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Antiresorptive drugs, namely bisphosphonates and denosumab, are effective
therapies for osteoporosis; however, atypical femur fractures have emerged as
rare adverse events associated with use of antiresorptive drugs. Atypical femur
fractures are associated with significant morbidity and clinician awareness is
important for timely diagnosis and intervention.

steoporosis and osteopenia affect
4.7 million people in Australiaand
are associated with significant
morbidity and mortality, with the
burden expected to rise with an ageing pop-
ulation.! Antiresorptive drugs, both oral or
intravenous bisphosphonates and deno-
sumab, reduce the risk of fractures by up to
70%.2 However, atypical femur fractures
(AFFs) have recently emerged as rare adverse
events associated with the use of anti-
resorptive drugs.>* This has led to clinician
and patient concern over the use of these
effective osteoporosis therapies, with an over-
emphasis of this rare adverse event linked to
a decline in uptake of osteoporosis drugs.’
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This article aims to raise awareness of
these rare fractures and provides guidance
on the screening and treatment of AFFs, as
well as balanced evidence on the risks and
benefits of antiresorptive agents (bisphos-
phonates and denosumab).

Definition of atypical femur
fractures

AFFs have unique radiological features
(Figures 1a and b) that distinguish them from
a ‘typical subtrochanteric or diaphyseal femur
fracture (Figures 2a and b).* AFFs are located
in the subtrochanteric or diaphyseal region
of the femoral shaft, originate from thelateral
aspect of the femur and are predominantly
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transverse in nature, but may become
oblique as they progress medially. AFFs are
minimally comminuted or noncomminuted
and can be associated with lateral ‘cortical
beaking’. The features needed to satisfy a
definition of AFF are outlined in Box 1.
Complete AFFs involve a fracture line
that extends through the entire femoral shaft,
whereas incomplete AFFs originate from the
lateral femoral cortex and do not extend
across the entire shaft. Patients may report
prodromal thigh pain, which can occur in
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Key points

up to 70% of cases, representing an incom-
plete AFF. This can progress to a complete
fracture either occurring spontaneously or
in the setting of minimal trauma (see the
Case Study in Box 2).

Association with antiresorptive
therapy

The underlying pathogenesis of AFFs is not
completely understood, with the link
between AFFs and antiresorptive therapy
being paradoxical, as the purpose of these

Atypical femur fractures (AFFs) are
rare spontaneous femur fractures
linked to prolonged antiresorptive
therapy for osteoporosis.

AFFs are associated with significant
morbidity, delayed healing and
prolonged immobilisation. They may
also be bilateral.

Thigh or pelvic pain in a patient

taking antiresorptive drugs is a red
flag that requires further radiological
assessment (plain x-ray, bone scan,
MRI or CT) to exclude AFFs.
Management of AFFs requires
multidisciplinary specialist input and
includes cessation of antiresorptive
drugs and consideration of surgical
intervention.

Despite the significant impact of
AFFs for the individual, the burden of
‘typical’ osteoporotic femur fractures
remains 50- to 100-fold higher than
AFFs. Given the large number of other
fragility fractures potentially
prevented, the benefit to risk ratio
remains strongly in favour of initiating
antiresorptive therapy in older adults
with osteoporosis.

agents is to prevent fractures. It has been
proposed that prolonged antiresorptive
drugs alter the biomechanical properties of
bone, with over-suppression of bone remod-
elling allowing microdamage to accumulate.
Weightbearing on these bones with micro-
damage leads to increased biomechanical
strain, particularly affecting the lateral aspect
of the femur shaft at the site of maximal
biomechanical force. With repetitive loading,
stress fractures occur and progress to com-
plete AFFs.

1. Definition of atypical femur
fractures

To satisfy the definition of an atypical
femur fracture (AFF), the fracture must
be located along the femoral diaphysis
from just distal to the lesser trochanter
to just proximal to the supracondylar
flare.

Major features

Four out of five of the following major
features are required to satisfy a definition
of AFF.

* The fracture is associated with minimal
or no trauma (e.g. a fall from a standing
height or less)

* The fracture line originates at the lateral
cortex and is substantially transverse in
its orientation, although it may become
oblique as it progresses medially
across the femur

Complete fractures extend through
both cortices and may be associated
with a medial spike, whereas
incomplete fractures involve only
the lateral cortex

* The fracture is noncomminuted or
minimally comminuted

Localised periosteal or endosteal
thickening of the lateral cortex is
present at the fracture site (‘beaking’
or ‘flaring’)

Minor features

Minor features have sometimes been
associated with AFF, but none of these
minor features are required to satisfy a
definition of AFF.

* Generalised increase in cortical
thickness of the femoral diaphysis

* Unilateral or bilateral prodromal
symptoms (e.g. dull or aching pain in
the groin or thigh)

¢ Bilateral incomplete or complete
femoral diaphysis fractures

* Delayed fracture healing

Adapted from: Shane E, et al. Atypical
subtrochanteric and diaphyseal femoral fractures:
second report of a task force of the American
Society for Bone and Mineral Research. J Bone
Miner Res 2014; 29: 1-23.4
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ATYPICAL FEMUR FRACTURES CONTINUED

Figures 1a and b. Typical femoral shaft fractures, which are usually
oblique and spiral fractures, and can be comminuted.

Clinical risk factors

Antiresorptive therapy remains the strongest
risk factor for developing an AFF, with up
to0 90% of AFF cohorts reporting prior use.’
However, several other clinical risk factors
have also been described. These include rel-
atively younger age than patients who sustain
typical osteoporotic hip fractures, higher
body mass index, Asian ethnicity, rheuma-
toid arthritis, diabetes mellitus and use of
other concomitant drugs, such as glucocor-
ticoids, statins and proton pump inhibitors.®
Underlying monogenetic conditions, such
as hypophosphatasia, osteogenesis imper-
fecta and pycnodysostosis, have also been
linked to AFFs.®

Balancing the risks and benefits
of antiresorptive drugs

AFFs are rare, with a cumulative incidence
of three AFF cases per 100,000.” However,
the incidence increases with prolonged antire-
sorptive drug use, such that more than eight
years of exposure to bisphosphonate therapy
was associated with an AFF incidence rate
of 113.1 per 100,000 person-years.”

AFFs are exceedingly rare compared with
other major osteoporotic fractures (Figure 3).°
A recent audit at our institution confirms
that the incidence of AFF in an Australian

population is low, with the risk of ‘typical” hip
fractures 50-fold higher than that of AFFs
(unpublished data). As such, the benefits of
antiresorptive therapy to prevent fragility
fractures in people with osteoporosis far out-
weigh the risk of AFFs. Clinicians should
remain confident in initiating antiresorptive
drugs in patients with osteoporosis at high
risk of fragility fracture. This is particularly
important because, unfortunately, undertreat-
ment of osteoporosis remains common.”

Recent guidelines have provided recom-
mendations on the optimal duration of
bisphosphonate treatment to mitigate the risk
of this rare complication associated with pro-
longed use." In contrast, there are no guide-
lines on the optimal duration of denosumab
therapy and ‘drug holidays’ are not recom-
mended for this antiresorptive therapy
because of its rapid offset of action.

In patients who are at low risk of fragility
fracture, after three to five years of bisphos-
phonate drug use, clinicians may consider
recommending a ‘drug holiday’ from bis-
phosphonate therapy for two to three years.
It is important to continue to monitor bone
density during a ‘drug holiday’, as osteo-
porosis treatment may need to be recom-
menced in the setting of a decline in bone
density or a new fragility fracture.
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Figures 2a and b. The unusual appearance of atypical femur fractures.
Note the predominant transverse orientation particularly at the lateral cortex.

In patients at high risk of fragility frac-
tures, continuing bisphosphonate treatment
for up to 10 years has been shown to reduce
the risk of fragility fracture. Therefore, anti-
resorptive therapy should be continued in
patients at high risk of fragility fractures.

Diagnosis of atypical femur
fractures

Complete AFFs can lead to significant
morbidity, delayed healing, and prolonged
immobilisation.* Early detection of an incom-
plete AFF may allow intervention before the
fracture becomes complete. Patients on
antiresorptive drugs should be routinely
asked about hip, groin or thigh pain, which
usually worsens with weightbearing. Pain in
these regions should prompt the clinician to
consider AFFs, and further imagingarranged
to exclude an incomplete AFE.

Bilateral hip and full-length femur x-rays
are useful in assessing for lateral femoral
cortical beaking and presence of a fracture
line. The x-ray should be reviewed carefully
to assess for major criteria for AFF, as
outlined in Box 1. Itis particularly important
to state the history of bisphosphonate use
and thigh pain on the radiology request and
raise the concern of possible AFFs, so that
radiologists can carefully review the x-rays
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management.

2. Case study: a 70-year-old woman with bilateral atypical femur fractures

Mrs AB is a 70-year-old Vietnamese woman who complains

of five months of intermittent bilateral hip pain. She has a history
of osteoporosis, sustaining a right wrist fracture after minimal
trauma ten years ago. She also has hypertension and
dyslipidaemia. Her current medications are alendronate,

X-rays of her bilateral hips and pelvis were arranged and
reported to be normal. Two weeks later, while walking in her drive
way, she felt her left leg ‘give way’, an audible crack was heard,
and she fell to the ground. A subsequent x-ray in her local
emergency department identified a left midshaft femoral fracture
(Figure A). An x-ray of her contralateral femur identified an
incomplete fracture of her right femur (Figure B).

Mrs AB was diagnosed with bilateral atypical femur fractures
(AFFs) associated with use of alendronate therapy. She required
surgical fixation of her left complete AFF with an intramedullary
femoral nail, and a decision was made to arrange an elective
right-sided intramedullary femoral nail to prophylactically manage
the incomplete right AFF. Antiresorptive therapy was ceased, and
she was referred to the hospital osteoporosis clinic for ongoing

Figures A and B. (A, left) Left-sided complete atypical femur fracture.
(B, right). Contralateral right-sided incomplete atypical femur fracture (arrow).

in this context. If detected, imaging of the
contralateral femur is necessary to exclude
contralateral AFFs, as bilateral AFFs occur
in up to 40% of cases.

In the setting of hip or thigh pain, if x-rays
cannot detect any abnormalities, more
sensitive imaging techniques should be
requested, including bone scan or CT and/
or MRI of the femur. Specialist review is
recommended.

Management

Once an AFF has been identified, it is
recommended that antiresorptive agents,
including bisphosphonates and denosumab,
be stopped, as ongoing use may delay healing
or contribute to a contralateral AFE.* Further
management includes optimisation of vita-
min D levels and dietary calcium intake.
Patients require multidisciplinary care with
an orthopaedic surgeon, an osteoporosis
specialist (endocrinologist, geriatrician,
rheumatologist) and rehabilitation team in
conjunction with their GP.

A patient with a complete AFF will require
surgical fixation, preferably with intramed-
ullary rod insertion. However, in the case of
an incomplete AFF, patients can either be
managed conservatively or with prophylactic
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Abbreviations: Bis-AFF = bisphosphonate-associated atypical subtrochanteric and diaphyseal femur fracture;

Bis-ONJ = bisphosphonate-associated osteonecrosis of the jaw; BMD = bone mineral density; FRAX = Fracture Risk

Assessment Tool; MVA = motor vehicle accident.

* Data from Khan AA, Rios LP, Sandor GK, et al. Bisphosphonate-associated osteonecrosis of the jaw in Ontario: a survey
of oral and maxillofacial surgeons. J Rheumatol 2011; 38: 1396-1402 (Canadian data).

T Data from Dell R, Greene D, Ott SM, et al. A retrospective analysis of all atypical femur fractures seen in a large
California HMO from the years 2007 to 2009. J Bone Miner Res 2010: 25 (American data).

t  Data from Statistics Canada. Homicide offences, number and rate, by province and territory. Ottawa: Statistics Canada;
2011 (Canadian data).

8 Data from Transport Canada. 2007 casualty rates. Ottawa: Transport Canada; 2010 (Canadian data).

The 10-year risk of major osteoporotic fracture in a low-risk woman by Canadian FRAX (65-year-old woman, weighing

60 kg with a height of 168 cm; BMD FN T-score —1.2).

1 The 10-year risk of major osteoporotic fracture in a moderate-risk woman by Canadian FRAX (65-year-old woman
weighing 60 kg with a height of 168 cm; parent hip fracture history; BMD femoral neck T-score —2.0).

** The 10-year risk of major osteoporotic fracture in a high-risk woman by Canadian FRAX (65-year-old woman weighing
60 kg with a height of 168 cm; parent hip fracture history; previous fracture; BMD femoral neck T-score —2.6).

1500

3000 3500

Figure 3. Comparing the risk of AFF with major osteoporotic fractures and other rare events.
Reproduced with permission from Brown JR et al. Bisphosphonates for treatment of osteoporosis: expected benefits, potential
harms, and drug holidays. Can Fam Physician 2014; 60: 324-333.°
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ATYPICAL FEMUR FRACTURES CONTINUED

Screening and management of atypical femur fractures (AFFs)

A patient who is taking antiresorptive drugs presents with

prodromal thigh and/or groin pain

Perform a plain femoral x-ray

\J ./

AFF confirmed Normal
Screen with more sensitive tests (bone scan, CT, MRI)
|
* Cease antiresorptive therapy v v

* Ensure adequate calcium and < A s
vitamin D supplementation

\/

Obtain imaging of the contralateral femur to exclude bilateral AFF

v

Refer patient to an orthopaedic surgeon and osteoporosis specialist
l

\Z [/

Complete fracture

No AFF

Incomplete fracture

¢ Significant pain
¢ Cortical linear lucency

¢ No pain or minimal pain
* No cortical linear lucency

\

Trial of conservative therapy (limit weightbearing
on affected side using a walking aid)

v

Is there radiological and/or symptomatic
improvement after two to three months?

\J ./

No Yes

\ \ v v

Patient to undergo surgical stabilisation Continue conservative management

! '

Consider long-term osteoporosis management under the guidance of
an osteoporosis specialist
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surgical fixation. If conservative management
is recommended, patients are advised to limit
weightbearing on the affected side using a
gait aid. Management of incomplete and
complete AFFs are shown in the Flowchart.

Thereisarisk of progression to a complete
fracture, with thigh pain and a radiolucent
transverse line at the site of cortical beaking
being high-risk indicators for progression.
Serial radiographs can assist with monitoring
for progression of the fracture, which may
indicate if prophylactic surgical fixation is
required. Early review by an orthopaedic
surgeon and osteoporosis specialist is
recommended in this instance.

Ongoing management of bone health in
patients with AFF is complex and requires
specialist assessment. Decision regarding
further osteoporosis therapy depends on
other clinical factors, including recent
fragility fractures and bone density. Further
management is made on an individual basis.
Patients may be recommended a drug
holiday or be prescribed anabolic osteo-
porosis therapy, such as teriparatide, or other
antiresorptive drugs. However, more
research is needed to guide the optimal use
of osteoporosis therapy following an AFF.

Conclusion

AFFsassociated with antiresorptive therapy
arerare, but are associated with considerable
morbidity and implications for future
osteoporosis management. Clinicians need
to be aware of AFFs to ensure timely diagno-
sis, cessation of antiresorptive therapy and
referral of the patient to specialist multidis-
ciplinary teams. A patient on antiresorptive
treatment who complains of new thigh or hip
pain should trigger rigorous radiological
assessment to exclude AFFs. Complete AFFs
require surgical intervention, whereas
patients with incomplete AFFs may be offered
prophylactic surgery if pain is present or be
managed conservatively. Subsequent man-
agement of underlying osteoporosis needs to
be considered on an individual basis. ~ ET
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