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Abstract: Objective: To review the literature on epidemiology and postoperative outcomes particularly surgical,
functional and quality of life of atypical femoral fractures (AFFs) in the older population (aged =65 years) using
the first and second American Society of Bone Mineral Research (ASBMR) Task Force consensus definition.
Methods: Electronic search for articles on AFFs and bisphosphonates published in English was performed.
Eligible studies were reviewed systematically in relation to (a) the epidemiology of AFFs in older people and
(b) postoperative outcomes of AFFs. Results: Twenty-three studies on AFFs were included: 14 on epidemiology
and 11 on treatment outcomes (two articles reported on both aspects). The epidemiological studies showed that
the incidence of AFFs is low (3.0-9.8 per 100,000 person-years) but relative risk increased with longer duration
of bisphosphonates use, especially after more than three years. Most cases of AFFs occurred in older people
aged 65 years and above. However, in six studies, the mean age of patients with bisphosphonate-related AFFs
is younger than those with typical proximal femoral fractures (mean age range of 66-75 years versus 75-89
years respectively). Varying postoperative and functional outcomes have been reported but differences in study
population, management approaches and endpoints may account for these variations. For incomplete AFFs,
prophylactic surgical intervention is potentially beneficial. Conclusion: The benefits of bisphosphonates in
reducing osteoporotic fractures still outweigh the risk of AFFs in view of its low absolute risk, when the ASBMR
Task Force criteria for this type of fracture were applied. The risk of AFFs in different age groups is not well
defined but tends to affect the younger patients more (aged <65 years) as compared to the older population (aged
=65 years). Evidence supporting different types of treatment in AFFs such as intramedullary or extramedullary

surgical devices and the use of teriparatide, a parathyroid hormone analogue, is not yet well established.
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Introduction

Osteoporosis is a major contributor of fragility fractures
leading to a significant burden to both individuals and
health service providers, with hip fractures accounting for
an estimated $1.6 billion in total direct cost in Australia
alone (1). Hip fractures contribute to increased morbidity,
functional decline and premature death (2, 3). The prevalence
of osteoporosis is expected to increase with population ageing.
As a result, osteoporosis prevention and treatment is a priority
as a means to reduce the detrimental societal and health care
impact of fragility fractures.

Clinical trials provide evidence for the effectiveness of
bisphosphonates in reducing the risk of vertebral, nonvertebral
and hip fractures in postmenopausal women and older men
with osteoporosis (4). Bisphosphonates use has grown due to
the increased number of people diagnosed with osteoporosis
(1). Bisphosphonates are generally well tolerated and the rate
of adverse effects is usually low, ranging from milder but
more frequent gastrointestinal symptoms to the more serious
but rare osteonecrosis of the jaw, more commonly seen with
higher doses of intravenous bisphosphonate and a history of
malignancy (4).

In the past decade, attention has shifted towards the
association between atypical femoral fractures (AFFs) and
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long-term bisphosphonates therapy (5-8). Concerns have been
raised as to whether the frequency of AFFs may rise due to
population ageing as increasing number of older adults will be
prescribed bisphosphonates for osteoporosis management. In
2010, the American Society for Bone and Mineral Research
(ASBMR) Task Force published a consensus to define AFFs
allowing for a more standardized approach in reporting the
epidemiology of AFFs (7). A revised definition was published
in 2014 where it was determined that AFFs must be located
distal to the lesser trochanter and proximal to the supracondylar
region of the distal femur (8). The revised criteria also included
the following: (a) no history or low-energy trauma (fall from
standing height); (b) the fracture must originate at the lateral
cortex, is transverse or short oblique in configuration; (c)
there is minimal or no evidence of comminution; (d) fracture
line extend through both cortices in complete fracture or, in
incomplete fracture, involves only one side of the lateral cortex;
and (e) presence of periosteal or endosteal thickening on the
lateral cortex at the fracture site, also known as “beaking” (8).
Previous systematic and narrative reviews have included
studies that did not used the ASBMR Task Force definition
for AFFs as well as those without radiological adjudication,
resulting in wide variation in findings (9, 10). Furthermore little
has been reported in the literature on the outcomes of patients
after sustaining an AFF. The aims of this systematic review are
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(a) to describe the epidemiology of AFFs in older adults (aged
65 years and above) using the ASBMR task force definition and
(b) to examine the postoperative outcomes related to treatment
of AFFs. This review will also provide relevant information
required by clinicians to support discussions and decision
making with osteoporotic patients.

Methods

Search Strategy

We searched MEDLINE, MEDLINE In Process and Non
Indexed Citations, EMBASE, Cochrane and Cumulative Index
to Nursing and Allied Health Literature (CINAHL) databases
with the following key words: ‘atypical femoral fractures’,
‘subtrochanteric fractures’, ‘femoral shaft fractures’ AND
‘bisphosphonates’ (January 2003 — December 2014). Searches
were limited to publications in the English language. Initial
search was limited to 65 years of age and above but this
yielded only three relevant articles, hence the age limit criterion
was removed. Relevant references from articles identified
through the search were also reviewed to allow for a more
comprehensive identification.

Selection Criteria

Studies were selected for review if they met the following
criteria: (a) adhered to the first or second ASBMR consensus
definition for AFFs with radiological adjudication; and (b)
reported on epidemiology and/or postoperative outcomes.
Studies in the setting of high-impact traumatic femoral, neck of
femur and intertrochanteric fractures; pathological fractures in
the setting of malignancy; fractures associated with metabolic
bone disease except for osteoporosis; and atypical non-femoral
fractures were excluded. This review included prospective
or retrospective cohort studies, case-control studies and
randomized controlled trials. Case reports, case series, review
articles, editorials and letters were excluded.

Data Synthesis

Data on the epidemiology of AFFs and postoperative
outcomes were gathered and categorized separately. For
the epidemiological studies, the association between
AFFs and bisphosphonates use was examined. Data on
baseline demographics (age, gender and ethnicity), type of
bisphosphonates and duration of use were collected. For studies
on postoperative outcomes of AFFs, outcomes related to
surgery, functional outcomes and quality of life were analysed.

Quality Assessment

The studies included were rated using the Modified Joanna
Briggs Institute Quality Assessment and Review Instrument
Checklist which comprises of 10 questions with answers as
yes, no or unclear, giving a score out of 10 (11). Only answers
of yes were included in the overall quality score. Studies with
scores of 7 or above were classified as credible, between 4 to 6
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as equivocal and 3 or below as poor. Only studies with score of
7 and above were included.

Results

The initial electronic search identified 96 articles and 12
additional articles obtained from references cited in these
studies. Figure 1 summarizes the search and selection process.
After the removal of ten duplicates, 98 articles were identified.
Seventy-five articles that did not meet inclusion criteria were
excluded. A total of 23 articles were reviewed. Finally 14
studies were on epidemiology and 11 on treatment outcomes
(two covered both aspects).

Figure 1
Identification and selection of studies included in this review

Articlesidentified
through database
search (n = 96)

[Xdditional articles|

identified from
othersources (n K
=12)

N
Articlesidentified
(n=108)

Duplicates
removed

(n=10)

4
Articles screened
(m=98)

Articles excluded
(m=75)

Articlesreviewed

(n=23)
|
Se. S e B
Epidemiology Treatment Epidemiology +
i, Treatment
(n=12) outcomes(n=9) outcomes(n=2)

The epidemiology of AFFs

In total, 14 studies reported on epidemiology of AFFs. They
were divided into two subgroups using either: (a) the first
ASBMR definition (n = 10) (12-21) or (b) the second ASBMR
definition (n = 4) (22-25) (Table 1). Seven were retrospective
case-control studies, six were retrospective cohort studies
and one used combined data from three prospective registries
(Table 1). The number of AFFs in each study has ranged from
6 to 143 fractures, indicating a large variability in the size of
cohorts with these fractures. In these studies, a total of 511
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patients with AFFs were included. Studies using the second
definition were generally smaller than those that used the first.

The overall incidence of AFFs in the general population is
low with studies reporting an incidence between 3.0 and 9.8
per 100,000 person-years (Table 1) (14-16, 23). One study in
Norway which included periprosthetic fractures showed a mean
incidence of 9.8 per 100,000 person-years (95% CI 5.2-14.5)
amongst women aged =65 years (23). Using the first ASBMR
definition, the prevalence of AFFs accounted for only 0.2-0.8%
of total hip fractures and 3.5-30.3% of subtrochanteric and
femoral shaft fractures (13, 17-20). Similarly, three studies
using the revised ASBMR definition reported a low prevalence
of AFFs, estimated to be 0.63% of total hip fractures and 3.5-
5.7% of subtrochanteric and femoral shaft fractures (22, 24,
25).

In all studies except for one, the mean age of patients
with AFFs were reported to be above 65 years (Table 1) (12-
25). Amongst these studies, six retrospective case-control
studies showed that patients with bisphosphonate-related AFFs
were younger than patients with typical proximal femoral
fractures (TPFFs) (mean age range of 66-75 years versus 75-89
years respectively), at the time of fracture (12-15, 19, 22).
However, these studies did not perform statistical comparison
of the age differences between groups. The mean duration of
bisphosphonate therapy in the AFFs group ranged between 3.75
and 6 years and the proportion of patients with typical fractures
taking bisphosphonates was small, ranging from 3.8% to 9.9%.
Similarly, one observational cohort study observed that the
mean age of patients with bisphosphonate-related AFFs is also
younger than bisphosphonate naive typical proximal femoral
fractures (67.5 + 9.6 versus 78.4 + 13.9 years; p <0.001) (21).
However one study found no mean age difference, 80 years
compared with 81 years in AFFs and TPFFs respectively
(19). Although AFFs tend to occur in older adults of relatively
younger age as compared to those with TPFFs, these fractures
were diagnosed mostly among those aged 65 years and above.

Increased risk of AFFs have been associated with
bisphosphonates use, predominantly alendronate, risedronate
and zoledronic acid (12-18) and four studies reported that
the risk increased with duration of bisphosphonates therapy
(Table 1) (13, 15, 16, 24). Only two studies did not observe any
association because the investigators were unable to determine
the duration of bisphosphonates therapy (19, 20). Meier et al.
reported odds ratio (OR) of 35.1 (95% CI 10-123.6) with <2
years of exposure, increasing to 117.1 (95% CI 34.2-401.7) for
5-9 years of exposure (15). Similarly, Dell et al. reported an
age-adjusted incidence rate of 1.78 per 100,000 person-years
with <2 years of exposure and 113.1 per 100,000 person-years
for up to 9 years of exposure (16).

In majority of the studies, there was a predominance of
female patients who sustained AFFs. In 12 studies (n = 440),
90% of AFFs occurred in females (Table 1) (13-19, 21, 22, 24,
25). Marcano et al. reported that Asians were found to be at a
higher risk of bisphosphonate-related AFFs after conducting a

multivariate analysis but this has only been observed so far in
this single study (21).

Treatment outcomes

Table 2 and 3 summarize eleven studies that evaluated
the postoperative outcomes of patients with complete and
incomplete AFFs who were treated surgically (17, 23, 26-34).
Two studies examined the role of teriparatide postoperatively
(29, 31). Seven studies were retrospective cohort studies (23,
26,28, 30-32, 34), three were retrospective case-control studies
(17,27, 33) and one was a prospective case-control study (29).
All studies had small sample sizes with less than 35 patients.

For complete AFFs, six studies involved surgical
intervention (Table 2) (17, 23, 26-28, 30); five looked at both
intramedullary (IM) nailing and extramedullary (EM) devices
such as plate and screws (17, 23, 26, 27, 30) and one study
included only IM nailing (28). All were retrospective studies
and results were mixed. IM nailing has a more favourable
surgical outcome as compared to EM devices as showe in
Teo et al. where in the IM nailing cohort, 11.1% had implant
failure and 22.2% had revision surgery compared to 29% had
implants failure and 38% had revision surgery with EM devices
(30). Two studies reported a delayed healing time (mean of 10
months) (28, 30).

As for postoperative functional outcomes, four studies
assessed post-operative mobility and ability to perform
activities of daily living after fixation of complete AFFs over
a mean follow-up period of 12 to 40.5 months (17, 23, 28,
30). The group that had IM nailing reported better functional
outcomes, as seen by Egol et al. where 64% reported return to
baseline function and 66% reported pain free at 12 months (28).
Shkolnikova et al. followed 16 AFFs patients up to 46 months
and 64% reported a functional decline, majority of them had
EM devices (17). Meling et al. also reported nine patients (10
AFFs) were reviewed at a mean follow-up of 36.5 months
(range: 10 to 104) and was associated with low mean Hip
Harris Score with odds ratio (OR) 58.9 (95% CI 4.74-70.4) and
mean Timed Up and Go test of 25.7 s (95% CI 12.7-38.8) (23).

Table 3 summarizes the studies that examined the role of
prophylactic surgical nailing for incomplete AFFs. When
compared to conservative management, prophylactic nailing
has been found to be associated with shorter hospital length
of stay (32), reduced progression to complete fractures (32),
significant improvement in pain (33) and recovery to baseline
function (34). Banffy et al. treated six patients with incomplete
AFFs conservatively and five of these patients progressed to
complete fractures requiring surgical intervention, as compared
to six with prophylactic nailing, and none progressed to
complete fracture and all had radiographic union (32).

The outcomes with the use of teriparatide in the
postoperative management of AFFs are uncertain (Tables
3). One study reported that after 6 months of daily 20 pg
teriparatide administered subcutaneously to 5 patients with
incomplete AFFs, there was an increase bone remodeling
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markers and fracture healing when compared to those treated
conservatively or prophylactic nailing (29). In another study,
patients with AFFs treated surgically and received daily
injection of teriparatide post-surgery also had a significantly
shorter fracture healing time compared to those who did
not receive the drug (5.4 = 1.5 vs. 8.6 = 4.7 months) and a
significantly lower frequency of delayed healing or non-union
(p=0.014) (31).

Discussion

The key findings from this review are a low absolute
risk of AFFs overall but the relative risk increases with
bisphosphonates use, especially if prolonged (more than 3
years). Other findings include a trend towards younger age at
the time of presentation with AFFs compared with those with
typical proximal femoral fractures, a higher preponderance of
females with AFFs and a lack of evidence on effectiveness of
different treatment modalities.

The incidence of AFFs is very low as demonstrated by
the studies reviewed, regardless of patients’ age or whether
the first or second ASBMR Task Force definitions were
used. Epidemiological studies indicated that the risk of AFFs
increased with the use of bisphosphonates. In the absence
of good quality prospective study, no causal relationship
between AFFs and bisphosphonates therapy can be established.
Furthermore AFFs have been reported in bisphosphonate-naive
patients with osteoporosis (35).

It is estimated that the average population risk of hip fracture
is 1% per year in postmenopausal women and for every 10,000
patients at high risk, 300 hip fractures are expected and if
these patients were treated with bisphosphonates, assuming
an effectiveness of 36% (relative risk of 0.64), then 108 hip
fractures are avoided (36). On the other hand, three to six
subtrochanteric fractures (both typical and atypical) may be
expected with bisphosphonates (36). Hence, the risk—benefit
ratio for using bisphosphonates in managing osteoporosis
remains favourable.

The association between AFFs and bisphosphonates,
however, does appear to be related to the duration of use; hence
patients on longer duration of bisphosphonates (more than 3
years) are at higher risk. It is clinically important to review
the need for bisphosphonates over time and consideration be
given to stopping after prolonged use which can reduce the risk
of AFFs by 70% per year (12). This has led to the suggestion
of bisphosphonates “drug holiday,” i.e. discontinuing therapy
after five years though overall risk-benefit of this approach
has not been clarified (4). Therefore, it is recommended that
physicians remain vigilant in assessing patients treated with
bisphosphonates for the treatment or prevention of osteoporosis
and patients should be advised of the potential risks.

Although most AFFs were reported in patients over the
age of 65 years, those with this type of fracture tended to
be younger than those who present with TPFFs. Two

explanations have been postulated for this observation. Firstly,
it is possible that patients with AFFs have been treated for
longer periods with bisphosphonate therapy compared to those
who sustained TPFFs but available studies were limited in
determining the exact duration of drug exposure. Secondly,
some have suggested that younger people are more likely to be
involved in physical activities, placing them at higher risk of
developing stress fractures at the maximal tensile loading site
that is the lateral cortex of the femur where AFFs tend to occur,
particularly when bisphosphonate use is also present (17).

Our review also showed that AFFs affect predominantly
females. The reason behind this predominance remains unclear.
It is possible that this observation reflected the higher number
of postmenopausal women compared to older men who are
treated with bisphosphonates (37). Incidence rate of AFFs in
women have been reported (23) but not in the male population.

Further research is needed to determine the most effective
method to treat complete and incomplete AFFs. Available
studies conducted in small samples have shown a trend
towards a more favourable outcome with IM nailing (28,
30) but controlled studies are needed to confirm this finding.
Although early results are in favour of prophylactic IM nailing
of incomplete AFFs in preventing progression to complete
fractures and improvement in pain, randomized controlled
studies are required to confirm the benefit of this approach.
Similarly with teriparatide, there is still no established evidence
to prove its efficacy in bone healing because only a small
number of patients with AFFs have been treated with this drug.

One of the strengths of this review is the inclusion of studies
using the ASBMR criteria for AFFs, which meant that a more
standardised, well-defined and reproducible definition was
used. Prior to the criteria, the incidence and prevalence reported
varied significantly between epidemiological studies due to
differences in definition. In addition, this is the first review to
systematically examine the postoperative outcomes of AFFs.
A meta-analysis of the findings could not be performed due
to the heterogeneity in study methods and outcome measures
used. However, there are limitations to this review. Firstly,
nearly all of the studies were retrospective in nature, preventing
any causality to be drawn in the relationship between
AFFs and bisphosphonates use. Moreover, study duration
has been variable (range of mean reported were 3.75 to 8.70
years) limiting the interpretation of long-term exposure to
bisphosphonates. Variation in the number of AFFs and size
of study population also limits the compatibility between
individual studies. Secondly, the finding of AFFs affecting a
comparatively younger population should be interpreted with
caution because of small sample size and possible selection bias
in control groups. Thirdly, methodology and outcome measures
after surgery have been inconsistent and non-standardized.
Little is also known about the impact on treatment outcomes
in increasing age for those with AFFs because no study has
evaluated patients in different age groups, especially with age
being an important predictor of outcomes in other types of
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fractures.

In summary, this systematic review of studies using the
ASBMR Task Force criteria indicates that the incidence of
AFFs is low but the relative risk increases with long-term
bisphosphonate use. Current evidence suggests that the benefit
of bisphosphonates in reducing osteoporotic fractures still
outweighs the risk of AFFs. The risk of AFFs in the older
age group is less well defined but there is a trend towards the
elderly being affected at a younger age compared to those
with typical proximal femoral fractures, which increases in
frequency with age. Little is known about the postoperative
outcomes of AFFs because of differences in treatments used.
Large long-term prospective studies on older adults taking
bisphosphonates are needed to better define specific risk factors
of AFFs in this group and guide management of osteoporosis.
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