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Context: Predictors of the requirement for fixation have not been reported in incomplete atypical
femoral fractures. The clinical features of incomplete atypical femoral fractures should be reviewed
to predict the requirement for surgical intervention in this condition.

Objective: Our purposes were (1) to evaluate the clinical results of incomplete atypical femoral
fracture and (2) to determine the factors associated with the requirement for fixation in incomplete
atypical femoral fractures.

Design, Setting, and Patients: We retrospectively reviewed the medical records of 51 patients with
a total of 65 incomplete atypical femoral fractures from 3 tertiary referral centers. Minimum
follow-up was 12 months (mean, 19.8 months; range, 12–82 months).

Intervention: The study consisted of fixation-requiring and non–fixation-requiring groups.

Main Outcome Measure: The main outcome measure was the requirement for fixation.

Results: Thirty-one (47.7 %) hips required internal fixation. Cox regression analysis showed that the
subtrochanteric location was significantly associated with the requirement for fixation (hazard
ratio, 2.713; 95% confidence interval, 1.189–6.189)

Conclusions: About one-half of incomplete atypical femur fractures required surgical intervention,
and subtrochanteric involvement could be used as a predictor of the requirement for fixation in
these conditions. (J Clin Endocrinol Metab 98: 2742–2745, 2013)

Bisphosphonates have been proven to be effective for
reducing the risk of osteoporotic fractures and have

been prescribed worldwide to prevent and treat osteopo-
rosis (1–3). However, long-term use of bisphosphonates
have recently been found to be associated with atypical
femoral fractures, which has increased concerns regarding
osteoporosis treatment (4–9).

Recently, the American Society for Bone and Mineral
Research (ASBMR) atypical femoral fractures task force
described several radiographic features to define an atypical

femoral fracture. All of the major features should be present
to diagnose an atypical fracture. These major features in-
clude location in the subtrochanteric or diaphyseal region, a
transverse or short oblique fracture configuration, minimal
or no associated trauma, a medial spike when the fracture is
complete, involvement of lateral cortex when the fracture is
incomplete, and absence of comminution (10).

Although incomplete fractures are also included in the
ASBMR criteria, an incomplete atypical femoral fracture
can be easily undiagnosed or misdiagnosed until the frac-
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ture becomes complete. In addition, the natural course of
an incomplete atypical femur fracture is unknown, and
treatment guidelines for incomplete atypical femoral frac-
tures have not been established (11, 12).

Our study purposes were (1) to evaluate the clinical
results of incomplete atypical femoral fractures and (2) to
determine factors associated with the requirement for fix-
ation in incomplete atypical femoral fractures.

Subjects and Methods

We retrospectively reviewed the medical records for 65 incom-
plete atypical femoral fractures in 51 patients who were treated
at 4 hospitals from June 2004 to March 2011. The inclusion
criteria were incomplete atypical femoral fractures defined by the
ASBMR on radiographs (10) and follow-up for a minimum of 12
months.

Of the 14 patients with bilateral involvement, 2 had had sub-
trochanteric fractures on one side and femoral shaft fractures on
the other side. Of the fractures in the remaining 37 patients, 12
were diagnosed as incomplete atypical fractures, when the con-
tralateral femur sustained a complete atypical femur fracture.

After diagnosis of incomplete atypical fractures, patients
were initially treated nonoperatively with limited weight-bearing
using an assistive device. During study periods, the indications
for internal fixation were complete fracture or intractable pain
on weight bearing, even after nonoperative treatment including
protected weight-bearing and pain control. The patients who
underwent internal fixation were categorized to the fixation-
requiring group. Routine follow-up was conducted every 2 to 3
months until the lesion of the incomplete fracture was healed and
annually thereafter until discharge upon clinical determination
of a healed status.

We assessed patient characteristics including age, sex, body
mass index (BMI), duration of bisphosphonates, location of in-
volvement (subtrochanteric and diaphyseal), T-score of total fe-
mur, bone mineral density, osteocalcin, and use of teriparatide to
determine factors associated with requirement for fixation.

The Fisher exact test was performed for categorical variables
and the Mann-Whitney U test for continuous variables. Cox
regression analysis using the enter method was performed to
determine factors associated with requirement for fixation. Sta-
tistical analyses were conducted with the SPSS for Windows sta-
tistical package, version 16.0 (SPSS, Chicago, Illinois).

The design and protocol of this study were approved by the
institutional review board in each hospital, who waived the in-
formed consent.

Results

Thirty-one (47.7%) hips required internal fixation at the
mean of 9.4 months (range, 1–26 months). Among them,
17 hips required internal fixations for intractable pain,
and 14 hips required internal fixation for complete frac-
tures. All patients could ambulate independently and per-
form daily living activities at the mean follow-up of 19.6
months (range, 12–82 months). There were no signifi-
cantly different variables between fixation-requiring and
non–fixation-requiring groups (Table 1). Of the 51 pa-
tients, 19 patients (22 hips) used teriparatide for a mean of
4.6 months (range, 1–10 months). The independent vari-
ables tested for the multivariate analyses included age,
BMI, location of involvement, history of bisphosphonate
use, and teriparatide use as confounding factors. In Cox
regression analysis, the subtrochanteric location was sig-
nificantly associated with the requirement for fixation
(hazard ratio, 2.713; 95% confidence interval, 1.189–
6.189) (Table 2 and Figure 1A).

Discussion

Atypical femoral fractures have been an increasing concern
in the treatment of osteoporosis, especially with bisphospho-

Table 1. Characteristics of Fixation-Requiring Group and Non–Fixation-Requiring Group

Fixation-Requiring
Group (n � 26)

Non–Fixation-Requiring
Group (n � 25) P Value

Sex (female/male) 25:1 25:0 1.000
Age, y 70.4 � 8.3 70.4 � 8.1 .989
BMI, kg/m2 22.0 � 4.3 23.9 � 3.0 .074
Duration of bisphosphonates, y 4.1 � 3.7 4.8 � 4.0 .518
History of bisphosphonate use, n .743

Yes 19 20
No 7 5

Location of involvement, n .095
Subtrochanteric 12 6
Diaphyseal 19 28

T-score of total femur �1.7 � 1.5 �2.1 � 1.1 .296
Bone mineral density, g/cm 0.696 � 0.217 0.673 � 0.157 .694
Osteocalcin, ng/ml 13.2 � 12.6 14.9 � 8.7 .679
Use of teriparatide, n .153

Yes 7 12
No 19 13
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nates (13–17). Our objectives were to evaluate the clinical
results with incomplete atypical femoral fractures and to de-
termine factors associated with the requirement for fixation
in these conditions. Although 48% of incomplete fractures
required internal fixation, multivariate analysis showed that
subtrochanteric involvement was significantly associated
with the requirement for fixation.

We cannot draw a definite conclusion about the asso-
ciation between atypical femoral fractures and bisphos-
phonate use in this study. However, 76.5% patients (39 of
51) had a history of bisphosphonate use before diagnosis
of atypical femoral fractures in this study.

Several studies have demonstrated that prophylactic
fixation could be necessary in an incomplete atypical fem-
oral fracture, because it is easy for the fracture to progress
to a complete fracture, and complete fractures have higher
rates of perioperative complications (10, 12, 18, 19). In
particular, prodromal pain should be considered an indi-
cation for surgical intervention, because it indicates an
impending complete fracture. We totally agree with this
concern and therefore used internal fixation as the treat-
ment when patients had intractable pain during the study
periods.

Teriparatide has been suggested as a nonsurgical inter-
vention for atypical femoral fractures, (12) and has been
reported to enhance bone healing in patients with delayed
healing or nonunion (20–23). However, there was a lack
of evidence for the efficacy of teriparatide in several epi-
demiologic and observational cohort studies on atypical
femoral fractures. Recently, a prospective study reported
that teriparatide use is associated with increased bone re-
modeling in patients with atypical femoral fractures (24).
However, this study presented bone remodeling of distal
radius and tibia not the involved femur. Use of teriparatide
was not associated with reducing the requirement for fix-

ation in our study (Figure 1B). Although use of teripa-
ratide could be an alternative option during conservative
treatment, evidence of its usefulness is still lacking, and
well-designed studies are necessary to verify the efficacy of
teriparatide for these conditions.

Our study had several limitations. First, it was hard to
avoid the pitfalls of selection bias and information bias
because of the retrospective design of the study. Surgeons
who are aware of the high risk of a complete fracture in the
subtrochanteric region might prefer elective fixation.
However, our indication for fixation was not the location
of involvement but intractable pain, which indicates an
impending complete fracture before it occurs. Second, we
simplified the main outcome to the requirement for fixa-
tion, although there might be a substantial difference in
morbidity between patients who have elective fixation and
those who need fixation after a complete fracture. How-
ever, there was no significant difference in the clinical re-

Figure 1. A, Survival curve with requirement for fixation as an end
point according to the involved location (P � .018). B, Survival curve
with requirement for fixation as an end point according to the use of
teriparatide (P � .210).

Table 2. Cox Regression Analysis for Requirement for
Fixation

Hazard
Ratio

95%
Confidence
Interval

P
Value

Age 1.036 0.988–1.086 .141
BMI 0.955 0.860–1.061 .389
History of

bisphosphonate
use

.954

Yes 0.971 0.357–2.643
No 1

Location of
involvement

.018

Subtrochanteric 2.714 1.189–6.189
Diaphyseal 1

Teriparatide use .210
Yes 0.575 0.242–1.367
No 1
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sults between the 2 groups in this study. Despite these
limitations, this is the first study presenting a predictor of
the requirement for fixation in incomplete atypical fem-
oral fractures. About one-half of incomplete atypical fe-
mur fractures required surgical intervention, and clini-
cians should be cautious when treating nonsurgical
patients with subtrochanteric involvement.
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