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Abstract
Purpose of Review To summarize reports published since the 2013 American Society of Bone and Mineral Research Task Force
Report on atypical femoral fractures (AFF).
Recent Findings The absolute incidence of AFFs remains low. AFFs are primarily associated with prolonged bisphos-
phonate (BP) exposure, but have also been reported in unexposed patients and those receiving denosumab for osteopo-
rosis and metastatic bone disease. Asians may be more susceptible to AFFs. Lateral femoral bowing and varus hip
geometry, which increase loading forces on the lateral femoral cortex, may increase AFF risk. Altered bone material
properties associated with BP therapy may predispose to AFFs by permitting initiation and increasing propagation of
micro-cracks. Relevant genetic mutations have been reported in patients with AFFs. Single X-ray absorptiometry femur
scans permit early detection of incomplete and/or asymptomatic AFFs. Orthopedists recommend intramedullary rods for
complete AFFs and for incomplete, radiologically advanced AFFs associated with pain and/or marrow edema on MRI.
Teriparatide may advance AFF healing but few data support its efficacy.
Summary Greater understanding of biological and genetic predisposition to AFF may allow characterization of individual risk
prior to initiating osteoporosis therapy and help allay fear in those at low risk for this complication, which remains rare in
comparison to the osteoporotic fractures prevented by antiresorptive therapy.
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Introduction

Low-energy femur fractures in patients receiving alendronate
were first described in 2005 [1], followed by two case series in
2007 [2] and 2008 [3] reporting strong associations with
alendronate. Since then, many articles have been published
on atypical femur fractures (AFF). The American Society
of Bone and Mineral Research Task Force on AFFs

analyzed 310 published cases in 2010 [4]. In 2013, a sec-
ond American Society for Bone and Mineral Research
(ASBMR) Task Force Report on AFFs reviewed studies
published between 2010 and 2013 [5]. It refined the case
definition to emphasize the diagnostic importance of the
periosteal stress reaction (beaking) at the site of fracture
initiation in the lateral femoral cortex and the transverse
orientation of the fracture line through the lateral cortex,
summarized evidence that AFFs are stress fractures, and
emphasized the importance of radiograph review versus
hospital codes in epidemiological studies of AFFs [5].
The second report also summarized data on the absolute
risk of AFFs in patients taking bisphosphonates (BPs),
which ranged from 3.2 to 50 cases per 100,000 person-
years for short-term use (< 5 years). However, long-term
use (> 5 years) appeared to be associated with higher risk
(~ 113 per 100,000 person-years). It summarized prelimi-
nary evidence that Asian race and lower limb geometry
were risk factors for AFF [5]. In this article, we review
papers published since 2013 that address the epidemiology,
pathogenesis, and management of AFFs.
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Atypical Femur Fracture Case Definition

One goal of the ASBMR Task Force was to establish a case
definition to distinguish AFFs from ordinary osteoporotic
femoral shaft fractures. The AFF case definition published in
the first ASBMR Task Force Report [4] and the revised case
definition in the second ASBMRTask Force Report [5] differ
in several respects (Table 1). The 2013 definition, which used
newer data to improve the precision of the definition, made the
location of the fracture (just below the lesser trochanter but
above the supracondylar flare) a sine qua non, rather than a
major feature, delineated five major features, and required that
a minimum of four be present. As in the original definition, no
minor features are required to be present. The major differ-
ences between the original and revised definitions are as fol-
lows: (1) periosteal or endosteal thickening of lateral cortex at
the fracture site (“beaking or flaring”) was changed from a
minor to a major feature, (2) minimal comminution was per-
mitted, and (3) the wording “transverse or short oblique con-
figuration”was expanded to specify that the fracture line must
originate at the lateral cortex and remain transverse across the
cortex, but permitted the fracture line to become oblique as it
progressed medially across the femur. Recent studies, using
the 2013 case definition and a variety of designs, report a low
incidence of AFFs [6, 7••, 8••, 9, 10].

Several studies have addressed the effect of the new
ASBMR criteria on the diagnosis of AFF. With regard to

imaging techniques for diagnosis of AFFs, Critchlow et al.
assessed the sensitivity and specificity of each radiographic
criterion to identify an AFF [11]. Four independent experts
representing different medical specialties within Kaiser
Permanente Southern California compared radiographs from
55 AFFs and 39 non-AFFs. The most sensitive features
distinguishing AFFs from non-AFFs were the lateral cortex
transverse fracture pattern (mean 93.6%, range 85.5–98.2%),
medial cortex transverse or oblique fracture pattern (mean
84.1%, range 72.7–98.2%), and minimal or non-
comminution (mean 93.2%, range 89.1–98.2%). Specificity
was greatest for lateral cortex transverse fracture pattern
(mean 95.5%, range 92.3–97.4%). Luangkittikong and
Unnanuntana reported similar prevalence of AFFs with both
criteria and that localized periosteal thickening of the lateral
cortex was the most specific finding for BP exposure in those
with AFFs [12]. In a study by Orwoll and colleagues, two
independent expert physicians applied the 2013 definition to
radiographs previously categorized as AFFs by the 2010 def-
inition [13]. The approximate 50% decrease in the number of
fractures that met the 2013 than the 2010 ASBMR case defi-
nition (37 vs 74) was primarily due to the more precise spec-
ification of transverse configuration. Twelve shaft fractures
were reclassified as AFFs, due to modification of comminu-
tion and periosteal/endosteal thickening criteria. In our opin-
ion, radiographic studies that use the revised ASBMR case
definition will capture the phenomenon more accurately.

Table 1 Comparison of original and revised ASBMR case definition

Original Revised (changes from 2010 are in italicized font)

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 The fracture located anywhere along the femur from just distal
to the lesser trochanter to just proximal to the supracondylar
flare

Associated with no trauma or minimal trauma, as in a fall from
a standing height or less

Associated with no trauma or minimal trauma, as in a fall from a
standing height or less

Transverse or short oblique configuration Fracture line originates at the lateral cortex and is substantially
transverse in orientation, although it may become oblique as it
progresses medially across the femur

Noncomminuted Noncomminuted or minimally comminuted

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

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

Localized periosteal or endosteal thickening of lateral cortex at the
fracture site (“beaking or flaring”)

Minor features Localized periosteal reaction of lateral cortex (“beaking or
flaring”)

Generalized increase in cortical thickness of the diaphysis Generalized increase in cortical thickness of the femoral diaphyses

Prodromal symptoms, such as dull or aching pain in groin or
thigh

Unilateral or bilateral prodromal symptoms such as pain. B

Bilateral fractures and symptoms Bilateral incomplete or complete femoral diaphysis fractures

Delayed healing Delayed fracture healing
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On a cautionary note, Harborne et al. found that radiology
reports are often inaccurate, with a high frequency of not
reporting AFFs that meet ASBMR criteria and of improperly
labeling fractures as AFFs when they do not meet criteria [14].
Inaccurate radiographic diagnosis of AFFs may adversely im-
pact epidemiologic studies that attempt to characterize inci-
dence and prevalence of AFF as well as patient management.
In the latter case, if a fracture is improperly labeled an AFF,
BPs or denosumab might be discontinued inappropriately. In
contrast, not labeling a fracture that meets ASBMR criteria for
an AFF may lead to inappropriate continuation of BPs or
denosumab, which should be stopped upon diagnosis.

Update on Epidemiology

In the second ASBMRTask Force report, AFF incidence was
very low, ranging from 50 to 130 cases per 100,000 patient-
years [5]. Their frequency was increased in patients on BPs,
with a direct relationship between duration of BP exposure
and risk of AFF [5, 15–23]. There was a significant associa-
tion between glucocorticoid (GC) use and AFFs [5, 15, 18, 20,
22, 23]. Affected patients were approximately a decade youn-
ger than controls, a finding substantiated by a recent system-
atic review of 14 studies, in which 10 papers used the 2010
and 4 used the 2013 ASBMR definition [24••]. The overall
incidence of AFFs was low ranging from 3.0 to 9.8 per
100,000 person-years [24••], the highest rate in a retrospective
Norwegian fracture registry study that included periprosthetic
fractures [9], which were specifically excluded in both
ASBMR Task Force definitions. Other epidemiological stud-
ies have addressed relationships between AFF, BP use, and
factors that may predispose certain patient populations to
heightened risk. Most continue to report that AFF incidence
is low, particularly compared to incidence of ordinary hip
fractures [6–10, 25].

Race

Confirming their earlier study suggesting Asian race as a risk
factor for AFF [19, 26], Lo et al. analyzed diaphyseal femur
fracture radiographs in women aged 50 and older who initiat-
ed oral BPs between 2002 and 2007 [7••]. The incidence of
AFFs was eightfold higher in Asian than white women (64.2
vs 7.6 per 100,000 person-years) [7••]. Although exposed to
BPs for slightly longer than white women (3.8 versus
2.7 years), the risk remained elevated for Asians (HR 6.6;
95% CI, 3.7–11.5) after adjustment for current and duration
of BP use [7••]. In another prospective study with X-ray ad-
judication from New York, Marcano et al. found that AFFs
were more likely to occur in Asians (OR 5.8; 95% CI, 1.69–
19.62; p = 0.004) and patients of Hispanic descent (OR 5.8;
95% CI 1.43–23.22) [26].

Several studies addressed the incidence of and risk factors
for AFFs in South Korea. A retrospective nested case-control
study with radiograph review reported that AFFs were uncom-
mon (0.12%), with an increased hazard ratio for long-term
glucocorticoid use (3.0; 95% CI 1.403–6.568), prolonged
BP exposure without drug holidays (5.2; 95% CI 2.0–
13.362), and higher body mass index (1.2 per 1 kg/m2; 95%
CI 1.109–1.371) [27]. Similarly, a prospective multicenter
South Korean hip fracture study with radiograph adjudication
that used the 2013 ASBMR case definition also found a low
incidence of AFF (1.2%) that increased with BP exposure (OR
7.18, 95% CI 1.08–69.82, p = 0.045) and higher BMI (OR
1.17, 95% CI 1.13–1.88, p < 0.006) [28]. In a retrospective
case-control study with radiograph adjudication that included
only BP-treated patients, the age-adjusted incidence rate of
AFFs was 72.7 per 100,000 person-years (95% CI, 29.1–
175.8), with a sharp rise in incidence after more than 4 years
of exposure [28, 29]. In conclusion, recent studies suggest
women of Asian descent, particularly those taking glucocorti-
coids and those with higher BMIs, are at higher risk of AFF
with BP exposure; however, Lee et al. found comparable in-
cidence rates of AFF in BP-exposed Koreans and western
European patients (Norway, Sweden, and Finland) [28, 29].

Autoimmune Disease

Autoimmune disease and glucocorticoid use, established risk
factors for osteoporotic fracture, have both been linked to AFF
[10]. In 125 Japanese patients (90% women) with
longstanding autoimmune disease taking BPs and glucocorti-
coids, Sato et al. reported that localized periosteal thickening
of the lateral cortex (“beaking”) was present in 8.0% (15 fem-
ora, 10 patients) and new beaking developed in 10.3% (21
femora, 12 patients) over 2 years [30]. A complete AFF at
the beaking site occurred in one patient. Factors significantly
associated with beaking included > 4 years of BP therapy,
longer duration of BP therapy (6.1 vs 5.0 years), age 40–
60 years, and diabetes [30]. They measured the height of the
beaking reaction in 20 femora (12 patients), characterizing it
as pointed or arched [31]. Beaking was considered “severe” if
associated with pain, a complete AFF, or an incomplete AFF
with a visible fracture line; the periosteal reaction was higher
and more commonly pointed in the severe form.

AFFs in Patients with Osteoporosis Managed
with Denosumab

AFFs have been reported in osteoporosis patients receiving
denosumab.While the majority of reports document extensive
prior BP exposure, as reviewed by Seiga et al. in 2016 [32]
and reported by Ramchand et al. [33], AFFs have been report-
ed in patients on denosumab with brief prior BP exposure
[34]. In the FREEDOM Trial open-label extension, two
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participants developed AFFs (0.8 per 10,000 participant
years), one after 7 years of denosumab exposure and one after
3 years of denosumab exposure [35••].

AFFs in Patients with Osteoporosis Managed
with Romosozumab

Romosozumab is a monoclonal antibody that increases bone
formation by binding to and inhibiting sclerostin and also
decreases bone resorption. In the Fracture Study of
Postmenopausal Women with Osteoporosis (FRAME), one
of 3521 participants in the romosozumab group had an AFF
after 3.5 months of exposure; that individual had a history of
prodromal pain at the fracture site prior to enrollment [36•]. In
the Active-Controlled Fracture Study in Postmenopausal
Women with Osteoporosis at High Risk (ARCH) study,
4093 postmenopausal women with osteoporosis and a fragil-
ity fracture were randomly assigned to monthly romosozumab
or weekly oral alendronate for 12 months followed by open-
label alendronate for another 12 months [37••]. There were no
AFFs during in the initial 12 months in either group; in the
second 12months, two AFFs occurred in the romosozumab to
alendronate group (< 0.1%) and four AFFs in the alendronate
to alendronate group (0.2%).

AFFs in Patients with Cancer Managed
with Bisphosphonates and/or Denosumab

Edwards et al. retrospectively assessed the incidence of and
risk factors for AFF in cancer patients followed at the MD
Anderson Cancer Center over a 10-year period, both treated
with oral and low-dose IV BPs for osteoporosis and with high-
dose pamidronate and zoledronic acid for metastatic cancer
[38]. As only AFFs that came to clinical attention were
assessed, no absolute incidence rate was reported. Among
10,587 BP users, there were 23 AFFs, compared to two AFF
cases among 300,553 patients who did not receive BPs (OR
355.58; 95% CI, 84.1 to 1501.4, p < 0.0001). In cancer pa-
tients treated for osteoporosis, six AFFs occurred in patients
on alendronate for a mean of 84 months and two AFFs oc-
curred in patients on ibandronate for a mean of 36 months.
Compared to other BPs, the OR of an AFF was higher in
patients treated with alendronate for osteoporosis (5.54; 95%
CI; 1.60–19.112) and zoledronic acid was associated with a
lower OR (0.34; 95% CI; 0.12–0.97). The authors hypothe-
sized that the lower rate of AFFs in zoledronic acid users was
because the drug concentrates in skeletal metastases and is less
available to other skeletal sites [38]. However, there was a
marked difference in duration of exposure between those
treated with BPs for osteoporosis (84 and 36 months for
alendronate and ibandronate, respectively) and those treated
with zoledronic acid for metastatic cancer (5 and 14 months
for zoledronic acid and pamidronate, respectively). Duration

of exposure is an important risk factor for AFFs, as time is
required for suppressed remodeling to cause changes in bone
material properties (collagen andmineralization) that may pre-
dispose to micro-crack initiation and propagation [39].

Denosumab is used to treat metastatic skeletal disease
and multiple myeloma at higher doses and with greater
frequency than for osteoporosis (120 mg monthly vs
60 mg twice yearly). Tateiwa et al. reported two AFF pa-
tients with metastatic breast cancer; one took BPs for
11 years before starting denosumab and one took only
BPs [40]. In both, tomosynthesis, an older three-
dimensional imaging technique that permits acquisition of
higher resolution images than conventional radiographs
with lower radiation exposure than computed tomography,
identified fracture lines within the area of cortical thicken-
ing that were not visible on radiographs [40]. Austin et al.
reported two patients who sustained AFFs after receiving
denosumab for metastatic cancer for two and 3.5 years
without prior BP therapy [41•]. Both experienced prodro-
mal thigh pain, and in both, the fractures were initially
attributed to skeletal metastases; neither patient had histo-
logic evidence of malignancy at the fracture site [41•].
Yang et al. reviewed records of 253 patients at their cancer
center who received at least 12 doses of denosumab for
metastatic bone disease. During a median follow-up of
27 months, they identified one patient with a complete
AFF (incidence 0.4%; 95% CI 0.1–2.2%) who received
70 doses of IV BP before receiving 28 monthly doses of
denosumab [42]. They also reviewed all available radio-
graphs in a subset of 66 patients with at least 21 monthly
doses of denosumab; two patients had diffuse cortical
thickening of the femoral diaphysis and localized perioste-
al reaction of lateral femoral cortex (incidence 4.5%; 95%
CI 1.6–12.5%), confirmed on bone scan and magnetic res-
onance imaging [42]. These papers raise concern that clin-
ical and subclinical presentations of AFF may be attributed
to metastases and missed in cancer patients.

Periprosthetic AFFs

Two recent studies addressed periprosthetic fractures, which
were excluded in the 2010 and the 2013 ASBMR Task Force
case definitions because they are associated with a known risk
of femoral fractures. A retrospective Norwegian study of all
patients greater than or equal to 65 years old treated at a single
institution between 2004 and 2011 for subtrochanteric and
diaphyseal fractures included patients with and without im-
plants [9]. Of 217 fracture patients with evaluable radio-
graphs, 17 fractures in 16 women were designated atypical
by unspecified criteria. Their catchment area included
21,630 women aged ≥ 65 years, of whom 2214 were treated
with BPs. AFF incidence was 9.8 (95% CI 5.2 to 14.5) per
100,000 person-years and 79.0 (95% CI 37.8 to 120.3) per
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100,000 person-years in those receiving BPs. However, 8 of
17 fractures occurred close to implanted metal [9]. A more
recent 10-year retrospective study of 15 North American
centers defined characteristics of 196 patients with AFFs
receiving long-term (> 2 years) BPs in whom the AFF was
periprosthetic (PAFF, n = 21) or not periprosthetic (AFF,
n = 175) [43]. Only periprosthetic fractures with atypical
features (lateral cortical beaking or hypertrophy, transverse
lucency in the lateral cortex, transverse orientation of the
fracture in the lateral cortex, minimal comminution) were
included. PAFFs took longer to heal and had higher mor-
tality and significantly more complications. Compared to
the literature, several features common to patients with
ordinary periprosthetic fractures (history of revision sur-
gery, infection, total hip replacement for previous low-
energy hip fracture with/without femoral loosening) were
not present in BP-treated patients with PAFFs. Prodromal
pain was common in PAFF patients but no data were pre-
sented [43]. While the ASBMR case definition for AFFs
excluded periprosthetic fractures, emerging data suggest
they may occur. Physicians should be alert to the radio-
graphic and clinical features and consider immediate ces-
sation of BP therapy, imaging of the contralateral limb,
protected weight bearing, and close monitoring for signs
of complete AFF or surgical fixation to stabilize the femur.

Update on Pathogenesis

The second ASBMRTask Force considered AFFs to be stress
or insufficiency fractures that develop over time, most com-
monly after prolonged suppression of bone remodeling by
BPs, which may lead to osteon homogeneity with respect to
tissue age and mineralization. In susceptible individuals, re-
petitive loading of the femur may lead to accumulation of
micro-cracks within the cortex. Intracortical fracture repair,
normally accomplished by targeted osteoclastic resorption of
micro-cracks, may also be inhibited by BPs, which aggregate
in actively remodeling bone, thus leading to micro-crack ag-
gregation and propagation.

Relationship Between Hip Geometry and AFFs

The propensity for AFFs to be bilateral and in the same loca-
tion on ipsilateral and contralateral sides suggests that hip
geometry influences the position of maximal tensile stresses
imposed on the lateral femoral cortex. Lateral femur bowing
(Fig. 1a) and varus hip alignment (Fig. 1b) would increase
tensile stress on the lateral femoral cortex, in turn increasing
the risk of an AFF. Since the 2013 ASBMR Task Force
Report, several publications support this concept. Saita et al.
evaluated weight-bearing radiographs of 10 patients with 14
AFFs [44]. AFF locations were similar in those with bilateral

fractures; the standing femorotibial angle (Fig. 1c) was signif-
icantly larger (more varus) in those with diaphyseal than
subtrochanteric fractures and larger than those with ordinary
femoral fractures [44]. In other studies, femoral neck-shaft
angle was smaller in AFF patients than healthy controls in
other studies, also suggesting that more varus proximal fem-
oral geometry predisposes toward AFF [45–47]. A femoral
neck-shaft angle cut-off of < 128.3° had a sensitivity of 69%
and a specificity of 63% to predict AFF [47], although not
observed in a Singaporean Chinese cohort [48••]. Chen et al.
reported that diaphyseal AFFs tended to be associated with a

Fig. 1 (a) Femorotibial angle: the femorotibial angle (FTA) is the lateral
angle between the axis of the femoral shaft and that of the tibial shaft. An
increased FTA is called varus alignment while a decreased FTA is called
valgus alignment. (b) Femur neck-shaft angle: a decreased femur neck-
shaft angle is called coxa vara or varus alignment. An increased neck-
shaft angle is called coxa valga or valgus alignment. (c) Femoral bowing
angle: femoral bowing angle is line that best describes the midpoint of the
endosteal canal of the femoral diaphysis was drawn in the proximal and
the distal quarters
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larger lateral bowing angle whereas subtrochanteric AFFs
tended to be associated with a smaller lateral bowing angle
[49]. A study comparing Swedish and Asian Singaporean
women found diaphyseal AFFs were common in Swedish
and subtrochanteric AFFs in Singaporean women [21], in
whom lateral femoral bowing was associated with more di-
aphyseal fracture locations [21]. A study using a 2D-3D X-ray
scanner EOM™ technology showed that lateral femoral bow-
ing angle was associated with AFF [50••]. The AFF location
was influenced by both lateral femoral bowing angle and fem-
oral neck-shaft angle, with subtrochanteric AFFs associated
with more varus geometry and diaphyseal AFF with a smaller
angle in a Caucasian population [50••]. A recent study of
cadaveric femurs used patient-specific finite element (FE)
modeling to quantify the relationship between femoral geom-
etry and diaphyseal strain; small femur diameter and lateral
and anterior bowing were associated with the highest femoral
shaft strains [51]. In summary, there is increasing evidence
that the presence of amore varus femorotibial angle and lateral
femoral bowing influences mechanical forces on the lower
limb and the region of maximal tensile loading on the lateral
femoral cortex. Such biomechanical factors may account for
the more proximal location of such fractures in individuals
with more varus femorotibial angles. They may also predis-
pose toward a higher rate of AFF by increasing the maximal
tensile stresses imposed on the lateral femoral cortex.

Genetic Predisposition

The first evidence for a genetic influence on AFFs was report-
ed by Roca-Ayats et al. [52]. Whole exome sequencing in
three sisters with AFFs and long-term BP therapy revealed a
novel p.Asp188Tyr substitution in the enzyme geranylgeranyl
pyrophosphate synthase Asp188Tyr located in the genomic
position g.235505746G→ T on chromosome 1 (GRCh37/
hg19). This mutation in GGPS1 affects a site within the en-
zyme that is inhibited by BPs, and this enzyme is key in the
mevalonate pathway. This mutation would be expected to re-
duce enzyme activity and could predispose to AFF [52]. In a
genome-wide search for non-synonymous variants in coding
region between 13AFF patients with and 286 controls without
AFFs, 21 genetic variants were more common in the AFF
group [53]. Many cases had two or more at risk variants sug-
gesting that the risk for AFFs may be polygenic and result
from accumulation of at risk genetic variants [53]. However,
AFFs have been reported in BP-naïve patients, in patients
using other anti-resorptives [32], and in other genetic condi-
tions with suppressed bone turnover [54, 55] or defective min-
eralization [56, 57].

Bone Material Properties in Patients with AFFs

Spontaneous or low-trauma fractures are unusual in the femur,
which is rich in cortical bone and physiologically adapted to
withstand large, repetitive forces. Although antiresorptive
therapies increase bone mineral content, prolonged exposure
may cause changes in cortical bone material properties with
potentially deleterious effects on bone strength. The effects
may vary by drug class. In a four-point bending study of femurs
from osteoporotic sheep exposed to raloxifene, alendronate,
zoledronate, or teriparatide for 1 year, alendronate was associ-
ated with reduced fatigue life (fewer cycles of stress before
failure) and lower modulus loss at failure (reduced tendency
for a material to bend) [58].

Biopsies of the proximal femoral cortex were compared
among five groups of postmenopausal women undergoing
surgery for fracture or total hip arthroplasty: BP-treated with
AFF, BP-treated with ordinary osteoporotic fractures, BP-
treated without fractures, BP-naïve with typical osteoporotic
fractures, and BP-naïve without fractures [39]. By vibrational
spectroscopy and nanoindentation, the BP-treated AFF group
had higher tissue mineral content and more mature collagen
(characteristics associated with bone that is harder and more
brittle) than BP-treated women with ordinary osteoporotic
fractures. In addition, BP-treated patients had increased pro-
pensity for crack initiation and decreased deflection of crack
paths at osteon borders. This study showed that normal mech-
anisms bywhich bones dissipate energy and retard crack prop-
agation were impaired by BPs; together with increased

Fig. 1 continued.
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uniformity of mineralization, this could lower resistance to
fracture and explain the transverse fracture morphology seen
in AFFs.

Microindentation is a relatively new technology thought to
provides an integrated measurement of the components of
bone tissue (bone material properties) that contribute to bone
material competence (strength or stiffness) at the nano- and
micro level. The main outcome parameters, indentation dis-
tance increase (IDI), creep indentation distance (creep ID),
and total indentation distance (total ID), capture the depth that
an 11-Newton (N) force indents a standardized site at the
midpoint of the anterior tibia. In general, higher measurements
of IDI, creep ID, and total ID reflect poorer bone strength and
decreased resistance to micro-crack propagation. Guerri-
Fernandez et al. used in vivo microindentation to compare
material properties of tibial bone among four groups of pa-
tients: BP-treated with AFF, BP-naïve with typical osteopo-
rotic fractures, BP-treated without fractures, and BP-naïve
without fractures (controls). After controlling for their older
age, BP-treated AFF patients had higher total ID and IDI than
controls (i.e., the 11-N force indented their tibias to a greater
degree than the control group), suggesting their tibias were
less resistant to crack propagation and thus not as strong
[59]. The BP-naïve with typical osteoporotic fractures group
had higher values than the BP non-users without fractures,
suggesting that both patients with typical osteoporotic frac-
tures and those with AFF have weak bone material properties
[59].

In contrast, bone microarchitecture does not appear to influ-
ence AFF pathogenesis. Zanchetta et al. used high-resolution
peripheral quantitative computed tomography (HR-pQCT) to
evaluate microarchitecture among BP-treated AFF, BP-treated
and BP-naïve patients without AFFs [60], finding no difference
in any volumetric or microarchitectural index. However, as
HR-pQCT measures bone microarchitecture at the radius and
tibia, it could miss local changes in the femur.

Mechanisms of Impaired Fracture Healing in AFF

Normally, bone micro-cracks heal by targeted remodeling in
which osteoclasts resorb damaged tissue and osteoblasts form
new bone. Suppression of remodeling, typical of BP-treated
patients, has been documented in AFF patients by bone turn-
over markers, iliac crest biopsies, and fracture site biopsies
[4, 5, 61]. Schilcher et al. performed micro-computed tomog-
raphy (CT), infrared spectroscopy, and histomorphometry on
cortical biopsies including the fracture line in eight patients,
four with complete AFFs, and four with incomplete AFFs
[62]. In the incomplete AFFs, the fracture gap varied from 150
to 200 μm wide and contained amorphous, nonmineralized,
acellular necrotic material. Bone adjacent to the fracture gap
demonstrated evidence of remodeling with osteoclasts, re-
sorption cavities, and woven bone, with no evidence of

remodeling or callus within the gap [62]. The investigators
hypothesized that local strains related to low-impact activities
such as walking prevented cell survival and delayed healing
[62, 63]. Radiographic new bone deposition with bridging
was observed within resected cortical deficits in all cases,
within the expected time frame for cortical bone [64].

Management

Early Detection of AFFs

Between October 2011 and January 2013, 257 patients over
age 50 who had been on BPs for over 5 years had a dual-
energy X-ray absorptiometry (DXA) scan of the femur scan
with the region of interest (ROI) extended distally from 15.3
to 22 cm. Cortical beaking was detected in 19 (7.4%); all had
follow-up radiographs and seven (2.7%) had radiographic ev-
idence of incomplete AFFs [65]. A subsequent study by the
same investigators used single-energy (SE) DXA technology
to image the entire femur between May 2013 and September
2014; none of 173 patients on BPs for over 5 years had cortical
beaking, suggesting declining prevalence of AFFs possibly
due to contemporaneous declines in BP prescribing from
2009 through 2014 [8••]. Between 2006 and 2014, Van de
Laarschot et al. performed bilateral extended femur scans in
282 patients on long-term BPs [66]. Ten incomplete AFFs
were diagnosed in nine patients (3.2%); one was a false pos-
itive and two patients did not have follow-up X-rays of the
femur. Khosla et al., in a recent perspective in the Journal of
Bone and Mineral Research, noted that SE DXA is a promis-
ing new technology that can detect localized periosteal reac-
tions and may be useful to monitor patients who require long-
term BPs for impending AFFs [67].

Surgical Management

Internal fixation with intramedullary nailing is the mainstay of
treatment for complete AFFs [4, 5, 68]. Prophylactic surgical
intervention is also recommended for incomplete AFFs, par-
ticularly those with extensive cortical defects and pain and/or
marrow edema on magnetic resonance imaging (MRI), which
are predisposed to delayed or non-union or to progress to
complete AFFs without surgical intervention [69, 70]. In a
retrospective study of 11 patients with incomplete AFFs
followed for an average of 10 months, one third became
displaced, one third had persistent pain and/or progression of
fracture line that necessitated surgery, and one third had per-
sistent pain and no radiological evidence of healing [60].
Banffy et al. reported that five of six incomplete AFFs
progressed to complete AFFs and that patients who underwent
prophylactic surgery for incomplete AFF had shorter hospital
stays than those who had surgery after a complete AFF [70].
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Among complete AFF patients treated surgically, healing was
slower than typical femur fracture and there was a high rate of
non-union with 12% requiring revision surgery at an average
of 11 months [71]. Patients with AFF shaft fractures were four
times more likely to require reoperation than those with ordi-
nary femoral shaft fracture; the most common reason for re-
vision surgery was peri-implant fragility that would have been
prevented with cephalomedullary nail [72]. In a recent survey
of orthopedic surgeons, the preferred method to surgically fix
complete or symptomatic incomplete AFF is with
intramedullary nail [68]. Recently, Kharzami et al. reported
good outcomes with a lateral plate in two patients with incom-
plete AFFs and significantly curved femurs [73••].

Medical Management

Antiresorptive therapy should be discontinued immediately
after diagnosis of a complete AFF [4, 5]. If periosteal thick-
ening or cortical “beaking” of the lateral femoral cortex is
detected, it is critical to evaluate the patient for cortical lucen-
cy with magnetic resonance imaging (MRI) or computed to-
mography (CT). MRI (and bone scintigraphy) also detects
bone or marrow edema/hyperemia in addition to the cortical
lucency. In one study, BP withdrawal was associated with a
reduced risk of AFF by 70% every year [21]. In another, six of
nine fractures healed after stopping alendronate [1]. In a ret-
rospective review of 12 patients on long-term glucocorticoid
therapy and BPs, continuing BPs for 2 years after detecting
cortical “beaking” was associated with radiological progres-
sion [31].

Although teriparatide is commonly prescribed to accelerate
fracture healing in AFFs, evidence to support its efficacy re-
mains weak. In a small uncontrolled study of 14 patients with
AFF treated with teriparatide for 24 months, spine BMD im-
proved by 6.1% and bone turnover markers increased signif-
icantly; of 4 patients with incomplete fractures who did not
undergo surgery, 1 healed, 1 partially healed, and 2 showed no
healing [61]. A retrospective review of 16 complete AFFs
treated with intramedullary rods found a trend for shorter time
to union and significantly better 6-month functional outcomes
in the eight who received teriparatide [74]. The Fix-IT study
randomized 13 women with an AFF to 12 months of
teriparatide immediately versus after 6 months [75]. There
was a trend for superior radiographic healing at 6 and
12 months in the immediate vs delayed group. Because the
number of patients was small, the results must be interpreted
with caution. However, since a randomized controlled trial of
sufficient size is unlikely to be conducted, it may be reason-
able to use teriparatide as the potential benefits may outweigh
any risks.

In general, when teriparatide is used to treat osteoporosis, it
must be followed by antiresorptive therapy in order to main-
tain gains in bone mass that occurred on therapy. In our

opinion, whether teriparatide therapy in AFF patients must
be followed by antiresorptive therapy depends on the indica-
tion for which teriparatide is prescribed. If a relatively brief
course of teriparatide is prescribed to accelerate AFF healing,
the patient might not require subsequent antiresorptive thera-
py. However, if teriparatide is prescribed because the patient
remains severely osteoporotic and it is felt necessary to in-
crease bone mass and decrease risk of future osteoporotic
fractures, then discontinuation after 24 months will result in
loss of the newly formed bone and declines in BMD;
antiresorptive therapy would be necessary to prevent this
well-known phenomenon. However, re-exposing an AFF pa-
tient to antiresorptive therapy after teriparatide may precipitate
recurrence of AFFs. In this regard, Ramchand et al. reported a
patient with bilateral incomplete AFFs that healed after a year
of teriparatide and recurred after 6 months of denosumab [33].
In our opinion, great caution is warranted when considering
reinstitution of antiresorptive therapy in an AFF patient with
incomplete AFFs. The risk of recurrence might be lower in a
patient who had had a complete AFF that was managed sur-
gically with an intramedullary rod. However, in the setting of
a unilateral, surgically managed AFF, the risk to the contralat-
eral limb should be considered.

Conclusions

This paper summarizes recent key findings on the epidemiol-
ogy, pathogenesis, and management of AFF since the 2013
ASBMR Task Force recommendations were issued. We be-
lieve that the revised case definition has led to greater speci-
ficity in the diagnosis of AFFs, but under- and inaccurate
reporting of AFFs remain a problem. Our understanding of
the epidemiology of AFFs remains essentially unchanged:
low absolute incidence rates that may be declining in recent
years possibly because of decreased BP prescribing, strong
associations with BP therapy particularly of long duration,
more evidence for an association with Asian race, and emerg-
ing evidence for an association with prosthetic implants.
There is also increasing evidence that hip and lower limb
geometry, genetic predisposition, and changes in bone mate-
rial properties influence their pathogenesis. Recent develop-
ment of single-energy DXA scan technology that can detect
incipient cortical “beaking”may permit monitoring of patients
on long-term antiresorptive therapy for incomplete AFFs prior
to fracture. This could alleviate physician and patient concern
about AFFs and improve rates of treatment initiation and com-
pliance. Greater understanding of the biological and genetic
pathogenesis of AFF may permit a more precise approach to
assessing individual risk before starting antiresorptive therapy.
This may allay fears of this complication, which remains rare
in comparison to the osteoporotic fractures prevented by
antiresorptive therapy. Lastly, strong evidence for improved
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fracture healing of AFF with teriparatide is limited, but
teriparatide may be of some benefit in accelerating AFF frac-
ture healing.
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