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Abstract
Summary The paper focuses on the identification of atypical fractures (AFFs). This paper examines the concordance between
objective classification and expert subjective review. We believe the paper adds critical information about how to apply the
American Society of Bone and Mineral Research (ASBMR) criteria to diagnose AFFs and is of high interest to the field.
Introduction Assess American Society of Bone and Mineral Research (ASBMR) criteria for identifying atypical femoral frac-
tures (AFFs).
Methods Two orthopedic surgeons independently evaluated radiographs of 372 fractures, applying ASBMR criteria. We
assessed ease of applying ASBMR criteria and whether criteria-based assessment matched qualitative expert assessment.
Results There was up to 27% uncertainty about how to classify specific features. 84% of films were classified similarly for the
presence of AFF according to ASBMR criteria; agreement increased to 94% after consensus meeting. Of 37 fractures categorized
as AFFs based on ASBMR criteria, 23 (62.2%) were considered AFFs according to expert assessment (not relying on criteria).
Only one (0.5%) femoral shaft fracture that did not meet ASBMR criteria was considered an AFF per expert assessment. The
number of major ASBMR features present (four vs five) and whether there was periosteal or endosteal thickening (Bbeaking^ or
Bflaring^) played major roles in the discrepancies between ASBMR criteria-based and expert-based determinations.
Conclusions ASBMR AFF criteria were useful for reviewers but several features were difficult to interpret. Expert assessments
did not agree with the ASBMR classification in almost one-third of cases, but rarely identified an AFF when a femoral shaft
fracture did not meet ASBMR AFF criteria. Experts identified lateral cortical transverse fracture line and associated new-bone
formation along with no or minimal comminution as crucial features necessary for the definition of atypical femoral fractures.
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Introduction

Atypical femur fractures (AFFs) are rare types of fractures that
are associated with long-term bisphosphonate use more often
than other femoral fractures [1, 2]. Correct identification is
critical for epidemiological study of femoral fractures as well
as in clinical practice, where early identification could alter
treatment. Unfortunately, there is no gold standard (or Btruth^)
for assessing whether femoral fractures are atypical. To help in
identifying AFFs, the American Society of Bone and Mineral
Research (ASBMR) convened a multidisciplinary, interna-
tional task force in 2009, releasing a case definition of AFF
in 2010 [3] and revising it in 2013 [4]. The definition is
intended to provide more guidance concerning the radio-
graphic features that distinguish AFFs from other osteoporotic
femoral fractures and to facilitate research and clinical care.
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The 2013 ASBMR case definition requires AFFs to be in
the subtrochanteric or diaphyseal region of the femur above
the distal metaphyseal flare and divides characteristics into
major features (four of five are required) and minor features
(may or may not be present). Major features include transverse
configuration at the lateral cortex, no or minimal comminu-
tion, complete fracture or incomplete fracture involving only
the lateral cortex, periosteal or endosteal thickening at the
fracture site, and no or minimal trauma (Supplementary
Table 1). Minor features include generalized cortical thicken-
ing of the femoral shaft, bilateral fractures, history of prodro-
mal pain, and delayed healing.

Ideally, criteria to identify AFFs should be relatively un-
equivocal and consistently applied by radiologists, orthopedic
surgeons, and other physicians assessing femoral fractures. To
evaluate whether 2013 criteria meet these goals, we examined
data from our recent study, BEAK2 [5], which applied the
criteria to femoral fractures in a community-based sample.

Two experienced orthopedic surgeons independently re-
evaluated a set of previously reviewed femoral fractures [6].
In addition to assessing the fractures using 2013 criteria, they
rated their degree of uncertainty regarding each feature. They
also rated each fracture based on their own assessment (i.e.,
expert opinion) of whether it was an AFF, independent of the
specific ASBMR criteria. Our goal was to assess how easily
and consistently the 2013 criteria could be applied in a clinical
study setting, the extent to which the ASBMR task force def-
inition matched expert assessment, and whether experts relied
on particular features during assessment. We hypothesized
that expert assessment of AFF would closely match AFF de-
termination using 2013 AFFASBMR criteria.

Methods

Fracture identification

Fractures reviewed were drawn from the BEAK1 study [6],
which was conducted in a cohort of women aged 50 and older
and men aged 65 and older who were members of Kaiser
Permanente Northwest (KPNW), a federally qualified health
maintenance organization. In BEAK1 [6], femur fractures that
occurred between January 1, 1996, and June 30, 2009, were
identified through electronic medical record data and expert
medical chart reviews. Two BEAK1-experienced orthopedic
surgeons (BEAK1 primary reviewers; DMF, DLB;
Supplementary Table 2), blinded to patients’ clinical histories
except for gender and age and blinded to previous ratings of the
fractures, reviewed all available radiographs (pre-, intra-, or
post-op) of fractures identified through chart reviews as being
in the femoral shaft (subtrochanteric to upper two-third femur,
unspecified femoral shaft, proximal femur below the lesser
trochanter, mid-shaft) and distal femur (distal one-third femoral

shaft/other above-the-knee femur) and a random sample of
fractures in the femoral neck and intertrochanteric region.
AFF assessment was based on the 2010 ASBMR AFF criteria
[3]. Fractures examined in BEAK2 comprise all of those cate-
gorized by BEAK1 reviewers as being in the femoral shaft or
distal femur and 15% of those in the intertrochanteric region
(N = 372; Fig. 1). This research was reviewed and approved by
the KPNW Institutional Review Board.

Radiology review of fractures using 2013 ASBMR
criteria

An expert panel (ESL, HKG, RMD, DMB, DCB, ESO, DMF,
DLB, ACS, AdP) developed radiograph review procedures, a
review form, and operational definitions based on 2013
ASBMR criteria (Supplementary Table 3). It was required that
fractures be located along the femoral diaphysis from just
distal to the lesser trochanter to just proximal to the
supracondylar flare in order to be considered as AFFs. If the
fracture was considered to be in that location (i.e., considered
a femoral shaft fracture (FSF)), the reviewers answered addi-
tional Byes^ and Bno^ questions about whether it met the 2013
ASBMR AFF radiological major (transverse configuration at
the lateral cortex, no or minimal comminution, complete frac-
ture or incomplete fracture involving only the lateral cortex,
periosteal or endosteal thickening at the fracture site) and mi-
nor (generalized cortical thickening of the femoral shaft, bi-
lateral fractures) features (Supplementary Table 1).

Several features were not re-assessed during BEAK2 as they
had been determined via chart review during BEAK1 as follows:
whether fractures occurred with no or minimal trauma (major
feature) and whether there was prodromal pain (minor feature).
BEAK1 assessments were carried forward to BEAK2. Delayed
healing (minor feature) was not captured in either study. Only 81
films had bilateral views of the contralateral area.

The BEAK2 pr imary rev iewers (DMF, DLB;
Supplementary Table 2) independently analyzed 100 training
films (mix of AFF and typical FSF fractures) that had been
compiled by an expert panel member (RMD). A BEAK2 adju-
dicator (HKG) also assessed the radiographs. The entire panel
reviewed disagreements to clarify criteria and refine the abstrac-
tion process and form.

After training was completed and issues resolved, the
BEAK2 primary reviewers independently examined the radio-
graphs (N = 372; Fig. 1). They were blinded to previous read-
ings, each other’s assessments, and participants’ clinical back-
ground other than gender and age range (5-year increments).

In addition to marking whether each major and minor fea-
ture was present based on 2013 ASBMR Task Force defini-
tions [4], the BEAK2 primary reviewers qualified their an-
swers, if necessary, by marking Buncertain,^ meaning they
were not sure how to characterize a response but felt the ra-
diographic views were adequate, or Bindeterminate due to
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insufficient views,^ meaning they did not have adequate
views to fully assess a specific feature.

Expert assessment of fractures

At the end, we requested BEAK2 primary reviewers’ overall
qualitative expert assessments of the fracture’s AFF status by
asking: BBased upon radiographic appearance, was this event
an AFF (general feeling about radiograph—do not have to
rely specifically on the criteria marked)?^ Reviewers were
encouraged to use their overall assessment of the fracture’s

likelihood of being an atypical fracture, regardless of the num-
ber of criteria marked.

Consensus and adjudication

When there was disagreement about whether the fracture was
in the femoral shaft, whether major or minor features were
present, or whether the fracture was an AFF according to
expert assessment, the BEAK2 primary reviewers examined
films jointly to attempt to reach consensus. If consensus could
not be reached, the BEAK2 adjudicator made the determina-
tion about whether the fracture met AFF criteria.

Fig. 1 Diagram of study flow
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Additional expert review

To further evaluate fractures for which BEAK2 primary re-
viewers’ assessments and ASBMR criteria determination did
not match, the adjudicator and the additional panel member—
serving as secondary BEAK2 reviewers (RMD, HKG;
Supplementary Table 2—re-examined the radiographs (N =
15; Fig. 1). Information about whether the fracture had been
rated an AFF according to ASBMR criteria or expert assess-
ment was available to the secondary BEAK2 reviewers. They
were asked, BDo you agree that the fracture is an AFF?^ They
were also asked to identify Bpossible reasons for difference
between objective and subjective readings.^ Each was blinded
to the response of the other reviewer. The following outcomes
were tracked as follows: (1) one or both secondary BEAK2
reviewers agreed with the expert assessment of the primary
BEAK2 reviewers and (2) neither reviewer agreed with the
assessment (i.e., both agreed with ASBMR criteria).

Statistical methods

The fractures on which there was an agreement as to location
in the femoral shaft are included in this report (N = 240;
Fig. 1). Using consensus results, we classified fractures as
meeting ASBMR criteria for AFFs if they met four of five
major features. Minor features did not need to be present for
a fracture to be categorized as an AFF per ASBMR criteria
(Supplementary Table 1).

We examined the initial agreement between the primary
BEAK2 reviewers on each of the major and minor 2013
criteria, the ASBMR classification of AFF, and their assess-
ment of AFF. For each feature, we also tabulated how often
one or both reviewers expressed uncertainty about their re-
sponse (uncertain) or felt the images (quality or views) were
insufficient, resulting in uncertainty (indeterminate).

We compared fracture categorization as defined by the 2013
ASBMR criteria to the primary reviewers’ consensus expert as-
sessment. In the subset of radiographs that the secondary BEAK2
reviewers also reviewed (N = 15), we examined whether their
assessment agreed with the ASBMR classification or the primary
reviewers’ assessment. Finally, we examined the number of ma-
jor and minor features present in the 37 fractures deemed AFFs
according to ASMBR criteria, stratified by expert assessment.

Results

Level of uncertainty about specific features

Table 1 displays the uncertainty associated with the assess-
ment of each feature. The most common feature to be marked
as uncertain or indeterminate in initial review was periosteal
or endosteal thickening (marked by one or both primary

BEAK2 reviewers in 27% of cases). Transverse configuration
was marked by at least one reviewer in 11% of cases, while the
other features were marked less than 10% of the time.

Agreement between reviewers

Agreement between the primary BEAK2 reviewers after their
first readings ranged from 63 to 100% for specific major and
minor 2013 features (Table 2). There was high agreement (>
90%) on the major features of periosteal or endosteal thickening
and complete fracture (or incomplete involving lateral cortex)
and on both of the minor features. There was less agreement
(80%) on the presence of a transverse configuration, with dis-
agreements often occurring when the overall fracture was
oblique but the lateral cortex portion was transverse. The lowest
level of agreement was reached on comminution (63%), primar-
ily because one reviewer coded films as having minimal com-
minution when fragment lengths were > 2 cm of length; after
reviewing the definition of comminution that had been devel-
oped during the training sessions (Supplementary Table 3), it
was agreed that fragment lengths of this size should be consid-
ered more than minimally comminuted. After the initial review,
84.1% of the films (191) received the same classification regard-
ing the presence or absence of AFF according to the 2013 def-
inition. For the overall expert assessment (not based on ASBMR
criteria), the initial agreement was higher (96%).

Table 1 Uncertainty during radiological review

All fractures reviewed (N = 372) At least one reviewer
marked uncertain* and/or
indeterminate** N (%)

Femoral shaft fracture 1 (0.3)

Femoral shaft fractures (N = 240)

Major features

Transverse configuration 27 (11.3)

Minimal or no comminution 18 (7.5)

Complete fracture (or incomplete
only involving lateral cortex)

4 (1.7)

Periosteal or endosteal thickening 64 (26.7)

Minor features

Generalized cortical thickening 14 (5.8)

Bilateral fracture*** 7 (8.6)

Overall

AFF by expert assessment**** 19 (7.9)

*Uncertain meant reviewer was unsure about response but views were
adequate to evaluate that feature

**Indeterminate meant reviewer was unsure about response because
views were not adequate to evaluate that feature

***Only 81 had bilateral films of contralateral area

****Response to the following question: BBased on radiographic appear-
ance, was this event an AFF (general feeling about radiograph—do not
need to rely on criteria marked)^
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The major feature that required adjudication was transverse
configuration (consensus was not reached and adjudication
was required in 13 cases [5%]). For the other major criteria,
disagreements occurred in fewer than 3% of cases. After con-
sensus review, agreement about the presence or absence of
AFF according to the 2013 ASMBR definition rose to 94%,
and agreement on the overall expert assessment (not based on
ASBMR criteria) was even higher (99%).

ASBMR criteria compared with reviewer assessment

Of the 37 fractures categorized as AFFs based on ASBMR
criteria, 14 (38%) were not considered AFFs based on expert
assessments by primary BEAK2 reviewers (not relying on
ASMBR criteria; Table 3; example radiograph in Fig. 2). Of
the 203 fractures identified as not being AFFs based on
ASBMR criteria, one (0.5%) was considered to be an AFF
by the primary reviewers.

Secondary assessment

The secondary BEAK2 reviewers examined the 15 fractures
that were categorized differently according to the ASBMR

definition and primary reviewer assessment. In 14 (93%) of
these cases, at least one secondary reviewer agreed with the
primary reviewers’ assessment that the fracture was an AFF.
In only one case did both secondary reviewers agree with the
ASBMR classification of the fracture as an AFF rather than
with the primary reviewers’ assessment that it was a non-
atypical FSF. This fracture was noted as difficult to assess
because there was already callus formation.

Table 2 Presence of specific AFF features and level of agreement

Features Feature determined to
be present after
consensus N (%)

Agreement after
first review N (%)

Consensus after
second review N (%)

Adjudicated (unable to
reach consensus) N (%)

All fractures reviewed N = 372 N = 372 N = 372 N = 372

Femoral shaft fracture 240 (64.5) 330 (88.7) 372 (100.0) 0

Femoral shaft fractures reviewed further by
both reviewers

N = 240 N = 227 N = 240 N = 240

Major features

Transverse configuration 64 (26.7) 179 (78.9) 227 (94.6) 13 (5.4)

Minimal or no comminution 143 (59.6) 143 (63.0) 236 (98.3) 4 (1.7)

Complete fracture (or incomplete only involving
lateral cortex)*

240 (100.0) 226 (99.6) 240 (100.0) 0

Periosteal or endosteal thickening 22 (9.2) 220 (96.9) 239 (99.6) 1 (0.4)

Minimal or no trauma** 215 (89.6) n/a n/a n/a

Minor features

Generalized cortical thickening 22 (9.2) 219 (96.5) 240 (100.0) 0

Bilateral fracture*** 3 (1.3) 78 (96.3) 79 (97.5) 2 (2.5)

Prodromal pain** 16 (6.7) n/a n/a n/a

Overall

AFF per ASMBR criteria**** 37 (15.4) 191 (84.1) 226 (94.2) 14 (5.8)

AFF per expert assessment***** 24 (10.0) 217 (95.6) 238 (99.2) 2 (0.8)

*All were complete fractures

**Carried forward from previous chart review; not re-reviewed for this study

***Only 81 had bilateral films of contralateral area

****Whether film met 4 of 5 major ASBMR features (not necessarily same features)

*****Response to the following question: BBased on radiographic appearance, was this event an AFF (general feeling about radiograph—do not need to
rely on criteria marked)?^

Table 3 Concordance between ASBMR 2013 criteria and expert
assessment of AFF

ASBMR 2013 case
definition of AFF (4 or 5
major features, regardless
of minor features)

Expert assessment*

N Yes No

Yes N (%) 37 23 (62.2) 14** (37.8)

No N (%) 203 1*** (0.5) 202 (99.5)

*Expert assessment by the two primary reviewers (DMF, DLB)

**Additional review by 2 experts (HKG and RMD) agreed with original
expert assessment in 13 of 14 cases

***Additional review of this case by 2 experts (HKG and RMD) agreed
with original expert assessment
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Reasons for discrepancy between ASBMR criteria
and expert assessment

AFFs with all five major ASBMR features, (Fig. 2) especially
those with at least one minor feature, were more often consid-
ered AFFs according to primary reviewers’ assessment
(Table 4). For example, while only 49% of fractures catego-
rized as AFF byASMBR criteria had five major features, 74%
of fractures considered AFFs by expert assessment had all five
major features. On the other hand, while 51% of fractures
categorized as AFFs by ASBMR criteria had four major fea-
tures, 26% of AFFs by expert assessment only had four major
features, and the presence of minor features did not seem to
impact expert assessment when just four features were
present.

The lack of periosteal or endosteal thickening was the key
major feature that accounted for the discrepancy between AFF
determination per ASBMR criteria vs expert assessment.
While 60% of the fractures determined to be AFFs by
ASBMR criteria had periosteal thickening, 83% of the frac-
tures determined to be AFFs by expert assessment had

periosteal or endosteal thickening. For example, the fracture
shown in Fig. 3 had four major features (transverse configu-
ration, minimal or no comminution, complete fracture, and no
trauma) but did not have any periosteal or endosteal reaction.
Periosteal or endosteal thickening was determined by expert
reviewers to be of such critical importance that they deter-
mined it was not an AFF despite having the other four major
ASBMR criteria.

Of the fractures determined to have periosteal or endosteal
thickening during primary review, only three were not consid-
ered AFFs during expert review. In these cases, the periosteal
thickening that had been determined to be present when this
feature was examined on its own (not considering the other
fracture features) was not as clearly evident when the whole
fracture was reviewed at once. For example, the fracture
shown in Supplemental Fig. 1 was categorized as having lo-
calized periosteal reaction of the lateral cortex when just that
feature was assessed. However, when the radiograph was
reviewed overall and the presence of other AFF features were
considered, expert opinion was that the Bbeak^ more likely
represented the rotated fracture fragment and the fracture was

Fig. 2 a, b Example of fracture
determined to be AFF because it
met all five major ASBMR
features. The black line in panel a
indicates the transverse
configuration of the fracture and
the white arrow in panel b shows
the periosteal/endosteal
thickening
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not an AFF. Similarly, during review for specific ASBMR
features, the fracture shown in Supplemental Fig. 2 was deter-
mined to have cortical thickening about the fracture site.
Because this fracture was transverse in configuration, had
minimal or no comminution, and was complete, it met four
major ASBMR criteria and was labeled as an AFF. However,

when the fracture was reviewed overall (and not for each
specific feature), expert opinion was that the thickening at
the fracture site was more likely to be healing callus on a
postoperative radiograph and was not any atypical process.

In terms of minor features, 44% of the AFFs by expert
opinion had generalized cortical thickening compared with

Table 4 2013 ASBMR criteria
features present in AFFs,
according to expert assessment

AFFs by ASBMR criteria (N = 37)

AFFs by expert
assessment*

Not AFFs by
expert assessment*

Number of major ASBMR features N = 37 N (%) N = 23 N (%) N = 14 N (%)

5 major features, N (%) 18 (48.6) 17 (73.9) 1 (7.1)

4 major features, N (%) 19 (51.4) 6 (26.1) 13 (92.9)

Presence of minor features

5 major features with at least one minor
feature, N (%)

11 (29.7) 11 (47.8) 0

4 major features with at least one minor
feature, N (%)

7 (18.9) 3 (13.0) 4 (28.6)

Presence of specific features in ASBMR criteria

Major features

Transverse configuration, N (%) 37 (100.0) 23 (100.0) 14 (100.0)

Minimal or no comminution, N (%) 36 (97.3) 23 (100.0) 13 (92.9)

Complete fracture (or incomplete involving
lateral cortex), N (%)

37 (100.0) 23 (100.0) 14 (100.0)

Periosteal or endosteal thickness, N (%) 22 (59.5) 19 (82.6) 3 (21.4)

Minor features

Generalized cortical thickening, N (%) 13 (35.1) 10 (43.5) 3 (21.4)

Bilateral fracture**, N (%) 0 0 0

*Expert assessment by the two primary reviewers (DMF, DLB)

**Only 81 had bilateral films of contralateral area

Fig. 3 a, bRadiograph of fracture
that met ASBMRAFF criteria but
was not felt to be an AFF by
expert assessment. Although the
fracture had four major features
(transverse configuration [marked
by dark black line], minimal or no
comminution, complete fracture,
and no trauma), it did not have
any periosteal or endosteal
reaction. The lack of periosteal or
endosteal thickening was
determined by the expert
reviewers to be of such critical
importance that they determined
this fracture was not an AFF
(despite having the other four
major ASBMR criteria)
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21% of those not considered AFFs by expert opinion. No
AFFs per ASBMR criteria had bilateral fractures (but only
34% of fractures had sufficient bilateral views to assess for
this feature).

Discussion

We found that application of the ASBMR case definition can
be challenging. Despite our reviewers’ extensive training, un-
certainty remained about how to rate specific features, espe-
cially periosteal or endosteal thickening and transverse con-
figuration. The primary BEAK2 reviewers agreed on the
ASBMR classification of AFFs on 84.1% of the films after
initial independent review. After meeting, they agreed on
94.2%, illustrating that the criteria may be open to interpreta-
tion. In contrast, there was high agreement as to whether the
fracture was an AFF by expert reviewer assessment (i.e., not
relying on the number of features marked); there was agree-
ment on 95.6% of the films after the independent reviews,
which rose to 99.2% after the consensus meeting.

More than one-third of fractures classified as AFFs when
applying the 2013 ASBMR criteria were not considered AFFs
according to expert assessment. If fractures had all five major
ASBMR features, a high percentage were considered AFFs
according to expert assessment, especially if there was at least
one minor feature present. If there were four major features
present, only about one-third were considered AFFs, and not
even half were considered AFFs if even a minor feature was
present in addition to the four major features.

A main reason for the discrepancy between ASBMR
criteria and expert assessment was that expert reviewers deter-
mined that periosteal and endosteal thickening was a critical
feature that needed to be present for an AFF to be diagnosed;
however, to be an AFF by ASBMR criteria, only four features
were required, meaning that 40% of fractures labeled as being
AFF by ASBMR criteria did not have periosteal or endosteal
thickening. Therefore, future consideration should be given to
requiring all major features or particular patterns of features.

Discrepancy between ASBMR criteria and expert assess-
ment also arose because of differences in assessment proce-
dures. During the primary review, reviewers assessed whether
each individual ASBMR criteria was present, regardless of the
overall characteristics of the fracture or whether other features
were present. In contrast, during expert assessments, re-
viewers assessed the overall fracture, using ASBMR major
and minor features as a guide, but not strictly following the
guideline that any four major features must be present.
Reviewers weighed each factor differently depending on ra-
diographs and participants’ age and gender, relying heavily on
the presence of a lateral cortical transverse fracture line and
associated new-bone formation along with no or minimal
comminution. In fact, features that were difficult to assess

during the primary review but determined to be present (such
as periosteal thickening) were sometimes no longer deter-
mined to be present when the fracture was assessed overall
during expert review, which involved taking into consider-
ation all of the fracture’s characteristics. This suggests that
identification of AFF can be relatively straight forward and
consistent when the images are evaluated by a reviewer with
expertise in AFF, especially when all of the criteria are con-
sidered together. However, when an AFF occurs soon after the
stress reaction and there has been little chance for the bone to
mount a healing response, identification can be more difficult,
especially if the reviewer is less experienced. In these cases,
reliance on identifying four of five criteria rather than looking
at all of the features together can lead to variable AFF case
ascertainment. We suggest that future updates of the guide-
lines should consider explicitly stating that the pathology of
AFF starts in the lateral cortex of the femur. This is the region
of high tension forces to which the surrounding bone attempts
to react, leading to a progressive thickening of bone endosteal/
periosteal either focally or occasionally over a larger region. In
particular, we suggest considering changing or adding the
phrase Bthe fracture generally occurs at the level of the femur
at the greatest thickness of the lateral cortex for several centi-
meters proximal or distal to the fracture line.^We believe it is
often easier to judge local maximal cortex thickening than to
judge minimal focal new-bone formation (i.e., the beak/flare).

Limitations

Reviewers were given only the age range and gender of par-
ticipants and relied solely on the radiological impression. In
clinical practice, decisions about whether a fracture is an AFF
are also based on clinical history. Although one major
ASBMR feature—whether the fracture is traumatic—is a clin-
ical factor, other factors of importance (including the minor
features of prodromal pain) are not required in the definition.
However, the reviewers felt that in a clinical setting, such
factors could play a key role when assessing whether a frac-
ture was an AFF and that they would not rely solely on radio-
logical interpretation.

The study was also limited by the small number of AFF
cases and its retrospective nature, with fractures occurring 10
to 15 years prior to the study. This meant that some fractures
had radiographic views that were inadequate for an accurate
estimate of the presence or absence of some major features.
Few radiographs of subjects’ contralateral femurs were avail-
able, and comparison to the contralateral femur is an important
component of overall clinical assessment. We also had limited
pre-fracture films, which can allow examination of bone
changes over time, and lacked high-quality intra-operative or
early post-operative films, which can be helpful when there is
rotation and flexion of the extremity at the fracture site.
Reviewers had previously reviewed the films using the earlier
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ASBMR criteria although they were unaware of their previous
readings of the film. Radiographs were from any time point
(i.e., pre- or post-op), which is different than a clinical setting
where decisions are made on emergency room films.

Conclusions

Emphasizing the importance of lateral cortex changes and
periosteal and endosteal thickening in the ASBMR criteria
would likely increase concordance between the ASBMR clas-
sification and expert assessment. Our study suggests that more
specific definitions of the features in the ASBMR criteria
would be useful to others interpreting films for clinical deci-
sion-making, epidemiological research, and improving our
understanding of the pathophysiology of these fractures.
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