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KEYWORDS Abstract

Biphosphonates; Aim: Retrospective review of long term biphosphonates treated patients who sustained a sub-
Atypical fractures; trochanteric or diaphyseal femoral fracture with an atypical pattern. A literature review is
Diaphyseal femoral presented as an update of the topic.

fractures; Material and methods: A retrospective study was conducted on 13 subtrochanteric or diaphy-
Subtrochanteric seal fractures in female patients treated with biphosphonates at our institution from September
femoral fractures; 2007 to March 2011.

Osteoporosis Results: Four cases of subtrochanteric fractures and 13 diaphyseal fractures were detected.

Four patients had bilateral fractures. All cases but one (that affected only the lateral cortex)
were complete fractures. Surgically, these kinds of fractures are demanding due to the hardness
of the bones.

Discussion: It is difficult to know if there is any relationship between bisphosphonates treatment
and atypical femoral fractures. Nevertheless, current literature supports a greater benefit of
their use in preventing vertebral and non-vertebral fractures. For this reason, biphosphonates
continue being considered as a first choice in the prevention of osteoporotic fractures.
Conclusions: Patients on long-term treatment with bisphosphonates may present atypical
femoral fractures as a complication. It is considered that the maximum period for biphos-
phonates treatment should not exceed 5 years.
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PALABRAS CLAVE
Bifosfonatos;
Fracturas atipicas;
Fracturas diafisarias
de fémur;

Fracturas
subtrocantéreas de
fémur;
Osteoporosis

¢{Qué sabemos de las fracturas atipicas en los pacientes en tratamiento con
bifosfonatos? Revision bibliografica a raiz de una serie de casos

Resumen

Objetivos: Realizamos una revision retrospectiva de los pacientes en tratamiento de forma
prolongada con bifosfonatos que presentaron fracturas subtrocantéreas y diafisarias de fémur
de patron atipico. Revision de la literatura existente con el fin de realizar una actualizacion del
tema con consideraciones de interés para el cirujano ortopeda y traumatoélogo.

Material y métodos: Revision de 13 pacientes en tratamiento con bifosfonatos con fracturas
subtrocantéreas y diafisarias de fémur tratadas en nuestro centro entre septiembre de 2007 y
marzo de 2011.

Resultados: Se detectaron 4 casos de fracturas subtrocantéreas y 13 de fracturas diafisarias.
Cuatro pacientes presentaron fracturas bilaterales. Todas las fracturas eran completas salvo un
caso en el que era incompleta con afectacion de la cortical lateral. La intervencion quirtrgica
fue mas demandante técnicamente por encontrarse un hueso pétreo como consecuencia de la
medicacion con bifosfonatos.

Discusion: Existe la dificultad de establecer la relacion causal directa entre el tratamiento
prolongado con bifosfonatos y las fracturas atipicas femorales. No obstante, la literatura actual
refiere un beneficio superior en la prevencion de fracturas vertebrales y no vertebrales y, por
tanto, se continua considerando a los bifosfonatos como un farmaco de primera eleccion en la
prevencion de las fracturas osteopordticas.

Conclusiones: Los pacientes con tratamiento prolongado con bifosfonatos pueden presentar
fracturas atipicas femorales como complicacion. Se considera que debe evaluarse en un periodo
medio menor a 5 afos la sustitucion parcial o definitiva por otro farmaco, teniendo en cuenta
el riesgo residual de fractura estimado en ese momento.

© 2012 SECOT. Publicado por Elsevier Espana, S.L. Todos los derechos reservados.

Introduction

Bisphosphonates represent the first choice in the treatment
of osteoporosis.! They exert their therapeutic action by
reducing bone resorption, thus allowing a decrease in bone
remodelling and improving bone structures and properties
and thereby reducing the risk of fractures.? The level of
reduction in bone replacement and the appropriate duration
of bisphosphonate treatment has been the subject of numer-
ous studies.? Response to the treatment should be evaluated
by densitometry every 2-3 years. There is no general agree-
ment on the optimal duration of treatment, although a mean
duration of 5 years is suggested. After this period it is neces-
sary to assess the continuation of treatment, its temporary
or permanent suspension or switching to another drug, tak-
ing into account the estimated residual risk of fracture at
that point in time.*

Multiple cases® '3 and series'*"° of atypical femoral frac-
tures associated with long-term bisphosphonate treatment
have been published in recent years. The first cases were
reported in 2005 and were described as atypical due to
the type of pattern which they presented.?’ Since then,
given the considerable interest and alarm generated by such
fractures, the literature contains series of up to 141 cases
with radiological criteria pointing to atypical fractures.®
The present journal has published a series of 4 clinical
cases.'3 Various studies have pointed to the possibility that
an excessive decrease in bone resorption and its remodelling
capacity for a prolonged period of time could result in an
accumulation of microtraumas. These would not be resolved
satisfactorily and would result in increased bone fragility,

eventually leading to atypical fractures of the femur, both
diaphyseal and subtrochanteric, caused by stress without a
previous triggering trauma.2"?

The aim of this work is, on the one hand, to present a
descriptive study of a series of clinical cases related to the
administration of these drugs evaluating the fracture pat-
tern, coexisting risk factors and consolidation time thereof,
and on the other hand, to conduct a review of the exist-
ing literature in order to assess the current situation on
this subject, with considerations for trauma surgeons and
orthopaedists.

Material and methods

This was a descriptive study of 17 cases of atypical, sub-
trochanteric or diaphyseal fractures of the femur, treated
at our hospital between September 2007 and March 2011,
among patients in continuous treatment with bisphos-
phonates who were reviewed retrospectively. For their
selection, we reviewed the cases of subtrochanteric and
diaphyseal fractures of the femur treated at our centre
during this period of time. Fractures were defined as sub-
trochanteric when they affected the region between 3cm
distal to the lesser trochanter.

Radiographic studies of the hip and femur were con-
ducted on all patients in order to define the fracture
pattern. We searched for previous radiographs of the lower
limbs conducted due to prodromal symptoms or for some
other reason, in order to detect the presence of radio-
graphic variables such as cortical thickening prior to the
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Table 1 ASBMR criteria for the diagnosis of atypical
femoral fractures.?

Table 2 Variables reviewed in each case of atypical
fracture.

Principal features
1. Located in any part of the femur, from the distal
portion of the minor trochanter to the proximal portion
of the supracondylar prominence.
2. Associated to minimal trauma, such as a fall whilst
standing or at less height, or without previous trauma
3. Short oblique or transversal configuration
4. Without comminution
5. Complete fractures extend through both corticals and
may be associated to a medial spicula; incomplete
fractures only affect the lateral cortical

Secondary features
1. Localised periosteal reaction of the lateral cortical
2. Generalised thickness increase of the cortical of the
diaphysis
3. Prodromal symptoms with dull or constant pain in the
thigh or inguinal region
4. Bilateral fractures and symptoms
5. Delay in consolidation
6. Associated disease (for example, vitamin D deficit, RA,
hypophosphatasia)
7. Use of drugs (for example, bisphosphonates,
glucocorticoids, PPI)

PPI: proton pump inhibitors; RA: rheumatoid arthritis.

fracture. We evaluated the presence of primary and sec-
ondary variables described for atypical fractures (Table 1).*
We considered as atypical and, therefore, included in
the series, those that met all the primary variables
defined.

The causative mechanism of the fracture and the pres-
ence or absence of prodromal pain were reviewed for
all cases upon registration. We only included low-energy
or atraumatic fractures. We recorded any medication
being taken at the time and any which had been
taken within a minimum of 5 years earlier, particularly
seeking other drugs related to bone remodelling alter-
ations (glucocorticoids and proton pump inhibitors). We
recorded the type of bisphosphonate, duration of treat-
ment and medical history, especially if patients suffered
vitamin D deficiency, hypophosphatasia and hypoparathy-
roidism, which represented exclusion criteria for our
study.

We identified a total of 13 female patients who met these
criteria. Of these, 4 suffered bilateral, diaphyseal fracture
of the femur. All had been diagnosed with osteoporosis and
were following treatment with bisphosphonates at the time
of the fracture.

In some cases (3 of the total) we conducted an analytical
study upon admission. This study included a thyroid profile,
calcium-phosphorus balance and tumour markers, in order
to rule out other possible causes of subtrochanteric or dia-
physeal fractures of the femur without low-energy or any
previous trauma. These cases were detected by the authors
at the time of admission, rather than during the retrospec-
tive review. An analytical study for the differential diagnosis
of secondary osteoporosis and other metabolic conditions

1. Type of bisphosphonates

2. Duration of treatment

3. Mechanism of fracture

4. Radiographic variables (Table 1).* This is based on
anteroposterior and axial radiographs of the hip, and
anteroposterior and lateral radiographs of the complete
femur

5. Concomitant medication

6. Concomitant pathology such as vitamin D deficit,
hypophosphatasia and hypoparathyroidism which may
have represented exclusion criteria

7. Existence of prodromal symptoms

. Bilaterality

9. Conduction of an analytical study upon admission (which
also included a protein, haematological and thyroid
profile, calcium-phosphorus balance and tumour markers)

10. Availability of a biopsy from focus of fracture

11. Availability of bone scintigraphy scan

12. Surgical treatment

13. Suspension of treatment with bisphosphonates

14. In which cases was there a substitution by teriparatide

15. Consolidation time of the fracture

oo

was not part of the protocol at our centre, and was only per-
formed in cases of clinical or radiological suspicion. In some
of these cases detected from the start we also performed an
intraoperative biopsy of the fracture foci. A sample of mate-
rial was obtained during the drilling of the channel for the
subsequent introduction of intramedullary nails (5 cases).
These samples underwent haematoxylin-eosin staining. The
fact that biopsies and analytical studies were only obtained
in cases identified from the start could represent a limitation
of our study.

We noted the fixation system used. Moreover, we also
reviewed the consolidation time of fractures, a point of
interest in the reviews within the existing literature. Nev-
ertheless, some patients had less than 6 month follow-up
at the time of writing this article, which could represent a
limitation of the study.

Other variables considered were the suspension or not of
bisphosphonate treatment, and whether some other alter-
native medication for osteoporosis had been prescribed.
Table 2 summarises the variables reviewed in each case of
the series.

Results

We identified a total of 13 patients with atypical fractures.
Of these, 9 cases presented unilateral femoral fracture
(30.77%) and 4 cases were bilateral (69.23%). In 1 case,
the bilateral fracture occurred simultaneously, whilst in the
other 3 bilateral cases the mean time between both frac-
tures was 10 months (range: 0-24 months). Therefore, our
series consisted of 17 fractures with atypical patterns, of
which 4 were subtrochanteric (23.53%) (Fig. 1) and 13 were
diaphyseal (76.47%) (Fig. 2) (Table 3). The mechanism of
the fractures was an accidental fall from own height in
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Radiograph of a case of subtrochanteric femoral

Radiograph of a case of diaphyseal femoral fracture.

Table 3 Results.

Total number of 13
patients
Unilateral 9 (69.23%)
Bilateral 4(30.77%)
Total number of 17
fractures
Diaphyseal 13 (76.47%)
Subtrochanteric 4(23.53%)
Treatment with 13
bisphosphonates
Alendronate? 12 (92.31%)  7.37 years (4-15)
Risedronate 1(7.69%) 4.5 years

@ One patient was medicated with alendronate for 5 years,
substituted by ibandronic acid 2 months prior to the fracture.

all cases except for 2, in which no previous trauma was
reported.

The mean age of patients was 72.39 years (range: 63-86
years). All (100%) patients were taking bisphosphonates as a
continuous treatment at the time of the fracture. Patients
started this medication at the time of diagnosis of pri-
mary osteoporosis as outpatients. A total of 12 patients
(92.31%) were taking alendronate (alendronic acid) with a
mean treatment duration of 7.37 years (range: 4-15 years).
One patient had taken alendronate for 5 years, but this
had been replaced by ibandronate (ibandronic acid) in the
2 months prior to the fracture. One patient (7.69%) had
been in treatment with risedronate (risendronic acid) for
4.5 years. A total of 3 cases were taking glucocorticoids
concurrently or prior to the fracture. In 3 patients we con-
ducted analytical studies which ruled out alterations in
their nutritional and thyroid profiles, as well as tumour
markers.

Regarding the characterisation of fractures, all cases
presented all the primary variables necessary to define an
atypical femoral fracture*: subtrochanteric or diaphyseal
location, short oblique or transverse and without comminu-
tion, all complete fractures presented involvement of both
corticals, with the presence of medial spicula in the frac-
ture foci. The case of incomplete fracture only involved the
lateral cortical at the diaphyseal level (Fig. 3).

Of the variables considered as secondary,* periosteal
reaction located in the lateral cortex was detected in
13 cases (Fig. 4), whilst a general increase in cortical thick-
ness was detected in 16 cases. A delay in healing was
observed in 8 of the 13 patients with over 6 month follow-up
(mean value of 10.25 months). One of these cases required
nail dynamisation due to delayed consolidation at 6 months
after surgery. Another case presented nonunion or pseu-
doarthrosis, and is currently awaiting treatment. The mean
consolidation time of the 13 patients in general, with-
out excluding those with delayed consolidation, was 7.9
months (range: 4-15 months). The remaining patients at the
time of drafting this article have had a follow-up periods
of less than 6 months, thus consolidation time cannot be
assessed.

Patients reported prodromal symptoms in 6 of the 17
cases. These were defined as a diffuse pain in the middle
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Figure 3

Periosteal reaction in the lateral cortex.

Figure 4

Radiograph of an incomplete, diaphyseal femoral fracture; involvement of the lateral cortex.

third of the thigh without previous trauma. One case suf-
fered the symptoms 1 day before the occurrence of the
fracture, 3 cases in the 2 weeks prior and 2 cases during
the previous 2 years.

A total of 15 patients underwent internal fixation with
long, cervico-diaphyseal, intramedullary nails through static
locking drilling (Fig. 5A). The thickness of the nails was not
different to those normally used for other patients with the
same age. Drilling was carried out up to 1.5mm over the
diameter of the nail. In 1 case we performed a retrograde
intramedullary nailing (Fig. 5B), and in another case an
osteosynthesis or fixation with plates (Fig. 5C) due to large
alterations in the axis of the limb caused by hip arthrodesis
secondary to septic arthritis at the age of 17 years. As previ-
ously indicated, 1 case of antegrade intramedullary nailing
required dynamisation due to delayed consolidation, whilst
another antegrade case is currently suffering pseudoarthro-
sis.

The patient with a partial diaphyseal fracture of the
femur with exclusive involvement of the lateral cortex
was initially treated by conservative treatment, with limb
unloading and replacement of the alendronate treatment
by teriparatide. After 4 months of unloading, the patient
resumed ambulation with load, and at 8 months reported
persistence of pain symptoms which led to nailing of the
fracture.

Bisphosphonate treatment was stopped in all cases. How-
ever, in the 3 bilateral and non-simultaneous cases, the
treatment had not been suspended after the first frac-
ture, but it was interrupted after the second fracture. In
2 patients teriparatide was prescribed after the fracture:
1 was the incomplete fracture, as previously indicated, and
the other case was due to presenting a consolidation delay
which eventually required dynamisation of the nail. In the
remaining cases, subsequent treatment of osteoporosis was
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Figure 5

(A) Diaphyseal femoral fracture treated by long, antegrade nailing. (B) Diaphyseal femoral fracture treated by retro-

grade, intramedullary nailing. (C) Diaphyseal femoral fracture treated by angular stability plate.

left for evaluation by the corresponding GP or rheumatolo-
gist.

A total of 5 patients underwent intraoperative biopsy of
their fracture foci. All cases showed decreased bone activity
with a decreased number of osteoclasts. Neoplastic involve-
ment of the fracture foci was ruled out (Fig. 6A and B).

In 5 patients, the physician in charge requested a bone
scintigraphy scan labelled with technetium, which revealed
hyperuptake at the subtrochanteric or diaphyseal level, sug-
gestive of a stress fracture (Fig. 7). These were requested
without following a specific protocol for this type of frac-
ture, but rather by indication of the responsible physician,
in order to carry out differential diagnosis and rule out other
possible patterns of hyperuptake which may have corre-
sponded to other conditions.

Discussion

There is extensive experience in the clinical use of bis-
phosphonates, with their safety and efficacy having been
proven in continued treatment for 10 years.?>?* Neverthe-
less, new and severe adverse effects, such as maxillary
osteonecrosis?® and multiple cases®'3 and series'*"° of
atypical femoral fractures have been reported in association

with long-term treatment with bisphosphonates. Recently,
the incidence of these fractures has been published as
1.78/100,000/year (95% confidence interval), increasing
to 113.1/100,000/year with exposures of between 8 and
9 years.2 Other articles report figures of 32/1,000,000/year,
increasing 10% annually with continuity of treatment.?All
these articles suggest an association between the use of
bisphosphonates and femoral fractures due to insufficiency
or stress (atypical). However, the small number of cases,
the lack of consistency in defining these fractures, the lack
of homogeneity between studies and the fact that they
are mostly retrospective, observational studies, represent a
major impediment towards finding some degree of evidence
in this association.?8-3

In 2005, Odvina et al.2’ were the first to observe a possi-
ble pathophysiological link. Subsequently, in 2008, Neviaser
et al."® published one of the first retrospective studies in
which they observed that 36% of patients with these types of
fractures were previously taking alendronate and that 76% of
patients taking bisphosphonates presented an atypical pat-
tern, with a simple horizontal line. The authors determined
that prolonged treatment with alendronate could be related
to the occurrence of these fractures.

Bisphosphonates exert their therapeutic action by reduc-
ing bone resorption and increasing bone mineral density,
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Figure 6 (A and B) Intraoperative biopsy of fracture focus.
Haematoxylin-eosin staining at 2x. A decrease in the number
of osteocytes and some disorganisation of the tissue structure
can be observed.

thus decreasing the incidence of vertebral and non-vertebral
osteoporotic fractures by up to 50%."2 When the treatment
is stopped after 5 years, the physiological effect on bone
resorption remains for a further 5 years and the risk of
fractures does not increase in this period.' Some patients
present a more marked suppression of bone resorption,
with inhibition of bone formation and suppression of bone
remodelling.?"22 The profound suppression of bone remod-
elling induced by these drugs could have a negative effect
on the mechanical strength of bones, especially after 4 years
of continuous treatment, which would entail the possibility
of suffering diaphyseal and subtrochanteric stress fractures
of the femur.20:3!

There are differences between the various drugs in the
family known as bisphosphonates. Alendronate has a higher
affinity for fixing to hydroxyapatite than other drugs in
the same family, so that its effect and permanence on
bones would be greater.3? This would facilitate that patients
treated with alendronate would be more susceptible to the
accumulation of microtraumas and that, therefore, cases of
atypical femoral fracture were described mainly in patients
taking this substance for long periods.

In contrast to these publications, Abrahamsen et al."’
subsequently reported that only 7% of patients with atypical
fractures were receiving treatment with alendronate, the

same percentage of patients who suffered hip fractures with
an osteoporotic profile. Thus, they concluded that such frac-
tures could be considered as a consequence of osteoporotic
disease, rather than as a complication of bisphosphonates.
Subsequently, Black et al.' reported that the incidence of
subtrochanteric or diaphyseal femoral fractures that could
be related to prolonged treatment with bisphosphonates was
very low. These authors did not observe a significant increase
in relative risk.

In addition, there is the difficulty in establishing a
direct causal relationship between prolonged treatment
with bisphosphonates and the appearance of atypical
femoral fractures, since numerous patients in the dif-
ferent series published received concomitant treatment
with other substances which also caused a suppression
of bone remodelling, including glucocorticoids, estrogens,
TNF-alpha inhibitors and proton pump inhibitors.3? It is
possible that, in some patients, the suppressive effects
were exacerbated by these concomitant medications. Giusti
et al.® concluded their work with the hypothesis that treat-
ment with bisphosphonates was present in most cases, and
that this was not an essential fact for the development
of this type of fractures. They noted other conditions,
such as treatment with corticosteroids or with proton pump
inhibitors, which were probably involved.

Some published studies have conducted iliac crest biop-
sies on patients with atypical femoral fractures** and
observed histological findings of bone remodelling suppres-
sion among two thirds of these patients. However, the
remaining one third of cases presented no such findings,
thus suggesting that some other factor besides the suppres-
sion of bone remodelling was involved in the onset of these
fractures.

Given the considerable controversy of the subject, the
American Society for Bone and Mineral Research (ASBMR)*
conducted a review of the data published until 2010 which
has become a significant reference on the topic. It states
that, according to the published data, the incidence of
these fractures can be considered very low. It recognises the
difficulty of establishing a causal relationship between bis-
phosphonates and atypical fractures, although it does point
out that the risk of these fractures increases with increas-
ing drug exposure, emphasising the need for establishing
research models which determine the true extent of the
condition, as well as its relationship with long-term treat-
ment using these drugs.

Although these adverse effects associated with the use
of bisphosphonates are being described, the latest reviews
emphasise the greater benefit associated with the use of
bisphosphonates in the prevention of vertebral and non-
vertebral fractures, pointing out the very low incidence
of atypical fractures, so that their use is still recom-
mended and validated by years of clinical experience.?®
Along with the American agency, the European Society
on Clinical and Economic Aspects of Osteoporosis and
Osteoarthritis (ESCEO) and the International Osteoporo-
sis Foundation conducted a review led by Rizzoli et al.3®
This review acknowledged the existence of a link with the
prolonged use of alendronate, but also stated that the
balance between the risk of atypical fractures and the ben-
efit of protection against osteoporotic fractures favoured
the use of these drugs, since the amount of fractures



102

A. Méndez-Gil et al.

>

ey
- R
- LY
.-" .
- " @ -
- 2
5 :
"
LAT.EXT.D LﬂT‘;EXT.]

Figure 7

avoided was considerably greater than those which could
occur theoretically.Atypical subtrochanteric and diaphy-
seal fractures of the femur present a consistent pattern
of cortical thickening, mainly of the lateral cortex, in
the subtrochanteric or diaphyseal region of the femur,
with short oblique or transverse fractures and medial
spicula.'” Various cases®> ' and series'*'® have described
the characteristics of this type of fracture. In order to
standardise the definition of atypical femoral fractures,
the ASBMR created a working group which addressed the
study of this entity and which published its findings in
2010.# The group defined the principal and secondary char-
acteristics of complete and incomplete atypical femoral
fractures and recommended the presence of all the prin-
cipal features in order to consider a femoral fracture as
atypical. These features include a location in the sub-
trochanteric or diaphyseal region of the femur, short
oblique or transverse line, absent or minimal associated
trauma, medial spicula in the case of complete fractures
and absence of comminution. The secondary characteris-
tics (which may or may not be present) include cortical
thickening, a periosteal reaction of the lateral cortex,
prodromal pain, bilaterality, delayed consolidation, asso-
ciated comorbidities and concomitant exposure to drug

Bone scintigraphy scan marked with technetium showing hyperuptake at the diaphyseal level.

treatments, including bisphosphonates, other antiresorp-
tive agents, glucocorticoids and proton pump inhibitors
(Table 1).# Although the possible presence of cortical thick-
ening on radiographs is widely extended, it remains a
secondary variable, since its finding actually increases the
risk of intertrochanteric fractures among the general pop-
ulation, regardless of treatment with bisphosphonates.?”
The same review attempted to reach a consensus on
the therapeutic strategy to be followed in cases of
diaphyseal or subtrochanteric atypical fractures of the
femur. Treatment should be surgical in cases of complete
fractures.5-18,38-40

As in our series, the most widely used method of fixation
was long intramedullary nailing, since the bone characteris-
tics lead to a high failure rate in cases of osteosynthesis with
angular stability plates. It is recommended to drill at least
2.5 mm over the diameter of the nail, in order to compensate
for a narrow medullar diameter and facilitate insertion.*
Some publications refer to the technical difficulty of ade-
quately determining the entry point of the nail and starting
its progression manually, due to the particular hardness of
the proximal end of the femur.'3 The proximal femoral frag-
ment will possibly require further drilling so as to facilitate
nail insertion and avoid misalignment of the fracture.
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Some studies*! refer abnormally long healing times (up
to 22 months) for these fractures. In our series, the mean
consolidation time was 7.9 months. Other publications have
reported mean consolidation times of 4 months.3®

All publications emphasise the need for close monitoring
and follow-up of patients being treated with bisphospho-
nates in order to avoid diaphyseal or subtrochanteric stress
fractures of the femur. Obtaining radiographs is recom-
mended in cases of prodromal symptoms including thigh
pain without previous trauma. Performing an MRI or bone
scintigraphy scan with technetium may help to confirm the
diagnosis.*3®

The appropriate duration of bisphosphonate treatment is
a subject of ongoing debate and discussion, and is not yet
well-defined.? The latest reviews report an increased risk
and incidence of these fractures in treatments for periods
exceeding 5 years.* Reassessing the continuation of the
treatment is recommended after that period, and in case
of alert signs such as pain in thighs or cortical thickening
on radiographs, it should be substituted by other agents to
continue the treatment of osteoporosis.

The tendency is to recommend preventive nailing in cases
of incomplete fractures with pain.'-1338-40 Conservative
treatment may be considered in cases with minimal pain,
limiting the load on the limb. However, fixation should be
considered if there is no improvement in symptoms and/or
radiographs after 2-3 months of conservative treatment. In
cases of incomplete fractures and absence of pain, phys-
ical activity should be limited until there are no traces
of bone oedema in MRI scans.* Nevertheless, these are
recommendations from the literature, which require more
epidemiological studies of incomplete fractures, so there
are no clear action guidelines.” In the series of bilateral
fractures published by Capeci et al. in 2009, these authors
raised the option of prophylactic nailing of the contralateral
limb after the first diagnosis of fracture. This prophylac-
tic nailing was performed in 3 of their cases with atypical
diaphyseal fractures and prodromal symptoms of pain in
the diaphyseal middle third and radiographic changes of
cortical thickening in the contralateral limb. However, the
same authors also mentioned the need for more studies
in order to recommend prophylactic fixation systemati-
cally.

Regarding drug therapy, the recommendation of ASBMR*
is that treatment with antiresorptive agents should be dis-
continued in all cases of stress reaction or subtrochanteric or
diaphyseal femoral fracture, either complete or incomplete.
Dietary calcium contributions and vitamin D levels should be
assessed and the right supplements should be prescribed.
Some published case reports and some empirical evidence
suggest that treatment with teriparatide could improve or
accelerate the consolidation of these fractures.*4"* More-
over, in line with a considerable amount of data from animal
tests,* certain clinical data®®~* indicate that teriparatide
has a positive effect on fractures which are not consoli-
dated. Teriparatide administration is considered adequate
in patients who suffer these fractures, especially if there
are scarce signs of consolidation between 4 and 6 weeks
postoperatively.*

In conclusion, from the case reports and clinical series
published in recent years, it is possible to define a char-
acteristic pattern in this type of stress fractures. It would

include mainly female patients with osteoporosis, who were
following treatment with bisphosphonates, and who may or
not suffer thigh pain days, weeks or months before a spon-
taneous, transverse, subtrochanteric or diaphyseal fracture
of the femur, without an injury mechanism to justify it
or in the context of low-energy trauma. A bone scintigra-
phy scan or MRI study could be used for early diagnosis,
since the femoral diaphysis presents changes before the
fracture takes place. In general, it would be necessary to
reassess the use of these drugs after a period of 5 years,
since an increased incidence of atypical fractures has been
described after this time. Further studies are needed to
clarify the pathophysiology of these fractures and to bet-
ter define their origin and which patients are more prone to
suffering them.

Level of evidence

Level of evidence iii.

Ethical responsibilities

Protection of people and animals. The authors declare that
this investigation did not require experiments on humans or
animals.

Confidentiality of data. The authors declare that they have
followed the protocols of their workplace on the publica-
tion of patient data and that all patients included in the
study received sufficient information and gave their written
informed consent to participate in the study.

Right to privacy and informed consent. The authors
declare that this work does not reflect any patient
data.

Conflict of interests

The authors have no conflict of interests to declare.

References

1. Pérez Edo L, Alonso Ruiz A, Roig Vilaseca D, Garcia Vadillo A,
Guanabens Gay N, Peris P, et al. Actualizacion 2011 del consenso
Sociedad Espafola de Reumatologia de osteoporosis. Reumatol
Clin. 2011;7:357-79.

2. Delmas PD. The use of bisphosphonates in the treat-
ment of osteoporosis. Curr Opin Rheumatol. 2005;17:
462-6.

3. Seeman E. To stop or not to stop. That is the question. Osteo-
poros Int. 2009;20:187-95.

4. Shane E, Burr D, Ebeling PR, Abrahamsen B, Adler RA, Brown
TD, et al. Atypical subtrochanteric and diaphyseal femoral
fractures: report of a task force of the American Society
for Bone and Mineral Research. J Bone Miner Res. 2010;25:
2267-94.

5. Thompson RN, Phillips JR, McCauley SH, Elliott JR, Moran
CG. Atypical femoral fractures and bisphosphonate treatment:
experience in two large United Kingdom teaching hospitals. J
Bone Joint Surg Br. 2012;94:385-90.


http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0025

104

A. Méndez-Gil et al.

6.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Giusti A, Hamdy Na, Papapoulos SE. Atypical fractures of the
femur and biphosphonate therapy. A systematic review of
case/case series studies. Bone. 2010;47:169-80.

. Cermak K, Shumelinsky F, Alexiou J, Gebhart MJ. Sub-

trochanteric femoral stress fractures after
alendronate therapy. Clin Orthop Relat Res.
1991-6.

prolonged
2010;468:

. Ali T, Jay RH. Spontaneous femoral shaft fracture after long-

term alendronate. Age Ageing. 2009;38:625-6.

. Sayed-Noor AS, Sjodén GO. Subtrochanteric displaced insuf-

ficiency fracture after longterm alendronate therapy: a case
report. Acta Orthop. 2008;79:565-7.

Sayed-Noor AS, Sjodén GO. Two femoral insufficiency fractures
after long-term alendronate therapy. Clin Orthop Relat Res.
2009;467:1921-6.

Somford MP, Draijer FW, Thomassen BJ, Chavassieux PM, Boivin
G, Papapoulos SE. Bilateral fractures of the femur diaphysis in a
patient with rheumatoid arthritis on long-term treatment with
alendronate: clues to the mechanism of increased bone fragility.
J Bone Miner Res. 2009;24:1736-40.

Daccach JA, Morales LC, Soto C, Llinds A. Fractura subtro-
cantérea patoldgica asociada al uso crénico de bifosfonatos:
reporte de caso. Rev Col Or Tra. 2011;25:59-63.

Caeiro-Rey JR, Etxebarria-Foronda I, Mesa-Ramos M. Fracturas
atipicas relacionadas con el uso prolongado de bifosfonatos.
Estado de la situacion. Rev Ortop Traumatol. 2011;55:
392-404.

Black DM, Kelly MP, Genant HK, Palermo L, Eastell R,
Bucci-Rechtweg C, et al. Bisphosphonates and fractures of
the subtrochanteric or diaphyseal femur. N Engl J Med.
2010;362:1761-71.

Goh SK, Yang KY, Koh JSB, Wong MK, Chua SY, Chua DTC,
et al. Subtrochanteric insufficiency fractures in patients on
alendronate therapy. A caution. J Bone J Surg Br. 2007;89:
349-53.

Lenart BA, Neviaser AS, Lyman S, Chang CC, Edobor-Osula F,
Steele B, et al. Association of low-energy femoral fractures with
prolonged bisphosphonate use: a case control study. Osteoporos
Int. 2009;20:1353-62.

Kwek EB, Kiat-Goh S, Bee-Koh JS, Png MA, Howe TS. An
emerging pattern of subtrochanteric stress fractures: a long-
term complication of alendronate therapy? Injury. 2008;39:
224-31.

Neviaser AS, Lane JM, Lenart BA, Edobor-Osula F, Lorich DG.
Low-energy femoral shaft fractures associated with alendronate
use. J Orthop Trauma. 2008;22:346-50.

Abrahamsen B, Eiken P, Eastell R. Subtrochanteric and dia-
physeal femur fractures in patients treated with alendronate:
a register based national cohort study. J Bone Miner Res.
2009;24:1095-102.

Odvina CV, Zerwekh JE, Rao DS, Maalouf N, Gottschalk
FA, Pak CY. Severely suppressed bone turnover: a potential
complication of alendronate therapy. J Clin Endocrinol Metab.
2005;90:1294-301.

Sobelman OS, Gibeling JC, Stover SM, Hazelwood SJ, Yeh
0OC, Shelton DR, et al. Do microcracks decrease or increase
fatigue resistance in cortical bone? J Biomech. 2004;37:
1295-303.

Zioupos P. Accumulation of in-vivo fatigue microdamage and its
relation to biomechanical properties in ageing human cortical
bone. J Microsc. 2001;201:270-8.

Pazianas M, Cooper C, Ebetino FH, Russell RG. Long-term treat-
ment with bisphosphonates and their safety in postmenopausal
osteoporosis. Ther Clin Risk Manag. 2010;21:325-43.

Bone HG, Hosking D, Devogelaer JP, Tucci JR, Emkey RD, Tonino
RP, et al. Ten years’ experience with alendronate for osteoporo-
sis in postmenopausal women. N Engl J Med. 2004;350:1189-
99.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

Merigo E, Manfredi M, Meleti M, Guidotti R, Ripasarti A,
Zanzucchi E, et al. Bone necrosis of the jaws associated with
bisphosphonate treatment: a report of twenty-nine cases. Acta
Biomed. 2006;77:109-17.

Dell RM, Adams AL, Greene DF, Funahashi TT, Silverman SL, Eise-
mon EO, et al. Incidence of atypical nontraumatic diaphyseal
fractures of the femur. J Bone Miner Res. 2012;27:2544-50.
Meier RP, Perneger TV, Stern R, Rizzoli R, Peter RE. Increas-
ing occurrence of atypical femoral fractures associated with
bisphosphonate use. Arch Intern Med. 2012;172:930-6.
Seraphim A, Al-Hadithy N, Mordecai SC, Al-Nammari S. Do bis-
phosphonates cause femoral insufficiency fractures? J Orthop
Traumatol. 2012;13:171.

Ott SM. Fractures after long-term alendronate therapy. J Clin
Endocrinol Metab. 2001;86:1835.

Abrahamsen B, Einhom TA. Beyond a reasonable doubt?
Bisphosphonates and atypical femur fractures. Bone.
2012;50:1196-200.

Armamento-Villarreal R, Napoli N, Panwar V, Novack D.
Suppressed bone turnover during alendronate therapy
for high-turnover osteoporosis. N Engl J Med. 2006;355:
2048-50.

Nancollas GH, Tang R, Phipps RJ, Gulde HS, Wu W, Mangood
A, et al. Novel insights into actions of bisphosphonates on
bone: differences in interactions with hydroxyapatite. Bone.
2006;38:617-27.

Chavassieux PM, Arlot ME, Roux JP, Portero N, Daifotis A,
Yates AJ, et al. Effects of alendronate on bone quality and
remodeling in glucocorticoid-induced osteoporosis: a histomor-
phometric analysis of transiliac biopsies. J Bone Miner Res.
2000;15:754-62.

Armamento-Villarreal R, Napoli N, Diemer K, Watkins M, Civitelli
R, Teitelbaum S, et al. Bone turnover in bone biopsies of patients
with low-energy cortical fractures receiving bisphosphonates: a
case series. Calcif Tissue Int. 2009;85:37-44.

Khosla S, Bilezikian JP, Dempster DW, Lewiecki EM, Miller PD,
Neer RM, et al. Benefits and risks of biphosphonate ther-
apy for osteoporosis. J Clin Endocrinol Metab. 2012;97:2272-
82.

Rizzoli R, Akesson K, Bouxsein M, Kanis JA, Napoli N, Papapoulos
S, et al. Subtrochanteric fractures after long-term treatment
with bisphosphonates: a European Society on Clinical and
Economic Aspects of Osteoporosis and Osteoarthritis, and Inter-
national Osteoporosis Foundation Working Group. Osteoporos
Int. 2011;22:373-90.

Napoli N, Jin J, Peters K, Wustrack R, Burch S, Chau A,
et al. Are women with thicker cortices in the femoral shaft at
higher risk of subtrochanteric/diaphyseal fractures? The study
of osteoporotic fractures. J Clin Endocrinol Metab. 2012;97:
2414-22.

Capeci CM, Tejwani NC. Bilateral low-energy simultaneous
or sequential femoral fractures in patients on long-term
alendronate therapy. J Bone Joint Surg Am. 2009;91:
2556-61.

Lenart BA, Lorich DG, Lane JM. Atypical fractures of the femoral
diaphysis in postmenopausal women taking alendronate. N Engl
J Med. 2008;358:1304-6.

Das De S, Setiobudi T, Shen L. A rational approach to manage-
ment of alendronate-related subtrochanteric fractures. J Bone
Joint Surg Br. 2011;93:679-86.

Visekruna M, Wilson D, McKiernan FE. Severely suppressed bone
turnover and atypical skeletal fragility. J Clin Endocrinol Metab.
2008;93:2948-52.

Abrahamsen B, Clark EM. Disentangling the emerging evi-
dence around atypical fractures. Curr Rheumatol Rep. 2012;14:
212-6.

Wernecke G, Namduri S, Dicarlo EF, Schneider R, Lane
J. Case report of spontaneous, nonspinal fractures in a


http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0195
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0200
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0205
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0210
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215

Atypical fractures in patients on bisphosphonates treatment

105

44,

45.

multiple myeloma patient on long-term pamidronate and zole-
dronic acid. HSS J. 2008;4:123-7.

Alkhiary YM, Gerstenfeld LC, Krall E, Westmore M, Sato M, Mit-
lak BH, et al. Enhancement of experimental fracture-healing
by systemic administration of recombinant human parathyroid
hormone (PTH 1-34). J Bone Joint Surg Am. 2005;87:731-41.
Rubery PT, Bukata SV. Teriparatide may accelerate healing in
delayed union of type Il odontoid fractures: a report of 3 cases.
J Spinal Disord Tech. 2010;23:151-5.

46.

47.

Chintamaneni S, Finzel K, Gruber BL. Successful treatment of
sternal fracture non-union with teriparatide. Osteoporos Int.
2010;21:1059-63.

Aspenberg P, Genant HK, Johansson T, Nino AJ, See K, Krohn K,
et al. Teriparatide for acceleration of fracture repair in humans:
a prospective, randomized, double-blind study of 102 post-
menopausal women with distal radial fractures. J Bone Miner
Res. 2010;25:404-14.


http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0215
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0220
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0225
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0230
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235
http://refhub.elsevier.com/S1988-8856(13)00011-4/sbref0235

	What do we know about atypical fractures in patients on bisphosphonates treatment? A literature review using a case series
	Introduction
	Material and methods
	Results
	Discussion
	Level of evidence
	Ethical responsibilities
	Protection of people and animals
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interests
	References


