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Summary

The morbidity and socioeconomic costs associated with
bone healing are considerable. A number of fractures are
complicated by impaired healing. This is prevalent in cer-
tain risk groups such as elderly, osteoporotics, post-
menopausal women, and in people with malnutrition.

The biologic process of fracture healing is complex and
impacted by multiple factors. Some of them, such as the
nutritional and health conditions, are patient-dependent,
while others depend on the trauma experienced and stabil-
ity of the fracture. Fracture healing disorders negatively af-
fect the patient’s quality of life and result in high health-
care costs, as a second surgery is required to stabilize the
fracture and stimulate bone biology. Future biotechnolo-
gies that accelerate fracture healing may be useful tools,
which might also prevent the onset of these disorders.

We list the characteristics of the drugs used for osteo-
porosis, but we point out in particular the use of stron-
tium ranelate and teriparatide in our clinical practice in
elderly patients, especially females, who reported frac-
tures with risk of nonunion.

This medical treatment could impaired fracture healing
however, most of the evidence is obtained in animal
studies and very few studies have been done in humans.
Thus one could hypothesize the possibility of a medical
treatment both as a preventive and as support to the syn-
thesis. However, no clinical studies are available so far,
and such studies are warranted before any conclusions
can be drawn.

A positive effect of osteoporosis treatments on bone
healing is an interesting possibility and merits further
clinical research.
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Introduction

The bones fragility, typical of osteoporosis, is a main risk fac-
tor for the occurrence of first episodes of fractures and re-
fractures (1-3). An accurate diagnosis of osteoporosis (4) and
a proper treatment are today recognized to be the most im-
portant facts for prevention and for a correct arrangement
and treatment of fragility fractures. In spite of the high inci-
dence of osteoporosis, mainly due to the increase in life ex-
pectancy, especially in females, and to the high socio-eco-
nomic impact of fragility fractures, we are currently often in
front of cases of fractures, that repeat in the same patient
who, to the detriment of the clinical picture, was never framed
in terms of bone metabolism (5-9).

Osteoporosis drugs are prescribed to prevent this fragility
fractures, which is the principal aim of the management of os-
teoporosis. However, if fracture does occur, then it is also im-
portant to promote a fast and uneventful healing process. De-
spite this, little is known about the effect of osteoporosis
drugs on bone healing in humans (10).

The morbidity and socioeconomic costs associated with bone
healing are considerable.

A number of fractures are complicated by impaired healing. This
is prevalent in certain risk groups such as elderly, osteoporotics,
postmenopausal women, and in people with malnutrition.

We define nonunion as the non consolidation at the fracture
site within 6 months. In these cases only a change in treat-
ment can lead to bone union. Sometimes there is no necessi-
ty to wait 6 months. This occurs when we have no progress in
callus formation at fracture site at 4 weeks intervals follow up.
On the other hand when there are indications of progress in
callus formation, it is wise to wait more than 6 months (11) .
Nonunion is permanent failure of healing process and we
think that in most of cases a second intervention will neces-
sary; it's a severe complication for the patient which has a
negative impact on his quality of life; undoubtedly, which is
not exempt of risks and potential complications and increases
healthcare costs.

Before coming to talk about non-union but we have a phase
in which we note to delays in consolidation.

It is in these cases that we think need to give an additional
stimulus to the repair process.

The biologic process of fracture healing is complex and im-
pacted by multiple factors. Some of them, such as the nutri-
tional and health conditions, are patient-dependent, while oth-
ers depend on the trauma experienced and stability of the
fracture. Fracture healing disorders negatively affect the pa-
tient’s quality of life and result in high healthcare costs, as a
second surgery is required to stabilize the fracture and stimu-
late bone biology. Future biotechnologies that accelerate
fracture healing may be useful tools, which might also pre-
vent the onset of these disorders (12).

Fractures are a common occurrence and have a significant im-
pact on the quality of life for patients and considerable eco-
nomic consequences for our society. Healing occurs via rapid
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bone regeneration followed by osteoclast-mediated remodeling
resulting in new bone with structural integrity and a geometrical
configuration similar to that prior to the injury. In the majority of
cases, healing is uneventful, but in 5-10% of cases delayed or
impaired healing occurs (13). Nonunion of a fracture repre-
sents the most dramatic example of poor healing as complete
restoration fails in the absence of some form of treatment.
Thus, the normal biologic healing process is deficient in
achieving complete repair.

At present, no pharmacologic treatments are available. Thus,
there is an unmet need for medications that can stimulate
bone healing.

The main drugs that may support to bone healing are those
discussed below.

Strontium ranelate is an osteoporosis agent that increases
bone formation and reduces bone resorption and may there-
fore be beneficial in fracture healing. Strontium ranelate is a
strontium salt of ranelic acid that both increases deposition of
new bone osteoblasts and reduces the resorption of bone by
osteoclasts. It is therefore promoted as a "dual action bone
agent". Precaution is advised in patients at increased risk of
venous thromboembolism (VTE), including patients with a
history of VTE. Precaution is advised in patients with
phenylketonuria, as strontium ranelate contains phenylala-
nine. Very little is known about the effect on fracture healing
for the rest of the anti-osteoporotic agents currently in clinical
use. However, recently interesting data have been published
on strontium ranelate, which is supposed to have dual effects
on bone turnover; in addition to its antiresorptive effects,
some evidence also points toward an anabolic effect.
Therefore, it may have beneficial effects on bone healing, al-
though no clinical trials have documented this effect but a few
case reports (14) have indicated that there might be a clinical
benefit of using strontium ranelate to induce fracture healing
in humans. This is supported by a few in vivo studies. Inter-
estingly, the effect only seems to be present under conditions
of impaired fracture healing but not under normal physiologic
conditions.

Thus, although the documentation of the effects of strontium
ranelate on fracture healing is sparse some very intriguing
studies have been published indicating that this compound
may be useful in the induction of fracture healing, but that it
only appears to be effective when used in states of impaired
bone healing.

Parathyroid hormone (PTH) is the first bone anabolic drug
approved for the treatment of osteoporosis and, intriguingly, a
number of animal studies prove the ability of PTH to
induce fracture healing. PTH may therefore be a potential
novel treatment option in humans with impaired healing. How-
ever, more randomized clinical trials documenting the clinical
efficacy of PTH as a promoter of fracture healing in the clini-
cal setting are warranted (15).

Teriparatide is a synthetic polypeptide hormone that contains
the 1-34 aminoacid fragment of recombinant human parathy-
roid hormone (PTH 1-34). It has been approved by the US
Food and Drug Administration for the treatment of post-
menopausal women with osteoporosis who are at high risk for
sustaining a fragility fracture. Daily treatments with 20 pg of
PTH (1-34) resulted in dose-dependent increases in bone
mineral density in the lumbar spine and femoral neck in os-
teoporotic female and male patients.

Its anabolic effect is given by the stimulation of the os-
teoblast, which causes a net increase in both cancellous and
cortical bone, thus improving bone architecture.
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Teriparatide has different effects on trabecular and cortical
bone. Because of the high degree of remodeling and apopto-
sis of trabecular bone osteoblasts, teriparatide has a more
profound activity on trabecular as compared to cortical bone,
which has a lower degree of osteoblastic apoptosis. It has
been shown that teriparatide also accelerates fracture healing
by improving the biomechanical properties of the fracture cal-
lus, increasing endochondral ossification and bone remodel-
ing in animal models. This effect has been observed in sever-
al case reports.

Chintamaneni et al. (16) described a case of nonunion in the
body of the sternum of a 67-year-old male after a motor vehi-
cle accident who was treated with teriparatide; healing was
achieved at 9 months. Rubery and Bukata (17) described a
series with 3 cases of nonunions in type Ill odontoid fractures
which, after conservative treatment with external immobiliza-
tion, were successfully healed with teriparatide, with clinical
improvement.

The existing basic science data suggest a role for PTH sig-
naling in the regulation of chondrogenesis and osteogenesis.
Investigations in humans have confirmed an anabolic role for
PTH (1-34) in enhancing bone density and reducing fracture
risk. Animal studies on fracture healing suggest that PTH sig-
naling improves the biomechanical properties of fracture cal-
lus and accelerates callus formation, endochondral ossifica-
tion, and bone remodeling.

Bisphosphonates — which are the most widely used drug for
treating osteoporosis — delay the healing process slightly, al-
though apparently not clinically relevant. Finally, a number of
newer antiresorptive agents are available, but very few stud-
ies have addressed their effects on bone healing.

However, bisphosphonates inhibit bone remodeling through
an initial inhibition of bone resorption and subsequently an in-
hibition of bone formation. In fracture healing, bone remodel-
ing is important in the progression from callus formation
through organization of the newly formed bone. Therefore,
there is some controversy about the usefulness of bisphos-
phonates in the promotion of fracture healing (15).
Denosumab is another newly marketed antiresorptive drug
that works through inhibiting osteoclast formation and func-
tion. In a mouse model, unilateral transverse femoral frac-
tures were induced, and animals were treated with denosum-
ab (10 mg/kg) or alendronate (0.1 mg/kg) biweekly for 42
days. Both groups showed increased callus and increased
amounts of mineralized cartilage in the callus, but remodeling
and organization of the callus was delayed.

However, the mechanical strength at the fracture site was in-
creased compared with the controls. Thus, despite the delay
in healing, the strength at the fracture site was still improved
compared with controls (18). This study indicates that the ef-
fects of the antiresorptive drug denosumab are similar to the
bisphosphonates. However, more studies are necessary to
further elucidate its effects on bone healing.

Our clinical use

All cases handled by us are elderly patients, especially fe-
males, who reported fractures with clinical and X ray signs of
delay in consolidation. We never treated patients with sec-
ondary osteoporosis, referring to the various specialists treat-
ing these forms.

In our clinical practice we use since 2010 only strontium
ranelate or teriparatide always associated with the supple-
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ment of Vitamin D and the use of electromagnetic fields. The
supplementation of Vitamin D is made according to the initial
values following this scheme. We start with 100.000 Ul
weekly for 4 weeks and then 25.000 Ul every 2 weeks in
maintaining.

The electromagnetic fields enhances osteogenesis having an
action at the membrane of osteoblasts and bone with a piezo-
electric effect with increased collagen production, structural
order and orientation. Always recommend to perform it for
about 6 hours per day, every day for about 2 months.

We prefer not to use strontium ranelate in patients with renal
insufficiency and in patients bedridden because in the litera-
ture there are no data on bone safety in patients with severe
renal impairment treated with strontium ranelate. It is not rec-
ommended in patients with creatinine clearance less than 30
ml / min. In accordance with good clinical practice is recom-
mended periodic monitoring of renal function in patients with
chronic renal failure. Furthermore, in a phase Il placebo-con-
trolled treatment with strontium ranelate was associated with
an increase in the annual incidence of venous thromboem-
bolism (VTE), including pulmonary embolism. Ranelate there-
fore should be used with caution in patients at increased risk
of VTE, including patients with a past history of VTE and pa-
tients subjected to prolonged bed rest. With regard to the use
of teriparatide, we consider a contraindication hypercalcemia,
severe renal failure, metabolic bone diseases, including hy-
perparathyroidism and Paget's disease of the bone, other
than primary osteoporosis and glucocorticoid-induced osteo-
porosis. Should be excluded from treatment with teriparatide
patients with unexplained elevations of alkaline phosphatase,
which have made previous radiation therapy to the skeleton
external or internal source (facility) and patients with skeletal
malignancies or bone metastases. Caution should be exer-
cised in patients with moderate renal impairment.

Bring into question 2 cases treated one with teriparatide and
the other with strontium ranelate that we consider interesting
to match this discussion.

One case is a caucasian 80-year-old white woman that had
an accident in October 2011. She was diagnosed with right
distal metaphysal femoral fracture on total knee artrhoplasty.
She underwent surgery at our center consisting of ORIF with
lateral femoral locking plate in October 2011.

Radiological controls at 5 and 7 months did not show any signs
of healing (Figure 1). The patient was treated also with pulsing
electromagnetic fields. This was consistent with the clinical
manifestations of pain and right leg weakness. The physical
examination and laboratory tests, including white blood cell
counts, C-reactive protein, and erythrocyte sedimentation rate,
were normal, which permitted to rule out underlying infection.
The patient denied smoking, alcohol abuse, and had no history
of metabolic disease or glucocorticoid intake.

Other laboratory data, including serum alkaline phosphatase,
PTH, and calcium, were normal part of a low blood level of
Vitamin D.

The patient declined consented to an empiric, off-label thera-
py with teriparatide at approved doses for the treatment of os-
teoporosis (20 mg/day), as an attempt to treat the atrophic
nonunion.

After 2 months of treatment with teriparatide, an x-ray showed
the presence of bone bridges and a decreased gap between
fragments. We also noticed the rx increased bone density in
the site of fracture.

After 3 months of treatment, healing was complete, coinciding
with the disappearance of pain (Figure 2).
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Figure 1 - Post opera-
tive X-ray after fracture
fixation with lateral
femoral locking plate at
7 months.

Figure 2 - X-ray control
at 10 months.

The other case is a female, 78 years old, right-handed, for-
mer smoker, with a history of high blood pressure in 2007
and 2009 was subjected to surgical positioning bilateral
shoulder resurfacing. The patient reported good function of
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Figure 3 - Post operative X-ray after fracture fixation with K-wires.

both shoulder. In March 2012, following a fall, the patient re-
ported humeral periprosthetic fracture and femoral neck frac-
ture on the left side. The femoral fracture was treated by re-
duction and fixation with intramedullary nail and humeral frac-
ture reduction and fixation by K-wires.

The reduction performed in humerus did not give absolute
stability, but we chose this treatment by assessing the risks
and benefits of the patient looking for a less invasive surgery
(Figure 3).

In June 2012 the radiographs showed delay in consolidation
of the humerus (Figure 4). Blood tests revealed that values in
the media but the lower limits of the reference parameters: Vit
A 23.4g/1, PTH 14.00 pg / ml and alkaline phosphatase 115
U /1, urinary calcium 103, 7 mg/24 h.

Since June 2012, the patient began therapy with strontium
ranelate 2 gr daily and the control after 2 months treatment
showed complete bone healing (Figure 5). According to the
Italian law, Ethical approval for this study was not required
because it involved only routine clinical follow-up and radi-
ographic examination. Written informed consent has been ob-
tained from these patients. With these consent the patients
authorize the surgical treatment and also the collection and
publication of clinical data about their cases for scientific and
educational purposes even outside the institution.

Discussion

Fractures are the most feared osteoporosis complications
and often result in disability and loss of autonomy of patients,
with socio-economic consequences. Moreover many studies
suggest a negative correlation between age and fracture
healing resulting in further difficulties in achieving clinical-ra-
diographic healing of fractures in elderly patients.
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Figure 4 - X-ray that shows delay in consolidation.

Figure 5 - X-ray control that shows consolidation after 2 months therapy
of strontium ranelate.

There is no doubt that PTH given intermittently can potentially
be used in the treatment of impaired fracture healing. Stron-
tium ranelate is the only osteoporosis treatment that dissoci-
ates the processes of bone resorption and bone formation (19).
Our cases seem to confirm the effect of these medications as
bone inductor through a more rapid healing of fractures and
moreover, a case was an upper limb.

Additionally we would like to underline that the case of the
upper limb, subjected to percutaneus surgery (Kirschner
wires), had as a disadvantage on healing because the reduc-
tion could not be considered very stable. This increases the
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chances of nonunion. Hence the fact that strontium ranelate
has still led to a fracture healing less helped by surgery great-
ly strengthens its contribution as a determinant agent in bone
healing.

They could have a potentially important role in treating some
forms of nonunion especially where bone metabolism is com-
promised. According to their mode of action, the osteoporosis
treatments may affect the proliferation of early callus tissue,
the differentiation of chondrocytes or osteoblasts, capillary
formation, and/or sensitivity to mechanical input (20, 21). All
of these effects could influence the healing time or the rate of
fracture complication.

There are a number of limitations to make conclusions from
clinical cases. We know that in our study we had to remove
some of the factors that may have affected on the resolution
of these cases, such as variations in loading, alignment, and
individual physiology.

Despite the limitations above, these cases highlight a poten-
tial application and are supported by preclinical studies in ex-
perimental animals.

In our opinion is crucial that the treatment used by or-
thopaedic surgeons is not related only to the surgical treat-
ment but take into consideration both the underlying disease
and the possibility of positively affect bone healing with spe-
cific drug therapy (22-25).

Thus one could hypothesize the possibility of a medical treat-
ment both as a preventive and as support to the synthesis.

A positive effect of osteoporosis treatments on bone healing
is an interesting possibility and merits further clinical re-
search.
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