








Chapter 9 | Pathological fractures in a patient with severe osteomalacia and hyperparathyroidism

Figure 3. X-ray showing a transverse fracture of
the left distal femur. The osteopenic appearance
of the skeletal structures is noteworthy.

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
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of hypercalcaemia.'® The distinction between SHPT and THPT can be difficult to make,
however, because lab results can be very similar in both diseases.’ 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.”!

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.”” The occurrence of HBS has not been widely
researched, but the reported prevalences range from 4% to 87%.” The preoperative use
of bisphosphonates might help prevent HBS*?, 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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Chapter 10 | The importance of vitamin D in treatment of fracture non-union: a case report

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 fractures' 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.” 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.’ Several recent studies present results that confirm
the importance of adequate vitamin D serum levels during fracture healing®*®, however
none of these are randomised trials. Although serum vitamin D determination is not
routinely performed in case of fracture non-union,® 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.

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).

Table 1. Non-union protocol blood tests outcomes.

Prior to After suppletion Normal range

suppletion
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 7 64 -104 pmol/L
Sodium 140 141 136 - 144 mmol/L
Vitamin D 25 (OH) 10 60 50-250 nmol/L
PINP 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; PINP: procollagen type 1 N-terminal propeptide; TSH thyroid stimulating hormone

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
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walk and run without complaints and the radiographs revealed complete consolidation
of the fracture (figure 3).

Figure 3. radiography after vitamin d supple-
mentation

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.* 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% Cl, 1.05-
1.22), especially in femoral shaft fractures (OR 2.15,95% Cl, 1.56-2.96) (2) Hood et al also
reported a high prevalence of low vitamin D levels in orthopaedic trauma patients.’
Sprague et al.° 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.®
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Haines et al’ 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.® 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.” 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.*

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.® 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 lacks"?; 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.’ 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.*® 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.™ 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 low"® and several

%1 rasearch into fracture non-union is

risk factors have been described for non-union,
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.” 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."” 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.*** 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."”

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.’*** However, due to the inconsistent evi-
dence regarding these effects, there is no consensus in the literature on the definition of
vitamin D deficiency. '****** During the most recent consensus meeting in 2020, general
consensus was reached on two points.” 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.” 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

2629 of which two found no effect.”®* One

primarily based on four retrospective studies,
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.”
Evidence of the positive effect of vitamin D supplementation on bone healing merely

31 and one case serie®. All prospective

results from two randomized controlled trials
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.”® 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 arolein 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 adult*?* 31,38

or paediatric®"** 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.*” 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/cm?). 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.%

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.**? 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
[, especially since data suggest that
more than 57% of women at high risk of a fracture do not receive treatment. Moreover,

and initiate a osteoporosis screening as per protoco

less than 20% of patients with a fragility fracture receive therapy to prevent future
fractures within the year following fracture.* 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.*

177



Chapter 11 | General discussion

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 deficiéntie 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 genezingis nog niet volledig opgehelderd. Ondanks
bovenstaande bevindingen en potentiéle effect van suppletie, zijn klinische studies
naar het effect van vitamine D deficiéntie of suppletie op fractuurgenezing schaars en
bovenal inconclusief.

Hoewel de prevalentie van vitamine D deficiéntie 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 deficiéntie, 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 fractuurin
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 deficiéntie
in een volwassen populatie besproken. In een kalender jaar zijn 327 volwassenen gein-
cludeerd, daarvan had 71% een suboptimale vitamine D status (calcidiol < 75nmol/L),
40% een deficiéntie (calcidiol <50 nmol/L) en 11% een ernstige deficiéntie (calcidiol <
25 nmol/L). De gevonden prevalentie van vitamine D deficiéntie 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 deficiéntie. In ge-
val van een ernstige deficiéntie 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 geincludeerd
voor de D-trial waarvan 34% een vitamine D deficiéntie 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 deficiént. Ook in deze groep werd een multivariate regressie
analyse verricht, waarbij een hogere leeftijd, niet-Kaukasisch huidtype en het voorjaar
als onafhankelijk risicofactoren werden geidentificeerd. 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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ciéntie 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 deficiéntie in een fractuurpopulatie, wordt in Hoofdstuk 4 en 5 het ef-
fect hiervan op fractuurgenezing beschreven. Hiervoor werd de fractuurgenezing van
patiénten 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 geincludeerd voor dit retrospectieve onder-
zoek. Patiénten met een vitamine D tekort werden gesuppleerd. Bij 6 van 643 fracturen
werd klinisch een vertraagde genezing beschreven; 3 patiénten hiervan bleven vitamine
D deficiént ondank suppletie, 2 waren alleen initieel deficiént en een was initieel al suffi-
ciént (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 deficiént ( 2 bleven deficiént 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 patiénten met een proximale humerus of distale radius frac-
tuur worden beschreven in Hoofdstuk 7. In totaal werd van 455 patiénten ( 311 distale
radius fracturen en 150 proximale humerus fracturen) de data onderzocht. Osteoporose
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(BMD T score < -2.55D) 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 patiénten 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 fractuurpatiénten met osteoporose ver-
geleken met fractuurpatiénten zonder osteoporose. Patiénten 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 patiénten boven de 50
jaar. Na ontdooien van deze samples werd middels een Eliza test de concentratie scle-
rostin bepaald. In 46 patiénten was sprake van osteoporose. De concentratie sclerostin
was positief geassocieerd (r =0.17, p = 0.026) met de botdichtheidsmeting middels een
DEXA-scan. Fractuurpatiénten 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 potentiéle 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 geinduceerde autonome hyperparathyroidie welke
meerdere fracturen tot gevolg had. In deze casus worden de eerder geidentificeerde
risicofactoren (hogere leeftijd en niet-Kaukasisch huidtype) voor een vitamine D defi-
ciéntie benadrukt. Het benadrukt tevens dat behandelend artsen beducht moeten zijn
op vitamine D deficiéntie 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 deficiéntie centraal en is vitamine D suppletie de
sleutel tot succes. Een patiént 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-
rathyroidie tot gevolg. Na 8 maanden van vitamine D suppletie waren de concentratie
vitamine D en PTH genormaliseerd, de fractuur genezen en kon de patiént 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 deficiéntie op fractuurgenezing niet genegeerd worden, de mate van invloed
moet echter nog worden vastgesteld. Gezien de hoge prevalentie van vitamine D de-
ficiéntie 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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