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Background: Evidence suggests that prolonged bisphos-
phonate (BP) treatment predisposes to atypical fractures
(AF), but the etiology has yet to be determined. Addressing
causality begins with case identification, which requires
radiological adjudication. However, many trials based their
case findings on coded diagnoses.
Objectives: To investigate the feasibility of case findings by
the coding system and the reproducibility of radiological
evaluations in two hospitals in Israel, and to compare BP
exposure of AF patients to a control group with typical
(intertrochanteric of femoral neck) fractures.
Methods: Diagnostic databases from 2007 to 2010 were re-
viewed and admission X-rays of patients were examined in
two steps by two radiologists. Fractures were classified as
atypical or not atypical according to published criteria. A 2:1
control group was created. Ambulatory drug acquisition was
reviewed.
Results: Of the 198 patients who fulfilled the search criteria,
38 were classified by initial radiological opinion as AF.
Subsequent radiological opinion judged 16 as not atypical.
Of the AF patients, 80% were exposed to BP. Of those, 81%
continued to receive BP treatment for 2.4 years after AF. Only
one AF patient was discharged with suspected AF diagnosis.
In the control group, 27% were exposed to BP prior to
fracture (P< 0.001).
Conclusions: Thorough radiological revision is mandatory for
proper classification of AF, and even when performed there
is significant inconsistency in interpretation. Conclusions
drawn from trials based solely on coded diagnoses lead to
significant bias. BP exposure was significantly higher in the
AF group. Caregiver unawareness of AF leads to improper
management.
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he possible connection between prolonged bisphospho-
T nate (BP) use and femoral shaft fractures has generated
much concern in recent years. The first such report, pub-
lished in 2005 by Odvina et al.[1], examined the incidence of
unusual fractures as a result of minor trauma. In the interven-
ing years, numerous case reports (as summarized by Giusti
et al. [2]), case reviews, and retrospective case-controlled
large epidemiological studies have been published. One such
controlled mega-trial that retrospectively examined 10 years
of medical claims data in the United States showed more
frequent BP use in patients with shaft and subtrochanteric
fractures than in those with other hip fractures [3]. However,
since radiological data were unavailable, the fractures were
classified as atypical based on location alone. Another large
study, from Canada, demonstrated an increased risk for sub-
trochanteric/shaft fractures with long-term (over 5 years) BP
treatment, but this work, too, lacked X-ray data [4].

In support of the findings of these earlier studies, subse-
quent research that included radiological data obtained similar
results. A study of data from a Level 1 trauma hospital in New
York retrospectively analyzed patients with low trauma subtro-
chanteric fractures and compared them to controls with typical
femoral fractures [5]. All X-rays were reviewed, conferring on
these cases high reliability in terms of expected distinct fracture
patterns [6]. Fourfold more BP use was found in atypical frac-
ture patients. Similar data, pointing to a possible association
between femoral shaft fractures and BP exposure, were col-
lected in Singapore [7] and Sweden [8]. Finally, researchers
from Switzerland analyzed data - namely, clinical parameters,
drug exposure, and X-rays - of patients with atypical femoral
fractures and compared them with the corresponding data of
patients with classical fractures of the subtrochanteric area, and
of controls who did not sustain fractures. All the admission
X-rays were reviewed twice. This study found a very strong
association between BP use and the risk for atypical fracture,
which showed a significant positive correlation with duration
of exposure [9]. On the other hand, other reports found no
association between BP use and subtrochanteric fractures. For
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instance, a large cross-sectional study from Denmark [10], for
which radiological data were unavailable, showed similar per-
centages of BP use in patients with typical and subtrochanteric
fractures, including shaft fractures. Patients with higher alen-
dronate treatment compliance (based on medication possession
ratio, MPR) enjoyed a significantly lower risk for fractures, both
at the hip and at atypical sites [10].

An additional post hoc analysis of pivotal randomized
controlled trials testing BP (alendronate and zoledronic acid)
treatment for fracture prevention did not show an increased risk
of atypical fractures in the treated group [11], though the studies
were not designed for that analysis from the beginning.

The studies reviewed above and numerous others [12] were
summarized in a 2010 American Society of Bone and Mineral
Research (ASBMR) report [6], in which the major and minor
criteria for identifying a fracture as atypical were established. The
major criteria, all of which should be present to designate a femo-
ral fracture as atypical, are (i) location in the subtrochanteric
region or femoral shaft, (ii) transverse or short oblique orienta-
tion, (iii) minimal or no associated trauma, (iv) presence of a
medial spike when the fracture is complete, and (v) absence of
comminution. A second, recently published (2014) version of the
ASBMR report included a revision of the criteria [13]. According
to the newer definition, four of the five major criteria (as opposed
to all) should be present. The absence of comminution has
changed to “non-comminuted” or “minimally comminuted,”
and the criterion of transverse or short oblique orientation has
changed to “the fracture line originates at the lateral cortex and
is substantially transverse, although it may become oblique as it
progresses medially across the femur” From the 2010 version, a
minor criterion, “localized periosteal reaction of the lateral cor-
tex,” has been changed in the 2013 version to a major criterion,
“localized periosteal or endosteal thickening of the lateral cortex
is present at the fracture site (breaking or flaring).” The newer
ASBMR position statement further highlights the relationship
between AF and BP exposure with a positive correlation between
exposure length and the AF risk [13]. A position paper from the
International Osteoporosis Foundation (IOF) concluded that
the possible association of BP use with atypical subtrochanteric
fractures is unproven, and further research and clinical data col-
lection are needed to accurately establish prevalence and risk
factors [14]. In their extensive review of BP safety in September
2011, the Food and Drug Administration (FDA) also addressed
the issue, concluding, in agreement with two previous position
statements [6,14], that atypical fractures are very rare [15].
However, the FDA also stated that although causality has not
been determined, the mounting data suggest a strong association
between BP use and the incidence of atypical fracture.

In summary, the current evidence suggests that atypical frac-
tures, regardless of whether they are associated with BP use, are
rare [16]. Although the current case definition as proposed by
ASBMR requires radiological adjudication, many investigations

of the possible association between fractures and bisposphonate
use lacked radiological assessment and instead based their case
findings solely on coded diagnoses. In the present study, there-
fore, based on data from two hospitals in central and northern
Israel, we reviewed the prevalence of atypical fractures. Our
analysis entailed examining the applicability of case findings
based on the existing coding system to retrospective studies on
fractures, the reproducibility of radiological evaluations, and
the clinical parameters and bisphoshonate exposure levels of
patients with atypical fractures compared to those with typical
femoral fractures.

PATIENTS AND METHODS

The computerized databases of discharge diagnoses for the
years 2007-2010 in two hospitals were reviewed. These hos-
pitals, Rambam Health Care Campus in northern Israel and
Hillel Yaffe Medical Center in the center of the country, are
located 50 km apart. International Classification of Diseases
(ICD-9) diagnoses compatible with fracture location below the
femoral neck and above the distal femoral condyles were cho-
sen for data retrieval. We used the following discharge codes:
subtrochanteric fractures 820.22; supracondylar fractures
821.23, 821.33; shaft fractures 821.01, 821.11.

Patients younger than 50 years of age and those with major
trauma were excluded. Admission femoral X-rays of patients
with allegedly suitable fracture locations were examined in two
steps by two senior radiologists with expertise in bone radiol-
ogy. First, each radiologist individually reviewed the X-rays of
the patients from her medical center; in the second step, a joint
crossover examination was performed and a consensus was
reached. The fractures were classified as atypical or not atypical
according to the published criteria [6,13]. Agreement of both
radiologists was required for categorization of the fracture pat-
tern as atypical. Following publication of the updated criteria
[13], we re-examined the X-rays to ensure that the fractures still
qualified as atypical according to the new criteria. Hospital files
and ambulatory drug acquisition data of patients with atypical
fractures were reviewed. The information retrieved from the
hospital files was: (i) functional status prior to fracture, (ii) use
of walking aids, (iii) fracture mechanism (e.g., minimal trauma
or no trauma), and (iv) prodromal symptoms.

The control group comprised patients with typical hip
fractures in the cervical region matched two-to-one to atypical
fracture patients and matched for age, gender, ethnicity (Jewish
or Arab), and month of fracture. Data retrieval was based on
ICD-9 diagnoses compatible with supratrochanteric location
(820.00-820.09). When it was impossible to find an age- and
gender-matched control patient within 1 month of the AF date,
the period was extended until an appropriate control was found.
Fracture locations in control patients were verified by examining
their admission X-rays.
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Figure 1. Radiological adjudication process
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The ambulatory database (from 1999 onwards) was searched
for BP acquisition, and the percentage of MPR was calculated
(the number of months in each year of treatment that the
patient purchased the medication).

RESULTS

A total of 1916 hip fracture patients were treated at Rambam
Medical Center from 2007 to 2010, and 1207 patients with
femoral fractures were treated at Hillel Yaffe during the same
period (total 3123). According to the relevant ICD-9 codes,
189 patients fulfilled the search criteria compatible with sub-
trochanteric fracture location.

In the initial group, 81 fractures at Hillel Yaffe were coded as
subtrochanteric, and of those, 22 (27 %) were found to be inter-
or intratrochanteric and were therefore excluded. Thirty-eight
fractures were classified by the two radiologists (separately) as
atypical according to the published criteria [6] [Figure 1]. After
crossover radiological examinations were performed and the
two examiners reached a consensus, 16 fractures (41%) were
judged not compatible with the above-mentioned criteria
(mainly because of oblique configuration). A third review of the
radiological data (following publication of the updated version
of AF criteria) did not change the consensus. Of the remaining
21 patients with 22 atypical fractures (one patient sustained an
atypical fracture twice, left and right midshaft, 2 years apart),
20 were women aged 59-91 (mean age 75.5 + 8.3). Thirteen
patients (61.9%) were functionally intact prior to fracture, while
3 (14.2%) used walking sticks and 5 (23%) used walkers. Five
patients (23.8%) suffered atraumatic fractures while the other
16 fell from standing height. One patient reported prodromal
groin pain.

The control group consisted of 44 patients (42 women, 2
men) whose median age was 76.3 + 7.9 years. The coded diag-
noses in this group were accurate, and 100% of the fractures
were validly classified as inter- or pertrochanteric.

Meticulous BP acquisition data from the ambulatory
database were available from 1999 onwards for 20 of the 21
patients with atypical fractures — one patient was a tourist, and

alendronate was mentioned in her admissions file. Of the 20 for
whom BP acquisition data were available, only 4 patients were
BP naive, while the vast majority (16 patients, 80%) had been
exposed to BPs in the past, with treatment durations of 2-11
years (6.8 + 2.5 years). For all patients, MPR was over 80%.

In the control group of 44 patients, 9 (20.4%) were exposed
to BP prior to fracture (P < 0.001). Although the durations of
exposure did not differ significantly from those of the AF group
(5 + 2.6 years), in contrast to the AF patients, all of whom were
exposed to BP until the fracture, three of the nine patients
with prior BP exposure discontinued BP treatment several
years before sustaining typical fractures (range 2-6 years).
Compliance with the BP was lower in the control group, for
which the MPR was 70%.

Notably, of the atypical fracture patients with histories of BP
exposure, 13 (81%) continued to receive BP treatment for an aver-
age of 2.4 years (range 1-5 years) after sustaining the fracture.
Included in this group was a female patient who, over a 2 year
period, fractured her femoral shaft twice, once on each side, and
continued BP treatment during the intervening time between
the two fractures and for 3 years after the second fracture. In
addition, during their hospitalization in orthopedic departments,
only 1 of the 21 patients with 22 atypical fractures had been cor-
rectly diagnosed. In fact, the discharge documents of the other
20 patients did not express any concerns that their fractures may
have been atypical or in any way out of the ordinary.

Among the patients with radiologically adjudicated atypi-
cal fractures, 8 (36%) and 14 (64%) were diagnostically coded
as subtrochanteric fractures and femoral shaft fractures,
respectively, upon their discharge from hospital.

DISCUSSION

Atypical fractures and their possible etiological connection
to prolonged BP use is an intriguing issue that has attracted
increasing attention in recent years. But the current data,
which comprise studies that either do or do not support the
connection between prolonged BP exposure and atypical frac-
tures, are conflicting. The marked differences in trial meth-
odologies between studies pose methodological pitfalls that
greatly complicate the task of reaching definitive conclusions.
Fundamental to this shortcoming is proper case definition of
the atypical fracture, as precision is critical to reliably deter-
mine whether a connection exists between BP exposure and
the incidence of atypical fractures. As a rule, large analyses of
databases have used discharge codes compatible with subtro-
chanteric location as a case-finding tool.

We have shown here that ICD codes were inaccurate in a
significant proportion of cases. Therefore, we conclude that
using coded diagnoses alone cannot accurately identify cases
of atypical fracture. As such, conclusions drawn from trials
based solely on coded diagnoses may lead to significant bias.
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To reliably define a fracture as atypical currently requires
radiological adjudication. A fracture is classified as atypical if it
has transverse or short oblique orientation and a medial spike
when the fracture is complete and if comminution is absent.
In our study, the X-ray films of participants were examined
separately by two senior radiologists with expertise in bone
radiology, and only after both experts had analyzed all X-rays
did they reach a consensus on each patient. As we have shown
here, significant inconsistency in interpretation persists, even
in the hands of very experienced professionals. The major point
of “disagreement” between the radiologists was the degree of
obliqueness according to which a fracture can be classified as
atypical. Thorough radiological revision is therefore a prerequi-
site to obtaining precise and accurate classifications of atypical
fractures. Indeed, even when done properly according to the
existing guidelines, fracture diagnoses are still prone to the
examiner’s subjectivity. Since conclusions about BPs being a
causation factor begin with case identification, one should real-
ize that even radiologically adjudicated cases are often a matter
of subjective opinion. In our group of patients with precise
medication histories, significantly more patients with atypical
fractures were exposed to BPs compared to the control group.

The very high ratio of MPR in our group is noteworthy. As
has been widely reported, compliance with BP treatment tends
to be low, especially in the long term [17]. This finding leads to
a cautious hypothesis that exceptionally high compliance with
the medication may have contributed to the outcome of atypical
fractures, since the degree of bone turnover suppression, due
to long-term and accurate BP consumption, may have been
profound. Unfortunately, the retrospective nature of our data
retrieval precluded our obtaining bone turnover marker data
to prove this hypothesis.

Only one patient with AF was correctly diagnosed during
hospitalization in the orthopedic department. As mentioned
previously, most of the subjects had been treated with BPs, but
no recommendations were made regarding a possible need to
cease or change treatment. Although there are no firm guide-
lines regarding when treatment with BP should be stopped in
a patient with an atypical fracture, it seems prudent to recon-
sider whether therapy with a bone turnover-suppressing agent
is needed. An anabolic alternative makes pathophysiological
sense, and moreover, several reports have indicated the efficacy
of treating atypical fracture patients with bone-forming agents
[6,18,19]. Nonetheless, it is advisable that such distinctive frac-
tures be recognized and properly addressed during the index
hospitalization.

Moreover, 81% of the atypical fracture patients, including a
patient with a recurrent fracture, continued to receive oral BPs
for an average of more than 2 years after the fracture occurred.
As we mentioned earlier, none of the discharge documents
specified or characterized the fracture as “odd,” atypical, or as
possibly BP related. As a result, primary care physicians may

have assumed that the patients suffered typical osteoporotic
fractures and no change of therapy was suggested. Although
the cause and effect of BP exposure and atypical fracture is
still unproven, most experts recommend that BP treatment be
discontinued in those patients, a recommendation that was also
suggested in the ASBMR position statement.

The limitations of the current study include the small cohort
of patients and the retrospective nature of data retrieval. Since
only two radiologists participated in the crossover evaluation,
different results might have been observed if more examiners
had been involved. The findings regarding suboptimal man-
agement of the AF patients both during hospitalization and
in ambulatory care might be a result of local practices and are
possibly inapplicable elsewhere.

Despite the limitations, our study sheds light on the inaccu-
racy of coded diagnoses, the subjectivity of radiological assess-
ments, and the extremely high prevalence of past BP exposure
with high treatment compliance in atypical fracture patients
and corresponding lack of caregiver awareness of this unique
entity. Taken together, these findings indicate that the current
lack of protocols for diagnosing and treating atypical fractures
may lead to improper patient management.
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