small number of 
patient in subgroup

-  Outcomeparameter

↑ significant increased, ↓ significant decreased
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Table 3. Summary of effect of osteoporosis treatment on fracture healing in animal studies

Mechanism Medication Group non osteoporotic animal models Osteoporotic animal 
models (Female)

antiresorptive bisphosphonates Male
↑ callus formation[32, 
33, 38]
↑ biomechanical 
strength[35]
Histologically 
advanced healing[34]
No effect on 
biomechanical 
strength[36, 38]
No effect on 
radiological 
healing[34]
No effect on incidence 
non-union[33, 36]
Delay remodeling[33, 
35, 37]

Female
↑ bone mineral 
content/density[38]
↑ callus formation[39]

↑ bone mineral 
content[25]
↑ callus formation[19, 
40, 42]
↑ biomechanical 
strength[19, 40, 41]
Histologically 
advanced healing[40]
No effect on 
biomechanical 
strength[43]
No effect on 
radiological 
healing[41]
No effect on callus 
formation[43]
No effect on incidence 
non-union[41]
Delay remodeling[25, 
41, 42]

selective 
estrogen receptor 
modulator (serM)

Male
-

Female
↑ bone mineral 
content[38]
↑ biomechanical 
strength[38]
↑ newly formed bone 
[44]

↑ callus formation[46]
↑ biomechanical 
strength [45]
Histological advanced 
healing[45]
No effect on callus 
formation[25]
No effect on 
biomechanical 
properties[25]
Delay remodeling[25]

ranK ligand 
inhibitor

Male
↑ biomechanical 
strength[35]
Delay remodeling[35]

Female
No effect on callus 
formation [47]
No effect on 
biomechanical 
strength[47]
Delay remodeling[47]

-
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Table 3. Summary of effect of osteoporosis treatment on fracture healing in animal studies (continued)

Mechanism Medication Group non osteoporotic animal models Osteoporotic animal 
models (Female)

anabolic Parathyroid 
hormone

Male
↑ bone mineral 
content[50, 54]/
density[49, 54]
↑ callus 
formation[49-52]
↑ newly formed 
bone[32, 33, 39, 50, 53]
↑ biomechanical 
strength[49-51, 53]
Histological advanced 
healing[55]
Improved radiological 
healing[49]
Improved union 
rate[55]
No effect on union 
rate[51]

Female
↑ bone mineral 
content[38, 56] /
density[56]
↑ newly formed 
bone[38, 57]
↑ biomechanical 
strength[38, 56]
Improved union 
rate[57]

↑ bone mineral 
content[58, 61]/
density[61]
↑ callus formation[59]
↑ newly formed 
bone[61, 63-66]
↑ biomechanical 
strength[59, 60]
Improved union 
rate[57]
No effect on callus 
formation[58]
No effect on 
radiological 
healing[58]

Dual effect strontium 
ranelate

Male
No effect on fracture 
healing[68]
No effect on 
radiological 
healing[68]

Female
↑ callus formation[38]
↑ bone mineral 
density[38]
↑ biomechanical 
strength[38]
No effect on 
biomechanical 
strength[67]

↑ callus formation[22, 
69-71]
↑ newly formed 
bone[69]
↑ bone mineral 
density[69, 70]
↑ biomechanical 
strength[69, 71]
No effect on fracture 
healing[14]

↑ significant increased, ↓ significant decreased
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Antiresorptive medication

Bisphosphonates
In male non osteoporotic rats models increased callus volume[32], hard callus bone 
mineral content[33], histologically more advanced healing[34] and increased mechani-
cal strength[33, 35] were found after supplementation of bisphosphonates. Another 
study found no effect on mean elastic modulus and hardness of the callus tissue in male 
rats[36]. In male rat models delayed fracture healing[37] and remodelling [33, 35, 37] 
was found after supplementation of bisphosphonates, but also no effect on union rate 
was described.[33, 36] Aydogan et al.[34] found no effect of on fracture healing in rats 
with a femur fracture in radiological follow-up. In female non osteoporotic rat models 
with a femoral fracture, treatment with bisphosphonates increased bone mineral con-
tent[38], bone mineral density[38] and callus volume[38] compared to wild type rats[38] 
and local application of bisphosphonates resulted in more callus formation.[39]

Osteoporotic models – In rats with a tibial fracture, administration of zoledronic 
acid resulted in increased biomechanical strength, more callus as well as thicker and 
more mature bone trabeculae, and in both the zoledronic acid group and the control 
group there was complete healing.[40] Bisphosphonates in rats with a femoral fracture 
increased the mechanical strength of the callus[41] and hard callus bone mineral con-
tent[25]. Mice with a femoral osteotomy treated with alendronate showed an increase 
in newly formed bone at the defect site.[42] Local application of bisphosphonates at the 
fracture site in rats improved bone microarchitecture, mechanical character and resulted 
in more callus.[19] However, one study found that the administration of alendronate 
in osteoporotic rats with a metaphyseal tibial fracture did not influence the process of 
fracture healing quantitatively or qualitatively[43]. Despite the observed positive effects 
of bisphosphonates other studies in rats found suppressed callus remodelling[41] , 
delayed remodelling[25] and suggested that continuous administration might be detri-
mental to bone repair.[42]

Selective estrogen receptor modulator (SERM)
In a comparative study of 60 non osteoporotic female mice the administration of raloxifen 
resulted in enhanced fracture healing and earlier complete bony bridging of the femoral 
osteotomy gap compared to mice not receiving raloxifen.[44] In non osteoporotic female 
rats, raloxifen treatment increased bone mineral content, bone mineral density and bio-
mechanical properties significantly, even though no greater bone volume on CT scans 
compared to other treatment groups was observed.[38]

Osteoporotic models – In rat models the effect of raloxifen on peri-implant bone 
healing was investigated by Ramalho-Ferreira et al .[45]. They showed improved fracture 
healing compared to osteoporotic rats not receiving raloxifen and similar histological 
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and biomechanical values compared to the non-osteoporotic rats. In rats with a me-
taphyseal tibial fracture raloxifen in combination with estrogen resulted in improved 
fracture healing with regard to callus formation.[46] On the other hand, no effect on 
callus formation or biomechanical properties was found by Cao et al.[25] in female rats 
and raloxifen was not found to be more inhibitory on the process of fracture healing due 
to inhibited resorption activity and reduced remodelling.

RANK ligand inhibitor
Non osteoporotic animal models – Ulrich-Vinther et al.[47] showed that OPG (natural 
decoy binding protein of RANKL) treatment did not influence callus formation or me-
chanical strength in female rats, however during the remodelling phase it impaired 
the normal remodelling and consolidation process. In a mouse model treatment with 
RANK-ligand inhibitor resulted in reduced bone resorption during fracture healing with-
out being detrimental to fracture healing.[48] Gerstenfeld et al.[35] found an increased 
mechanical strength in male mice after treatment with denosumab, but showed delayed 
callus remodelling.

Anabolic medication

Parathyroid hormone
Non osteoporotic male animal models – Treatment with a PTH receptor agonist resulted 
in increased callus osteogenesis, improved fracture bridging, greater bony callus size 
and density, improved biomechanical stability and more callus on radiological follow-
up in male rats with a femoral fracture. [49] Also in other animal fracture studies PTH 
supplementation resulted in complete consolidation[38], enhanced biomechanical 
strength[38, 50, 51], bone mineral content[38, 50], denser callus[52] and more callus[50, 
51] or newly formed bone[38, 50]. In rats with type 2 diabetes and a femoral fracture 
the administration of PTH resulted in increased bone formation, mineralisation and 
mechanical strength.[53] In rats with a large sized osteotomy in the femur local and 
systemic PTH was applied and resulted in higher bone mineral density and bone mineral 
content at the osteotomy site compared to rats without treatment.[54] With regards to 
fracture union, in a rat model with an open or closed femoral osteotomy the treatment 
with PTH did not result in an increased union rate.[51] In a femoral atropic non-union 
model in mice, treatment with PTH showed higher rates of bony union and reduced 
mean gap size with cortical bridging with mature bone and relatively little callus on 
histological analysis.[55]

Non osteoporotic female animal models – Also in female animal fracture studies 
PTH supplementation resulted in complete consolidation[38], enhanced biomechanical 
strength[56], bone mineral content[56], increased BMD[56] and Nozaka et al[57] found in 
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rats with a proximal tibial osteotomy increased cancelous bone formation and improved 
union rate.

Osteoporotic animal models – In ovariectomized rats Ellegaard et al.[58] showed 
that treatment with parathyroid hormone (PTH) resulted in a non-significantly increased 
amount of callus after 4, 6 weeks and no difference after 8 weeks. Also PTH supplementa-
tion resulted in enhanced biomechanical strength[59, 60], bone mineral content[58, 61], 
increased BMD[58, 61] and more callus[58, 59] or newly formed bone[60-62]. In rats, the 
administration of parathyroid hormone improved the differentiation and proliferation 
of hypertrophic chondrocytes[63], and newly formed trabecular bone was increased[63] 
as well as the cancellous bone formation[57, 63]. The finding that PTH enhances bone 
formation was supported by other studies in which also local beta-tricalcium phosphate 
was applied at the defect site.[64, 65] A combination of teriparatide and anti-RANKL 
monoclonal antibody in mice resulted in accelerated regeneration of cancellous bone 
during fracture, however no effect was found on cortical bone regeneration or cortical 
bone thickness.[66] In rats with a cancellous bone osteotomy of the tibia the administra-
tion of parathyroid hormone improved union rate[57].

Antiresorptive and anabolic medication

Strontium ranelate
Non osteoporotic animal models – Administration of strontium ranelate in a female frac-
ture animal model resulted in increased bone formation, bone mineral density, higher 
mechanical strength and improved callus formation.[38] One study found a positive 
effect on callus volume and bone mineral content after 3 weeks but no effect after 8 
weeks and no effect on maximum load or stiffness at the fracture site in female rats.[67] 
Also in male rats, Cebesoy et al. [68] found no beneficial effects of strontium ranelate on 
radiological or histopathological fracture healing.

Osteoporotic animal models – Administration of strontium ranelate in several fracture 
or osteotomy animal models resulted in increased bone formation[22, 69], bone mineral 
density[22, 69, 70], higher mechanical strength[22, 69, 71] and fracture stiffness[71], 
improved callus formation[69-71]. However, one study showed that administration of 
strontium ranelate with insulin compared to only insulin in ovariectomized diabetic rats 
did not display a significant advantage regarding fracture healing.[14]

Effect of anti-osteoporosis medication on fracture healing - clinical studies (Table 4)
A total 26 clinical studies and 3 meta-analyses were found describing the effect of anti-
osteoporosis medication on fracture healing. The studies were subdivided based on 
their effect (antiresorptive or anabolic), medication group and whether the medication 
was supplemented in a osteoporotic or non-osteoporotic patients. Overall, no clearly 
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positive nor negative effect could be found of antiresorptive medication on fracture 
healing. With regards to the anabolic medication, recombinant parathyroid hormone 
decreased time to union in several studies without an effect on delayed or non union 
rates. One study was found on strontium ranelate, which showed no effect.

Antiresorptive medication

Bisphosphonates
A meta-analysis of the effect of bisphosphonates on fracture healing of 10 RCTs including 
2888 osteoporotic and non-osteoporotic fracture patients was performed by Li et al.[72] 
No effect on fracture healing time nor on delayed or non-union was found.[72] This 
meta-analysis included all our identified RCTs[73-76] except for the studies performed 
by Duckworth et al.[77] and Gong et al. [78]. Their RCTs on the effect of bisphosphonates 
on the healing of a distal radius fracture also showed no difference in mean time to 
radiographic union[78] or union rate.[77, 78]

Osteoporotic fracture patients – Gong et al.[78] investigated the effect of bisphos-
phonates on the healing of a distal radius fracture in a RCT and found no difference in 
mean time to radiographic union or union rate. In a prospective cohort study performed 
with 43 hip fracture patients a single dose of zoledronic acid did not affect radiological 
fracture union.[79] However, a retrospective analysis among 130 patients with a hip 
fracture showed that the preoperative use of bisphosphonate (n=29) related to less 
fracture union after 3 months compared to no bisphosphonate use (72.4% vs 90.1%), but 
no differences in union rates were found after one year.[80] Cho et al.[81] retrospectively 
investigated in 284 hip fracture patients whether administration of bisphosphonates 
after 1week, 1 month or 3 months influenced fracture healing time. They found no dif-
ference in time to union and no cases of non union. In a retrospective study among 82 
patients with a operated proximal humerus fracture early initiation of bisphosphonates 
(<2weeks) versus late initiation (> 3 months) was investigated, and no difference in union 
time (6.3 vs 6.6 weeks) or union rate was found.[82] Overall, only one retrospective study 
found an increased risk on delayed unions based on a difference in union rates after 3 
months, without a difference after one year.[80] On the other hand 3 RCTs, one prospec-
tive trial and 2 retrospective trials found no effect (table 4).

Osteoporotic and non osteoporotic fracture patients – One prospective study includ-
ed 33 patients with a distal radius fracture and found no effect on union rate or function.
[83] In a nested case-control study from a large insurance database, 81 patients who 
underwent an operation for fracture non-union of a humeral fracture were compared 
with 810 patients without a humeral fracture non union. A multivariate conditional 
logistic regression analysis showed that post-fracture bisphosphonate use resulted in 
an increased risk of non-union (RR=2.37, 95% CI 1.13–4.96), but pre-fracture use did not 
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(RR=0.84, 95% CI 0.19–3.74).[84] In patients without previous fractures or osteoporosis 
also no effect was found. Although not considered clinically relevant by the authors, one 
retrospective study on distal radius fractures found an increased healing time (55 days 
vs 49 days).[85]

Osteoporosis status unknown – The randomised controlled trial by Duckworth et 
al.[77] found no effect of bisphosphonates on union rate in the healing of a distal radius 
fracture. Also a retrospective study in patients with a distal radius showed no effect of 
bisphosphonate on the occurrence of radiological or clinical delayed union.[86]

RANK ligand inhibitor
In the Freedom trial almost 8000 postmenopausal women > 60 years with osteoporosis 
were randomized to receive 60mg of denosumab every six months for three years or a 
placebo. In a sub-analysis of fracture healing among 851 non-vertebral fracture patients 
(386 in the denosumab group and 465 in the placebo group), delayed union was only 
reported in two patients (0.5%) in the denosumab group and five patients (1.1%) in the 
placebo group. No non-unions and one non-union were reported in the denosumab 
group and placebo group respectively.[87]

Anabolic medication

Recombinant parathyroid hormone
A recent meta-analysis on the effect of teriparatide on fracture healing in hip fracture 
patient analysed all 2 RCTs and 4 retrospective studies on hip fracture patients that we 
identified.[88] Teriparatide was found not to affect union rate, due to study heterogeneity 
and various sources of biases the limited evidence found did not support the hypothesis 
that teriparatide improves fracture healing in hip fractures.[88] They included four stud-
ies performed in an osteoporotic fracture population[89-92] and two with an unknown 
osteoporosis status[93, 94]. Another meta-analysis in 2019 investigated the efficacy and 
safety of r-PTH in fracture healing.[95] This meta-analysis included the eight RCTs that 
were identified in the present search; three studies were performed in an osteoporotic 
fracture population[89, 96, 97], in four studies osteoporosis status was unknown[93, 
94, 98, 99] and one including both osteoporotic and non osteoporotic patients[100]. 
Three studies found reduced radiographic time to fracture healing in subjects using 
teriparatide, although heterogeneity within the studies was high. Four studies found no 
difference in union rate, again with a high heterogeneity.[95] Remarkable, two or the 
eight performed RCTs had significant problems with patient recruitment and comple-
tion of follow up.[93, 97] Of these, only Bhandari et al.[93] analysed their data but were 
underpowered with 159 patients showing no difference regarding radiographic fracture 
healing. Among the six remaining RCT‘s, one was a pilot study among 29 hip fracture 
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patients and found no difference in union rate.[94] Of the remaining five RCTs, only 
one found a positive effect of recombinant parathyroid hormone. In this randomized 
study with 65 patients with a pubic bone fracture, daily supplementation of recombined 
parathyroid hormone 1-84 reduced the mean time to fracture healing compared to no 
medication (7.8 weeks vs 12.6 weeks, p < 0.001). After eight weeks all fractures (n=21) 
in the treatment group were healed and only 4/44 fractures in the control group were 
healed (p < 0.001).[96]

Four remaining retrospective studies in hip fracture patients, were also analysed in 
the meta-analysis of Han et al.[88] Three out of four found a reduced time to union in 
the group of patients treated with teriparatide[89-91], while one study did not find a 
difference in fracture healing time[92]. Despite the reduced time to union, none of these 
three studies found a difference in the occurrence of delayed or non-unions.[89-91]

Concerning osteoporotic fracture patients, one RCT and 3 retrospective studies 
found reduced times to fracture union without an effect on union rate. One retrospective 
study found no effect.

Antiresorptive and anabolic medication

Strontium ranelate
One study evaluated the effect of strontium in fracture healing. In a RCT, 40 nonop-
eratively treated distal radius fracture patients with an unknown osteoporosis status 
received either supplementation with vitamin D and calcium or supplementation with 
vitamin D, calcium and strontium ranelate. No differences in radiological follow-up 
up, clinical evaluation, and ultrasonography of the callus were found between the two 
groups.[101]

DIsCussIOn

The aim of this systematic review was to elucidate the relationship between osteopo-
rosis and its treatment on fracture healing. In animal studies osteoporosis negatively 
influenced fracture healing in the majority of studies, with regard to cellular processes, 
callus formation, mineralization and biomechanical strength. In human studies this evi-
dence was not convincing, although there seemed to be a tendency towards a negative 
influence of osteoporosis on fracture healing with prolonged healing time and increased 
risk on non-union. Inconsistent effects of anti-osteoporosis medication on fracture 
healing in both non-osteoporotic and osteoporotic animal models were observed. Anti-
resorptive medication, bisphosphonates in particular, resulted in delayed remodelling 
of callus in both models. Teriparatide was found to enhance fracture healing in animal 
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models. In clinical studies however, no clear negative effect of bisphosphonates were 
found on time to union and on increased delayed or non union rates. Recombinant 
parathyroid hormone did seem to decrease time to union without an effect on delayed 
or non union rates.

The effect of osteoporosis on fracture healing in animal models was primarily inves-
tigated in rats and mice. The majority of the results suggested a negative biomechanical 
or histopathological influence of osteoporosis on fracture healing[9-19, 21, 23, 24, 26], 
whereas only three studies found radiological evidence of delayed union[12, 16, 18]. 
This may suggest that local signs of impaired or lagging fracture healing cannot always 
be radiologically objectivated, which has to be taken into mind while interpret the 
results. A potential limitation of some studies is the use of animal models with induced 
osteoporosis. Animals must receive treatments in order to produce a state of low bone 
mineral density or to become osteoporotic. All studies used ovariectomized animals 
to create an animal osteoporosis model, except for one study, which used a geneti-
cally induced osteoporosis model.[10] In six studies complementary diet was used after 
ovariectomy.[13-15, 22, 24, 26] Since this is not a natural process in animals, interference 
with fracture healing could occur. Nevertheless, these models are standardly used for 
basic research on human biological processes. Additional human factors in fracture 
healing do not impair these models in such a way that results from animal based studies 
on osteoporosis have become meaningless. Another point of interest is the lack of a 
uniform definition of osteoporosis in these animals models. In 11 studies the BMD was 
checked with a DEXA-scan [11, 13, 15, 16, 18, 21, 22] or micro-CT[9, 24-26], before the 
experiments to investigate the effect of osteoporosis on fracture healing were started. 
One study defined osteoporosis as a BMD ≥2.5 standard deviation (SD) lower than the 
BMD of the control group[13], whereas another study used a definition in which the BMD 
should be significantly lower than that of the control group.[11] However, the majority 
of the studies did not define animal osteoporosis and only described a significant lower 
BMD in the ovariectomized population [9, 12, 15, 16, 18, 21] compared to the control 
group by, or diagnosed osteoporosis by the means of a DEXA without providing further 
details.[22] In case of micro-CT no clear definition of osteoporosis was defined either, 
but changes of bone architecture were described used to identify osteoporosis; less 
trabecular bone, disorganized trabecular architecture, expanded marrow cavities and 
thinning cortical bone.[9]

Only five studies investigating the influence of osteoporosis on fracture healing in 
humans were found. Nikolaou et al.[30] found an increased time to union and delayed 
union rates, but classified osteoporosis patients based on X-rays (Singh index) and not 
on Dexa-scan or diagnosed by an endocrinologist. Two large database studies which 
found a negative effect of osteoporosis[27, 28] might show the power of big data analy-
ses, since the three smaller studies found no clear effect on the incidence of non-union 
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possibly due to lack of statistical power. However, caution is warranted in interpreting 
these results, as stated by the authors. These large databases were based on claims 
by patients, often the codes were imprecise, patients were not followed prospectively 
for a specific outcome and also data was missing. Zura et al.[28] performed the only 
clinical study that included the use of anti-osteoporosis medication as a variable in their 
analysis and indeed identified this as a risk factor. The study by Gorter et al. [31] was 
retrospective, in which only in a small number of patients radiological follow up was 
available and the possible effect of osteoporosis treatment was not taken into account. 
More prospective studies like that of Van Wunnik et al.[29] are needed in order to eluci-
date whether osteoporosis has a negative influence on fracture healing.

In both the non-osteoporotic and osteoporotic animal models, anti-osteoporosis 
medication was found either to improve or not to influence fracture healing. Also no 
convincing difference was found between studies performed in male versus female non-
osteoporotic animal models. In order to achieve full fracture healing, resorption of the 
newly formed callus occurs during the remodelling phase. As might be expected some 
studies on antiresorptive medication, which counteracts resorption, found a negative 
effect on the remodelling phase of fracture healing.[25, 33, 35, 41, 42, 47] There was 
however no evidence that this negatively influenced the healing process or biomechani-
cal properties of the fracture. Parathyroid hormone showed in both animal models pre-
dominantly a positive effect on callus formation, bone mineral content, biomechanical 
strength and improved union rates in several studies.

Compared to clinical studies on osteoporosis, remarkably more clinical data was 
available on the effect of anti-osteoporosis medication on fracture healing. Although the 
studies included typical fragility and osteoporotic fractures, not every study included 
only patients with a T score < -2.5 and in some studies the information on the BMD was 
missing at all. None of the studies was performed in non-osteoporotic patients only. 
Studies on bisphosphonates were predominantly performed in hip and distal radius frac-
ture patients and no effect on fracture healing was found. Especially no clear evidence 
of delayed union was reported, which might be expected based on the results found in 
animal models. In case of parathyroid, predominantly hip fracture patients were stud-
ied, and the results were more in line with the data found in animal models. Parathyroid 
hormone seems to improve time to union, however no clear effect on delayed union 
or non union rates was found. Both meta-analyses showed a high heterogeneity in the 
included studies due to differences in study design, different BMD groups and fracture 
locations. Parathyroid hormone supplementation has also been investigated in case of 
non-union treatment. A recent review concluded that teriparatide could be effective in 
the treatment of non-unions, when general principles of non-union and infections were 
dealt with.[102] On the other hand, the positive effects of treatment with teriparatide 
in order to improve fracture healing in atypical fractures have not been established.
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[102-108] Only six RCTs investigated medication versus placebo[74, 75, 77, 87, 93, 98], 
in other RCTs patients were randomized between early initiation versus late initiation of 
medication[73, 76, 109] or patients were randomized between receiving the medication 
or not[96, 97, 100, 101]. In order to unambiguously establish the effect of the treatment, 
a comparison with a placebo should be considered the preferred design. Nevertheless, 
in the three RCTs comparing early versus late initiation, late initiation was thus late that 
most of the fracture had already healed. The effect of the medication on fracture healing 
could be neglected and these patients could be considered as a control group without 
treatment. The meta-analyses of Han et al.[88] and Li et al.[72] were well performed, 
whereas the meta-analysis of Hong et al.[95] included also a retrospective study while 
a randomized study design was an inclusion criterium. Unfortunately for the statistical 
power, a large number of RCTs and even retrospective studies were performed in a small 
number of patients despite the fact that an osteoporotic fracture is common. Distal ra-
dius fractures have a high union rate and hip fracture patients are often lost to follow-up 
in prospective studies as shown by Bhandari et al.[93] and Kanakaris et al.[97] Futures 
studies should preferably also include large osteoporotic populations of patients with 
fractures that are known to be associated with a relatively high non-union rate.

Our aim was to provide a systematic review of the current literature in an attempt to 
elucidate the role of osteoporosis and osteoporosis treatment as potential risk factors 
for impaired fracture healing in animal and clinical studies. Due to the considerable 
number of agents that have been studied in different species and patient populations 
using different study designs, fracture locations and outcome parameters, a meta-
analysis was considered not feasible.

In general, one might question the clinical relevance of the shorter radiological union 
times found in several studies on recombinant parathyroid hormone supplementa-
tion[88-91, 95, 96, 99]. Additional data about the clinical and patient-reported outcomes 
should be provided in order to assess the relevance of this radiological outcome. If a 
shorter time to radiological union does not influence clinical and patient-reported out-
comes, nor does it influence fracture treatment or result in decreased risk on a delayed- 
or non-union, the clinical relevance of this finding could be deliberated.

In conclusion, animal studies suggest that osteoporosis negatively influences frac-
ture healing. Clinical studies also show a possible negative tendency, but the evidence 
is still not convincing. In animal models anti-resorptive medication delayed fracture re-
modelling and teriparatide was related to improved fracture healing, but no clear nega-
tive influence of anti-osteoporosis medication on fracture healing could be determined 
in fracture patients. Recombinant parathyroid hormone did seem to decrease time to 
union without an effect on delayed or non union rates. Based on this evidence, clinicians 
should not treat fractures differently in case of osteoporosis and initiate or continue 
anti-osteoporotic medication in osteoporotic fracture patients without restraint.
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absTraCT

Introduction
Animal models indicate that osteoporosis may negatively influence the fracture healing 
process, but clinical studies on this topic are scarce. In this study we investigated the 
effect of osteoporosis on fracture healing in patients with an upper extremity fracture.

Methods
This retrospective cohort study included all patients aged 50 years or older, with a frac-
ture of the proximal humerus or the distal radius treated in the period June 2012 to July 
2015 and a DEXA scan within a year after fracture. The incidence of delayed-union and 
non-union were compared between patients with or without osteoporosis (BMD T score 
≤ -2.5SD). A secondary analysis was performed with a more pragmatically definition; 
BMD T score ≤ -2.5SD or a proximal humerus fracture with a T-score between -2.5SD and 
-1.0SD.

Results
Osteoporosis was diagnosed in 133/455 patients (29.2%). A total of 461 fractures (distal 
radius n=311 and proximal humerus n=150) were treated. Radiological delayed- or non-
union was described in 11/461 cases (2.4%); all proximal humerus fractures of which 6 
cases (1.3%) were clinically manifest. The incidence of delayed- or non-union in fracture 
treatment did not differ between patients with osteoporosis (5/137 fractures) and the 
patients without osteoporosis (6/324 fractures) (p=0.27). In the second analysis a sig-
nificantly higher incidence was found in patients with osteoporosis (10/214 fractures vs 
1/247 fractures p=0.003).

Conclusions
The results of this study suggest that osteoporosis does not significantly influence the 
progress of fracture healing in distal radius and proximal humerus fractures, although 
there seems to be a tendency towards a negative effect.
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InTrODuCTIOn

Osteoporosis is a skeletal disorder that is characterised by low bone mass and micro-
architectural deterioration of bone structure, resulting in bone fragility and an increased 
fracture risk.1 Remaining lifetime probability of a major osteoporotic fracture at the age 
of 50 is almost 50% for women and 22% for men.2 These fractures substantially contrib-
ute to excess morbidity, mortality and health care costs which will continue to rise the 
coming years.2-4 Fractures of the distal forearm and the proximal humerus are the most 
common osteoporotic fractures, besides vertebral and hip fractures. 2,3

Mechanical and biological factors that are involved in the complex process of fracture 
healing seem to be affected negatively by osteoporosis.1,5 These effects of osteoporosis 
have mainly been studied in animal models of postmenopausal osteoporosis.1,6-8 Stud-
ies showed reduced bone mass and mechanical strength8 of the bone after completion 
of healing5,8, and fracture healing appeared to be delayed6,8 with respect to callus 
mineralization. 1Also the progenitor cell recruitment, differentiation, and proliferation 
during the early phase of fracture healing were found to be impaired in the presence of 
postmenopausal osteoporosis, as were the angiogenesis and vasculogenesis during the 
early to mid-phase of fracture healing, the capacity of extracellular matrix production 
and callus formation during the mid-phase, and finally the capacity of callus remodelling 
in the later phase of fracture healing 7. Given these negative effects on the biomechani-
cal processes of fracture healing, impaired fracture healing could be expected. However, 
clinical studies that describe the relation between osteoporosis and delayed fracture 
healing are however scarce and without consensus.1,8-10 Although the failure rate of im-
plant fixation is increased in patients with osteoporosis1,8, these patients had no clearly 
increased risk of delayed union or non-union.8 On the other hand, Nikolaou et al.10 found 
an obvious negative effect of osteoporosis on fracture healing time, whereas Wunnick et 
al. 9 did not identify bone mineral density as a risk factor for non-union.

Interestingly, more clinical evidence is available on the effect of osteoporosis treat-
ment on fracture healing. Treatment of osteoporosis with bisphosphonates, the most 
commonly used drugs3, does not seem to delay fracture healing11-13, although one 
systematic review concluded that it significantly prolongs time to union of distal radius 
fractures14. Denosumab, another anti-resorptive drug, does not seem to delay fracture 
healing either13. The bone stimulating drug Teriparatide, a recombinant parathyroid 
hormone analogue, appears to have a positive effect on fracture healing time.12,13

Because of the high incidence of osteoporotic fractures, there is a need for clinical 
studies elucidating the effect of osteoporosis itself on fracture healing. The aim of this 
exploratory study was to investigate if osteoporosis is associated with more fracture 
non-unions in patients with a proximal humerus or distal radius fracture compared to 
patients without osteoporosis.
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MeTHODs

Study design and patients
All patients of 50 years or older with a fracture of the proximal humerus or distal radius 
treated in the period June 2012 to July 2015 at the Leiden University Medical Center in 
Leiden, the Netherlands, were eligible for inclusion in this retrospective cohort study. 
According to the national protocol, all patients older than 50 years with a fracture were 
offered an osteoporosis screening, including a Dual Energy X-ray Absorptiometry (DEXA) 
scan and blood tests.

Patients were included if a DEXA-scan had been made within a year after the fracture. 
Patients with severe injuries (injury severity score ≥16), patients using osteoporosis 
treatment at the time of the fracture, and patients who went elsewhere for treatment/
follow-up or were lost to follow-up, were excluded from the analysis. Patient character-
istics (including age, gender, body mass index [BMI], medical history, smoking, alcohol 
consumption and use of medication) and fracture characteristics (including mechanism 
of trauma, AO fracture classification, open/closed fracture, treatment) were recorded 
from the medical files. The study was approved by the institutional Medical Ethics Re-
view Board (protocol no. G17.034).

Osteoporosis and treatment
The epidemiologic definition of osteoporosis was based on the standardized (T) scores 
used in the WHO criteria that define osteoporosis as a BMD T score ≤ -2.5 SD2. A second-
ary analysis was performed in which osteoporosis was defined as a BMD T score ≤ -2.5SD 
or between -2.5SD and -1.0SD in combination with a proximal humerus fracture.15 Also 
vitamin D (serum VitD25(OH)), calcium and Parathormone were measured. The endo-
crinologist analysed the results of the DEXA scan and blood parameters, and initiated 
subsequent treatment in case of osteoporosis or osteopenia according to national pro-
tocol15, as well as screening for secondary osteoporosis. This information was recorded 
from the medical files. All patients were started on vitamin D supplementation (800IE 
daily) according to the national guideline, if they did not have this already. In case of 
a vitamin D deficiency (serum VitD25(OH) level <50 nmol/L), the dose was raised or 
patients were switched to monthly preparations. Calcium supplements were not started 
if dietary calcium intake was sufficient according to a standard dietary questionnaire 
since calcium intake in the Netherlands is high.

Outcome
The primary outcome measure of this study was the occurrence of delayed or non-union. 
Fracture healing was considered delayed or a non-union (1) in case of incomplete union/
consolidation (i.e., incomplete bone bridging between fracture fragments on at least 
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two cortical sides of the fracture) on a follow up X-ray 6 months or longer after trauma, 
or (2) if delayed or non-union was described as such in the patient files, or (3) if patients 
had received secondary surgery for delayed or non-union. Laboratory results and data 
on clinical and radiological fracture healing were recorded from the electronic hospital 
records. Follow-up radiographs were reviewed by a radiologist and one of the investiga-
tors separately. If no consensus existed, a third senior author was asked to review the 
radiographs and consensus was reached by discussion.

Secondary outcomes were complications registered in the patient records during the 
follow-up, including posttraumatic dystrophy, malunion (i.e.,consolidation in a nonana-
tomic position), neuropraxia, persistently decreased function and re-fracture.

Statistical analysis
The outcome parameters were compared between patients with osteoporosis, osteope-
nia and normal bone density. Patient characteristics are presented as mean and standard 
deviation (SD) or as number (%). Categorical variables were compared between patient 
groups using the Chi-square test, and continuous data were analysed using one-way 
analysis of variance (ANOVA), respectively. P-values <0.05 were considered statistically 
significant. Statistical analysis was performed with IBM SPSS Statistics for Windows, 
version 23 (IBM Corp., Armonk, N.Y., USA).

resuLTs

Patients characteristics
During the study period, 481 patients met the inclusion criteria. Two patients had an 
injury severity score ≥16, 13 patients were treated for osteoporosis at the time of acci-
dent, ten received treatment/follow-up elsewhere and one patient was lost to follow-up. 
These patients were excluded from the analysis. The remaining 455 patients had a mean 
age of 68.2 years (SD 10.1, range 50-94) and were mostly women (85.7%) (Table 1).

Osteoporosis (T < -2.5SD) was diagnosed in 133 patients (29,2%). On average, the 
DEXA scan was made after an mean of 7.4 weeks (SD 5.6; range 0-38). The results of the 
DEXA scan did not differ between the group of patients in which the scan was performed 
within 8 weeks compared to the group with a scan made after 8 weeks (p=0.07). Fifty-one 
percent had sustained a previous fracture and 33.3% had a medical history that could 
cause a secondary osteoporosis (chronic obstructive pulmonary disease, inflamma-
tory bowel disease, hyper(para)thyroidism, rheumatoid arthritis, diabetes, renal insuf-
ficiency or liver impairment). Eighty patients (17.6%) used vitamin D supplements at 
the time of the fracture, 27 (5.9%) patients used nonsteroidal anti-inflammatory drugs 
and 56 (12.3%) used corticosteroids. Patients with osteoporosis were more frequently 
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female, older and had a lower BMI and used more frequent vitamin D supplementation 
and alcohol compared to the patients with no osteoporosis (Table 1).

A total of 179 patients were started on treatment with bisphosphonates or Deno-
sumab. The majority of patients (n=155; 86.6%) started with bisphosphonates according 

Table 1 Characteristics of 455 patients

Osteoporosis (n=133) No osteoporosis (n=322)  p-value

General characteristics

Female gender, n (%) 121 (91%) 269 (83.5) 0.04

Age [years], mean (SD) 72.2 (10.0) 66.5 (9.7) P<0.001

BMI (n=409), mean (SD)

-BMI <18.5, n (%) 10 (8.1) 1 (0.4)

P<0.001-BMI 18.5-25, n (%) 59 (47.6) 95 (34.7)

-BMI >25, n (%) 55 (44.4) 178 (65.0)

Previous fractures, n (%) 71 (53.4) 159 (49.4) 0.44

Medical history, n (%)

- Renal insufficiency 19 (14.3) 51 (15.9) 0.67

- Diabetes 11 (8.3) 24 (7.5) 0.77

- Hyper(para)thyroidism 9 (6.8) 24 (7.5) 0.79

- COPD 8 (6.0) 16 (5.0) 0.66

- Inflammatory bowel disease 1 (0.8) 1 (0.3) 0.54

- Liver function impairment 0 (0.0) 1 (0.3) 0.40

- Two or more causes of secondary 
osteoporosis

6 (4.5) 20 (6.2)
0.48

use of medication

Vitamin D, n (%) 34 (25.6) 46 (14.3) 0.004

Corticosteroids, n (%) 22 (16.5) 34 (10.6) 0.08

NSAIDs, n (%) 7 (5.3) 20 (6.2) 0.70

Intoxication (n=440)

Smoking, n= (%) 18 (13.8) 47 (15.2) 0.72

Alcohol, n (%) 63 (48.5) 186 (60.0) 0.03

endocrine characteristics, (n=448)

Calcidiol, mean (SD) 61.6 (31.6) 58.0 (29.9) 0.25

Vitamin D deficiency, n (%) 49 (36.8) 141 (44.8) 0.21

BMI: body mass index; COPD: chronic obstructive pulmonary disease; NSAID: nonsteroidal anti-inflamma-
tory drugw
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to the national guideline for osteoporosis in the Netherlands, and 24 patients were 
started on Denosumab.

The mean patient serum concentration of vitamin D was 59.0 nmol/L (SD 30.5, range 
7.9 to 165) in 448 patients (unknown in 7 patients). Of these, 129 patients (28.8) had 
a sufficient vitamin D level (VitD25(OH) level >75 nmol/L), also 129 (28.8%) patients 
had insufficient levels (VitD25(OH) level 50-75 nmol/L) and 190 (42.4) had a vitamin D 
deficiency (VitD25(OH) level <50 nmol/L) of whom 58 (12.9 %) had a severe vitamin D 
deficiency (VitD25(OH) level < 25nmol/L).

Fracture characteristics and treatment
The 455 patients were treated for 461 fractures, 311 (67.5%) distal radius fractures and 
150 proximal humerus fractures. The fracture characteristics are presented in Table 2. 
The fracture location and type were not related to the presence of osteoporosis (p=0.75). 
The initial treatment was mostly non-operative for both fracture locations, 143/150 
(95.3%) in case of proximal humerus fractures and 286/311 (92.0%) in case of distal 
radius fractures.

Delayed- and non-union
The mean follow-up was 17 weeks (SD 15.1). Most of the patients were discharged 
from follow-up within 8 weeks (30.6%), 12 weeks (51,2%), 16 weeks (67%) or 6 months 
(82%), without signs of delayed or non-union. In 32 of the remaining 82 patients (39%), 
radiological follow-up was performed after 6 months and showed incomplete union 
in 11 cases. So in 11/461 (2.4%) fractures a radiologically delayed or non-union was 
recorded. Ten of the 11 non-united fractures had initially been treated conservatively 
and 1 had been treated operatively. The incidence of non-union did not differ signifi-
cantly between the conservatively treated group and the operated patients (p=0.78). In 

Table 2 Characteristics of 461 fractures, by bone density group

Osteoporosis (n=137) No Osteoporosis (n=324)  p-value

Fracture characteristics, n (%)

Intra articular distal radius fracture 60 (43.8) 151 (46.6)

0.75
Extra articular distal radius fracture 28 (20.4) 72 (22.2)

Intra articular proximal humerus fracture 4 (2.9) 11 (3.4)

Extra articular proximal humerus fracture 45 (32.8) 90 (27.8)

High energy trauma, n (%) 1 (0.7) 3 (0.9) 0.83

Open fracture, n (%) 3 (2.2) 3 (0.9) 0.30

One or more additional fractures, n (%) 14 (10.2) 21 (6.5) 0.17

Conservative treatment, n (%) 128 (93.4) 301 (92.9) 0.84
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six of these cases (five initially treated conservatively and one operatively) a clinically 
delayed- or non-union was described as well, which resulted in secondary surgery in 
three cases and an expectative management resulting in an acceptable clinical situation 
in the other three patients. In the other five patients with a radiological delayed or non-
union recorded this was not clinically manifest. The incidence of delayed- or non-union 
was not significantly higher in the group of patients with osteoporosis (DEXA T <-2.5SD) 
(5/137 fractures =3.6%) compared to the patients with no osteoporosis (6/324 fractures 
=1.9%) (p= 0.27) (Table 3). No significant difference in the incidence of delayed or non-
union was found for age (p=0.36), previous fractures (p=0.33), presence of two or more 
secondary causes of osteoporosis in the medical history (p=0.40), use of medication 
(p=0.98) or vitamin D status (p=0.85).

In the secondary analysis (with osteoporosis defined as DEXA T < 2,5SD and patients 
with a proximal humerus fracture with a DEXA between -2.5 and -1.0), the incidence of 
delayed or non-union was significantly higher in the group of patients with osteoporosis 
(10/214 fractures =4.7%) compared to the patients without osteoporosis (1/247 fractures 
=0.4%) (p=0.003).

Since all 11 non-united fractures concerned patients with a proximal humerus frac-
ture, this subgroup was evaluated separately. No difference in incidence of delayed or 
non-union was found between the conservatively treated (10/143 fractures = 7.0%) and 
operatively treated (1/7 fractures = 14.2%) (p=0.42). Also the incidence of delayed- or 
non-union did not differ between the patients with osteoporosis (5/49 fractures =10.2%) 
and no osteoporosis (6/101fractures =5.9%) (p=0.36). No significant difference in inci-
dence of delayed or non-union was found for age (p=0.28), previous fractures (p=0.26), 
presence of two or more secondary causes of osteoporosis in the medical history 
(p=0.26) , use of medication (p=0.79) or vitamin D status (p=0.86). In the sub analysis, 
the incidence of delayed- or non-union was not significantly higher in the group of 

Table 3 Outcome fracture union

 all fractures (n=461)
Fracture union 

(n=450)
Delayed or non-

union (n=11)
 p-value

Osteoporosis (T-score < -2.5SD), n (%) 132 (29.3) 5 (45.5) 0.27

Osteoporosis (T score ≤ -2.5 SD or between -2.5SD 
and -1.0SD in combination with a proximal humerus 
fracture), n (%)

204 (45.3) 10 (90.9) 0.003

subcapital humerus fractures (n=150)
Fracture union 

(n=139)
Delayed or non-

union (n=11)
 p-value

Osteoporosis (T-score < -2.5SD), n (%) 44 (31.7) 5 (45.5) 0.36

Osteoporosis (T score ≤ -1.0SD), n (%) 115 (82.7) 10 (90.9) 0.45
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patients with osteoporosis (10/125 fractures =8.0%) compared to the patients without 
osteoporosis (1/25 fractures =4.0%) (p= 0.45).

Other complications
In 35 of the 429 conservatively treated fractures (8.1%), one or more complications 
(other than delayed- or non-union) during treatment were reported: persistent func-
tional impairment in 25 cases (5.8%), mal-union in eight cases (1.9%) and re-fracture in 
two cases (0.4%). Sixteen fractures (3.7%) with initially non-operative treatment were 
operated secondarily, mostly due to deterioration of fracture alignment (13 cases) and 
in three cases due to delayed or non-union as described earlier. In 9 of the 32 surgically 
treated fractures (28.1%) a complication other than delayed- or non-union occurred 
during follow-up, including persistent functional impairment in seven cases (21.9%) 
and neuropraxia of the median nerve in two cases (6.2%). The complication rate was not 
significantly higher in the group of patients with osteoporosis compared to the patients 
without osteoporosis (p= 0.40), secondary analysis (p= 0.07).

DIsCussIOn

This study retrospectively investigated the effect of osteoporosis on fracture healing in a 
455 patients of 50 years and older with 461 proximal humerus or distal radius fractures. 
Osteoporosis was prevalent in 29.2% of the patients. Radiological delayed or non-union 
was described 11 cases (2.4%), all proximal humerus fractures of which 6 cases (1.3%) 
were clinically manifest. The presence of osteoporosis did not seem to influence the 
incidence of delayed- or non-union, nor the incidence of other complications, although 
there seems to be a tendency towards a negative effect.

In this study, osteoporosis was primarily defined according to the WHO DXA criteria.2 
Intervention BMD thresholds have ranged from Tscores of − 3 SD to − 1.5 SD depend-
ing on the clinical context, the country or on health economic factors.2 Therefore we 
performed a secondary analysis with the definition / threshold of osteoporosis as it is 
used in our National guideline.15

In general, the incidence of non-union is mainly investigated in diaphyseal fractures 
and described to be around 10% 16,17. In our study we found a relatively low number of 
delayed- and non-unions. Analysing specifically the group of proximal humerus frac-
tures, the incidence was 7.3%. In literature there is no consensus about the time frame 
(3 to 6 months after injury) on the definition of non-union in case of proximal humerus 
fractures18,19. With a median time of 13 weeks to achieve fracture union or bridging callus 
in case of a non-surgically treated fracture,19 a period of 6 months were chosen as time 
cut-off point.. Papakonstantinou et al.18 found delayed- and non-union in up to 32.4% 
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and 8.2% of cases respectively, in patients with proximal humerus fractures. The reason 
that their numbers are higher compared to our findings might be the shorter time frame 
in their definition of delayed and non-union (delayed union >60 days, non-union >90 
days) and the inclusion of more displaced and intra-articular fractures in their study. 
In the review of Cadet et al.19 an incidence of non-union was described between 1.1% 
and 10% in proximal humerus fractures, depending on dislocation and the presence of 
multiple fracture parts. We found no radiological delayed- and non union in distal radius 
fractures which seems to be in accordance with the literature, which states that it is 
quite rare 20.

Clinical studies evaluating delayed bone healing in association with osteoporosis 
are scarce. The finding in our study that osteoporosis does not seem to influence the 
incidence of delayed- non-union is supported by the study of Wunnik et al.9 They found 
that in fracture patients around 70 years of age, bone mineral density was not a risk 
factor for non-union (based on a X-ray 6 months after injury) in non-typical fragility frac-
ture locations. Nikolaou et al. 10 found prolonged fracture healing time in patients >65 
years (mean age 76.8 years) with an osteoporotic femur shaft fracture (delayed union 
>24 weeks and pseudarthrosis >32 weeks). However, they compared this patient group 
with a group of patients aged between 18-40 years old, (mean age 25.3 years), with the 
addition that the presence of risk factors for delayed union did not differ between the 
groups. Compared to these other studies 9,10, our study results are based on a general 
outpatient population with typical fragility fractures.

Regarding the effect of osteoporosis treatment on fracture healing, our study did 
not have sufficient statistical power to evaluate the influence of osteoporosis treatment 
on fracture healing. Another reason not to evaluate this relation was that the effect of 
osteoporosis treatment might have been diminished due to the time span between the 
accident and the start of osteoporosis therapy, which was on average 7 weeks until the 
DEXA-scan plus the additional time associated with the referral to the endocrinologist. 
This could be considered as a limitation of the study, although studies by Li et al.11, 
Silverman et al.12 and Hegde et al.13 suggested no influence of treatment with bisphos-
phonates on fracture healing, while Molvik et al.14 concluded that time to union was 
significantly prolonged in patients treated with bisphosphonates compared to those 
who did not receive bisphosphonates, especially in distal radius fractures. Hegde et al.13 
postulated that Denosumab does not delay fracture healing.

The main limitation of our study was the relatively low number of patients with 
delayed or non-union, which resulted in a risk of a type 2 error and did not allow a mul-
tivariable analysis in order to correct for potential confounders. The primary analysis 
with the definition of osteoporosis (BMD T score < 2.5SD) and both the analyses in the 
proximal humerus fracture subgroup showed a non-significant trend towards more 
delayed- and non-unions in the osteoporotic group, though the post hoc power analysis 
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showed insufficient power. However, analyzing osteoporosis from a clinical point of 
view (BMD T score < 2.5SD and patients with a BMD T score between -1.0SD and -2.5 
who suffered a proximal humerus fracture) significantly (p=0.003) more delayed- and 
non-unions were found in the osteoporosis group, with a post hoc power of 0.82.

The study further holds all limitations related to a retrospective study design. Data 
collection was based on the chart notes by different physicians, which may have led 
to information bias. Clinical union of fractures was determined based on the patient 
records, without a standardized functional fracture healing test or CT scans. Regarding 
the registration of clinical complications, we assumed that already discharged patients 
would have returned after follow up if they encountered complications. It is however 
possible that patients went to another hospital for additional treatment. Radiographic 
follow-up was not standardized, so the incidence of radiological delayed union could 
not be determined in all the patients who had a follow-up visit after 6 months. Also the 
diagnosis delayed union was based on plain films and not on CT-scan, which would be 
more accurate. We do appreciate the insecurities that arise from judging radiographs for 
fracture union or non-union 21,22. This may have resulted in an underestimation of the 
extent of fracture union, and could help explain the finding that in ten patients with a 
radiological delayed- or non-union only six were clinically manifest. Although in general 
practice, only clinical delayed- and non-unions will be treated.

In conclusion, the results of this study suggest that osteoporosis does not signifi-
cantly influence the progress of fracture healing, although there seems to be a tendency 
towards a negative effect. Considering the actual and expected prevalence of osteoporo-
sis in patients older than 50 years and the potential clinical implications of the effect of 
osteoporosis (treatment) on fracture healing, prospective research is needed to confirm 
this study’s findings. Additionally, the effects of osteoporosis treatment on bone healing 
should be further addressed.
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absTraCT

Purpose
Sclerostin inhibits bone formation and stimulates bone resorption. Previous studies 
found a positive association between bone density and serum sclerostin, but literature 
on sclerostin levels in osteoporotic fracture patients is scarce. The aim of the present 
study was to compare the serum sclerostin levels in osteoporotic and non-osteoporotic 
fracture patients and to assess the correlation of the sclerostin levels with bone mineral 
density and vitamin D status.

Methods
In this cross-sectional study, we included patients over 50 years, with an extremity 
fracture after low-energy trauma treated between 2012 and 2018, with biobank samples 
and available bone density measurements by Dual X-ray Absorption. Osteoporosis was 
diagnosed according the World Health Organisation criteria. Vitamin D deficiency was 
defined as a 25(OH)D concentration < 30nmol/L. After defrosting biobank samples, 
serum sclerostin was measured using the human SOST (sclerostin) enzyme-linked 
immunosorbent assay kit. We prespecified a subgroup analysis including only female 
patients.

Results
179 patients were included of whom 139(78%) were female. In 46 patients (25.7%) osteo-
porosis was diagnosed. Bone mineral density was positively associated with sclerostin 
levels (r = 0.17, p = 0.026) and patients with osteoporosis had a significantly lower serum 
sclerostin compared to non-osteoporotic fracture patients (mean 41.9 pmol/L vs 48.1 
pmol/L; p = 0.03). This difference remained significant after correction for potential con-
founders. Similar results were found in the subgroup of female patients. No association 
between serum sclerostin and vitamin D deficiency was found.

Conclusion
Osteoporotic fracture patients had lower levels of sclerostin than non-osteoporotic 
fracture patients. Future research should focus on the use of sclerostin as biomarker for 
osteoporosis in fracture patients.



8

135

InTrODuCTIOn

Sclerostin is expressed by the SOST gene and was originally identified in patients with 
sclerosteosis and van Buchem’s disease.[1] The genetic expression is suppressed by 
mechanical loading of osteocytes and is increased in case of unloading.[2] Sclerostin 
inhibits bone formation and stimulates bone resorption.[3]

Many aspects of the effect range of sclerostin are still unclear. On the one hand, 
an increased sclerostin concentration was found in fracture hematomas of trauma 
patients[4], suggesting a potential role for sclerostin during the fracture healing 
process. This possible involvement is supported by the finding that treatment with 
sclerostin antibodies enhanced bone formation in animal fracture models.[5-8] These 
findings have been confirmed by clinical studies on sclerostin antibodies. Antibodies 
used as anti-osteoporosis treatment showed increased bone density, bone formation 
and bone resorption-suppressing effects,[9] resulting in increased bone mass, strength 
and reduced fracture risks.[10] On the other hand, several previous studies discussed a 
positive association between bone density and serum sclerostin.[11-27] A limited num-
ber of studies investigated the relation between osteoporosis and sclerostin levels and 
found divergent results[28-32]. Three studies found a lower serum sclerostin concentra-
tion in patients with osteoporosis compared to non osteoporotic patients.[28, 29, 31] 
One found no difference[30] and another study found an even higher level of sclerostin 
in osteoporotic patients.[32]

Vitamin D, together with parathyroid hormone and fibroblast growth factor 23 
(FGF-23), regulates the calcium and phosphate homeostasis and, like sclerostin, seems 
to be involved in the process of fracture healing.[33] In mice, deletion of the SOST 
gene resulted in a higher levels of serum 1α,25-dihydroxyvitamin D and lower levels of 
24,25-dihydroxyvitamin D, possibly mediated by decreasing FGF-23.[34] Clinical studies 
showed an inversed relationship between sclerostin and serum 25OHD concentration, 
whereas vitamin D supplementation paradoxically increased sclerostin levels.[35-37] On 
the other side, several studies have reported significantly lower levels of sclerostin after 
receiving vitamin D supplementation[37-40], or no effect at all[41-43]. This demonstrates 
that the exact interaction between vitamin D and sclerostin remains unexplained.[3, 39, 
43]

This study aimed to solve another piece of the puzzle regarding the relation between 
sclerostin and bone mineral density by comparing the serum sclerostin levels in osteo-
porotic and non-osteoporotic patients with extremity fractures. Secondary, the relation 
between serum sclerostin levels and serum vitamin D status was studied in these pa-
tients.
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MaTerIaL anD MeTHODs

Study design and patient population
This retrospective cross-sectional study included samples from two existing biobanks 
from the Leiden University Medical Center (LUMC). One was the Biobank for Bone and 
Mineral Disorders, the other the vitamin D-study biobank. The biobank for Bone and 
Mineral Disorders holds blood samples of various patient groups, including fracture 
patients, whereas the vitamin D-study biobank includes blood samples of adult fracture 
patients that had participated in a previous study on vitamin D and fractures[44].

We included patients over 50 years with an extremity fracture after a low-energy 
trauma, who had a dual emission X-ray absorptiometry (DXA) within one year post-
fracture. No hip fracture patients were included, because hip fracture patients are not 
treated in our university hospital. Patients with pathological fractures or multi-trauma 
patients were excluded. For our fracture liaison service, patients are identified on the 
departments of orthopaedic surgery, trauma surgery and the emergency department. 
All fracture patients over 50 years are voluntarily invited, with the exception of patients 
with an isolated fractures of the skull, hands or feet, a life expectancy < 12months or 
who are treated for osteoporosis elsewhere. Full workup consists of a anamnesis, full 
physical examination, DXA/VFA and laboratory screening and determination of second-
ary causes of osteoporosis and gonadal status, as described by Malgo et al.[45]

This study was approved by the medical ethics committee of the LUMC (B19.063). 
Previously the medical ethics committee had approved the biobanking protocols for 
the Biobank for Bone and Mineral Disorders (EZ-BOT 2019-01) and the Vitamin D study 
(P12.058). The included patients for these studies gave written informed consent for the 
use of their blood and data in future studies at the time of blood sample collection.

Bone mineral density
Bone mineral density (BMD) was measured at the lumbar spine (L1-L4) and at the left and 
right femoral neck using DXA with a Hologic QDR4500 scanner (Holologic, Bedford, MA, 
USA). T-scores were calculated using reference values from the Third National Health 
and Nutrition Survey (NHANES III) comparable with those of the Dutch population. Us-
ing World Health Organisation criteria, osteoporosis was defined as a BMD ≥2.5 standard 
deviation (SD) below the average value for young healthy women, expressed as a T-score 
of ≤ -2.5. Osteopenia was defined as a BMD >1SD but <2.5 SD below the young adult 
mean (T-score between -2.5 and -1) and normal BMD was defined as a T-score ≥ -1.0.
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Laboratory
Serum samples were collected and stored according to the institutional biobank pro-
tocol at -80°Celcius. After defrosting, serum sclerostin was measured using the human 
SOST (sclerostin) enzyme-linked immunosorbent assay kit (MSD K151HGC-2, Maryland, 
USA) in batch analyses with control samples used in all batches, with normal values 
based on healthy controls 40.0 pg/ml; ( 95% CI 37.2 to 42.9 pg/m)[46] as a reference.

Laboratory measurements were already performed at time of blood withdrawal. 
Serum calcium (albumin-corrected) and creatinine were measured by semiautomated 
techniques. Plasma intact parathyroid hormone (PTH) was measured by immulite 2500 
(Siemens Diagnostics, Breda, The Netherlands) and serum 25-hydroxyvitamin D (25-OH 
D) by the 25-OH-vitamin D Total assay (DiaSorin D.A./N.V., Brussels, Belgium). Vitamin D 
deficiency was defined as a serum 25(OH)D concentration less than 30 nmol/L.[47]

Data
Data was collected from the electronic medical records of the included patients. This 
data included sex, age, length, weight, medical history (hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease, hyper(para)thyroidism, renal insufficiency and 
previous fractures), use of medication (vitamin D supplementation, corticosteroids) 
at the time of fracture and intoxications as well as fracture location. Lab results of the 
serum vitamin D, calcium, PTH levels and estimated glomerular filtration rate (eGFR) 
were collected.

Statistical analysis
All analyses were performed for the total patient group as well as for the subgroup of 
female patients. Patient groups were compared using the Chi-squared test for categori-
cal variables, or the Fisher’s exact test (if expected cell counts < 5). Continuous variables 
were compared with a t-test. A result was considered statistically significant when a 
p-value of < 0.05 was found. The association between sclerostin levels and BMD was 
assessed by a linear regression analysis. A multivariate linear regression analysis was 
performed to evaluate the association between sclerostin levels and osteoporosis while 
correcting for potential confounders pointed out by the univariable analysis (p < 0.10). 
Also a multivariate linear regression analysis was performed to evaluate the association 
between sclerostin levels and vitamin D deficiency. The Statistical Package for the Social 
Sciences (SPSS 23; IBM company, New York) was used for data analysis.
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resuLTs

Demographics
A total of 179 patients (24 from the Biobank for Bone 
and Mineral Disorders and 155 from the Vitamin D 
biobank) with 181 fractures were included, with 
a mean age of 65.1 years (standard deviation [SD] 
10.5). All 139 female patients were postmenopausal. 
The median time between fracture and lab storage 
was 8 days (interquartile range: 9 days) and between 
fracture and DXA-Scan was 39 days (interquartile 
range: 32 days). Osteoporosis was diagnosed in 46 
patients (25.7%) of the total patient group. In all 
cases of osteoporosis, anti osteoporosis treatment 
was started after blood samples were collected. Vi-
tamin D deficiency was found in 34 patients (19.0%). 
Most fractures were located in the forearm (56.4%) or in the ankle (14.9%; Table 1).

Analysis of the patients’ characteristics (Table 2) showed that osteoporotic patients 
with a fracture had a lower body mass index (mean BMI 24.5 kg/m2 Vs 27.5 kg/m2; p 
< 0.001), used more frequently vitamin D supplementation (10.9% Vs 2.3%; p = 0.03), 
had a lower mean serum PTH (4.0 pmol/L Vs 5.0 pmol/L; p = 0.04) and a higher mean 
eGFR (64.4 min/ml/1.73m2 Vs 59.6 min/ml/1.73m2 ; p = 0.004) compared to the non-
osteoporotic patients with a fracture. Patients with a vitamin D deficiency had more 
often comorbidity (100% Vs 87.6%; p=0.02), a significantly lower mean serum corrected 
calcium concentration (2.33 mmol/L Vs 2.37mmol/L; p=0.03) and higher mean serum 
PTH (6.4 pmol/L Vs 4.4pmol/L; p < 0.001).

In the subgroup of 139 women with a mean age of 65.4 years (SD 10.4), osteopo-
rosis was diagnosed in 38 patients (27.4%) and vitamin D deficiency was diagnosed in 
25 patients (18.0%). Female osteoporotic patients with a fracture were found to have 
a lower body mass index (mean BMI 24.3 kg/m2 Vs 27.3 kg/m2; p < 0.001), used more 
frequently vitamin D supplementation (10.5% Vs 2.0%; p = 0.047), had a lower mean 
serum PTH (4.0 pmol/L Vs 5.2 pmol/L; p = 0.009) and a higher mean eGFR (64.5 min/
ml Vs 59.4 min/ml/1.73m2 ; p = 0.04) compared to the non-osteoporotic patients with a 
fracture. Female patients with a vitamin D deficiency had a higher BMI (mean BMI 28.2 
kg/m2 Vs 26.1 kg/m2; p=0.03), had more often hypertension (56.0% Vs 28.1%; p=0.007), 
a significantly lower mean serum concentration corrected calcium (2.34 mmol/L Vs 
2.38mmol/L; p=0.04) and higher mean serum PTH (6.6 pmol/L Vs 4.5pmol/L; p=0.04).

Table 1. Anatomical location of frac-
tures in 179 patients

Location, n (%) Frequency

Humerus 11 (6.1)

Forearm 102 (56.4)

Hand 16 (8.8)

Femur 2 (1.1)

Lower Leg 9 (5.0)

Ankle 27 (14.9)

Foot 14 (7.7)

Total 181 (100)
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Sclerostin
Overall, the study population had a mean serum sclerostin concentration of 46.5 pmol/L 
(SD 16.9).The bone mineral density was positively associated with the sclerostin levels 
(r = 0.17, p = 0.026) (Figure 1). Subjects with osteoporosis had a significantly lower mean 
serum sclerostin concentration compared to non-osteoporotic fracture patients (41.9 
pmol/L SD 14.4 vs 48.1 pmol/L SD 17.5; p = 0.03; Table 2). After correction for potential 
confounders (p<0.10 in Table 2) in the multivariate linear regression analysis the dif-
ference in sclerostin levels between the groups remained statistically significant (mean 
difference 6.5pmol/L, 95% confidence interval 0.4 – 12.6, p = 0.04).

Table 2. Characteristics of fracture patients, by presence or absence of osteoporosis as diagnosed by endo-
crinologist, and vitamin D deficiency

Parameter Osteoporosis Vitamin D status

Osteoporosis
(n=46)

No Osteoporosis
(n=133)

p-value Vitamin D
< 30 nmol/L
(n=34)

Vitamin D
≥ 30 nmol/L
(n=145)

p-value

General characteristics

Male gender, n (%) 8 (17.4) 32 (24.1) 0.35 9 (26.5) 31 (21.4) 0.521

Age (years), mean (SD) 66.9 (10.3) 64.4 (10.5) 0.17 69.0 (14.6) 64.2 (9.1) 0.02

BMI (kg/m2), mean (SD) 24.5 (3.0) 27.5 (4.4) <0.01 27.5 (4.8) 26.5 (4.2) 0.22

Medical history, n (%) 43 (93.9) 118 (88.7) 0.57 34 (100.0) 127 (87.6) 0.03

 - Hypertension 20 (43.5) 44 (33.1) 0.21 17 (50.0) 98 (67.6) 0.05

 - Diabetes 3 (6.5) 8 (6.0) 0.90 2 (5.9) 9 (6.2) 1.00

 - COPD 1 (2.2) 6 (4.5) 0.68 1 (2.9) 4 (2.8) 1.00

 - Hyper(para)thyroidism 1 (2.0) 4 (3.0) 0.77 3 (8.8) 4 (2.8) 0.13

 - Renal insufficiency 0 (0) 6 (4.5) 0.34 2 (5.9) 4 (2.8) 0.32

 - ≥2 previous fractures 13 (28.3) 21 (15.8) 0.06 6 (17.6) 28 (19.3) 1.00

use of medication, n (%) 33 (71.7) 95 (71.4) 0.97 26 (76.5) 102 (70.3) 0.48

 - Vitamin D 5 (10.9) 3 (2.3) 0.03 0 (0.0) 8 (5.5) 0.36

 - Corticosteroids 2 (4.3) 15 (10.5) 0.37 5 (14.7) 11 (7.6) 0.19

Laboratory results, mean (SD)

Vitamin D (nmol/L) 61.9 (30.6) 54.4 (27.1) 0.12 - - -

Corrected calcium (mmol/L) 2.35 (0.08) 2.37 (0.10) 0.22 2.33 (0.06) 2.37 (0.10) 0.03

PTH (pmol/L) 4.0 (1.6) 5.0 (3.3) 0.04 6.4 (4.2) 4.4 (2.4) < 0.001

eGFR (min/ml/1.73m2) 64.4 (12.9) 59.6 (8.0) 0.004 58.5 (12.9) 61.4 (8.7) 0.12

Sclerostin (pmol/L) 41.9 (14.4) 48.1 (17.5) 0.03 42.7 (16.1) 47.4 (17.1) 0.15

BMI: body mass index; COPD: chronic obstructive pulmonary disease; PTH: parathyroid hormone; eGFR: 
estimated glomerular filtration rate
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In the subgroup analysis for female fracture patients, a similar difference in scleros-
tin levels was found between patients with or without osteoporosis (42.4 pmol/L SD 
15.2 Vs 48.5 pmol/L SD 18.3; p= 0.05). Also after correction for potential confounders a 
difference of 7.4 pmol (95% confidence interval 0.4 – 14.4, p = 0.04) was found.

Serum sclerostin levels did not differ between vitamin D deficient patients and 
sufficient patients (42.7 pmol/L SD 16.1 vs 47.4 pmol/L SD 17.1; p = 0.15; Table 2), also 
after correction for potential confounders (mean difference 0.8 pmol/L, 95% confidence 
interval -7.4 – 5.8, p = 0.81).

Female subjects with vitamin D deficiency showed a significantly lower mean serum 
concentration sclerostin compared to non-vitamin D deficient patients(40.5 pmol/L SD 
13.4 Vs 48.3 pmol/L SD 18.2 ; p=0.05). After correction for potential confounders the dif-
ference in sclerostin levels was no longer statistically significant (mean difference 3.4 
pmol/L, 95% confidence interval -11.5 – 4.8, p = 0.41).

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

  

 

Figure 1. Scatterplot T-score Dexa-scan and serum concentration sclerostin
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DIsCussIOn

In this study we found a positive association between bone mineral density and serum 
sclerostin concentration. We found lower levels of sclerostin in osteoporotic fracture 
patients with low-energy extremity fractures. No differences in serum levels sclerostin 
were found with regard to the vitamin D status.

Unlike previously published studies, our study was performed in a general fracture 
population and did not only investigate the association of serum sclerostin with bone 
mineral density but also with the diagnosis osteoporosis. Previous studies, performed 
in various populations, also found a positive association between bone mineral den-
sity and serum sclerostin.[11-20] With regard to serum sclerostin levels in osteoporotic 
versus non-osteoporotic patients, literature is les consistent. Three previous studies 
have also shown a lower serum sclerostin concentration in patients with osteoporosis 
compared to non osteoporotic patients.[28, 29, 31] Lapauw et al.[28] compared 116 
male idiopathic osteoporosis patients with that of 116 male, and age-matched controls. 
Basir et al.[29] studied 78 renal transplantation patients and Tian et al.[31] studied 500 
postmenopausal women. Compared to our study, these studies were performed in 
non-fracture patients and in relatively young (mean age of 45, 41and 58 respectively) 
osteoporotic patients. On the other hand, no difference in sclerostin levels between os-
teoporotic patients and non-osteoporotic patients with spinal cord injury was found[30] 
and another study found an even higher level of sclerostin among postmenopausal 
women with osteoporosis compared to non-osteoporotic women.[32]

Only three studies performed in fracture patients were published previously and 
reported also a positive association with bone mineral density.[15, 26, 27] Both Arasu 
et al.[26] and Wanby et al.[15] included elderly geriatric patients (mean age 77 and 86 
respectively) with hip fractures. Lim et. al.[27] included only postmenopausal women 
(mean age 63) with an osteoporotic fracture (vertebral fracture and non-vertebral frac-
tures in forearm, humerus, and hip). Compared to Both Arasu et al.[26] and Wanby et 
al.[15] our study reflects the mean age of the osteoporotic fracture population better 
and included fractures not limited to a single anatomical location. Also, our study popu-
lation was larger compared to that of Wanby et al.[15]. The study of Lim et al.[27] most 
resembled our study with regard to population size and included types of fractures, 
although they only included women.

Sclerostin has been reviewed as a potential biomarker for osteoporosis by Ramli 
et al.[25]. Based on the positive association between sclerostin levels and BMD they 
concluded that sclerostin might be used as a predictor of osteoporosis but should not 
replace the DEXA for diagnosing osteoporosis.[25] Also Nagy et al.[48] found sclerostin 
suitable as a biomarker for osteoporosis. With regard to predicting osteoporotic frac-
tures, Ramli et al.[25] found sclerostin not suitable due to heterogeneous results found 
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in their review.[25] Another review by Kim, et al.[49] also found ambigous results and 
considered sclerostin not a predictor of a fracture.

Since sclerostin is predominantly synthesized by osteocytes, a possible explanation 
of the lower levels of sclerostin in osteoporotic patients is the age-dependent reduction 
in osteocyte number/density[50-52] and change in morphology.[53] These alteration 
might result in an decreased functioning of the osteocyte, including the production of 
sclerostin. Moreover, in two studies a decreased osteocyte density was found in patients 
with osteoporosis.[54, 55] In osteoporosis the occurrence and density of mineralized 
lacunae is higher. This lacunar mineralization is associated with osteocyte apoptosis.
[56] The involvement of osteocytes in osteoporosis is known from disuse osteoporosis; 
bone loss due to local skeletal unloading or systemic immobilization which results in 
increased osteocyte apoptosis and increased local sclerostin secretion by osteocytes 
with subsequent relative increased bone resorption compared to decreased bone for-
mation.[2] Another explanation may be the presence of a reversed association between 
sclerostin and inferior bone quality. A negative feedback loop on sclerostin may exist, 
which is activated in osteoporosis or in other conditions causing a worse bone mineral 
density. Due to a lower concentration of sclerostin less inhibition of bone formation and 
less stimulation of bone resorption occur which prevents further deterioration of bone 
mineral density. Also the occurrence of the fracture itself could be considered as a bias 
influencing the amount of sclerostin, since sclerostin seems to be involved in fracture 
healing besides osteocytes.[4-6, 8] Literature on the effect of a fracture on the levels of 
sclerostin is scarce. Sarahrudi et al.[4] and Arasu et al.[26] reported an increased serum 
concentration in fracture patients compared to non-fracture patients. However, Wanby 
et al.[15] and Dovjak et al.[57] found no difference in sclerostin levels between fracture 
and non fracture patients. Lim et al.[27] even found a lower level of sclerostin in fracture 
patients.

Our results did not show a difference in sclerostin levels between vitamin D deficient 
patients and patients without a deficiency. Based on literature it may be assumed that 
sclerostin is involved in the process of bone mineralization because of its potential in-
teraction with vitamin D, PTH and FGF-23. [3, 43] The exact mechanism of this regulation 
remains unknown especially due to the different results of in vitro and in vivo studies.[3]

A limitation of this study was that seasonal variation in sclerostin was not accounted 
for, even though Dawson-Hughes et al.[58] showed that this type of variation exists. We 
do however expect this to be of little influence since patients were included year-round. 
Furthermore this study featured a population with a wide array of fractures leading to 
heterogeneity in the study population. The results are therefore not applicable to one 
specific fracture type or patient group. Another limitation is posed by the influence of the 
type of assay used for determination of serum sclerostin levels. Durosier et al.[16] tested 
multiple sclerostin assays in the same population and found that the MSD-assay used in 
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this study seems only to detect intact SOST molecules, causing an underestimation of 
the total serum concentration of sclerostin. This may hamper the comparison between 
levels of sclerostin found in our study and those in other studies, but not within our data, 
since in our study the same method was used for all samples. Although this study had a 
retrospective design, the data was obtained with a standardized follow protocol via our 
fracture liaison service.

All patients were seen and investigated via the same fracture liaison service. However, 
the moment of blood investigations and biobanking differenced between the patients 
selected from the Biobank for Bone and Mineral Disorders and the vitamin D-study 
biobank. In case of the vitamin D-study, laboratory investigations as well as the biobank 
storage were performed during the first follow-up visit at the outpatient clinic. In the 
other patients laboratory investigations as well as the biobank storage were performed 
during the fracture liason service. All Dexa-scans were planned and performed via the 
fracture liaison service, this explains the time range in BMD measurements as not all 
measurements can be performed at short notice or due to a (patient or hospital) delay 
in the appointment at the FLS service. Overall,  data from the fracture liaison service 
is based on daily practise and might induce heterogeneity. Also the different timing of 
blood biobanking via two protocols contributes to this heterogeneity.

In conclusion, the bone mineral density in patients with an extremity fracture was 
positively associated with sclerostin levels and osteoporotic fracture patients had 
significantly lower levels of sclerostin compared to non-osteoporotic fracture patients. 
No correlation was found between serum vitamin D levels and sclerostin levels. Future 
research should focus on the use of sclerostin as biomarker for osteoporosis in fracture 
patients.
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InTrODuCTIOn

Vitamin D deficiency
Vitamin D plays an important role in bone mineralisation by stimulating osteoclast 
proliferation and increasing intestinal absorption of calcium and phosphate.1 Low sun 
exposure, low physical activity, and low intake of fortified foods have been associated 
with vitamin D deficiency,2 which may lead to inadequate calcification of bone.3 The 
prevalence of vitamin D deficiency varies greatly, depending on demographic character-
istics of the study population; geographical latitude, age, gender and diet all influence 
vitamin D status.4 Approximately 12% of infants and up to 42% of adolescents have been 
found to be vitamin D deficient,5,6 and even higher prevalences are found in the non-
Caucasian population.7

Hyperparathyroidism
Prolonged vitamin D deficiency may lead to osteomalacia and secondary hyperparathy-
roidism (SHPT) in response to prolonged hypocalcaemia8.(Table 1) Long-lasting stimula-
tion of the parathyroid glands may lead to the development of autonomous parathyroid 
hormone (PTH) excretion; tertiary hyperparathyroidism (THPT).9 PTH stimulates the re-
lease of calcium from bone by increasing bone resorption by osteoclasts10 and increases 
the renal absorption of calcium11, resulting in higher calcium levels. Hyperparathyroid-
ism (HPT) has a diverse impact on cancellous and cortical bone affecting mostly the 
latter. HPT is characterised by high serum levels of PTH and calcium, low bone mineral 
density and might result in an increased fracture risk12. HPT is an underdiagnosed dis-
ease.13,14 The classic symptoms of HPT, “stones, bones, and groans” are rarely found in 
the Western world. However, skeletal fragility and renal complications are still found in 
patients suffering from HPT.15 The incidence of primary HPT ranges between 0.7% and 
3% and is higher in women and the elderly.16 Solitary adenomas are found in up to 90% 
of cases.17 A secondary HPT is characterised by excessive secretion of PTH in response to 
disorders that lead to long-term hypocalcaemia, like vitamin D deficiency and impaired 
kidney function.18 Secondary HPT may be found in up to 50% of the elderly with vitamin 
D deficiency19 and in 78% of chronic haemodialysis patients20.

In this case study we discuss an adolescent patient with a severe vitamin D deficiency 
induced autonomous hyperparathyroidism resulting in multiple pathological fractures 
and his multidisciplinary treatment.
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CLInICaL Case

A 17-year-old South Asian man presented to the emergency department with incapaci-
tating bone pain in both knees and reduced strength in both upper legs since several 
months. He spent most of his time indoors with a sedentary lifestyle and went to school 
by public transportation. His dietary intake of calcium was limited to drinking milk 
biweekly and eating cheese sandwiches twice a week. He had a Body Mass Index of 28 
(76.6 kg; 165 cm). Physical examination showed a marked valgus deformity of both legs 
and muscle weakness, but no other abnormalities. X-rays revealed an osteopenic ap-
pearance of the knees and bilateral stress fractures in both proximal tibias for which he 
was referred to the internal medicine department. Blood tests revealed extremely low 
serum 25-hydroxy-vitamin D <8 ng/L (>50nnmol/L), and phosphate levels 0.54 mmol/L 
(0.9 – 1.5 mmol/L) and increased serum calcium 2.88 mmol/L (2.15-2.55 mmol/L), PTH 
247 pmol/L (0.7-8.0 pmol/L) and alkaline phosphatase (ALP) 4000 U/L levels (0-155U/L). 
His magnesium level was normal: 0.87 mmol/L (0.7-1.1 mmol/L). Deficiencies in vitamin 
B12 (83pmol/l) and folic acid were also diagnosed and treated. On account of the sus-
picion of a hyperparathyroidism and his persistent bone pain a bone scintigraphy was 
performed followed by a SPECT Sestamibi-scan. The bone scintigraphy showed diffuse 
increased uptake especially in both the proximal tibia, and the SPECT Sestamibi-scan 
showed increased uptake at the lower left parathyroid. Treatment was started with 
vitamin D daily (800IE cholecalciferol) and vitamin B 12 injections.

In the following days the bone pain and immobility increased, so the patient was 
admitted to hospital two weeks after first presentation. At admission his lab values 
were as follows: 25-hydroxy-vitamin D <8 nm/L, PTH 212 pmol/L, calcium 2.64 mmol/L, 
phosphate 0.76 mmol/L, ALP 3008 U/L P1NP >2400 ng/ml (<59 ng/ml) (bone formation 
marker), Beta-Crosslaps 4.390 ng/ml (<0.584 ng/ml) (bone resorption marker). One day 
after admission he experienced an aggravation of the bone pain in his right leg after 
mobilisation with the physiotherapist. A pathological fracture of the distal right femur 
was diagnosed. A retrograde femoral nail was placed (point A in Figure 1). In addition 
a brace was deemed necessary to support the weak bone structure. The day after sur-
gery additional X-rays and a CT-scan were performed on account of unexplained pain 
in the left hip after surgery (Figure 2). A dislocated fracture of the left medial collum 
was diagnosed, which most probably had occurred while transferring the patient from 
the hospital bed onto the surgical table before surgery. The fracture was treated with a 
dynamic hip screw. The patient’s extremely low bone quality required transplantation 
of allogeneic cancellous bone in the femoral head. Despite the fractures, the bone mark-
ers still decreased five days after the second surgery: P1NP was 405 ng/ml and Beta-
Crosslaps 4.040 ng/ml. Vitamin D supplementation was temporarily increased to 1600IE 
daily and, on account of rising levels of calcium up to 2.99 mmol/L, Cinacalcet 30mg 
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was started. Three weeks later, the patient was released from hospital and transferred 
to a rehabilitation centre. At time of release, PTH had decreased to 48.9pmol/L and the 
calcidiol level had risen to 12nnmol/L due to treatment.

Two weeks after release the patient experienced increased pain in the left leg proxi-
mal of the knee after a fall from standing height. An X-ray showed a fracture of the left 
distal femur (point B in Figure 1)(Figure 3) The fracture was treated with a plaster cast 
immobilisation and healed without complications in the following months. This con-
servative treatment required immobilisation, which was expected to worsen the bone 
metabolism. Therefore, calcium supplementation was started and vitamin D supple-
mentation were increased to 1800IE cholecalciferol daily, and the patient was scheduled 
for a left hemiparathyroidectomy. In view of the surgery he received additional vitamin 
D boosts of 10.000IE cholecalciferol resulting in a vitamin D level of 32nmol/L before 
surgery. One month after this second hospital admittance, the patient underwent a 
parathyroidectomy left, with substantial decrease of intra-operative PTH level (>263 
pmol/L towards 19.1 pmol/L) (point C in Figure 1.) (histological report: normal para-
thyroid tissue) . Two weeks after the left parathyroidectomy, the patient was released 
from hospital and admitted to a rehabilitation centre for the second time. During the 

  

Figure 1. 

parathyroidect

levels. 
 

Figure 1. Serum calcium levels during treatment. Circle A marks the operation of the distal femoral fracture 
right . Circle B marks the occurrence of distal femoral fracture left. Circle C marks the parathyroidectomy 
left. Circle D marks the subtotal parathyroidectomy right. The horizontal lines mark range of normal serum 
levels.
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rehabilitation program the patient’s leg strength increased and he was able to swim and 
walk short distances with support.

Two months after the left parathyroidectomy, PTH levels were still abnormal (> 
40 pmol/L). A right parathyroidectomy was performed (point D in Figure 1.), where 
one of two right parathyroid glands (histological report: normal parathyroid tissue) 
was removed and also the node in the left thyroid gland which was seen on a previ-
ous ultrasound was removed, which was described as a parathyroid adenoma in the 
histological report. Quickly after the procedure, PTH levels were restored to normal 
(7.4 pmol/L). Also, calcium levels lowered considerably and normalised after initial i.v. 
supplementation up to 12 grams calcium daily followed by continued oral supplementa-
tion of calcium (8000mg daily) and vitamin D (1600IE cholecalciferol daily, and 50.000IE 
cholecalciferol twice a month). The patient was transferred to a rehabilitation centre for 
a third time. Five months after the first admission, the patient was able to fully mobilise, 
although he kept experiencing pain. One year after the last surgery blood tests during 
follow-up showed normal vitamin D and normal calcium levels, with daily supplementa-
tion (Alfacalcidiol 1mcg, cholecalciferol 1600IE, and calcium 2000mg).

  

155 
 

ng/ml. Vitamin D supplementation was temporarily increased to 1600IE daily and, on account 
of rising levels of calcium up to 2.99 mmol/L, Cinacalcet 30mg was started. Three weeks later, 
the patient was released from hospital and transferred to a rehabilitation centre. At time of 
release, PTH had decreased to 48.9pmol/L and the calcidiol level had risen to 12nnmol/L due to 
treatment. 
 

 

  

Figure 1. Serum calcium levels 
during treatment. Circle A 
marks the operation of the 
distal femoral fracture right . 
Circle B marks the occurrence 
of distal femoral fracture left. 
Circle C marks the 
parathyroidectomy left. Circle 
D marks the subtotal 
parathyroidectomy right.  The 
horizontal lines mark range of 
normal serum levels. 
 

Figure 2. CT images taken after placement of a retrograde femoral nail in the right femur. Figure 2 A 
shows a fracture of the left femur neck. Figure 2 B shows a 3D-reconstruction of femoral and genual 
regions, displaying severe osteopenia. 
 

A B 

Figure 2. CT images taken after placement of a retrograde femoral nail in the right femur. Figure 2 A shows 
a fracture of the left femur neck. Figure 2 B shows a 3D-reconstruction of femoral and genual regions, dis-
playing severe osteopenia.
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DIsCussIOn

Diagnostic challenge
The clinical presentation was complex: the severe bone pain seemed due to his bilateral 
tibial stress fractures. The accompanying lab results indicated at least a severe vitamin 
D deficiency and a HPT. Given a normal Tanner stage and gonadal axis, our differential 
diagnosis was Coeliac disease (negative serology and no clinical complains) or hypo-
phosphatemic rickets (excluded at the first visit because of a negative family history, 
no deformities, and no associated loss of phosphate through urine). Multiple Endocrine 
Neoplasia (MEN) was not considered since there were no affected family members nor 
any other MEN features. Considering the extreme osteomalacia, the longstanding story 
and the enormous improvement biochemically after vitamin D initiation, severe ostama-
lacia due to vitamin D deficiency and a secondary hyperparathyroidism that transferred 
to tertiary, seemed the most plausible explanation. The initial SPECT Sestamibi-scan 
hinted at the presence of a left solitary adenoma, but this was not confirmed until the 
second surgery. This left SHPT and THPT open as possible diagnoses. The difference 
between these conditions is not merely academic because it determines whether 
surgical intervention is necessary. The only available curative treatment for PHPT and 
THPT is (hemi)parathyroidectomy while SHPT may be treated by removing the cause 

  

 

 

 

 

 

 

 

 

 

 

 
 

  

 

Figure 3. X-ray showing a transverse fracture of 
the left distal femur. The osteopenic appearance 
of the skeletal structures is noteworthy.
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of hypercalcaemia.18 The distinction between SHPT and THPT can be difficult to make, 
however, because lab results can be very similar in both diseases.9 Our patient had a 
normal renal function and the ultrasounds showed a normal corticomedullairy aspect, 
and no signs of nephrocalcinosis. In this case, the severity of vitamin D deficiency and 
hypercalcaemia expedited the decision to perform a parathyroidectomy since waiting 
too long for serum vitamin D levels to return to normal might have exacerbated the 
osteomalacia and might have led to more pathological fractures.

Management of calcium homeostasis
One of the complexities in this case was the management of calcium homeostasis. Se-
rum P1NP and Beta-crosslabs have been exceptionally high throughout the treatment 
process, indicative of very high bone turnover. This required the parathyroidectomy to 
be performed in two operation sessions. Presuming the diagnosis of an autonomous 
hyperparathyroidism affecting the four glands, resulted first in a left hemiparathyroid-
ectomy. Removal of too large a portion of parathyroid tissue would have led to a further 
drop in serum PTH levels, further lowering serum vitamin D levels and potentially could 
have led to severe hypocalcaemia with life threatening symptoms such as laryngo-
spasms and heart failure.21

Another aspect of the management of calcium homeostasis was the prevention of 
hungry bone syndrome (HBS). HBS is found in patients with HPT and high bone turn-
over, and is characterised by profound hypocalcaemia, hypophosphataemia and hypo-
magnesaemia after parathyroidectomy.22 The occurrence of HBS has not been widely 
researched, but the reported prevalences range from 4% to 87%.22 The preoperative use 
of bisphosphonates might help prevent HBS23,24, but no prospective studies have so far 
been undertaken. In the patient discussed above, after the second surgery a severe but 
manageable HBS was handled by keeping serum calcium, phosphate, and magnesium 
levels as high as possible by supplementation of calcium, magnesium and by close 
monitoring of vitamin D .

Multidisciplinary approach
This case report illustrates the effect of a lifestyle related vitamin D deficiency and a 
comorbid HPT on bone quality. Treatment of the complex effects of the HPT and the 
HPT itself required an extensive multidisciplinary team approach, including a trauma 
surgeon, endocrine surgeon, endocrinologist and a rehabilitation specialist. The fragile 
bone and extremely deviating bone markers were cause for constant communication be-
tween the departments of surgery and endocrinology within the hospital of admission. 
The consideration of whether the patient was fit for surgery, both for the osteosyntheses 
as well as the hemiparathyroidectomies, required multidisciplinary attention.
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In conclusion, this clinical presentation has challenged several medical specialists 
in various ways. In complex cases such as this, the search for cause and causality, the 
systemic and local treatment of the HPT and vitamin D deficiency, the treatment of the 
pathological fractures, the initiation of lifestyle changes and the role of the social envi-
ronment in that process, and the rehabilitation, require a dedicated multidisciplinary 
team with a high level of expertise in all of these fields. This case also illustrates the 
importance of a lifestyle that promotes normal vitamin D levels for healthy bone me-
tabolism, specifically for HPT patients.
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absTraCT

Context
The prevalence of hypovitaminosis D is currently increasing. A wide variety of diseases 
and complications are associated with low vitamin D serum concentrations, amongst 
these is fracture healing and fracture non-union.

Case description
A healthy 44 year old male presented himself with pain due to a non-union of a femoral 
shaft fracture, four years after initial injury. The fracture had been operated upon three 
times and was adequately fixated in anatomical position. Hypovitaminosis D was diag-
nosed and subsequent supplementation resulted in complete union of the fracture with 
full pain relief.

Conclusions
This case report presents a patient with a femoral shaft non-union and hypovitaminosis 
D. Spontaneous healing occurred 4 years post-trauma following normalization of vita-
min D serum levels.

This case illustrates the importance of adequate serum vitamin D levels in fracture 
healing, additional to other fracture healing facilitating factors. With the increase of 
hypovitaminosis D prevalence and the possibly associated fracture related complica-
tions, routine vitamin D determination should become part of clinical workup in case of 
fracture non-union.
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InTrODuCTIOn

Non-union of fractures occurs in about 5-10% of all fractures1 and can result from vari-
ous conditions. Known independent risk factors are fracture severity (open fractures or 
multiple fracture fragments), the need for operative intervention, fracture location, 
comorbidity and the use of benzodiazepines, NSAID in combination with opioids, diuret-
ics and bisfosfonates.2 The reason for fracture non-union is not always obvious and is 
assumed to be multifactorial. Although the role of vitamin D in fracture healing has not 
been completely elucidated yet, it is well appreciated that vitamin D plays an important 
role in all phases of fracture healing.3 Several recent studies present results that confirm 
the importance of adequate vitamin D serum levels during fracture healing2,4,5, however 
none of these are randomised trials. Although serum vitamin D determination is not 
routinely performed in case of fracture non-union,3 vitamin D deficiency and supple-
mentation should have the treating physicians’ attention. This case report presents a 
patient with a femoral shaft non-union and hypovitaminosis D. Spontaneous healing 
occurred 4 years post-trauma after normalization of vitamin D serum levels. It illustrates 
the importance of vitamin D determination and adequate serum vitamin D levels in 
fracture healing, additional to other fracture healing facilitating factors.

Case rePOrT

A 44-year old healthy male of African descent presented himself at the orthopaedic 
trauma surgery outpatient department at the Leiden University Medical Center, with 
complaints of pain in his left upper leg four years after having sustained a midshaft 
femoral fracture.

Initial treatment prior to our assessment/analysis
The patient sustained a closed midshaft femoral fracture (figure 1A) after his leg was 
caught between two stacker-trucks. Open reduction and intramedullary nailing of the 
fracture was performed on the day of the injury. Due to inability to bear weight and a 
slight distraction over the fracture, 5mm dynamisation of the nail was performed three 
months after the initial procedure. This additional procedure had no effect on the com-
plaints of pain nor on the fracture healing (figure 1B). The recovery process progressed 
slowly and 1.5 years after initial injury and treatment the patient was able to fully bear 
weight on both legs but continued to have pain. Repeated radiographs showed no con-
solidation of the medial and posterior cortex of the femoral fracture.

Two years after the initial injury, the patient was referred to an orthopaedic surgery 
clinic. A decortication and autologous bone-grafting of the medial and posterior part of 
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the fracture was performed. The nail had been adequately positioned and remained in 
situ. Again fourteen months later X rays revealed some callus formation medially and 
posteriorly, but the complaints of pain persisted (figure 1C). During this follow-up period 
no blood tests determining vitamin D status were performed.
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Case Report 

A 44-year old healthy male of African descent presented himself at the orthopaedic trauma 
surgery outpatient department at the Leiden University Medical Center, with complaints of pain 
in his left upper leg four years after having sustained a midshaft femoral fracture.  
 

Initial treatment prior to our assessment/analysis  

The patient sustained a closed midshaft femoral fracture (figure 1A) after his leg was caught 
between two stacker-trucks. Open reduction and intramedullary nailing of the fracture was 
performed on the day of the injury. Due to inability to bear weight and a slight distraction over 
the fracture, 5mm dynamisation of the nail was performed three months after the initial 
procedure. This additional procedure had no effect on the complaints of pain nor on the fracture 
healing (figure 1B). The recovery process progressed slowly and 1.5 years after initial injury 
and treatment the patient was able to fully bear weight on both legs but continued to have pain. 
Repeated radiographs showed no consolidation of the medial and posterior cortex of the 
femoral fracture. 

Two years after the initial injury, the patient was referred to an orthopaedic surgery clinic. A 
decortication and autologous bone-grafting of the medial and posterior part of the fracture was 
performed. The nail had been adequately positioned and remained in situ. Again fourteen 
months later X rays revealed some callus formation medially and posteriorly, but the 
complaints of pain persisted (figure 1C). During this follow-up period no blood tests 
determining vitamin D status were performed.  

 

  

Figure 1.  A: radiography after initial trauma, B radiography after dynamisation, C 
radiography at presentation in our clinic 

 

 

A 
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Figure 1. A: radiography after initial trauma, B radiography after dynamisation, C radiography at presenta-
tion in our clinic

Figure 2. CT-scan of the partial non- nion of the 
midshaft femoral fracture
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Second opinion and treatment
At our out-patient clinic, patients’ history revealed the use of ten cigarettes per day and 
five to ten units of alcohol per week for at least ten years. A CT-scan of his femur (figure 
2) showed medial and posterior non-union. Our non-union protocol blood tests (table 1) 
revealed a gamma-GT of 110 U/L (<50); a PTH of 17.5 pMol (0.7-8.0) and a 25-OH vitamin 
D of 10 nMol (50-250).

The patient was referred to the department of endocrinology for further analysis. 
The endocrinologist concluded a hyperparathyroidism, due to vitamin D deficiency 
and low dietary calcium intake. A bone densitometry scan showed osteopenic bone. 
There was no underlying illness causing his hypovitaminosis D. Based on the results 
of the CT-scan in combination with the hyperparathyroidism, vitamin D supplementa-
tion was started as treatment of this non-union. Also, the patient was strongly advised 
to give up smoking and drinking. For six weeks the patient received weekly injections 
with 50.000 IU vitamin D, after which oral supplementation with calcium and vitamin D 
(500mg/400IU per day) was started. Eight months after initiation of vitamin D supple-
mentation serum levels had normalised (table 1). At that time the patient was able to 

Table 1. Non-union protocol blood tests outcomes.

Prior to 
suppletion

After suppletion Normal range

ALAT 39 42 0 – 45 U/L

Albumin 46 49 34 – 48 g/L

Alkalic Fosfatase 107 84 0 – 115 U/L

ASAT 30 30 0 – 35 U/L

Calcium (Alb. corrected) 2.25 2.32 2.15 – 2.55 mmol/L

eGFR (CKD-EPI) >90 >90 >60 ml/min/1,73m2

beta Crosslaps 0.567 - <0.584 ng/mL

Anorganic Phosphate 1.25 - 0.90 – 1.50 mmol/L

Gamma GT 110 124 0 – 55 U/L

Potassium 4.9 4.5 3.6 – 4.8 mmol/L

Kreatinin 70 77 64 – 104 µmol/L

Sodium 140 141 136 – 144 mmol/L

Vitamin D 25 (OH) 10 60 50 – 250 nmol/L

P1NP 41 - <59 ng/mL

Parathormone 17.5 3.4 0.7 – 8.0 pmol/L

TSH 1.280 1.450 0.300 – 4.800 mU/L

Ureum 3.6 - 2.5 – 7.5 mmol/L

ALAT: alanine-aminotransferase; ASAT: aspartate-aminotransferase; eGFR: estimated glomerular filtration 
rate; P1NP: procollagen type 1 N-terminal propeptide; TSH thyroid stimulating hormone
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walk and run without complaints and the radiographs revealed complete consolidation 
of the fracture (figure 3).

DIsCussIOn

This case report highlights the importance of routine determination of patients’ vitamin 
D status in case of fracture non-union. When searching literature for the effect of vitamin 
D supplementation in case of fracture non-union, only one publication was found. Du-
plantier et al.4 describe a case of a 4 year old boy with non-union of a clavicle fracture 
in which hypovitaminosis D played a role. In that case the patient still needed surgery 
after vitamin D supplementation to achieve union of the fracture. Several publications 
report on the role of vitamin D (supplementation) in fracture patients. A recent large 
cohort study included more than 300.000 patients with fractures and showed that a 
documented vitamin D deficiency is a risk factor for non-union (OR 1.14; 95% CI, 1.05-
1.22), especially in femoral shaft fractures (OR 2.15,95% CI, 1.56-2.96) (2) Hood et al also 
reported a high prevalence of low vitamin D levels in orthopaedic trauma patients.5 
Sprague et al.6 recently published a systematic review of eight studies on the efficacy of 
vitamin D supplementation during fracture healing. These studies all reported positive 
effects of vitamin D supplementation, but no randomized controlled trials (RCT) have 
evaluated the effect of vitamin D supplementation on fracture healing yet.6

  

 

 

Figure 3. radiography after vitamin d supple-
mentation
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Haines et al7 performed a prospective randomised trial in which a total of 100 frac-
ture patients (89%) had hypovitaminosis D (both groups combined). In the overall study 
population the non-union rate was 4%. There was no significant difference in non-union 
rate with regards to the presence of vitamin D deficiency.(6) It is however difficult to 
relate this study to our case, because patients in this study received a single dose of 
vitamin D supplementation. Brinker et al.8 reported on metabolic and endocrine abnor-
malities in patients with non-union. Their study did not find a causal link, but it did show 
that 83% of the patients screened with a non-union have an endocrine disorder such as 
vitamin D insufficiency or deficiency.

Moore et al.9 described the risk factors associated with nonunion after elective foot 
and ankle reconstruction; 76% of their endocrine-disease group experienced non-
union, versus 26% in the group without (P > 0.05). In this study endocrine disorders were 
defined as vitamin D insufficiency or deficiency in 14, hypothyroidism in 2, and diabetes 
mellitus in 6 patients. In this trial patients with vitamin D deficiency or insufficiency were 
8.1 times more likely to experience fracture non-union.

In our case the patient was a male of African descent. Cosman et al.10 published in a 
review that although there is a high vitamin D deficiency prevalence in black men and 
women, there is a lower fracture risk caused by a higher renal sensitivity for PTH. In 
our case the patients descent is taken in to consideration however it is not seen as the 
main factor causing his non-union. The same consideration is given to his nicotine and 
alcohol abuse, however, in this case the patient was a previously healthy male sustain-
ing a traumatic injury, not influenced by his substance abuse.

In both our case and the case series of Brinker et al.8 a beneficial effect of vitamin D 
supplementation is suggested for the treatment of non-union in presence of a vitamin 
D deficiency. There are however no randomized controlled trials proving a causal link 
between vitamin D deficiency and the occurrence of a fracture non-union. Future clini-
cal trials should investigate the effect of vitamin D supplementation in the treatment 
of non-union. In the meantime, for clinical daily practise, we conclude that, although 
the evidence is still thin, vitamin D determination should be done routinely for every 
fracture patient with signs of delayed or non-union. This will help optimize the fracture 
healing environment and prevent surgical overtreatment.
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GeneraL DIsCussIOn

Fracture healing
Fracture healing is a complex biological process that results in union of a fracture. De-
layed union is defined as a fracture that takes longer than usual to heal unite. Non-union 
is a state in which a fracture fails to achieve union within 9 months since the injury, and 
in which there have been no signs of healing for 3 months. A generic consensus on the 
time periods in this definition however lacks1,2; it is recommended that non-union of 
long bones should be considered if after a period of 6 months no evidence of radiologi-
cal fracture healing is present.3 The incidence of non-union has been reported up to 30% 
in the literature, depending on study size, patient demographics, fracture location and 
complexity, and method of fracture treatment.4-8 The overall risk of non-union seems 
to be around 2-5%, with fractures of the clavicle, scaphoid, tibia and femur being most 
prone to non-union.7,8 The overall percentage does not include the typical osteoporotic 
fractures (vertebral, hip, distal forearm and proximal humerus). In Chapter 5 and 7 an 
overall risk of 0.9% and 2.4% was found respectively, with 7.3% in patients with a proxi-
mal humerus fracture (Chapter 7). Since the prevalence of non-union is low7,8 and several 
risk factors have been described for non-union,9-11 research into fracture non-union is 
challenging. Future research should preferably include fractures with a higher a priori 
chance of a non-union.

Another challenge is the question whether non-union can be diagnosed on plain 
radiographs only or if a CT-scan is always necessary. The CT-scan is superior to plain 
radiographs in assessment of bone union since it provides information about the cortex 
on all sides of the bone. Radiographs have been demonstrated not to be very reliable or 
accurate when used to define union.12 With a diagnostic sensitivity of only 62% in case 
of radiographs of tibial fractures, the CT-scan performed evidently better, as it had an 
almost 100% sensitivity for detecting a non union.12 Most studies on fracture non-union 
have a retrospective design and most often rely on plain radiographs during follow-up, 
as is the case with the retrospective studies in this thesis.

Next to bone growth or union rate, the mean time to radiological union is another pa-
rameter used in several studies to qualify fracture healing. Studies using this mean time 
to radiological union should also provide additional data about the clinical and patient-
reported outcomes in order to place this outcome parameter in to clinical perspective. 
The clinical relevance of a shorter time to radiological union could be deliberated if this 
does not influence fracture treatment, clinical and patient-reported outcomes, or result 
in decreased risk on a delayed- or non-union. A fracture non-union could be considered 
as a medical condition that negatively affects both physical and mental health and 
quality of life.13,14 Even patients whose fracture healed in the expected time-frame may 
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have residual disabilities. However, patients with delayed or non-union have poorer 
outcomes, including problems with returning to work and ongoing pain.15

Vitamin D deficiency
In our adult fracture population 40% vitamin D deficiency was found, in children 34% 
was found to be vitamin D deficient. Non-Caucasian skin type, smoking and season 
were identified as risk factors in adults. In children, a non-Caucasian skin type, increas-
ing age and season increased the risk of a vitamin D deficiency. In the studies in this 
thesis, vitamin D deficiency was defined as a serum calcidiol level < 50nmol/L. A serum 
concentration of ≥75nmol/L was considered to be sufficient. These commonly used cut-
off values are based on studies evaluating the effect of the calcidiol concentration on 
calcium absorption, parathyroid hormone synthesis suppression, maintenance of bone 
mineral density and fall or fracture prevention.16-19 However, due to the inconsistent evi-
dence regarding these effects, there is no consensus in the literature on the definition of 
vitamin D deficiency. 16,17,20-24 During the most recent consensus meeting in 2020, general 
consensus was reached on two points.25 Levels below 12 ng/mL (30 nmol/L) are deficient 
at all ages, and levels above 30 ng/mL (75 nmol/L) are considered sufficient. There is still 
debate on the levels between 30nmol/L and 75nmol/L, some guidelines recommend a 
threshold of 50nmol/L, whereas others aim for 75nmol/L.25 Re-analysis of the data with 
the deficiency threshold to 30 nmol/L , showed that the prevalence of vitamin deficiency 
in our adult fracture population lowered to 16.5% (Chapter 3) However, the initial found 
risk factors for a vitamin D deficiency (smoking, season and non-Caucasian skin type) re-
mained present with this change. In children with fractures, the prevalence of a vitamin 
D deficiency found in our study was lowered from 34% to 7% with this new threshold 
(Chapter 4), but a non Caucasian skin type remained an independent risk factor for a 
deficiency.

Vitamin D status and fracture healing
In the review in Chapter 2, the role of vitamin D in the different biological processes 
fracture healing is described. Clinical data that address effects of vitamin D deficiency 
on fracture healing are scarce and furthermore inconclusive. The existing evidence is 
primarily based on four retrospective studies,26-29 of which two found no effect.28,29 One 
found a vitamin D deficiency prevalence of 47% in a patient population with fracture 
non-unions, a prevalence that is in keeping with that found in the general population.27 
Evidence of the positive effect of vitamin D supplementation on bone healing merely 
results from two randomized controlled trials30,31 and one case serie32. All prospective 
studies showed an indirect effect of vitamin D supplementation on fracture healing. 
The authors based their conclusions on lab results, bone mineral density or callus 
measurements, but none of these studies had fracture union as outcome parameter. 
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Our outcome parameter in Chapter 5 was fracture union. In this chapter we studied the 
relation between fracture healing and vitamin D status retrospectively, whereby patients 
with a vitamin D deficiency were treated with vitamin D supplementation. Although no 
firm conclusions could be drawn due to the methodology of our study together with 
the small number of patients with a clinical delayed union (6/643), the vitamin status 
seemed to influence fracture healing. In our study among paediatric fracture patients no 
complications in fracture union were found, which is not remarkable since non-union 
is rare in children.33 Two case reports presented in Chapters 9 and 10 support the hy-
pothesis that vitamin D is involved in the process of fracture healing. Overall, vitamin D 
plays a role in fracture healing. The influence of vitamin D deficiency on fracture healing 
cannot be fully ignored, since evidence tends to indicate a negative influence, although 
convincing evidence lacks.

Vitamin D status and clinical practice for fracture patients
Based on literature in general, routine measurement of serum calcidiol in fracture 
patients population is not strictly necessary, since no convincing evidence exists on 
the negative impact of vitamin D deficiency on fracture healing and the prevalence is 
not expected to differ from the general adult34-36 or paediatric37,38 population. Standard 
supplementation in fracture patients should not be recommended when guidelines for 
the general population are followed; i.e., daily supplementation in all patients < 4 years 
or >70 years, female >50 years and all patients with a dark skin or insufficient exposure to 
sun.39 If this general advice is followed, fracture patients who we have found to be at risk 
for a vitamin D deficiency in our studies (dark skin type and season) are supplemented 
making routine vitamin D measurement unnecessary.

In individual cases, serum vitamin D should be determined in case of an unusual 
presentation of a fracture. Vitamin D determination should be considered in fracture 
patients having several risk factors for a non-union. Especially smoking, which we 
identified as a risk factor for a vitamin D deficiency as well. Patients with an objectified 
fracture non-union should be analysed to determine the cause of the compromised bone 
healing. Since fracture non-union may have multiple causes, all should be addressed 
and treated if possible. This includes treatment of vitamin D deficiency, even more so 
because it is an easy and inexpensive treatment, although the exact role of vitamin D in 
fracture non-union is not fully elucidated.

Osteoporosis
The operational definition of osteoporosis is based on the T-score for bone mineral den-
sity (BMD) assessed at the femoral neck and is defined as a value for BMD 2.5 SD or more 
below the female aged 20-90years mean (0,86g/cm2). The diagnosis of osteoporosis is 
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based on bone mineral density, the clinical significance of osteoporosis lies in the risk 
of future fractures.

The burden of osteoporosis on healthcare is high with an estimated cost of €37 
billion within the European Union in 2010. In the European union, approximately 21% 
of women over 50 years are classified as having osteoporosis and a postmenopausal 
woman over 50 years has a chance of more than 40% to sustain a typical osteoporotic 
fracture. The annual number of fragility fractures in the European Union is expected to 
rise to 4.5 million in 2025, an increase of 28% since 2010.40

There is no uniformly accepted screening tool to identify patients with osteoporosis 
or those with an increased risk of fractures. Osteoporosis screening is based on a previ-
ous fracture or the presence of risk factors. Assessment of future fracture risk is based 
on age, sex and clinical factors, whereby bone mineral density measurement is not 
necessary in order to calculate this risk. The initiation of anti-osteoporosis treatment 
is subsequently based on the assessment of individuals; when the ten-years fracture 
probability exceed the aged dependent intervention threshold, treatment should be 
started. A Dexa-scan could be performed in order to monitor treatment. Instead of a 
DEXA-scan other modalities could be used in order to investigate bone mineral density. 
The study described in Chapter 8 found a positive association between serum sclerostin 
concentration and bone mineral density, and found lower levels of sclerostin in osteo-
porotic fracture patients. Sclerostin has been described as a potential biomarker for 
osteoporosis.41,42 Future research should focus on biomarkers like sclerostin in order to 
screen for osteoporosis, making a Dexa-scan less necessary.

Osteoporosis and fracture healing
Evidence that substantiates the negative influence of osteoporosis on fracture healing is 
predominantly from animal studies and to a lesser extent from clinical studies (Chapter 
6). The difference between the animal studies and the clinical studies is remarkable. 
While the animal data is quite convincing that osteoporosis has a negative impact on 
fracture healing, the clinical data is not. Also, no clear clinical evidence on the negative 
effects of anti-osteoporotic medications could be found, with a possible positive influ-
ence of parathyroid hormone with reducing fracture healing time. In a clinical setting it 
is difficult to investigate the effect of osteoporosis separately from its traatment. This 
also applied for the clinical studies included in the review. Another difficulty is the os-
teoporotic patient population itself, illustrated by two RCTs among hip fracture patients 
which prematurely ended due to significant problems with patient recruitment and 
completion of follow up. Therefore, research in osteoporotic patients with a proximal 
humerus fracture or distal radius fracture might be more successful compared to hip 
fracture patients, although the a priori chance of impaired fracture healing in a distal 
radius fracture is low.
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In our own study, no convincing negative effect of osteoporosis was found in two 
typical osteoporotic fracture groups; patients with proximal humerus and distal radius 
fractures. The influence of anti-osteoporosis medication was not taken in to account, 
but when the medication is initiated some time after fracture or even after union is 
achieved, its influence should be considered as not significant. In the study presented 
in Chapter 7 we used the WHO definition of osteoporosis (BMD T score≤−2.5SD), but 
also a more pragmatic definition; BMD T score≤−2.5SD or between −2.5SD and −1.0SD in 
combination with a proximal humerus fracture, since both definitions are likely to result 
in the initiation of anti-osteoporosis medication. Some might advocate that all fragility 
fractures are osteoporotic fractures, but the definition of a fragility fracture is a fracture 
that results from low energy trauma, such as a fall from standing height or less. Although 
the typical fragility fracture locations do correspond with the typical osteoporotic frac-
tures locations and are a sign of underlying osteoporosis, this does not mean that every 
fragility fracture is caused by osteoporosis.

Osteoporosis and clinical practice for fracture patients
Clinicians should be aware of osteoporosis among fracture patients older than 50 years 
and initiate a osteoporosis screening as per protocol,43 especially since data suggest that 
more than 57% of women at high risk of a fracture do not receive treatment. Moreover, 
less than 20% of patients with a fragility fracture receive therapy to prevent future 
fractures within the year following fracture.40 Since the current literature shows no clear 
negative effect of osteoporosis or anti-osteoporosis medication on fracture healing, 
fracture treatment should not be changed or interrupted for osteoporosis screening or 
treatment.

In case of fracture non-union in elderly patients, osteoporosis should be addressed 
and treated if screening has not taken place yet. Although primarily based on animal 
studies and case reports/series, parathyroid hormone could even be considered as 
treatment to enhance fracture healing when general principles of non-union and infec-
tions were dealt with.44
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Clinical implications
Aim of this thesis was to investigate the effect of vitamin D status and osteoporosis on 
fracture healing. The results of the studies gathered in this thesis have laid the founda-
tion for the following conclusions and recommendations:
• Vitamin D deficiency and osteoporosis do not seem to influence fracture healing 

negatively.
• Routine measurement of vitamin D levels in fracture patients is not necessary, but 

should be performed in case of an unusual fracture presentation or in the analysis 
and treatment of a non-union.

• Standard vitamin D supplementation in fracture patients should not be recom-
mended when general guidelines are followed.

• Osteoporosis treatment does not interfere negatively with fracture healing.

Future perspectives
Future research should focus on the clinical effect of vitamin D deficiency or osteo-
porosis on fracture healing. It should establish whether these are actually risk factors 
for impaired fracture healing or not. Since the incidence of fracture non-union is low, 
studies should be performed on large prospectively gathered databases or include 
fractures that are known to be associated with a relatively high non-union rate. The 
use of parathyroid hormone in order to enhance fracture healing or treat fracture non-
unions should be explored more extensively. In case of osteoporosis, biomarkers such 
as sclerostin, should obtain a more prominent role in diagnosing osteoporosis and 
monitoring bone mineral density. This may render the DEXA-scan redundant, with a 
subsequent reduction of costs.
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suMMarY

Chapter 1 provides an introduction and outline of this thesis with the overall aim to 
investigate if vitamin D deficiency and osteoporosis influence fracture healing. The first 
part focuses on the effect of vitamin D on fracture healing and in the second part the 
effect of osteoporosis on fracture healing is discussed.

Chapter 2 presents a comprehensive review of the literature on the role of vitamin 
D in fracture healing. Based on results from in vivo, and predominantly in vitro studies, 
this review showed that vitamin D is involved in every stage of the complex process of 
fracture healing through its effect on inflammatory cells, cytokines, growth factors, os-
teoblasts and osteoclasts, and through its effect on the process of mineralization. Since 
the results were not concordant, the exact role of vitamin D at the cellular level in human 
fracture healing remains unclear. Despite these findings and the presumed beneficial 
effect of vitamin D supplementation on fracture healing in deficient patients, clinical 
studies that address effects of vitamin D deficiency or supplementation on fracture heal-
ing are scarce and remain inconclusive.

Although the prevalence of vitamin D deficiency in the general population is known, 
the specific prevalence of a vitamin D deficiency among fracture patients was not. In 
order to obtain these numbers, as well as risk factors for vitamin D deficiency the D-trial 
was performed. This cross-sectional study included pediatric and adult fracture patients 
with an conservatively treated upper or lower extremity fracture. In Chapters 3 and 4 
the results of the D-trial are described.

Chapter 3 presents the prevalence and risk factors of vitamin D deficiency in a study 
population of 327 adult fracture patients, that were treated within one calendar year. In 
this outpatient population, 71% had a suboptimal vitamin D status (Calcidiol < 75nmol/L), 
40% was vitamin D deficient (Calcidiol < 50 nmol/L) and 11% of the population was se-
verely vitamin D deficient (Calcidiol < 25 nmol/L). The prevalence of 40% deficiency was 
comparable to numbers found in the general Dutch population (43% - 71%). Smoking 
and season (winter and spring) were independent risk factors for a vitamin D deficiency, 
whereas smoking, winter, age and a non-Caucasian skin type were identified as indepen-
dent risk factors for severe vitamin D deficiency. Clinicians should be aware that smoking 
is also a risk factor for a fracture non-union. In 187 children who were treated in the 
outpatient clinic due to an extremity fracture, a prevalence of 34% vitamin D deficiency 
(calcidiol < 50 nmol/L) was found (Chapter 4). In the older age groups vitamin D defi-
ciency was more prevalent: 46% in age group 10-16 years and 41% in children aged 16-18 
years compared to 16% for children younger than 10 years. Higher age, a non-Caucasian 
skin type and spring season were independent risk factors for vitamin D deficiency in 
children. Clinicians who treat children with a fracture should inform the patients and 
their parents about the prevailing advice regarding vitamin D supplementation, taking 
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heed of the presence of potential risk factors and the fact that these recommendations 
were poorly implemented; only 1/22 children with a dark skin type aged ≥ 4 years had 
received vitamin D supplementation prior to the study. Retrospectively no complications 
of impaired fracture healing in vitamin D deficient children were found.

The effect of vitamin D deficiency in adults on fracture healing is described in Chapter 
5. An adult fracture population of 617 patients with 643 extremity fractures are presented. 
Patients with a vitamin D deficiency were supplemented. In 6/ 643 fracture treatments a clini-
cally delayed union was found; in 3 patients who remained deficient despite supplementa-
tion, in 2 who were initially deficient and in 1 initially sufficient (p < 0.001). In 3/6 patients 
secondary surgery was needed to achieve fracture healing; all three patients sustained a 
humerus fracture and were initially vitamin D deficient (2 remained deficient after treat-
ment). Although the numbers of patients with impaired fracture healing are very low, these 
results point towards an negative effect of vitamin D deficiency on fracture healing in adults.

The second part of this thesis starts with Chapter 6, an extensive review on the effect 
of osteoporosis and its treatment on fracture healing. The majority of the animal studies 
show a negative influence of osteoporosis on fracture healing, with regard to cellular 
processes, callus formation, mineralization and biomechanical strength. In clinical stud-
ies there was be a tendency towards a negative influence of osteoporosis on fracture 
healing with prolonged healing time and increased risk of non-union, but the evidence is 
not convincing. Inconsistent effects of anti-osteoporosis medication on fracture healing 
in both non-osteoporotic and osteoporotic animal models were observed. Antiresorp-
tive, bisphosphonates in particularly, resulted in delayed remodelling of callus in both 
models. Teriparatide was found to enhance fracture healing in animal models. In clinical 
studies however, no clear negative effect of bisphosphonates was found on either time 
to union or delayed and non union rates. Recombinant parathyroid hormone did seem 
to decrease time to union without an effect on delayed or non union rates.

In Chapter 7 the effect of osteoporosis on fracture healing in patients with an upper 
extremity fracture is retrospectively investigated. The electronic patients files of 455 
patients (311 with a distal radius fracture and 150 with a proximal humerus fracture) 
were checked for the occurrence of delayed- or non-union. Osteoporosis (BMD T score ≤ 
-2.5SD) was prevalent in 29.2% of the patients. Radiologically delayed or non-union was 
described in 11 cases (2.4%), all patients with a proximal humerus fracture of which 6 
cases (1.3%) were clinically manifest. The seeming difference in incidence of delayed- or 
non-union in fracture treatment between patients with osteoporosis (5/137 fractures) 
and the patients without osteoporosis (6/324 fractures) did not reach statistical sig-
nificance. Using a more pragmatic definition of osteoporosis (BMD T score ≤ -2.5SD or 
a proximal humerus fracture with a T-score between -2.5SD and -1.0SD), a significantly 
higher incidence of delayed- or non-union was found in patients with osteoporosis 
(10/214 fractures vs 1/247 fractures).
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A more fundamental study on osteoporosis in fracture patients is described in Chap-
ter 8. The aim this study was to investigate the serum sclerostin levels in osteoporotic 
fracture patients compared to non-osteoporotic fracture patients with non-hip and non-
vertebral fractures and to assess the correlation of these levels with vitamin D status. In 
this cross-sectional study, we included 179 patients over 50 years, with biobank samples 
and available bone density measurements by Dual X-ray Absorption. After defrosting 
biobank samples, serum sclerostin was measured using the human SOST (sclerostin) 
enzyme-linked immunosorbent assay kit. In 46 patients (25.7%) osteoporosis was 
diagnosed. Bone mineral density was positively associated with sclerostin levels (r = 
0.17, p = 0.026) and patients with osteoporosis had a significantly lower serum sclerostin 
compared to non-osteoporotic fracture patients (41.9 pmol/L vs 48.1 pmol/L; p = 0.03). 
This difference remained significant after correction for potential confounders. No as-
sociation between serum sclerostin and vitamin D deficiency was found.

In the appendix of this thesis, two case reports are presented in Chapters 9 and 10 
which underline the role of vitamin D in bone metabolism and fracture healing.

Chapter 9 describes a 17-year-old South Asian man diagnosed with a severe vitamin 
D deficiency induced autonomous hyperparathyroidism resulting in multiple pathologi-
cal fractures. This case illustrates the risk factors of a vitamin D deficiency (higher age 
and a non-Caucasian skin type) found in our previous study among children. It also 
substantiates the thought that clinicians should be aware of vitamin D deficiency among 
paediatric fracture patients and that vitamin D measurement should be considered in 
paediatric fracture patients with a non-caucasian skin type.

Chapter 10 concerns a patient in whom vitamin D deficiency is the problem and 
supplementation the key to success. In the analysis of this patient with pain of a femoral 
shaft fracture non-union, a vitamin D deficiency was found (10nmol/L) with a subse-
quent hyperparathyroidism. After 8 months of vitamin D supplementation, serum levels 
of vitamin D and PTH had normalised, the fracture was healed and patient was able to 
mobilize without pain.

In conclusion, vitamin D plays a role in fracture healing, although the exact mecha-
nism remains not fully elucidated. The influence of vitamin D deficiency on fracture 
healing cannot be fully ignored, but the exact degree of influence is not determined yet. 
Since the high prevalence of vitamin D deficiency found among adult and paediatric 
fracture patients, clinicians should be aware of vitamin D deficiency and the prevail-
ing advice regarding vitamin D supplementation, especially in case of delayed fracture 
union or fracture non union.

Although animal studies show a negative effect of osteoporosis on fracture healing, 
convincing clinical evidence lack to support this potential association. Since no nega-
tive effect of anti-osteoporosis medication on fracture healing could be determined in 
patients, treatment should not be withheld in case of a fracture.
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neDerLanDse saMenVaTTInG

Hoofdstuk 1 behelst een introductie en overzicht van dit proefschrift met als doel te 
onderzoeken wat het effect is van vitamine D deficiëntie en osteoporose op fractuur-
genezing. Het eerste deel van het proefschrift gaat over vitamine D en het tweede deel 
focust zich op osteoporose.

Een uitgebreide literatuuronderzoek naar de rol van vitamine D in fractuurgenezing 
vormt hoofdstuk 2. Op basis van diermodellen kan geconcludeerd worden dat vitamine 
D betrokken gedurende het gehele complexe proces van fractuurgenezing betrokken is. 
Het heeft namelijk invloed op cellen, cytokines, groeifactoren, osteoblasten, osteoclas-
ten en door de invloed op het proces van mineralisatie. Echter en exacte rol van vitamine 
D gedurende het proces van fractuur genezing is nog niet volledig opgehelderd. Ondanks 
bovenstaande bevindingen en potentiële effect van suppletie, zijn klinische studies 
naar het effect van vitamine D deficiëntie of suppletie op fractuurgenezing schaars en 
bovenal inconclusief.

Hoewel de prevalentie van vitamine D deficiëntie in de algemene populatie redelijk 
bekend is, gaat dit niet op voor de deze cijfers voor een fractuurpopulatie. Om deze 
cijfers, en risicofactoren voor een vitamine D deficiëntie, inzichtelijk te krijgen in een 
fractuur populatie is de D-trial verricht. Dit is in opzet een cross-sectioneel onderzoek 
onder kinderen en volwassenen die conservatief behandeld werden aan een fractuur in 
arm of been. De resultaten van deze studie worden weergegeven in Hoofdstuk 3 en 4.

In Hoofdstuk 3 wordt de prevalentie en risicofactoren op een vitamine D deficiëntie 
in een volwassen populatie besproken. In een kalender jaar zijn 327 volwassenen geïn-
cludeerd, daarvan had 71% een suboptimale vitamine D status (calcidiol < 75nmol/L), 
40% een deficiëntie (calcidiol < 50 nmol/L) en 11% een ernstige deficiëntie (calcidiol < 
25 nmol/L). De gevonden prevalentie van vitamine D deficiëntie in onze populatie was 
vergelijkbaar met cijfers van de Nederlandse bevolking (43%-71%). Met een multivariate 
regressie analyse Roken werd aangetoond dat in onze populatie roken en seizoen (winter 
en voorjaar) een onafhankelijke risico factor was voor een vitamine D deficiëntie. In ge-
val van een ernstige deficiëntie was die roken, winter en een niet-Kaukasische huidtype. 
Roken is in het kader van fractuurgenezing ook een risicofactor voor vertraagde gene-
zing dan wel uitblijvende fractuurgenezing. In totaal werden 187 kinderen geïncludeerd 
voor de D-trial waarvan 34% een vitamine D deficiëntie had (Hoofdstuk 4). Bij kinderen 
onder de 10 jaar was dit 16%, tussen de 10-16 jaar 46% en in de leeftijdscategorie 16-18 
jaar was 41% vitamine D deficiënt. Ook in deze groep werd een multivariate regressie 
analyse verricht, waarbij een hogere leeftijd, niet-Kaukasisch huidtype en het voorjaar 
als onafhankelijk risicofactoren werden geïdentificeerd. De behandelend arts van kinde-
ren met een fractuur moeten de kinderen en hun ouders informeren over de geldende 
adviezen omtrent vitamine D suppletie gezien de hoge prevalentie van vitamine D defi-
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ciëntie in onze studie. Ook omdat bleek dat de geldende suppletie adviezen niet goed 
opgevolgd werden; maar een kind van de 22 kinderen met een niet-Kaukasisch huidtype 
en ≥4 jaar kreeg vitamine D suppletie voorafgaand aan het onderzoek.

Met de kennis over de rol van vitamine D in fractuurgenezing en de prevalentie cijfers 
van vitamine D deficiëntie in een fractuurpopulatie, wordt in Hoofdstuk 4 en 5 het ef-
fect hiervan op fractuurgenezing beschreven. Hiervoor werd de fractuurgenezing van 
patiënten uit de D-trial retrospectief onderzocht.

In Hoofdstuk 5 worden de resultaten van de volwassen fractuur populatie (n=617) 
besproken. In totaal werden 643 fracturen geïncludeerd voor dit retrospectieve onder-
zoek. Patiënten met een vitamine D tekort werden gesuppleerd. Bij 6 van 643 fracturen 
werd klinisch een vertraagde genezing beschreven; 3 patiënten hiervan bleven vitamine 
D deficiënt ondank suppletie, 2 waren alleen initieel deficiënt en een was initieel al suffi-
ciënt (p < 0.001). In 3 van de 6 casus was een additionele chirurgische behandeling nodig 
om toch tot fractuur genezing te komen, bij alle drie betrof het een humerus fractuur 
en waren ze allen initieel vitamine D deficiënt ( 2 bleven deficiënt ondanks suppletie). 
Ondanks het lage aantal vertraagde genezingen, lijken deze resultaten aan te geven dat 
een vitamine D tekort een negatief effect heeft op fractuurgenezing. In kinderen werd 
retrospectief geen data gevonden duidend op vertraagde of uitblijvende fractuur gene-
zing (Hoofdstuk 4).

Het tweede deel van dit proefschrift vangt aan in Hoofdstuk 6 met een uitvoerige 
literatuurstudie over het effect van osteoporose en anti-osteoporose medicatie op frac-
tuur genezing. Hierbij liet de meerderheid van diermodellen een negatief effect zien op 
fractuurgenezing met betrekking tot de cellulaire processen, mineralisatie en biome-
chanische stabiliteit van de fractuur. In klinische studies lijkt er een negatieve tendens 
te zijn wat betreft het effect van osteoporose op fractuurgenezing, waarbij de genezing 
langer duurt en de kans op uitblijvende genezing groter. Echter is deze data op basis 
van klinische studies niet overtuigend. Het effect van anti-osteoporose medicatie werd 
zowel in osteoporotische als niet osteoporotische diermodellen onderzocht, waarbij het 
effect van deze medicatie in beide groepen inconsistent was. Antiresorptie medicatie, 
bisfosfonaten in het bijzonder, resulteerde in vertraagde fractuur remoddeling in beide 
modellen. Teriparatide, een anabool medicament, stimuleerde de fractuur genezing 
in diermodellen. In klinische studies werd echter geen negatief effect gevonden van 
bisfosfonaten op de fractuurgenezing. Recombinant parathyroid hormoon lijkt de tijd 
tot fractuurgenezing te verkorten echter heeft het geen effect op de incidentie van ver-
traagde genezing of uitblijvende genezing.

De resultaten van een eigen retrospectieve studie naar het effect van osteoporose 
op fractuurgenezing onder patiënten met een proximale humerus of distale radius frac-
tuur worden beschreven in Hoofdstuk 7. In totaal werd van 455 patiënten ( 311 distale 
radius fracturen en 150 proximale humerus fracturen) de data onderzocht. Osteoporose 



13

193

(BMD T score ≤ -2.5SD) werd bij 29.2% gediagnosticeerd. Radiologische vertraagde of 
uitblijvende genezing werd bij 11 fracturen beschreven (2.4%), allen een proximale 
humerus fractuur, waarbij in 6 gevallen hier ook klinisch sprake van was. De incidentie 
van vertraagde dan wel uitblijvende genezing verschilde niet tussen patienten met 
osteoporose (5/137 fracturen)vergeleken met patiënten zonder (6/324 fracturen). Met 
gebruik van een meer pragmatische definitie van osteoporose (BMD T score ≤ -2.5SD of 
een proximale humerus fractuur met een T-score tussen -2.5SD en -1.0SD), significant 
meer vertraagde dan wel niet genezende fracturen werden gevonden in de groep met 
osteoporose (10/214 fracturen) in vergelijking met de patienten zonder (1/247).

Een meer fundamenteel onderzoek is beschreven in Hoofdstuk 8. In deze studie 
werden de serum concentratie van sclerostin in fractuurpatiënten met osteoporose ver-
geleken met fractuurpatiënten zonder osteoporose. Patiënten met een wervel fractuur 
of heup fracturen werden geexcludeerd. Tevens werd onderzocht of er een relatie was 
tussen serum sclerostin en Vitamine D. In deze cross-sectionele studie werden biobank 
samples onderzocht op sclerostin consentratie van 179 fractuur patiënten boven de 50 
jaar. Na ontdooien van deze samples werd middels een Eliza test de concentratie scle-
rostin bepaald. In 46 patiënten was sprake van osteoporose. De concentratie sclerostin 
was positief geassocieerd (r = 0.17, p = 0.026) met de botdichtheidsmeting middels een 
DEXA-scan. Fractuurpatiënten met osteoporose hadden een significant lagere concen-
tratie sclerostin in vergelijking met patienten zonder osteoporose (41.9 pmol/L vs 48.1 
pmol/L; p = 0.03), ook na correctie voor potentiële confounders. Geen associatie werd 
gevonden tussen sclerostin en vitamine D.

In de appendix van dit proefschrift zijn twee casus besprekingen opgenomen in de 
vorm van Hoofdstuk 9 en 10. Deze casus ondersteunen de gedachte dat vitamine een 
rol speelt in botmetabolisme en fractuurgenezing.

In hoofdstuk 9 wordt een casus beschreven van een 17 jarige zuid Aziatische jon-
gen met een ernstige vitamine D geïnduceerde autonome hyperparathyroïdie welke 
meerdere fracturen tot gevolg had. In deze casus worden de eerder geïdentificeerde 
risicofactoren (hogere leeftijd en niet-Kaukasisch huidtype) voor een vitamine D defi-
ciëntie benadrukt. Het benadrukt tevens dat behandelend artsen beducht moeten zijn 
op vitamine D deficiëntie onder kinderen met een fractuur en dat vitamine D bepalen 
overwogen kan worden in geval van niet-Kaukasische huidtype.

In hoofdstuk 10 staat vitamine D deficiëntie centraal en is vitamine D suppletie de 
sleutel tot succes. Een patiënt met een niet genezen femurschacht fractuur wordt hier 
besproken. In de analyse naar de oorzaak van deze uitblijvende fractuurgenezing werd 
een ernstige vitamine D deficientie vastgesteld. (calcidiol 10nmol/L) met een hyperpa-
rathyroïdie tot gevolg. Na 8 maanden van vitamine D suppletie waren de concentratie 
vitamine D en PTH genormaliseerd, de fractuur genezen en kon de patiënt pijnvrij 
mobiliseren.
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Geconcludeerd kan worden dat vitamine D een rol speelt in de fractuur genezing, 
waarbij de exacte rol nog niet volledig is opgehelderd. Hierbij kan de invloed van een 
vitamine D deficiëntie op fractuurgenezing niet genegeerd worden, de mate van invloed 
moet echter nog worden vastgesteld. Gezien de hoge prevalentie van vitamine D de-
ficiëntie onder volwassenen en kinderen met een fractuur, moet men bewust zijn van 
de geldende suppletie adviezen. Zeker in geval van een traag genezende dan wel niet 
genezende fractuur.

Ondanks dat diermodellen een negatief effect laten zien van osteoporose op frac-
tuur genezing, mist er nog overtuigende klinische data om deze negatieve invloed te 
bevestigen. Gezien het feit dat er geen negatieve effecten konden worden vastgesteld 
van anti-osteoporose medicatie, hoeft men hier niet terughoudend mee te zijn in geval 
van een fractuur.
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