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Background: Current evidence suggests that there is
an association between bisphosphonate therapy and atypi-
cal femoral fractures, but the extent of this risk remains
unclear.

Methods: Between 1999 and 2010, a total of 477 pa-
tients 50 years and older were hospitalized with a sub-
trochanteric or femoral shaft fracture at a single univer-
sity medical center. Admission radiographs and medical
and treatment records were examined, and patients were
classified as having atypical or classic femoral fractures.
A random sample of 200 healthy individuals without fem-
oral fracture were also identified. Multivariate logistic re-
gression was used to assess the association of bisphos-
phonate use and atypical femoral fracture, and the
incidence rates of each type of fracture over time were
calculated.

Results: Thirty-nine patients with atypical fractures and
438 patients with classic fractures were identified. Of the
patients with atypical fractures, 32 (82.1%) had been
treated with bisphosphonates compared with 28 (6.4%)
in the classic fractures group (odds ratios [OR], 66.9;95%

CI, 27.1-165.1) and 11.5% in the group without frac-
ture (OR, 35.2;95% CI, 13.9-88.8). Bisphosphonate use
was associated with a 47% reduction in risk of classic frac-
ture (OR, 0.5; 95% CI, 0.3-0.9). Considering the dura-
tion of use, the ORs (95% Cls) for atypical fractures were
35.1 (10.0-123.6) for less than 2 years, 46.9 (14.2-
154.4) for 2 to 5years, 117.1 (34.2-401.7) for 5 to 9 years,
and 175.7 (30.0-1027.6) for more than 9 years com-
pared with no use. A contralateral fracture occurred in
28.2% of atypical cases and in 0.9% of classic cases (OR,
42.6; 95% CI, 12.8-142.4). The incidence rate of atypi-
cal fractures was low (32 cases per million person-
years) and increased by 10.7% per year on average.

Conclusions: Atypical femoral fractures were associ-
ated with bisphosphonate use; longer duration of treat-
ment resulted in augmented risk. The incidence of atypi-
cal fractures increased over a 12-year period, but the
absolute number of such fractures is very small.
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HE USE OF BISPHOSPHO-

nates has been shown to in-

crease bone mineral den-

sity and to reduce vertebral

and proximal femur frac-
ture risk in patients with osteoporosis.'®
However, these drugs have a biological
half-life that exceeds 10 years” and may in-
duce long-lasting inhibition of bone re-
modeling,® which could affect the heal-
ing of “physiologic microcracks,”?!?
causing clinically apparent stress frac-
tures in areas with high mechanical stress
loads, such as the outer cortex of the fem-
oral shaft.?

Consistent with this hypothesis, sev-
eral recent publications have reported the
emergence of a new type of subtrochan-
teric and femoral shaft stress fractures, de-
fined as atypical fractures,'* occurring in
patients who are receiving bisphospho-
nate treatment.">?? The radiographic fea-

tures include a transverse fracture line
originating at an abnormal thickening of
the lateral cortex of the femoral shaft.!* A
sudden fracture with minimal or no trauma
is often preceded by prodromal thigh pain
for some weeks.!**

See Invited Commentary
at end of article

Currently, there is conflicting evi-
dence regarding the association between
bisphosphonate treatment and atypical
femoral fractures. A meta-analysis of ran-
domized intervention trials** and several
registry studies”?® found no association
between atypical fractures and this class
of compounds. In contrast, a recent large
registry-based case-control study sug-
gested that the risk of atypical hip frac-
ture was more than doubled when the
medication was taken for longer than 5
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years as compared with transient use.”” However, radio-
graphs were not examined, and both cases and controls
had received bisphosphonates. Another retrospective
study reported an adjusted odds ratio (OR) of 33 for atypi-
cal fractures associated with bisphosphonate use.?® How-
ever, that study focused only on the year 2008 and pro-
vided limited information concerning treatment duration.
Accordingly, some questions remain unanswered, such
as the magnitude of the association, whether there is a
correlation with treatment duration, and whether the risk
of atypical fracture is changing over time.

We conducted a case-control study of patients who
sustained subtrochanteric or femoral shaft fractures over
a 12-year period. We compared the characteristics of pa-
tients with atypical fractures with those of patients with
classic fractures of the subtrochanteric or femoral shaft
area (hereafter known as classic fractures) and individu-
als without femoral fractures. The objective of the study
was to evaluate the association between fracture pattern
and bisphosphonate treatment. Also, we examined inci-
dence trends of classic and atypical femur fractures be-
tween January 1999 and December 2010.

- EEETEES

STUDY DESIGN AND POPULATION

This case-control study included all patients 50 years of age and
older who were admitted to the level I trauma center of a single
university hospital (University Hospitals of Geneva, Geneva,
Switzerland) with a fracture of the subtrochanteric or femoral
shaft area between January 1, 1999, and December 31, 2010.
Our institution is the reference trauma and general hospital for
a population of 440 000 inhabitants and receives more than 95%
of all the femur fractures occurring in a well-defined area.”* We
selected 2 major fracture subtypes as defined by the Interna-
tional Statistical Classification of Diseases, 10th Revision, includ-
ing femoral subtrochanteric fractures (S72.2) and femoral shaft
fractures (572.3). We excluded patients with fractures result-
ing from high-energy trauma (eg, road traffic injuries, falls from
more than standing height); fractures caused by tumors (either
metastatic or primary) or documented Paget disease of bone;
fractures involving an implant within the fracture line; and in-
traoperative femoral shaft fractures. Patients with conditions
that might be associated with altered bone integrity, such as
osteomalacia, osteopetrosis, hypercalcemia, hyperparathyroid-
ism, celiac disease, and renal osteodystrophy, also were not in-
cluded. As an additional control group, we identified individu-
als 50 years and older with no history of femoral fracture. Our
study was approved by the Hospital Research Ethics Commit-
tee (protocol NAC-10-064R). An informed consent was ob-
tained from all patients contacted by telephone.

DATA SOURCES

All hospitalizations (events) were retrieved from our univer-
sity hospital’s Medical and Economic Analysis Database, which
provides detailed diagnostic, chronological, and procedural in-
formation regarding all hospital admissions since 1999. We used
our institution’s Computerized Patient Record System, which
backs up a complete list of hospital admissions, procedures,
hospital course, and discharge reports, including drug pre-
scriptions and digitized radiographs for every patient. The popu-
lation count was obtained for each year from the cantonal of-
fice of statistics.

CASE AND
CONTROL DEFINITIONS

All patients (N=477) presenting with an initial subtrochan-
teric (S72.2) or femoral shaft (572.3) fracture during the
study period were identified as having either atypical fractures
(cases) or classic fractures (controls) based on admission stan-
dard radiographs of the entire femur. Femur radiographs for
every patient were independently examined by 2 trained phy-
sicians (R.P.H.M. and R.E.P) who were blinded to patient
characteristics. Atypical fractures were characterized accord-
ing to the criteria listed in the American Society of Bone and
Mineral Research task force report.'* Briefly, the atypical frac-
ture pattern included a transverse or short oblique fracture
line originating at the lateral femoral cortex between the lesser
trochanter and the distal metaphysis. Fractures in the same
location but of different appearance (spiral, wedge, segmental,
or complex irregular) were categorized as classic fractures.
The occurrence of a fracture line or a complete fracture occur-
ring within the same area of the contralateral femur was
looked for radiographically in both groups. Patient count, as
opposed to fracture count, was considered for all analyses in
this study. The first fracture was considered the reference.
Discrepancies between the 2 physicians were resolved by con-
sensus.

A second control group of 200 individuals 50 years and older
with no history of femoral fracture was randomly chosen from
an independent database that prospectively collects informa-
tion on genetic determinants of bone microstructure in the nor-
mal population in the same institution. Detailed information
regarding the use of bisphosphonates as well as other medica-
tions (with the exception of proton pump inhibitor use) was
available for all healthy control patients.

EXPOSURE ASSESSMENT

The occurrence of previous or current bisphosphonate treat-
ment (alendronate, risedronate, pamidronate, ibandronate,
etidronate, or zoledronic acid) was assessed by detailed ex-
amination of the medication list included in the computerized
hospital medical records. This assessment was done for each
patient who presented with a subtrochanteric fracture
(572.2), a femoral shaft fracture (572.3), or no fracture
(n=677). When a patient was listed as a bisphosphonate user,
this information, as well as the duration of use, was verified by
telephone contact with each patient and/or their primary care
physician.

POWER

We sought to identify an OR of 10 or greater. With a type 1
error rate of 0.05, a power of 0.9, and an expected prevalence
of bisphosphonate use of 10% among controls, 30 cases and
30 controls would have been required. However, as we
wanted to adjust the analysis for potential confounders and to
examine the duration of bisphosphonate use, we included all
eligible patients who were treated during the study period.

STATISTICAL ANALYSIS

The differences between atypical fracture cases, classic frac-
ture cases, and nonfracture controls were analyzed using uni-
variate and multivariate logistic regression (Table 1) and x*
tests (Table 2). The duration of bisphosphonate use was cat-
egorized as none, less than 2 years, 2 to 5 years, 5 to 9 years,
and 9 years or more. An exact 2-sided P value of less than .05
was considered statistically significant. To verify the concor-
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Table 1. Risk Factors for Subtrochanteric and Femoral Shaft Atypical Fractures:
Univariate and Multivariate Logistic Regression Analysis
Fracture, No. (%)
Atypical Classic Unadjusted OR Adjusted OR
Variable (n=39) (n = 438) (95% CI) P Value (95% CI)@ P Value
Bisphosphonate use 32 (82.1) 28 (6.4) 66.9 (27.1-165.1) <.001 69.1 (22.8-209.5) <.001
Type of bisphosphonate®
Alendronate 27 (69.2) 21 (4.8) 44 7 (19.9-100.3) <.001 NA NA
Risedronate 1(2.6) 2 (0.5) 7 (0.5-64.7) .16 NA NA
Pamidronate 3(7.7) 2 (0.5) 18 2 (2.9-112.3) .002 NA NA
Ibandronate 1(2.6) 2 (0.5) .7 (0.5-64.7) .16 NA NA
Etidronate 0(0.0) 1(0.2) NA NA NA NA
Zoledronic acid 0(0.0) 0(0.0) NA NA NA NA
Duration of bisphosphonate use, y°
None 7(17.9) 410 (93.6) 1 [Reference] NA NA NA
<2 6 (15.4) 10 (2.3) 35.1 (10.0-123.6) <.001 NA NA
2-5 8 (20.5) 10 (2.3) 46.9 (14.2-154.4) <.001 NA NA
5-9 12 (30.8) 6 (1.4) 117.1 (34.2-401.7) <.001 NA NA
=9 6 (15.4) 2 (0.5) 175 7 (30.0-1027.6) <.001 NA NA
Vitamin D use 19 (48.7) 93 (21.2) 5(1.8-6.9) <.001 5(0.2-1.5) .24
Corticosteroid use 7(17.9) 24 (5.5) 3 8 (1.5-9.4) .004 5 (0.6-10.0) .21
Proton pump inhibitor use 22 (56.4) 177 (40.4) 1.9 (1.0-3.7) .06 1.8 (0.7-4.6) .20
Female sex 36 (92.3) 319 (72.8) 45 (1.4-14.8) .01 7(0.8-18.4) ah
Age group, y
50-69 11 (28.2) 86 (19.6) 13.2 (1.7-104.1) .01 19.5 (1.8-211.6) .01
70-79 16 (41.0) 86 (19.6) 19.2 (2.5-147.4) 005 23.8 (2.3-251.0) .008
80-89 11 (28.2) 163 (37.2) 7.0 (0.9-54.6) .07 7.5(0.7-78.0) .09
90-102 1(2.6) 103 (23.5) 1 [Reference] NA 1 [Reference] NA
Contralateral fractures® 11(28.2) 4(0.9) 42.6 (12.8-142.4) <.001 NA NA

Abbreviations: NA, not applicable; OR, odds ratio.

2The multivariate model included bisphosphonate use, vitamin D use, corticosteroid use, proton pump inhibitor use, and sex (as binary variables) and age (as a
categorical variable).

P These variables were not included in the multivariate model because they were colinear with bisphosphonate use (contralateral fractures) or partly redundant
(duration of use and type of bisphosphonate).

Table 2. Characteristics of Patients With Atypical and Classic Fractures Among Bisphosphonates Users and Nonusers:
Univariate Analysis
Atypical Fracture Cases Classic Fracture Cases
(n =39) (n = 438)
Users of Nonusers of Users of Nonusers of
Bisphosphonates, Bisphosphonates, Bisphosphonates, Bisphosphonates,
No. (%) No. (%) No. (%) No. (%)
Variable (n =32) (n=7) P Value? (n = 28) (n = 410) P Value?
Female sex 30 (93.8) 6(85.7) 46 25 (89.3) 294 (71.7) .05
Age group, y .97 .76
50-69 9(28.1) 2 (28.6) 5(17.9) 81 (19.8)
70-79 13 (40.6) 3(42.9) 5(17.9) 81 (19.8)
80-89 9(28.1) 2 (28.6) 13 (46.4) 150 (36.6)
90-102 1(3.1) 0 5(17.9) 98 (23.9)
Vitamin D use 18 (56.3) 1(14.3) .09 21 (75.0) 72 (17.6) <.001
Corticosteroid use 5 (15.6) 2 (28.6) .59 6 (21.4) 18 (4.4) .002
Proton pump inhibitor 19 (59.4) 3 (42.9) 68 12 (42.9) 165 (40.2) 84
use

3Global P value for the categorical variable.

dance between observed and expected rates, we applied a
Hosmer-Lemeshow statistical test. We used k statistics to
determine interobserver agreement of fractures categorization
between the 2 physicians.

nominator was the state population 50 years and older. The
model was

log(Eventsy.,,) = log(Populationy,,,) + by, + b; X Year.

We used Poisson regression to obtain temporal trends in
fracture incidence rates between 1999 and 2010, separately
for classic femoral fractures, and atypical fractures. The de-

The regression coefficients were interpreted as follows: exp
(bo) is the incidence rate in the reference year (1999), and
100 X [exp(b;) - 1] is the relative annual increase in inci-
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521 Patients 50 y and older were admitted
with a subtrochanteric or femoral shaft
fracture (January 1999 to December 2010)

8 Were excluded because
radiographs were not available
22 Had high-energy trauma fractures

1 Had a pathologic fracture

6 Had implant-related fractures

2 Had intraoperative fractures

1 Had an altered bone integrity—
related fracture

4 Did not have femoral fractures

\
‘ 477 Patients were analyzed ‘

v v

39 Patients had atypical fractures; 438 Patients had classic fractures,
bisphosphonate use, 82.1% bisphosphonate use, 6.4%

Figure 1. Identification of atypical fractures of the subtrochanteric and
femoral shaft area in the study population.

dence averaged over the 12-year observation period, in per-
cent. Differences in incidence trends were tested using Pois-
son regression models with interaction terms. To compare
atypical and classic fractures, we introduced a variable called
type (coded as 1 if atypical, O if classic) and the interaction be-
tween type and year, as follows:

log(Eventsy.,,) = log(Populationy,,,) + by + by
X Year + b, X Type + b; X Year X Type.

In this model, b, captures the annual change in classic fracture
rates (slope); b, captures the difference in fracture rates in the
reference year (1999); and b captures the difference in slopes
between atypical and classic fracture rates. We used the same
model to obtain a temporal trend in bisphosphonate user
prevalence in all patients with classic and atypical fractures.

BN RESULTS S

Between 1999 and 2010, a total of 477 eligible patients
were admitted with a first subtrochanteric or femoral shaft
fracture (Figwre 1). Based on a systematic review of stan-
dard admission radiographs, we identified 39 patients with
an atypical fracture (atypical group) and 438 patients with
a classic fracture (classic group). The interobserver agree-
ment for fracture categorization was excellent®: k, 0.96
(95% CI, 0.91-1.00).

A contralateral fracture occurred in 11 patients in the
atypical group (28.2%) and 4 patients in the classic group
(0.9%). The contralateral fracture was of the same type
as the first fracture in all 15 patients. In the atypical group,
there were 8 complete and 3 incomplete contralateral frac-
tures, all in patients treated with bisphosphonates. The
OR for recurrence in patients with atypical fractures was
42.6 (95% CI, 12.8-142.4) when compared with pa-
tients with classic fractures.

CASE-CONTROL ANALYSIS

Among the 39 patients who had atypical fractures, 32
(82.1%) had been treated with bisphosphonates. In the
classic fracture group, 28 (6.4%) had received bisphos-
phonates (Table 1). The crude OR was 66.9 (95% CI, 27.1-

165.1). Taken separately, treatment with alendronate,
risedronate, pamidronate, and ibandronate was associ-
ated with augmented ORs for atypical fractures. Other
univariate risk factors for atypical fractures included fe-
male sex, younger age, and use of vitamin D or cortico-
steroids. The OR of 1.9 (95%, CI 1.0-3.7) with proton
pump inhibitor use was not statistically significant.

After adjustment for potential risk factors (vitamin D,
corticosteroids, proton pump inhibitor, sex, and age), use
of bisphosphonates (any vs none) was associated with
an OR of 69.1 (95% CI, 22.8-209.5) for an atypical frac-
ture compared with the classic fracture group. Of note,
none of the potential confounders was statistically sig-
nificant in the multivariate model except for the follow-
ing age groups: 50 through 69 years and 70 through 79
years (Table 1). The Hosmer-Lemeshow test result was
not significant (P = .48).

The characteristics of the patients with atypical and
classic fractures among bisphosphonate users and non-
users are shown in Table 2. Among the patients who re-
ceived bisphosphonates, the atypical fracture group had
a longer treatment period than the classic fracture
group (mean [SD], 5.1 [3.1] years vs 3.3 [2.6] years;
P =.02). Once categorized by duration of treatment, the
ORs (95% Cls) for an atypical fracture vs a classic frac-
ture were 35.1 (10.0-123.6) for less than 2 years, 46.9
(14.2-154.4) for 2 to 5 years, 117.1 (34.2-401.7) for 5 to
9 years, and 175.7 (30.0-1027.6) for 9 years or more
compared with no use.

The 200 patients without femoral fractures were aged
63 to 67 years (mean age, 65 years), and 157 (78.5%)
were women. Twenty-three (11.5%) were bisphospho-
nate users; 71 (35.5%) had been treated with vitamin D;
and 6 (3.0%) had been treated with corticosteroids. Com-
paring the atypical fracture group with the nonfracture
controls, bisphosphonate treatment was associated with
an OR of 35.2 (95% CI, 13.9-88.8; P < .001) for atypi-
cal fracture. The ORs were 1.7 (95% CI,0.9-3.4; P = .12)
for vitamin D use, 7.1 (95% CI, 2.2-22.4; P = .001) for
corticosteroid use, and 3.3 (95% CI, 1.0-11.2; P = .06)
for female sex. After adjustment for these potential risk
factors, the use of bisphosphonates was associated with
an OR 0f49.7 (95% C115.9-155.1; P < .001) for an atypi-
cal fracture. The adjusted ORs were 0.3 (95% CI, 0.1-
1.0; P = .05) for vitamin D use, 5.9 (95% CI, 1.1-30.4;
P = .03) for corticosteroid use, and 1.7 (95% CI, 0.3-
10.6; P = .59) for female sex. The OR was 0.5 (95% CI,
0.3-0.9; P = .03) for bisphosphonate use when patients
with classic fractures were compared with individuals
without fractures, indicating that bisphosphonate therapy
was associated with a 47% reduction in fracture risk.

INCIDENCE RATES AND TEMPORAL TREND

Averaged over the 12 years of observation, the inci-
dence rates were 357 cases per million person-years for
classic fractures and 32 cases per million person-years
for atypical fractures. Between 1999 and 2010, the over-
all incidence rate of classic fractures remained stable, while
the incidence of atypical fractures increased (Figure 2).
In Poisson regression models, the mean annual change
in incidence was +0.4% (95% CI, -2.3% to +3.1%;
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P = .78) for classic fractures and +10.7% (95% CI, +1.2%
to +20.3%; P = .03) for atypical femoral fractures. The
temporal trend of atypical fractures differed signifi-
cantly from the temporal trend of classic fractures (dif-
ference, +10.3% per year; 95% CI, +0.4% to +20.3%;
P =.04). Between 1999 and 2010, the prevalence of bis-
phosphonate users (mean [SD], 19.8% [7.5%]) re-
mained stable in our study population, and the mean an-
nual change was -1.5% (95% CI, -5.2% to +2.2%;
P=.43).

B COMMENT Sy

The primary objective of our study was, first, to evalu-
ate the association between bisphosphonate treatment and
atypical femoral fractures and, second, to compare inci-
dence trends of these fractures over the last decade. The
key findings were (1) a significantly elevated risk of atypi-
cal femoral fracture among bisphosphonate users; (2) an
increasing risk of atypical fracture with longer duration
of use and no evidence of a threshold or a plateau; and
(3) an increasing incidence of such fractures over the last
decade. Our results are in agreement with those of oth-
ers*”*83! but contradict recent studies suggesting that the
use of bisphosphonates does not increase the risk of atypi-
cal fractures.***

Itis interesting to note that bilateral fractures were fre-
quentin patients with atypical fractures. This finding strongly
supports the need for radiographic examination of the con-
tralateral femur in all patients presenting with an atypical
fracture, whether or not symptomatic, to decide about treat-
ment, including perhaps possible prophylactic internal fixa-
tion if a stress fracture pattern is detected.

We observed an incidence rate of 32 atypical cases per
million person-years and noted an increasing occur-
rence of such cases over time. This incidence rate is very
low; there were 11 times more classic fractures during
the same period. Furthermore, if we consider a 50% re-
duction of proximal femur and classic fractures (sup-
ported by our results and by literature'°) and a prescrip-
tion rate of approximately 10% in the population at risk,”
the absolute benefit to risk ratio of bisphosphonate treat-
ment would remain clearly favorable, notably keeping in
mind that the use of bisphosphonates would also re-
duce vertebral fractures by 40% to 70% and wrist frac-
tures by 50%."

The strengths of our study include (1) the large num-
ber of patients; (2) the fact that patients were treated at
the same institution over a 12-year period; (3) an accu-
rate radiographic evaluation of all subtrochanteric and
femoral shaft fractures; and (4) detailed information on
temporal trends, duration of treatment, and bilateral frac-
tures. However, we must acknowledge some limita-
tions. First, a retrospective design does not allow defini-
tive conclusions on causality. Second, although we
adjusted for several available cofactors, other confound-
ing or bias cannot be excluded. In particular, we did not
have sufficient information concerning bone density, bone
turnover, use of other medications, smoking history, body
mass index, and exercise history to include into the analy-
ses. Third, although associations and trends were statis-

30, | A Classic fractures
' o Atypical fractures
+0.4% Annual change (P=.78)
A A A A A N A A A
-3.5 =
A A A
-4.04
g o

Logarithm of Incidence Rate

+10.7% Annual change (P=.03)

-5.5

" 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Figure 2. Incidence rates of classic subtrochanteric or femoral shaft
fractures and atypical fractures among residents of the state 50 years and
older. The white square in 1999 stands in for an incidence rate of 0 (the
logarithm is negative infinity).

tically significant in our study, the small number of atypi-
cal fractures resulted in large Cls in the computation of
ORs and year-to-year variability in the temporal trend of
atypical fractures.

Another point that was not directly addressed in this
study concerns the pathogenetic mechanism of atypical
fractures. A mechanistic hypothesis based on the work
of Perren’??? might be proposed. He described inter-
fragmentary strain at a fracture site as a variable defined
as the displacement divided by the interfragmentary
distance (Strain = Motion/Gap). Ideally, the interfrag-
mentary strain should remain within limits of 1% to 2%
to allow local osteoblast proliferation and repair of the
crack. In the hypothetical situation of constant inter-
fragmentary motion, the healing process of physiologic
microcracks requires a widening of the interfragmen-
tary distance to bring local strain within these narrow
limits of 1% to 2%. This task is performed by osteo-
clasts. In cases of osteoclast dysfunction,** the interfrag-
mentary distance remains too small and the strain ex-
cessively high, thus failing to allow the physiologic
repair process to take place. The perpetuation of this
dysfunction may therefore lead to a clinically apparent
stress fracture.

Nevertheless, important issues still require clarifica-
tion. For instance, why do only a few patients who are
being treated with bisphosphonates present with atypi-
cal fractures? And why do some others present with atypi-
cal fractures without any history of bisphosphonate
use???3® Accordingly, a search for other potential cofac-
tors should be a priority. Identification of patients who
are at high risk for bisphosphonate-associated fractures
would allow a targeted prescription of this class of drugs
and a reduction or avoidance of atypical fractures in the
future. A multifactorial model of atypical fractures also
opens the door to the possibility of pathogenetic mecha-
nisms not involving bisphosphonates.
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In conclusion, we have demonstrated that the asso-
ciation between bisphosphonate treatment and the oc-
currence of atypical fractures of the femur is highly likely
and that the duration of such treatment significantly cor-
relates with augmented risk. However, the incidence rate
was very low, and the absolute benefit to risk ratio of bis-
phosphonate use remains positive. The identification of
patients who are at risk seems to be of crucial impor-
tance to reduce this complication in the future.

Accepted for Publication: March 25, 2012.
Published Online: May 21, 2012. doi:10.1001
/archinternmed.2012.1796

Correspondence: Raphael P. H. Meier, MD, Depart-
ment of Surgery, University Hospitals of Geneva, Rue Ga-
brielle Perret-Gentil 4, 1211 Geneva, Switzerland (Raphael
Meier@hcuge.ch).

Author Contributions: Drs Meier, Rizzoli, and Peter
had full access to all the data in the study and take re-
sponsibility for the integrity of the data and the accu-
racy of the data analysis. Study concept and design:
Meier, Stern, Rizzoli, and Peter. Acquisition of data:
Meier and Peter. Analysis and interpretation of data:
Meier, Perneger, Rizzoli, and Peter. Drafting of the
manuscript: Meier, Rizzoli, and Peter. Critical revision of
the manuscript for important intellectual content: Meier,
Perneger, Stern, Rizzoli, and Peter. Statistical analysis:
Meier, Perneger, and Rizzoli. Administrative, technical,
and material support: Meier and Peter. Study supervision:
Stern, Rizzoli, and Peter.

Financial Disclosure: Dr Rizzoli has attended paid advi-
sory boards and has received consultancy and lecturing
fees from Servier, Novartis, Eli Lilly, Amgen, Roche,
Nycomed, Merck Sharp and Dohme, Alken, and Danone.
Additional Contributions: Claire Durosier and Fanny
Merminod collected data for controls; Anne Liibbeke-
wolff, Thierry Chevalley, and Kuntheavy Ing-Lorenzini
provided helpful discussions; and René Bourdilloud, Gilles
Cohen, and Jean-Jacques Chale provided technical as-
sistance with the Medical and Economic Analysis Data-
base of the University Hospitals of Geneva.

BN  REFERENCES By

1. Black DM, Cummings SR, Karpf DB, et al; Fracture Intervention Trial Research
Group. Randomised trial of effect of alendronate on risk of fracture in women
with existing vertebral fractures. Lancet. 1996;348(9041):1535-1541.

2. Bone HG, Downs RW Jr, Tucci JR, et al; Alendronate Elderly Osteoporosis Study
Centers. Dose-response relationships for alendronate treatment in osteoporotic
elderly women. J Clin Endocrinol Metab. 1997;82(1):265-274.

3. Cummings SR, Black DM, Thompson DE, et al. Effect of alendronate on risk of
fracture in women with low bone density but without vertebral fractures: results
from the Fracture Intervention Trial. JAMA. 1998;280(24):2077-2082.

4. Chesnut CH I, McClung MR, Ensrud KE, et al. Alendronate treatment of the post-
menopausal osteoporotic woman: effect of multiple dosages on bone mass and
bone remodeling. Am J Med. 1995;99(2):144-152.

5. Harris ST, Watts NB, Genant HK, et al; Vertebral Efficacy With Risedronate Therapy
(VERT) Study Group. Effects of risedronate treatment on vertebral and nonver-
tebral fractures in women with postmenopausal osteoporosis: a randomized con-
trolled trial. JAMA. 1999;282(14):1344-1352.

6. Liberman UA, Weiss SR, Broll J, et al; The Alendronate Phase |1l Osteoporosis
Treatment Study Group. Effect of oral alendronate on bone mineral density and
the incidence of fractures in postmenopausal osteoporosis. N Engl J Med. 1995;
333(22):1437-1443.

7. Jeal W, Barradell LB, McTavish D. Alendronate: a review of its pharmacological

20.

21.

22.

23.

24.

25.

26.

271.

28.

29.

30.

31.

properties and therapeutic efficacy in postmenopausal osteoporosis. Drugs. 1997;
53(3):415-434.

. Odvina GV, Zerwekh JE, Rao DS, Maalouf N, Gottschalk FA, Pak CY. Severely

suppressed bone turnover: a potential complication of alendronate therapy. J Clin
Endocrinol Metab. 2005;90(3):1294-1301.

. Mashiba T, Hirano T, Turner CH, Forwood MR, Johnston CC, Burr DB. Sup-

pressed bone turnover by bisphosphonates increases microdamage accumula-
tion and reduces some hiomechanical properties in dog rib. J Bone Miner Res.
2000;15(4):613-620.

. Mashiba T, Turner CH, Hirano T, Forwood MR, Johnston CC, Burr DB. Effects of

suppressed bone turnover by bisphosphonates on microdamage accumulation
and biomechanical properties in clinically relevant skeletal sites in beagles. Bone.
2001;28(5):524-531.

. Mashiba T. Accumulation of microdamage and bone quality. Clin Calcium. 2005;

15(6):931-938.

. Mashiba T, Mori S, Burr DB, et al. The effects of suppressed bone remodeling by

bisphosphonates on microdamage accumulation and degree of mineralization in
the cortical bone of dog rib. J Bone Miner Metab. 2005;23(suppl):36-42.

. Pauwels F. Die Bedeutung der Bauprinzipien des Stutz-und Bewegungsappa-

rates fur die Beanspruchung der R6hrenknochen. Z Anat Entwicklungsgesch. 1948;
114(1-2):129-166.

. Shane E, Burr D, Ebeling PR, et al; American Society for Bone and Mineral Re-

search. Atypical subtrochanteric and diaphyseal femoral fractures: report of a
task force of the American Society for Bone and Mineral Research. J Bone Miner
Res. 2010;25(11):2267-2294.

. Goh SK, Yang KY, Koh JS, et al. Subtrochanteric insufficiency fractures in pa-

tients on alendronate therapy: a caution. J Bone Joint Surg Br. 2007;89(3):
349-353.

. Kwek EB, Goh SK, Koh JS, Png MA, Howe TS. An emerging pattern of subtro-

chanteric stress fractures: a long-term complication of alendronate therapy? Injury.
2008;39(2):224-231.

. Neviaser AS, Lane JM, Lenart BA, Edobor-Osula F, Lorich DG. Low-energy fem-

oral shaft fractures associated with alendronate use. J Orthop Trauma. 2008;
22(5):346-350.

. Ing-Lorenzini K, Desmeules J, Plachta O, Suva D, Dayer P, Peter R. Low-energy

femoral fractures associated with the long-term use of bisphosphonates: a case
series from a Swiss university hospital. Drug Saf. 2009;32(9):775-785.

. Lenart BA, Neviaser AS, Lyman S, et al. Association of low-energy femoral frac-

tures with prolonged bisphosphonate use: a case control study. Osteoporos Int.
2009;20(8):1353-1362.

Giusti A, Hamdy NA, Dekkers OM, Ramautar SR, Dijkstra S, Papapoulos SE.

Atypical fractures and bisphosphonate therapy: a cohort study of patients with
femoral fracture with radiographic adjudication of fracture site and features. Bone.
2011;48(5):966-971.

Lenart BA, Lorich DG, Lane JM. Atypical fractures of the femoral diaphysis in post-
menopausal women taking alendronate. N Engl J Med. 2008;358(12):1304-1306.
Schneider JP. Should bisphosphonates be continued indefinitely? an unusual
fracture in a healthy woman on long-term alendronate. Geriatrics. 2006;61

(1):31-33.

Rizzoli R, Akesson K, Bouxsein M, et al. Subtrochanteric fractures after long-term
treatment with bisphosphonates: a European Society on Clinical and Economic As-
pects of Osteoporosis and Osteoarthritis, and International Osteoporosis Founda-
tion Working Group Report. Osteoporos Int. 2011;22(2):373-390.

Black DM, Kelly MP, Genant HK, et al; Fracture Intervention Trial Steering Committee;
HORIZON Pivotal Fracture Trial Steering Committee. Bisphosphonates and frac-
tures of the subtrochanteric or diaphyseal femur. N Engl J Med. 2010;362(19):
1761-1771.

Abrahamsen B, Eiken P, Eastell R. Subtrochanteric and diaphyseal femur frac-
tures in patients treated with alendronate: a register-based national cohort study.
J Bone Miner Res. 2009;24(6):1095-1102.

Kim SY, Schneeweiss S, Katz JN, Levin R, Solomon DH. Oral bisphosphonates
and risk of subtrochanteric or diaphyseal femur fractures in a population-based
cohort. J Bone Miner Res. 2011;26(5):993-1001.

Park-Wyllie LY, Mamdani MM, Juurlink DN, et al. Bisphosphonate use and the
risk of subtrochanteric or femoral shaft fractures in older women. JAMA. 2011;
305(8):783-789.

Schilcher J, Michaélsson K, Aspenberg P. Bisphosphonate use and atypical frac-
tures of the femoral shaft. N Engl J Med. 2011;364(18):1728-1737.

Schiirch MA, Rizzoli R, Mermillod B, Vasey H, Michel JP, Bonjour JP. A prospec-
tive study on socioeconomic aspects of fracture of the proximal femur. J Bone Miner
Res. 1996;11(12):1935-1942.

Landis JR, Koch GG. An application of hierarchical kappa-type statistics in the
assessment of majority agreement among multiple observers. Biometrics. 1977;
33(2):363-374.

Wang Z, Bhattacharyya T. Trends in incidence of subtrochanteric fragility frac-

ARCH INTERN MED

Downloaded From:

E6

http://ar chintejamanetwor k.com/ by Jules L'evin on 05/23/2012

PUBLISHED ONLINE MAY 21, 2012

PSR P

WWW.ARCHINTERNMED.COM

[ 3 | EELPN ISP |



tures and bisphosphonate use among the US elderly, 1996-2007. J Bone Miner
Res. 2011;26(3):553-560.

Perren SM. Physical and biological aspects of fracture healing with special ref-
erence to internal fixation. Clin Orthop Relat Res. 1979;(138):175-196.

Perren SM. Evolution of the internal fixation of long bone fractures. The scien-
tific basis of biological internal fixation: choosing a new balance between stabil-
ity and biology. J Bone Joint Surg Br. 2002;84(8):1093-1110.

32.

33.

ONLINE FIRST

INVITED COMMENTARY

34. Weinstein RS, Roberson PK, Manolagas SC. Giant osteoclast formation and long-
term oral bisphosphonate therapy. N Engl J Med. 2009;360(1):53-62.

35. Tan SC, Koh SB, Goh SK, Howe TS. Atypical femoral stress fractures in bisphos-
phonate-free patients. Osteoporos Int. 2011;22(7):2211-2212.

36. Vestergaard P, Schwartz F, Rejnmark L, Mosekilde L. Risk of femoral shaft and
subtrochanteric fractures among users of bisphosphonates and raloxifene. Os-
teoporos Int. 2011;22(3):993-1001.

Atypical Femoral Fracture Risk in Patients Treated

here is increasing evidence that the use of bis-

With Bisphosphonates
phosphonates to prevent osteoporotic frac-

T tures, particularly long-term use, is associated

with an increased risk of unusual fractures of the proxi-
mal femur. Numerous case reports of these “atypical” frac-
tures of the femur among bisphosphonate-treated women
have appeared over the last 5 years or more.'? A case defi-
nition for atypical femur fractures has now been pro-
posed® that includes subtrochanteric (below the lesser
trochanter) or diaphyseal (above the distal metaphysis)
location, transverse or nearly transverse “chalklike” frac-
ture line (as opposed to the more typical spiral or com-
minuted fractures), and paucity of trauma. Additional fea-
tures may include the presence of prodromal thigh pain,
bilateral involvement, cortical thickening, and the pres-
ence of other selected diseases (such as rheumatoid ar-
thritis or diabetes) or medication use (such as cortico-
steroids or proton pump inhibitors). Some reports, but
certainly not all, suggest marked suppression of bone turn-
over as assessed by bone turnover markers and iliac crest
histomorphometry.! Even if causally related, these atypi-
cal fractures must be quite rare among osteoporotic
women treated with bisphosphonates, as a recent pooled
analysis of 3 large clinical trials (FIT, FLEX, and
HORIZON) with up to 10 years of follow-up® found that
all types of subtrochanteric and diaphyseal fractures were
infrequent and similar among placebo- and bisphospho-
nate-treated women. Although these findings are reas-
suring, important limitations were that relatively few
women received more than 5 years of bisphosphonate
treatment, information on atypical features was not spe-
cifically collected, and only radiographic reports were re-
viewed. Clearly, because atypical subtrochanteric frac-
tures occur infrequently, they are unlikely to be easily
studied in randomized trials, and other study designs will
be necessary.

Large observational studies have also examined the
relationship between bisphosphonate use and subtro-
chanteric or diaphyseal fractures. For example, Abraham-
sen et al’ used Danish administrative data to examine the
relationship between bisphosphonate use and subtro-
chanteric or diaphyseal femur fractures among 39 567
alendronate users and 158 268 nonusers. As would be ex-

pected because of their higher pretreatment risk, alen-
dronate users were more likely to suffer classic hip frac-
tures than nonusers (hazard ratio, 1.5; 95% CI, 1.4-
1.5), and a similar increase was observed for
subtrochanteric and diaphyseal femur fractures (hazard
ratio, 2.0; CI, 1.8-2.3). The observation that subtrochan-
teric and diaphyseal fracture risks were similar among
individuals receiving short-term (several months) and
long-term (5-10 years) alendronate treatment was some-
what reassuring, but the study was unable to specifi-
cally identify which of the fractures included were atypi-
cal. Contrary to the results of Abrahamsen and colleagues,
a large retrospective cohort study from a California Health
Maintenance Organization linking pharmacy and radio-
graphic data® found that among 15 000 femur fractures
identified between 2007 and 2009, radiographic review
identified 135 subtrochanteric and diaphyseal fractures
with atypical features. Nearly all of the individuals with
atypical femoral fractures had taken bisphosphonates
(97%), and longer duration of use further increased the
risk. Although only presented in abstract form and not
yet published, these preliminary data appear to support
a causal relationship between bisphosphonate use and
atypical femoral fractures.

The case-control study by Meier et al” in this issue of
the Archives adds further data suggesting that the asso-
ciation between bisphosphonate use and atypical femur
fractures is causal. These Swiss investigators reviewed ra-
diographs from 477 individuals with subtrochanteric or
proximal femoral shaft fractures collected between 1999
and 2010 at a single center and identified 39 with atypi-
cal features (0.7% of all femur fractures). For compari-
son, the investigators used 2 groups: individuals with typi-
cal femur fractures and a completely separate group of
individuals without fractures. Of the individuals with
atypical fractures, 82% reported bisphosphonate use com-
pared with only 6% in the typical fracture group and 12%
in the group without fractures. Furthermore, Meier and
colleagues found that longer use of bisphosphonates (5-9
years) was associated with a greater risk of atypical frac-
tures (odds ratio, 117; 95% CI, 34-402) compared with
shorter use (<2 years) (odds ratio, 35; 95% CI, 10-
124). Although Meier and coauthors did not address the
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