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Abstract: Whilst bisphosphonates are an established modality in the treatment of osteoporosis,
there have been increasing concerns regarding the risk of an unusual form of femur fracture
amongst patients receiving bisphosphonates for prolonged periods. These fractures, referred
to as ‘atypical’, have been characterized by a number of clinical and radiographic features that
distinguish them from ‘typical’” osteoporotic fractures. The evidence base is currently split
between a large number of case series demonstrating an association between the occurrence
of atypical fractures and bisphosphonate use and several population-based studies that do not
confirm such an association. Hence, a degree of uncertainty surrounds this important issue. In
this review, we examine the emerging evidence on atypical femur fractures, assess hypotheses
on their biomechanical evolution and discuss the wider clinical implications of this

phenomenon.
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Introduction

Bisphosphonates are highly effective in the treat-
ment of osteoporosis. Numerous large clinical
trials have demonstrated their efficacy in reduc-
ing bone turnover, increasing bone mineral den-
sity and reducing vertebral and non-vertebral
fracture risk in patients with osteoporosis
[Cranney ez al. 2002a, 2002b]. A recent study
estimated that between 2001 and 2008,
144,670 low-energy fractures were prevented
amongst women who took bisphosphonates in
the TUnited States [Siris e al 2011].
Bisphosphonates are also generally well tolerated
and considered to have an excellent safety profile
even at higher doses [Dunstan ez al. 2007].

However, since 2005, there have been increasing
concerns regarding the potential risk of an unu-
sual type of femur fracture amongst patients on
bisphosphonate therapy [Odvina et al. 2005].
Similar fractures were later described by Lenart
and colleagues as ‘atypical’ in that they involved
the strongest part of the femur, namely the sub-
trochanteric and diaphyseal region, and were
characterized by features distinctly different
from ‘typical’ osteoporotic femur fractures
[Lenart et al. 2008]. Such ‘atypical’ features
include a history of prodromal thigh pain, the
development  of  circumferential  cortical

thickening and cortical stress lesions that may
precede a complete transverse or oblique fracture
of the subtrochanteric femur [Lenart ez al. 2008;
Goh ez al. 2007]. Although a clear causal link
between bisphosphonates and such atypical
femur fractures has not been established, the
widespread use of these otherwise effective
agents has come under scrutiny amidst increasing
public and medical concerns of this potential
complication. In response to this, drug regulatory
authorities have issued statements acknowledg-
ing the efficacy of bisphosphonates but advis-
ing caution regarding their ‘long-term’
use (www.fda.gov/Drugs/DrugSafety/Postmarket
DrugSafetyInformationforPatientsandProviders/
ucm203891.htm). Likewise, the International
Osteoporosis Foundation and the American
Society of Bone and Mineral Research have pub-
lished position statements that acknowledge the
issue, define atypical femur fractures and guide
further research [Rizzoli et al. 2011; Shane ez al.
2010].

In this review, we summarize the past 6 years of
data on atypical femur fractures, discuss what is
currently known of their association with bispho-
sphonate use and examine the basis of the widely
held hypothesis of ‘severe suppression of bone
turnover’.
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Case reports and series

In 2005, Odvina and colleagues described a series
of unusual fractures that occurred spontaneously
in patients who had been treated with alendronate
for 3-8 years [Odvina er al. 2005]. Of the nine
patients reported, two had sustained bilateral
femur shaft fractures, two had unilateral femur
shaft fractures, two had proximal femur fractures
and the remainder had a combination of pelvic,
vertebral and metatarsal fractures. The unusual
nature of the femur fractures as noted by their
midshaft location, spontaneous development and
the delay or absence in fracture healing prompted
the investigators to perform bone biopsies on all
nine patients. Histomorphometric analysis of
trans-iliac biopsies demonstrated marked sup-
pression of bone formation, with reduced or
absent osteoblastic surface in five patients,
reduced osteoclastic surface in six patients and
reduced eroded surface in five patients. On this
basis, the authors proposed that the prolonged
use of alendronate had led to severe suppression
of bone turnover, which in turn resulted in micro-
damage accumulation and the subsequent devel-
opment of insufficiency fractures. However, the
validity of this hypothesis was limited by the
small number of cases, inconsistencies in histo-
morphometric results amongst cases, the demon-
stration of normal bone markers in most patients,
and the general consideration that a degree of
bone suppression may be expected in patients on
long-term bisphosphonate therapy.

Following this initial publication, a number of
additional reports emerged which described a
similar pattern of unusual insufficiency fracture
amongst patients on long-term bisphosphonate
therapy. Visekruna and colleagues described
three patients who sustained minimal-trauma,
‘chalk-stick type’ femoral shaft fractures while
on alendronate therapy (5-10 years’ duration)
[Visekruna er al. 2008]. Notable features
included the concomitant use of other antiresorp-
tive agents, the presence of systemic inflamma-
tory conditions (i.e.  Crohn’s  disease,
rheumatoid arthritis), low or undetectable bio-
chemical markers of bone turnover, bilaterality
of the femur fracture in two of the three patients
and iliac bone biopsy findings consistent with
suppression of turnover. Several months after
the discontinuation of alendronate, the only
patient to show signs of fracture healing had
been receiving teriparatide whereas the other
two had not.

However, not all reports support the hypothesis
of severe suppression of bone turnover in the
development of these fractures. Lee and col-
leagues reported the case of a 73-year-old
woman who sustained multiple atraumatic femo-
ral and pelvic insufficiency fractures 18 months
after the commencement of alendronate therapy
[Lee ez al. 2007]. In spite of biochemical evidence
of reduced bone resorption (i.e. urinary deoxy-
pyridinoline to creatinine ratio <3 nmol/mmol),
the fractures healed while the patient remained
on alendronate therapy, thus casting doubt on
the proposed hypothesis that bisphosphonates
would be directly responsible for these fractures.
Furthermore, a patient with rheumatoid arthritis
who developed bilateral femoral shaft fractures
while taking long-term alendronate and glucocor-
ticoid therapy demonstrated evidence of signifi-
cantly increased, rather than reduced, bone
resorption and a reduction in bone formation
both at the iliac crest and femoral cortex
[Somford ez al. 2009].

It was in 2008 that the term ‘atypical femur frac-
ture’ was coined and a clear definition of these
fractures was proposed [Lenart ez al. 2008]. A
case series describing 15 patients who had devel-
oped minimal trauma fractures while receiving
alendronate reported that 10 of these patients
demonstrated a unique, atypical fracture pattern,
defined by a simple transverse or oblique (<30°)
fracture, cortical beaking and diffuse cortical
thickening of the femoral shaft. Importantly,
these 10 patients had been on alendronate for a
significantly longer period than the five patients
without  this pattern (7.3+1.8  versus
2.8+ 1.3 years, p<0.001). For a comparison of
the radiographical appearance of atypical versus
typical subtrochanteric femur fractures, see
Figure 1.

The association between the atypical fracture
pattern and prolonged bisphosphonate use was
further validated by two case series. The first of
these described eight patients with the atypical
fracture pattern of whom five had been on alen-
dronate from 16 months to 8 years, two had been
on ibandronate for 4 months and 1 year and one
had been on pamidronate until 1 year prior to the
fracture [Ing-Lorenzini et al. 2009]. Seven
patients were also on proton-pump inhibitors,
four on long-term steroid therapy and four
patients eventually developed a stress fracture
or complete fracture of the contralateral femur.
Capeci and Tejwani also described seven patients
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Figure 1. Radiographs showing atypical and typical femoral fractures.

(a) Radiographs (anteroposterior and lateral) demonstrating

the characteristic appearance of an atypical femoral fracture: a transverse or oblique (<30°) fracture line in an area of cortical
thickening with a contralateral uni-cortical beak. (b) Radiograph demonstrating a typical osteoporotic spiral fracture involving the

diaphyseal femur after a mechanical fall.

on long-term alendronate (ranging from 5 to 13
years) who developed bilateral subtrochanteric
femur fractures consistent with the atypical
fracture pattern as previously described
[Capeci and Tejwani, 2009]. One patient pre-
sented with simultaneous bilateral fractures,
two patients had sequential fractures, and four
patients had contralateral stress fractures noted
at the time of the initial fracture. All fractures
were treated with reamed intramedullary nail-
ing, bisphosphonates were ceased and fracture
union was subsequently established at an aver-
age of 4 months.

Recently, a systematic literature review summa-
rized data from case reports and case series on
atypical femur fractures reported in women from
2005 to 2010 [Giusti ez al. 2010]. A total of 31
publications and one unpublished case series
reported a total of 141 atypical femur fractures
occurring in women on bisphosphonate therapy.
Alendronate was the bisphosphonate most com-
monly used (85%) with duration of therapy
71.5+40 months. The majority of patients
reported prodromal thigh pain (64%) and a
number of patients were receiving glucocorticoids
(32.6%) or proton-pump inhibitors (53.8%) at
the time of the fracture. Interestingly, patients

treated with bisphosphonates for less than 5
years (52%) were more likely to be of Asian
origin (60% versus 14.5%, p < 0.001) or to have
a history of femoral shaft fracture (11.8% wversus
0%, p=0.042) before starting treatment com-
pared with those treated for more than 5 years.
This possibly indicates that ethnicity and, per-
haps, underlying but undiagnosed skeletal disor-
ders may play a role in the development of these
fractures.

Case studies have drawn considerable attention
to the occurrence of unusual insufficiency frac-
tures amongst bisphosphonate users but the data
are inherently limited by the potential for obser-
ver bias, the lack of a control group and the
absence of uniform reporting or a standard defi-
nition of atypical femur fractures amongst the
different reports. However, questions raised by
these preliminary reports have prompted further
research on this particular subset of femur frac-
ture and its proposed preponderance amongst
patients on long-term bisphosphonates.

Retrospective studies on subtrochanteric
femur fractures

Several retrospective studies have examined
patients with low-energy subtrochanteric femur
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fractures, seeking to 1identify differences in
patients with ‘typical’ osteoporotic versus atypical
femur fractures.

In a retrospective review of patients admitted
with subtrochanteric fractures to one of two hos-
pitals in Singapore over a 10-month period, nine
of the 13 women were on long-term alendronate
for a mean duration of 4.2 years whereas four
were not [Goh ez al. 2007]. The patients on alen-
dronate were younger (mean age 66.9 years versus
80.3 years) and were noted to be more ‘socially
active’ than those not on alendronate. The
majority demonstrated a simple transverse or
short oblique fracture occurring at the metaphy-
seal-diaphyseal junction (8/9) in association with
cortical hypertrophy at the lateral aspect of the
femur (6/9) and involving the contralateral femur
(3/9). Five patients with atypical femur fractures
reported prodromal pain in the affected hip in the
months prior to the fall, and importantly, the four
patients who did not fall at the time of the frac-
ture recalled experiencing a sharp pain or hearing
a snapping sound at the moment of fracture.

As an extension to their initial study, the same
group later reported a larger cohort of 17
patients, with a mean age of 66 years, who sus-
tained low-energy subtrochanteric fractures
within a 20-month period [Kwek ez al. 2008].
These patients were all on alendronate therapy
for an average of 4.8 years, 16 demonstrated
the atypical fracture pattern as described, 13
had prodromal thigh pain, seven patients had
no trauma, and three patients had bilateral fem-
oral fractures. Interestingly, the majority of
patients had a prior history of osteoporotic frac-
ture (8/17) but only 40% of patients with pre-
treatment bone mineral densities had femoral
neck osteoporosis (5/12).

Another study reviewed all low-energy subtro-
chanteric and mid-shaft femur fractures admitted
to a trauma centre in New York over a 5-year
period [Neviaser er al. 2008]. Of the 70 fractures,
59 occurred in women and 11 in men; 50 were
subtrochanteric and 20 were mid-shaft fractures.
Amongst the 25 patients who had been receiving
alendronate prior to the fracture (25 of 70, 36%),
19 (76%) were identified by three orthopaedic
specialists as displaying the atypical fracture pat-
tern as previously described [Lenart et al. 2008]
whilst only one patient who was not on alendro-
nate displayed this pattern (1/45, 2.2%). The
authors reported that alendronate use was a

significant risk factor for the fracture pattern
[odds ratio (OR) 139.33, 95% confidence inter-
val (CI) 19.0—934.4, p < 0.001] and that the pat-
tern was 98% specific to alendronate users.
Furthermore, the average duration of alendro-
nate use in those with the atypical pattern was
significantly longer than those who did not exhi-
bit the pattern but were taking alendronate, 6.9
years wversus 2.5 years of wuse respectively
(»=0.002).

More recently, a 5-year retrospective study of 152
non-hip femoral fractures identified 20 atypical
femur fractures following detailed review of indi-
vidual radiographs [Girgis ez al. 2010]. Of the 20
patients with atypical femur fractures, 17 had
been receiving alendronate (z=15) or risedro-
nate (n=2) for a mean duration of 5.1 years
and 3 years respectively. Of the 132 patients
whose radiographs did not fulfill the criteria for
atypical fracture, two (1.5%) were taking alen-
dronate, and one was taking risedronate
(0.8%), with mean treatment durations of 3.5
years and 1 year respectively. It was therefore cal-
culated that oral bisphosphonate use imparted a
37-fold increased risk of atypical versus typical
osteoporotic fracture, with the atypical fracture
pattern being 96% specific to oral bisphospho-
nate use. Consistent with other reports, the
investigators described an additional set of risk
factors associated with the development of atyp-
ical femur fractures which included a history of
low-energy fracture, the use of glucocorticoid
therapy for more than 6 months, active rheuma-
toid arthritis and a level of serum 25-hydroxyvi-
tamin D of less than 40 nmol/L. (16 ng/mL). On
the basis of the fractures identified and using data
from the Australian Bureau of statistics, the
authors estimated that the annual incidence of
atypical femur fractures in 2006 was 0.23 per
10,000 amongst the general population living
within the institution’s catchment area and 1.6
per 10,000 in people over 65 years of age
[Girgis and Seibel, 2011a]. Using wholesale
data on the purchase of oral bisphosphonates by
pharmacies within the institution’s catchment
area, they estimated an annual incidence of atyp-
ical femur fractures of 10 per 10,000 in patients
taking alendronate and three per 10,000 in
patients taking risedronate within this population
from 2003 to 2008. Although this study provided
incidence estimates of atypical femur fractures
identified on the basis of radiograph analysis,
these estimates are limited as they were based
on a small number of fracture cases.
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Another retrospective study evaluated 100
patients with low-energy femoral shaft fractures
before and after bisphosphonates became avail-
able for use [Isaacs er al. 2010]. A total of 21
patients who presented with low-energy femoral
shaft fractures between 1995 and 1997 were
compared with 79 patients who presented
between 2007 and 2009 with low-energy frac-
tures at the same location. The 41 patients who
displayed atypical femur fractures had been
receiving bisphosphonate therapy (mean dura-
tion 7.1 years) with a considerable proportion
reporting prodromal thigh pain [29 of 41
(71%)] and displaying bilateral insufficiency frac-
tures [18 of 41 (44%)]. None of the patients who
presented with femoral shaft fractures in the era
prior to bisphosphonate use demonstrated the
atypical fracture pattern.

In another study, 12 out of 20 patients who were
admitted to a single centre with low-energy sub-
trochanteric fractures between 2001 and 2007
were receiving alendronate [Das De et al
2010]. The atypical pattern was found in 11
patients, six had bilateral fractures, the mean
duration of bisphosphonate use was 4.6 years
and only one of five patients who received a
bone mineral density scan at the time of the frac-
ture displayed osteoporosis (the others displayed
osteopaenia). However, it was the identification
of a precursor femur lesion in patients with atyp-
ical femur fractures that was a particularly nota-
ble feature of this study. The lesion, described as
‘an ellipsoid thickening’ in the lateral cortex was
noted in nine femurs in patients on long-term
alendronate. Five progressed to complete frac-
ture, two were prophylactically fixed prior to
the development of a complete fracture, one
regressed following the cessation of alendronate
therapy and one was followed for a year before
the patient died of unrelated causes. For exam-
ples of the radiographical appearance of such cor-
tical stress lesions, see Figure 2.

A study examining 55 patients over the age of 60
who were admitted for femoral shaft fractures
between 2003 and 2007 identified seven patients
with prior alendronate therapy [Ng er al. 2011].
Of these, five demonstrated the atypical fracture
pattern whilst the remaining two had transverse
or oblique fractures but without cortical hyper-
trophy. Importantly, none of the patients had
received bone mineral density scans prior to the
commencement of alendronate and the majority

of patients had no clear indication for bispho-
sphonate therapy.

Although these retrospective studies confirm the
patterns described in smaller case series and
assist in the differentiation of atypical femur frac-
tures from the larger group of osteoporotic sub-
trochanteric fractures, the potential for selection
bias remains in that patients with atypical frac-
tures may have sufficiently severe osteoporosis to
require longer-term bisphosphonate therapy.
Furthermore, these studies are observational
and although they support an association
between bisphosphonate use and atypical femur
fractures, they are not equipped to address the
important question of causality.

Case-control studies on femur fractures

As subtrochanteric and femoral shaft fractures
are generally infrequent amongst patients with
osteoporosis, two recent case—control studies
have included osteoporotic hip fractures in the
analysis of subtrochanteric, diaphyseal and atyp-
ical femur fractures.

In one study, the radiographs of all patients with
femur fractures admitted to an institution
between 1997 and 2007 were reviewed individu-
ally in order to identify the atypical fracture pat-
tern (defined as a transverse, or short oblique,
non-comminuted subtrochanteric/shaft fracture
in an area of thickened cortices with unicortical
beaking) [Giusti er al. 2011]. Amongst a total of
906 femur fractures and 63 low-energy subtro-
chanteric/shaft fractures, there were only 10
patients with atypical fractures. The frequency
of bisphosphonate use was comparable amongst
the 62 patients with subtrochanteric/shaft frac-
tures versus 126 patients with hip fractures who
were age and gender matched. However, atypical
femur fractures were more frequently associated
with bisphosphonate use than typical subtro-
chanteric or shaft fractures (OR 17, 95% CI
2.55—-113, p<0.005). Interestingly, cortical
thickening was no more prevalent amongst
bisphosphonate users compared with patients
who had never been treated with such agents
and half of the atypical femur fractures occurred
in patients never exposed to bisphosphonate ther-
apy (5/10). Therefore, an important question
raised by this study was whether other factors
potentially contributed to the development of
these atypical femur fractures and whether
bisphosphonate wuse is simply an innocent
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Figure 2. Precursor cortical stress lesions in femur.

(a) Three years after the development of a complete right-sided femoral shaft

fracture, this patient developed left-sided thigh pain and was noted to have an ‘ellipsoid thickening’ in the lateral femur cortex with
bowing of the left femur (arrow). On closer inspection (see insert], a transverse fracture of the cortical femur with a surrounding
cortical stress reaction is seen (arrow-heads). The patient had been receiving alendronate for 5 years at the time of this x-ray. (b)
These cortical lesions are not specific to bisphosphonate users (arrow). This 85-year-old patient with a 20-year history of rheumatoid
arthritis and intermittent high-dose glucocorticoid therapy reported 3 months of thigh pain. The patient denied any prior or current
bisphosphonate use. In both cases (a and b), intramedullary nail fixation resulted in relief from the thigh pain and is likely to have
prevented the development of a complete transverse fracture.

bystander perhaps reflective of more severe oste-
oporosis, present in only a subset of cases.

However, the findings of this study stand in stark
contrast to those of a similar case—control study
comparing the individual radiographs of 41
patients with subtrochanteric or femur shaft frac-
tures with those of 82 patients with intertrochan-
teric or hip fractures matched for age, sex and
body mass index [Lenart er al. 2009]. The frac-
ture groups were identified following a retrospec-
tive analysis of all patients admitted with femur
fractures from 2000 to 2007 at a tertiary centre.
A significantly greater proportion of long-term
bisphosphonate use was found amongst those
with subtrochanteric/femur shaft fractures and
duration of bisphosphonate use was also signifi-
cantly longer in this group (p =0.001). The atyp-
ical fracture pattern was highly associated with
bisphosphonate use (OR 15.33, 95% CI 3.06
—76.9, p<0.001) and interestingly, duration of
therapy amongst subtrochanteric/shaft cases cor-
related with cortical thickness.

The contradictory findings of these two case—
control studies may be explained by potential dif-
ferences in the populations studied, differences in
duration of bisphosphonate use and subjective
differences in atypical fracture identification.
Regardless of these differences, both studies
remain observational and whilst allowing for
some elucidation of the relationship between
atypical femur fractures and bisphosphonate
use, they neither confirm nor refute causality.

Post hoc analysis of bisphosphonate trials

A secondary analysis of three large, randomized
bisphosphonate trials, namely the Fracture
Intervention Trial (FIT), the FIT long-term
(FLEX) trial and the Health Outcomes and
Reduced Incidence with Zoledronic acid Once
Yearly (HORIZON) Pivotal Fracture Trial
(PFT), was performed [Black er al. 2010].
Among 14,195 women in these trials, subtro-
chanteric fractures were not significantly associ-
ated with bisphosphonate use and were very rare,
occurring at a combined rate of 2.3 per 10,000
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patient-years (i.e. 12 fracture events). However,
atypical femur fractures were not identified on
the basis of individual radiograph review and
the observation period was not greater than 4.5
years in the majority of patients. The study was
also underpowered for definitive conclusions.

Population-based registry studies

An emerging number of population-based studies
have sought to examine the incidence of subtro-
chanteric, diaphyseal, and more specifically,
atypical femur fractures and their association
with bisphosphonate use on a larger scale. A
common feature of these studies is the use of
hospital discharge registries and medication data-
bases in the analysis of fracture incidence and
bisphosphonate use within populations.

In 2009, two Danish registry-based cross-sec-
tional studies were reported [Abrahamsen ez al.
2009]. The first, a cross-sectional study of
11,944 patients over the age of 60 with femur
fractures identified on the basis of International
Classification of Diseases, 10th revision (ICD-
10) coding, failed to demonstrate a greater fre-
quency of subtrochanteric or diaphyseal femoral
fractures versus typical hip fractures in patients
receiving alendronate (incidence 7% in both
groups). They also conducted a cohort study in
which 5187 patients exposed to alendronate with
a prior history of non-hip fracture were matched
with 10,374 untreated patients also with a history
of non-hip fracture. After adjustment for various
factors, the hazard ratio for subtrochanteric/
diaphyseal fracture amongst patients who had
alendronate did not indicate a significantly
greater risk of fracture than in those not receiving
alendronate [hazard ratio (HR) 1.46, 95% CI
0.91-2.35, p=0.12] and the distribution
between hip and non-hip fractures was identical
in the alendronate cohort and the untreated
cohort (14% wersus 13% respectively, p=0.7).
Interestingly, the incidence of hip fractures was
significantly greater amongst the alendronate
cohort (HR 1.45, 95% CI 1.21-1.74,
p<0.001), possibly indicating more severe
underlying osteoporosis than in the untreated
cohort.

Another group studied the site-specific epidemi-
ology of femur fractures among people 50 years
of age and older using two databases from the
United States, the National Hospital Discharge
Survey and a large medical claims database
(MarketScan) [Nieves er al. 2010]. Over a

10-year period (1996-2006), overall hospital dis-
charge rates for hip fractures amongst women
decreased remarkably (from 600/100,000 to
400/100,000 person-years) whilst the discharge
rates for subtrochanteric and femoral shaft frac-
tures remained stable despite the introduction of
bisphosphonate therapy during this time (each
approximately 20/100,000 person-years).
Similar trends were found amongst men. Using
MarketScan data, the combined incidence
of subtrochanteric and femoral shaft fractures
was below 25/100,000 person-years, representing
an upper limit of the incidence of atypical
femur fractures (in the absence of radiograph
review).

In contrast, a similar study combined 10-year
data (1996-2006) from two Danish registries
(the National Hospital Discharge Register and
the Danish Medicines Agency) of 103,562 age-
and gender-matched patients exposed to bispho-
sphonates with those of 310,683 patients who
were not exposed to  bisphosphonates
[Vestergaard ez al. 2011]. After adjustment for
glucocorticoid use, hormone therapy, and prior
fracture, a greater risk of subtrochanteric frac-
tures was noted amongst patients who had alen-
dronate but this was present predominantly prior
to the commencement of alendronate therapy
(OR 2.36, 95% CI 2.05-2.72, p<0.05) and
after 5 years of treatment, the risk returned to
that of controls. Osteoporosis was therefore con-
sidered the predominant factor in the develop-
ment of subtrochanteric fractures in this study.

Another study assessing health utilization data-
bases from two US states identified 104 low-
energy subtrochanteric or diaphyseal femur frac-
tures among 33,815 patients [Kim er al. 2011].
These fractures were rare with an estimated inci-
dence ratio of 1.46 per 1000 person-years
amongst patients receiving bisphosphonates
(95% CI 1.11-1.88) and did not occur more
frequently amongst those receiving bisphospho-
nates versus those receiving raloxifene/calcitonin
(HR 1.03, 95% CI 0.70—1.52). However, this
comparison is limited as atypical fractures have
also been reported amongst patients using
tamoxifen and raloxifene [Giusti er al. 2010;
Visekruna er al. 2008].

In a recent study from Canada that combined
data from the Ontario Public Drug Program
database and Canadian Institute for Health
Information Discharge Abstract Database, a
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cohort of 205,466 women aged 68 years or older
who had commenced bisphosphonates from
2002 to 2008 was identified [Park-Wyllie ez al
2011]. Compared with bisphosphonate use last-
ing less than 100 days, treatment for 5 years or
longer was associated with a greater risk of sub-
trochanteric or femoral shaft fracture (adjusted
OR 2.74, 95% CI 1.25—-6.02) and a reduced
risk of osteoporotic hip fracture (adjusted OR
0.76, 95% CI 0.63—0.93). After matching each
subtrochanteric/shaft fracture with five controls
without fractures exposed to bisphosphonates,
the investigators estimated that 64% of the sub-
trochanteric/shaft fractures among women taking
bisphosphonates for longer than 5 years were
attributable to extended bisphosphonate use
(i.e. attributable fraction of the exposed
women = 64%).

The main limitation of such population-based
studies is the lack of individual radiograph
review and the subsequent inability to differenti-
ate atypical femur fractures from the larger group
of subtrochanteric/shaft fractures [Girgis and
Seibel, 2011b]. This is particularly relevant
because atypical femur fractures account for a
minority of subtrochanteric and shaft fractures
[Girgis er al. 2010; Giusti ez al. 2010].

A large cohort study from a Californian Health
Management Organization analyzed radiographic
data from 15,000 femur fractures occurring
between 2007 and 2009 [Dell er al. 2010].
After radiograph analysis, 135 atypical femur
fractures were identified. Using pharmacy data,
it was observed that the majority of atypical frac-
tures were associated with bisphosphonate use
(97%) and longer duration of use. Although
this study represents the largest single group of
atypical femur fractures, the lack of a control
group to account for the effect of confounders
such as age on fracture risk is a limitation of
this otherwise important contribution.

The most recent cohort study examining 1271
women in Sweden who sustained a femur frac-
ture in 2008 identified 59 atypical fracture cases
on the basis of individual radiograph review
[Schilcher er al. 2011]. These were compared
with 263 control patients who had sustained ordi-
nary subtrochanteric or shaft fractures. Data on
medications and coexisting conditions were
obtained from national registries. A total of
78% of the case patients and 10% of the controls
had received bisphosphonates, corresponding to

a multivariable-adjusted odds ratio of 33.3 (95%
CI 14.3—77.8). The duration of use influenced
the risk (OR per 100 daily doses 1.3, 95% CI
1.1-1.6) and following drug withdrawal, the
risk diminished by 70% per year since the last
use (OR 0.28, 95% CI 0.21—-0.38). However,
this study provided reassurance in that the abso-
lute risk of an atypical fracture in patients on
bisphosphonates was five cases per 10,000
patient-years (95% CI 4-7).

Proposed pathophysiology

The predominant hypothesis regarding the path-
ophysiology of atypical femur fracture is that
severe suppression of bone turnover leads to
the accumulation of bone microdamage and the
development of an insufficiency fracture at the
point of maximal, weight-bearing stress, namely
at the subtrochanteric or diaphyseal femur [Ng
et al. 2011; Goh er al 2007; Odvina et al. 2005].

Intriguing similarities have been described
between atypical femur fractures and fractures
classically seen in patients with adult-onset hypo-
phosphatasia, a congenital disorder arising from
mutations within the gene encoding for the
tissue-nonspecific isoenzyme of alkaline phos-
phatase [Whyte, 2009]. In this condition, the
extracellular accumulation of inorganic pyro-
phosphate within bone inhibits hydroxyapatite
growth and dissolution, thereby blocking skeletal
mineralization and, importantly, arresting bone
turnover. Clinically, patients present in adult-
hood with chronic pseudo-fractures that affect
the lateral aspect of the subtrochanteric femur,
occur in association with cortical thickening and
prodromal pain [see Figure 3(a)]. Similarly, par-
ticular forms of osteopetrosis, such as carbonic
anhydrase II deficiency and pycnodystosis due
to cathepsin K gene mutations, are characterized
by osteoclast dysfunction and subsequent excess
bone formation with femur cortical thickening
and fractures that bear a striking resemblance to
atypical fractures [see Figure 3(b)] [Clifton-
Bligh, 2011; Yates ez al. 2011]. Whilst these sim-
ilarities support the hypothesis of bisphospho-
nate-related suppression of bone turnover in
atypical femur fractures, this observation also
raises other questions such as the role of genetics
and the possibility of mineralization defects in the
development of atypical femur fractures.

A closer examination of the atypical fracture pat-
tern may lead to a better understanding of the
biomechanical evolution of these fractures. The
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Figure 3. Genetic conditions which may mimic atypical fractures. (a) A 48-year-old woman with adult-onset
hypophosphatasia developed subtrochanteric pseudo-fractures that presented with thigh pain [Whyte, 2009].
(Reproduced with permission from John Wiley and Sons, license date 27 April 2011, license number
2657010333028.) (b) A 56-year-old man with known autosomal-dominant osteopetrosis sustained a left sub-
trochanteric fracture of the hip after experiencing pain and spontaneously collapsing to the floor while walking
[Birmingham and McHale, 2008]. The transverse nature of these fractures, the associated cortical thickening
and the location of the fracture within the subtrochanteric femur in these genetic conditions all bear similar-
ities to atypical fractures. These resemblances suggest a genetic component and may help explain the devel-
opment of atypical fractures. (Reproduced with permission from Springer, license date 27 April 2011, license

number 2657011247210).

precursor lesion appears to be an incomplete
stress fracture in the lateral cortex of the subtro-
chanteric femur that clinically corresponds with
prodromal thigh pain (see Figure 2) [Das De
et al. 2010]. Following detailed examination of
44 atypical femur fractures, it was recently pos-
tulated that this lesion represents a focal point
where maximal tensile stress couples with the
accumulation of microdamage sufficiently
severe to result in the development of an insuffi-
ciency fracture [Koh ez al. 2011]. The accompa-
nying cortical thickening may represent a
localized stress reaction and could potentially
contribute to the spontaneous extension of the
fracture through the width of the femur to
result in a complete transverse fracture.
Although this represents one interpretation of
objective radiographic features, further charac-
terization of these features by advanced imaging
modalities is an essential component in under-
standing the sequential evolution of these
fractures.

If bisphosphonates do result in severe suppres-
sion of bone turnover, then the existing evidence

base is limited by the lack of a standard definition
for this proposed condition and small studies that
do not uniformly support this possibility. In one
study, bone histomorphometry reported severely
reduced bone remodeling in trans-iliac crest
biopsies of five patients with atypical femur
[Odvina ez al. 2010]. A recent abstract reported
reduced bone matrix heterogeneity at the site of a
number of bisphosphonate-related atypical femur
fractures, possibly leading to more brittle bone
[Boskey ez al. 2010]. In contrast, however, a
case report described an imbalance in bone turn-
over with increased bone resorption and reduced
bone formation at the iliac crest and femoral
cortex in a patient with bilateral atypical fractures
[Somford ez al. 2009]. Larger studies in patients
with atypical fractures examining clear histomor-
phometric parameters to define severe suppres-
sion of bone turnover and standard biopsy
procedures are needed to address this question.

The general effects of long-term bisphosphonate
therapy on bone turnover have been studied
extensively in animal models and also in
humans. Bone biopsies obtained from patients
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who had received alendronate for 5 years fol-
lowed by a further 5 years of alendronate or pla-
cebo demonstrated new bone formation and the
absence of qualitative defects in skeletal histology
amongst those on long-term therapy [Recker
et al. 2004]. In addition, bone biopsies obtained
after 5 years of risedronate or placebo amongst
74 participants of an extension arm of a random-
ized trial showed the presence of double tetracy-
cline labeling, similar reduction in bone-forming
measures but the absence of qualitative defects
amongst those on risedronate compared with pla-
cebo [Ste-Marie er al. 2004]. Studies assessing
bone turnover markers in patients treated with
bisphosphonates have shown sustained but not
progressive decreases in these markers, even
with up to 10 years of bisphosphonate therapy
[Black ez al. 2006; Harris er al. 1999].

Findings from animal studies have shed some
light on the issue but are difficult to extrapolate
to the human situation. In female beagle dogs
receiving risedronate at doses 5-20 times the
clinical human dose, examination of the femoral
neck did not reveal an increase in micro-crack
frequency or morphology [Forwood ez al
1995]. However, a similar study using very high
doses of alendronate or risedronate versus pla-
cebo in female beagle dogs for 1 year demon-
strated  increased  cortical microdamage,
suppression of cortical remodeling and reduced
bone toughness in non-weight-bearing bone,
namely the ninth rib [Mashiba er al. 2000].
Another study in which equivalent clinical doses
of risedronate or alendronate was given for 1 year
to the same animal model demonstrated dose-
dependent reduction in bone turnover and
increase in micro-crack surface density, but this
was offset by the effect of increased bone volume
in the preservation of the mechanical properties
of bone [Allen ez al. 2006]. Relevant to the ques-
tion at hand, a study examining fracture tough-
ness of the mid-shaft femur in aged osteopaenic
rats treated for 4 months with high doses of iban-
dronate or risedronate did not demonstrate sig-
nificant differences between these rats and those
receiving placebo [Shahnazari er al. 2010].

Therefore, while the reduction of bone turnover
is the mechanism by which bisphosphonates
affect bone strength and fracture risk, severe sup-
pression as characterized by the accumulation of
microdamage or changes to the structural integ-
rity of bone that predispose to fracture have not
been found in association with long-term

bisphosphonate therapy in humans. The possibil-
ity remains that a subset of patients may be par-
ticularly  susceptible to the effects of
bisphosphonate therapy, perhaps relating to eth-
nicity, genetics, underlying osteoclast dysfunction
or morphological features that affect femur
loading.

Implications for clinical practice

Following detailed analysis of the emerging evi-
dence base on atypical femur fractures, the impli-
cations this issue poses to the continued use of
bisphosphonates in the management of osteopo-
rosis should be considered. Where do we, as cli-
nicians, stand on the issue of atypical femur
fractures and their relation to bisphosphonate
use?

Firstly, on balance, the cumulative body of evi-
dence supports an association between long-term
bisphosphonate therapy and the development of
atypical femur fractures. Although subject to
publication bias, this association rests on the
basis of numerous case series, retrospective anal-
yses and a large database study which all involve
the direct and individual assessment of radio-
graphs in the identification of atypical fractures.
However, as the nature of this association is
unclear and causality has not been established,
the potential for risk amongst bisphosphonate
users to suffer an atypical femur fracture clearly
pales in comparison to the large body of hard
evidence supporting a significant reduction in
the overall risk of fracture in men and women
with osteoporosis.

Secondly, by all accounts, atypical femur frac-
tures are remarkably rare both in absolute terms
and relative to the incidence of osteoporotic hip
fractures [Park-Wyllie ez al. 2011; Abrahamsen
et al. 2009]. Even on the assumption of a causal
link, it is very likely that for each atypical femur
fracture to potentially result from prolonged
bisphosphonate therapy, many more osteoporotic
fractures would be prevented by the use of such
drugs. A sense of perspective on the issue should
guide practice.

However, on the basis of circumstantial evidence,
the possibility of insufficiency fractures should be
considered amongst patients who report unex-
plained thigh or groin pain in the context of pro-
longed bisphosphonate therapy, concomitant
glucocorticoid therapy or a history of rheumatoid
arthritis, diabetes mellitus or proton-pump
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Figure 4. Atypical fracture on technetium-labeled whole-body bone scintigraphy. A 65-year-old woman who
had been taking alendronate for 7 years reported a 6-month history of left thigh pain. A whole-body techne-
tium-labeled bone scan demonstrated a focal area of intense uptake in the femoral shaft on both early and
delayed images (arrows). This represented a cortical stress lesion for which she later underwent intramedul-

lary nail fixation.

inhibitor use. Prompt evaluation of such patients
with imaging of the affected femur to assess for
cortical stress fractures with x-ray (see Figure 2)
or bone scan (see Figure 4) and the measurement
of markers of bone turnover in such individuals is
often helpful. In the event that such a precursor
lesion is found, the decision to cease bisphospho-
nate therapy, to commence teriparatide or con-
sider prophylactic femoral rod insertion to
prevent the development of a complete fracture
may be undertaken, but is based on purely empir-
ical grounds.

A discussion on the sustained efficacy and appro-
priate duration of bisphosphonate therapy in
patients with osteoporosis is a complex area and

beyond the scope of this review. For an in-depth
discussion on this issue, we refer readers to a
recent review [Seeman, 2009]. It suffices to say
that in the absence of definitive evidence, a
reasonable approach should include case-by-
case analysis of the patient’s on-drug frac-
ture history, the presence of relevant risk factors
for osteoporosis and objective trends in bone
density and turnover in the decision for a drug
holiday.

Conclusion

Despite our better understanding of the phenom-
enon of atypical femur fractures over the past 6
years, a cloud of uncertainty continues to intrigue
investigators in this field. Observations of the
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atypical fracture pattern indicate a profoundly
pathological condition with dire biomechanical
consequences. However, the underlying cause
and subsequent mechanisms resulting in the
development of these fractures remain elusive.
Further research is needed to address the precise
role of bisphosphonate therapy, genetic factors
and other potential predisposing factors in the
development of these fractures. This may include
long-term, prospective observational studies
examining the development of subtrochanteric
fractures, specific data on bone biopsies and frac-
ture healing in patients treated with bisphospho-
nates, and further analyses of clinical,
biomechanical and genetic factors pertinent to
the development of atypical femur fractures.
Whether this phenomenon represents “a new
breed” of femoral fracture, the body of evidence
supports the emergence, or at least recognition,
of atypical fractures since 2005. However, frac-
tures with striking similarities have been long
seen in sufferers of rare genetic conditions, sug-
gesting an underlying genetic role in the develop-
ment of atypical fractures.

Until further research eventuates, it is also
unclear whether bisphosphonate therapy is a
prime culprit, one of several compounding
causes, or merely an innocent bystander indica-
tive of severe osteoporosis, in the development of
atypical femur fractures. Whilst physicians
should remain vigilant of the possibility of corti-
cal insufficiency and atypical femur fractures in
patients on long-term bisphosphonate therapy
and accordingly investigate such patients who
report unexplained thigh or groin pain, the estab-
lished efficacy of bisphosphonates in the preven-
tion of common fragility fractures in patients with
osteoporosis should be borne in mind.
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