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Abstract

Introduction: The study objective was to assess lateral femoral cortex variants that may mimic prefracture
findings of drug-associated atypical femoral fractures (AFF) among hip radiographs.

Materials and Methods: Bilateral hip radiographs of 1493 consecutive patients (mean age 67.7, 804
women) were reviewed. Hips were positive if localized lateral subtrochanteric femoral cortical thickening (LSFCT)
was present. Positive studies were divided into a medication group if history of bisphosphonate or denosumab
use was present or a variant group. The medication group was subcategorized into a prefracture group if classing
beaking LSFCT or a contralateral AFF was presentor a non-prefracture group. The LSFCT width, femoral head
and lesser subtrochanteric distances were measured. Analysis of Variance (ANOVA) was performed (p <0.01)
to compare the three groups, with post hoc Tukey HSD evaluation. Cross-sectional imaging for each group was
reviewed.

Results: Of the1493 exams, 1079 were included. In the 24 patients with LSFCT, 8 patients were assigned
to the medication group and 16 to the variant group. Of the 8, 3 met criteria for the prefracture group and 5 were
subcategorized to the non-prefracture group. Differences among the prefracture versus the non-prefracture and
variant groups were statistically significant (p<0.01). Cross-sectional imaging of the correlated LSFCT with the
third Trochanter posterolaterally in the variant group and laterally for the prefracture group.

Conclusions: The third trochanter is an anatomic variant that may mimic prefracture findings of drug-
associated AFF. The third trochanter can be differentiated radiographically from prefracture AFF findings with a
< 3 mm width and < 3mm lesser subtrochanteric distance.

Introduction

Bisphosphonates and Denosumab are very effective therapies for osteoporosis that reduce
the risk of fragility fractures [1,2]. Drug-associated atypical femoral fractures (AFF) in the lateral
subtrochanteric femur and diaphysis of the femur are potential rare adverse events of bisphosphonate
and denosumab therapy, but they have also been documented in adults who had no exposure
to these medications [3-7]. Due to the increased morbidity and mortality associated with drug-
associated AFF [8], the Task Force of the American Society of Bone and Mineral Research (ASBMR)
established a clinical and radiographic definition for drug-associated AFF to delineate them from
osteoporotic fractures [9]. To meet criteria, the fracture must be located along the femoral diaphysis
distal to the lesser trochanter and proximal to the supracondylar flare and must meet four out of the
five major features (Table 1).

Central to the major criteria features of drug-associated AFF is a fracture line originating in the
lateral cortex and cortical (endosteal or periosteal) thickening [10-13] in patients with a history of
bisphosphonate use.

Independent radiographic findings that do not meet the prescribed ASBMR criteria, such as
cortical thickening without a fracture line, have been shown to likely represent an evolution of
findings that may develop into a drug-associated AFF over time [12,14-20]. Several studies have
described these as prefracture findings of drug-associated AFF [9,21,22] that may lead to preemptive
discontinuation of drug therapy. Moreover, if there is a cortical lucency and an incomplete fracture
with pain, prophylactic nail fixation has been used [23,24]. Therefore, conditions that may mimic
these findings are of clinical importance to prevent the need for more advanced imaging and
therapeutic decisions related to the care of an AFF [25].
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Table 1: American Society of Bone and Mineral Research Task Force Case Definition of Atypical Femoral Fractures [9].

S.No 2013 Revised Major Features of Atypical Femoral Fractures
1 The fracture is associated with minimal or no trauma, as in a fall from a standing height or less
2 The fracture line originates at the lateral cortex and is substantially transverse in its orientation, although it may become oblique as it progresses
medially across the femur
3 Complete fractures extend through both cortices and may be associated with a medial spike; incomplete fractures involve only the lateral cortex
4 The fracture is noncomminuted or minimally comminuted
5 Localized periosteal or endosteal thickening of the lateral cortex is present at the fracture site (“beaking” or “flaring”)

We have found lateral subtrochanteric femoral cortical thickening
(LSFCT) in patient’s naive to bisphosphonate and denosumab
therapy. We hypothesized that the anatomic third trochanter (Figure
1), abony prominence at the gluteus maximus tendon attachment on
to the superior gluteal tuberosity, may mimic an AFF. The purpose of
our study, therefore, was to assess the incidence and anatomic causes
for LSFCT in patients with or without these treatments that may
mimic prefracture findings of drug-associated AFF.

Materials and Methods

After Institutional Review Board approval, we retrospectively
reviewed the bilateral hip radiographs of 1493 consecutive patients
(age range 18 to 91, 804 women) referred to our hospital for
radiographic hip evaluation from 2002 to 2014. The major indication
for requested studies was “pain” (92%), with the remaining 8% of
studies requested to evaluate for limited range of motion, infection,
metabolic disorders, and metastatic work-up. Patients with a history
of prior hip surgery, primary or metastatic bone lesions, or bone
diseases that distorted femoral architecture (e.g. Paget’s disease,
fibrous dysplasia) were excluded. For all patients, an anteroposterior
(AP) and a frog lateral radiograph of the bilateral hips were obtained.
For the AP view, standard technique included attempted internal
rotation of the leg by about 15 degrees.

A positive study was defined as any degree of localized LSFCT
(Figure 2). For the purpose of this study, the LSFCT was considered to
be a third trochanter, which was defined as an osseous protuberance
or tubercle at the superior portion of the gluteal tuberosity [26]. All

Figure 1: 3D volume rendered CT image of the Third Trochanter
(white arrow).

positive studies were confirmed by consensus of two experienced
musculoskeletal radiologists and one musculoskeletal radiology
fellow. All positive studies were then assigned to a medication group
if the patient had a history of bisphosphonate or denosumab use
or to a variant group if no medication history was present. Within
the medication group, patients were subcategorized to a Prefracture
group if the patient had radiographic findings of either classic beaking
LSFCT or a contralateral drug-associated AFF as per ASBMR criteria
(Figure 3) or to a non-prefracture group if these findings were not
present (Figure 4).

To characterize the shape and location of areas of lateral cortical
thickening, the width of LSFCT was measured from the peripheral
margin of the cortical prominence perpendicularly to a line drawn
along the lateral margin of the distal normal lateral cortex (Figure
5). The distances from the superior margin of the femoral head
to the midpoint of lateral cortical thickening and from the level of
the bottom of the lesser trochanter to the midpoint of the cortical
prominence were measured (Figure 5). A one-way analysis of variance
(ANOVA) was conducted to compare the three groups with post hoc
comparisons performed with the Tukey HSD test.

Patient demographics were obtained from medical records with
the type, dose, and duration of therapy in cases of bisphosphonate
or denosumab use. All available cross-sectional imaging for positive
studies were reviewed and anatomical causes of the radiographic
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Figure 2: Categorization of patients found to have lateral subtrochanteric
femoral cortical thickening.
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Figure 5: Coronal right hip CT. Measurements of the lateral subtrochanteric
femoral cortical thickening width (*) and superior margin of the femoral head
to mid cortical thickening (a) and level of the lower lesser trochanter to mid
cortical thickening (b) distances.

Figure 3: Right hip radiographs of a 72-year-old woman with 6-year history
of bisphosphonate use, with classic beaking cortical thickening (white
arrow), assigned to the prefracture group.

findings were determined in consensus by the same three radiologists.
The location of the cortical thickening was noted and the presence of
an attached tendon was determined. A third trochanter was identified
on cross-sectional imaging as cortical thickening at the posterior or
posterolateral aspect of the subtrochanteric proximal femur with
clear attachment of the gluteus maximus tendon.

Figure 6: A. Axial CT and B. Axial MRI (Proton Density) showing localized
cortical thickening at the superior aspect of the gluteal tuberosity at the
ascending gluteus maximus tendon insertion (black arrow).

e

Figure 4: Right hip radiographs of a64-year-old woman with 5-year history
of bisphosphonate use, non-beaking lateral subtrochanteric femoral cortical
thickening (white arrow), and no contralateral drug-associated atypical Figure 7: Zone A. Posterior to Posterolateral region of third trochanter. Zone
femoral fracture, assigned to the non-prefracture group. B. Lateral region of prefracture cortical thickening.
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Table 2: Comparison of Patients with Lateral Subtrochanteric Femoral Cortical Thickening.

Lateral Subtrochanteric Femoral Cortical Thickening
Reviewed Included Present Absent
# Of Patients 1493 1079 24 1055
; 34
#Of Hips 2986 2158 (14 unilateral, 10 bilateral) 2124
Patient Drug Therapy History Total Measurements
. ) _ . . . LSFCT | Femoral Head | Lesser Subtrochanteric
All Positive Studies N=24) | Bisphosphonate | Denosumab None | Patients Hips Width (mm) Distance (mm) Distance (mm)
Prefracture Group
s - Classic Beaking 1 ) ; " N
= + + +
§ LSFCT, or 2 (4 years duration) 0 3 3 (3unilateral) | 43+1.2 161.7 3.5 58.3+11.6
g Contralateral AFF
= Non-Prefracture 1 8 (2 unilateral, 1ot e7 At +oat
Group 4 (1 year duration) 0 5 3 bilateral) 24x12 9%6.9+7.1 1.0x28
s
5§38 variant Group 0 0 16 16 23@unilateral, o 6 10534173 3.9+ 14.4'
25 7 bilateral)
5]
=

LSFCT = Lateral subtrochanteric femoral cortical thickening; AFF = Atypical femoral fracture

1(p<0.01)

Results

Of the 1493 patient exams (2986 hip radiographs) reviewed, 1079
patients (2158 hip radiographs) met inclusion criteria. One thousand
fifty five patients showed no lateral cortical abnormality and were
designated negative studies (97.8%). Twenty-four patients (2.2%)
were found to have LSFCT (34 total hips; 14 unilateral, 10 bilateral)
and were labeled as positive studies.

Sixteen of the 24 patients with LSFCT did not have a history of
bisphosphonate or denosumab use and were assigned to the variant
group (23 total hips; 9 unilateral, 7 bilateral). The remaining 8
patients had a history of drug therapy; 6 patients had a history of
bisphosphonate use (mean 5.67 years) and 2 had used denosumab
(total of 2 and 7 doses, respectively), with the 2 patients with a
denosumab history having had no prior history of bisphosphonate
therapy. Only 3 patients out of the 8 with a history of drug therapy
were found to have a contralateral drug-associated AFF or classic
beaking cortical thickening, (2 on bisphosphonate and 1 on
denosumab therapy) and were assigned to the prefracture group, with
a group total of 3 unilateral hips. The remaining 5 patients within
the medication arm did not have a contralateral drug-associated AFF
or classic beaking LSFCT and were assigned to the non-prefracture
group (8 total hips; 2 unilateral, 3 bilateral).

Within the medication arm, the Prefracture group had a mean
LSFCT width of 4.3 + 1.2 mm, mean femoral head distance of
161.7 + 3.5 mm and lesser subtrochanteric distance of 58.3 + 11.6
mm. The non-prefracture group had a mean LSFCT width of 2.4 +
1.2 mm, mean femoral head distance of 96.9 + 7.1 mm and lesser
subtrochanteric distance of 1.0 + 2.8 mm.

In the variant group, the mean LSFCT width was 2.7 £ 0.8 mm,
the femoral head and lesser subtrochanteric distances were 105.3 +
17.3 mm and 3.9 + 14.4 mm, respectively (Table 2).

Cross sectional imaging was available in 3 of the 3 patients in
the prefracture group (3 total hips), 3 of the 5 patients in the non-

prefracture group (6 total hips) and 6 of the 16 patients (12 total hips)
in the variant group. All cross-sectional imaging of the variant and
non-prefracture groups showed that the localized cortical thickening
corresponded to the superior aspect of the gluteal tuberosity
(Figure 1), previously described as the third trochanter.

Based upon the ANOV A results, there was a statistically significant
difference between the LSFCT [F(2,31) = 4.9, p = 0.01], femoral head
distance [F(2,31) =21.8, p=0.01], and lesser subtrochanteric distance
[F(2,31) = 26.7, p = 0.01], between the prefracture, non-prefracture
and the variant groups. Post hoc comparisons using the Tukey HSD
test indicated that the mean scores for the LSFCT and femoral head
and lesser subtrochanteric distances were statistically significantly
different between the variant and pre-fracture groups and the non-
prefracture and the pre-fracture groups, but the difference between
the variant and non-prefracture groups was statistically insignificant.
Taken together, these results suggest that the LSFCT within the
medication non-prefracture group likely represent anatomic
variation like the LSFCT seen in the non-medication variant group,
independent of bisphosphonate or denosumab history and not
indicative of the risk of AFF.

In all variant and non-prefracture group LSFCT cases, the third
trochanter was located at the posterior or posterolateral aspect of the
proximal femur with a distinct tendon insertion (Figure 6), whereas
LSFCT in the 3 hips from patients in the Prefracture group were all
seen at the lateral aspect of the proximal femur, with no discernible
tendon insertion (Figure 7). The incidence of this third trochanter
was 1.9% on radiographic examination.

Discussion

The current recommended guidelines for drug-associated AFF
include discontinuation of anti-resorptive medication, limited
weight bearing and avoidance of vigorous activity [9], if bone edema
is present in these patients. These recommendations are based
on several publications that have described the evolution of drug
associated AFF in patients who present with periosteal thickening
without a fracture line, who then develop a fracture line or the
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“dreaded black line” [16] within the cortical thickening, that can lead
to an incomplete or complete AFF [12,14,16-18,27]. Thus, in patients
with LSFCT without a fracture line, as was true in all of our positive
studies designated to the Prefracture group, cross-sectional magnetic
resonance imaging (MRI) is recommended as a gold standard to
evaluate for an associated fracture line or for bone marrow edema
[28].

Diagnosis of an AFF can be challenging and is usually made
by a combination of imaging findings and clinical history.
Clinical symptoms of groin or femur pain and concurrent use of
bisphosphonates or denosumab may prompt a physician to obtain
skeletal imaging to assess the uncommon presence of an AFF. As
shown in this study, a normal variant (the third trochanter) may
importantly mimic prefracture findings of AFF. As one of the major
criteria for drug associated AFF designated by the ASBMR is cortical
thickening of the lateral subtrochanteric femur, it is essential to
distinguish this abnormal cortical thickening from normal variation.
In our cases, an area of cortical thickening provided a mimic for the
changes of impending fracture and was seen in 1.9% of consecutive
femur radiographs. This oblong, rounded or conical bony excrescence,
described as the “third trochanter”, is located at the superior aspect
of the gluteal tuberosity [26,29-31], where the ascending slip of the
gluteus maximus tendon attaches (Figure 1). Awareness of the third
trochanter can help distinguish between LSFCT that is an anatomic
variant and cortical thickening that is a pathologic entity in order to
guide patient care. The incidence of the third trochanter is 1.9% in our
series and 6.2%-6.6% in other series [26,29] and is felt to increase the
surface area of tendon attachment which results in greater efficiency
of gluteus maximus muscle contraction [29]. This mechanical loading
can alter the surface morphology, leading to variations of the third
trochanter surface such as bony crests, ridges and tuberosities.

Limitations of this study are inherent in the retrospective analysis
design and small numbers of positive cases. Given the retrospective
review, patient position and degree of internal rotation on radiographic
evaluation was variable which potentially altered visualization of the
third trochanter even if present. It is anticipated that greater degrees
of internal rotation would provide improved visualization of the third
trochanter. Therefore, the true incidence of this finding is difficult
to determine based on this study. Also, Bolanowski et al. defined the
third trochanter as a tubercle located lateral to the line connecting
the top of the greater trochanter with the superior bifurcation of the
linea aspera and measurable features including a length/width ratio <
5, and a height/width ratio > 0.05. Given the two dimensional nature
of the conventional radiographs, the third trochanter could not be
delineated in relation to the linea aspera as cross-sectional imaging
was not available in all cases, and the height could not be measured.
Future studies with three-dimensional capabilities such as computed
tomography (CT) could be utilized to meet these criteria and to
obtain these ratios.

The gluteus maximus tendon insertion at the gluteal tuberosity
is also a possible location for other conditions that may be painful
or produce abnormal morphology. Calcific tendinitis has been
shown to affect the subtrochanteric femur posteriorly along the linea
aspera at the level of or up to 6 cm below the lesser Trochanter [32].
Although solid periosteal reaction can be seen in calcific tendinitis, no
other commonly associated radiographic findings such as soft tissue
calcifications, tendinopathy or osseous erosions [32,33] were seen in

the positive cases in the variant and non-prefracture groups in the
current study to suggest that this was a result of calcific tendinitis
rather than an anatomic variant.

Conclusion

One entity that may mimic prefracture findings of AFF as
described in bisphosphonate and denosumabtreated patients as well
as adults without exposure to these medications is the anatomic
variant of the third trochanter. Based upon our results, the third
trochanter is characterized by its posterolateral location, a width less
than 3mm and a distance of less than 3mm from the lesser trochanter,
whereas prefracture findings of atypical femoral fractures are typically
laterally positioned, with a width greater than 3 mm and more distal
to the lesser trochanter. In questionable cases, MR imaging will
clearly differentiate between these entities.
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