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CLINICIAN’S CORNERGRAND ROUNDS
AT THE JOHNS HOPKINS BAYVIEW MEDICAL CENTER

Atypical Fractures as a Potential
Complication of Long-term
Bisphosphonate Therapy
Deborah E. Sellmeyer, MD

CASE PRESENTATION
A 58-year-old white woman taking bis-
phosphonates presented for evalua-
tion of a nonhealing subtrochanteric left
hip fracture. Ten years prior, she ex-
perienced a right foot stress fracture and
underwent bone mineral density test-
ing. She was subsequently told that her
bone density was in the osteopenia cat-
egory and she started bisphosphonate
therapy. After 10 years of bisphospho-
nate treatment, she developed left thigh
pain. Initial imaging did not show any
abnormalities and she was treated con-
servatively. One month after develop-
ing thigh pain, the patient stepped down
a stair and felt a “crack” in her left thigh
followed by inability to bear weight on
her left leg, resulting in a fall. Imaging
showed a subtrochanteric left femur
fracture that was treated with intra-
medullary rod placement.

Two months after surgical repair,
bisphosphonate therapy was stopped
and treatment with teriparatide
therapy was initiated. Six months after
surgery, imaging showed persistence
of her fracture with very little callus
formation. Evaluation for secondary
causes of skeletal fragility was under-
taken; measurements included a meta-
bolic panel, phosphorus, complete
blood cell count, 25-hydroxyvitamin

D, celiac antibodies, serum and urine
protein electrophoresis, thyroid func-
tion, and 24-hour urine calcium. No
abnormalities were found. After 3
months of teriparatide treatment,
serum osteocalcin, a marker of bone
formation, was 34.8 ng/mL (premeno-
pausal normal range, 8.2-35.4 ng/mL)
and serum C-telopeptide, a marker of
bone resorption, was 373 pg/mL (pre-
menopausal normal range, 78-573
pg/mL). Serial radiographs since her
fracture showed some suggestion of
callus formation, but the fracture line
remained 1 year later (FIGURE).

Case reports of atypical fractures
such as the subtrochanteric hip frac-

ture described above, occurring in pa-
tients receiving long-term bisphospho-
nate therapy, have raised the question
of whether prolonged treatment with
bisphosphonates can suppress bone re-
modeling to the degree that the skel-
eton has insufficient bone turnover to
maintain skeletal strength.
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The development of bisphosphonate therapy represented an important ad-
vance in the treatment of low bone mass and osteoporosis, conditions that affect
more than half of individuals older than 50 years. Currently available bisphos-
phonates have been shown to reduce spine, nonspine, and hip fractures in in-
dividuals at increased risk of fracture. Case reports and limited clinical series
over the past 5 years have raised concern that prolonged bisphosphonate therapy
may suppress bone remodeling to the extent that normal bone repair is im-
paired, resulting in increased fracture risk. Fractures potentially resulting from
suppressed bone turnover have been described as “atypical,” affecting sites
such as the subtrochanteric femur that are infrequently affected by osteopo-
rotic fractures. A prodrome of thigh pain, lack of trauma prior to the fracture,
and specific radiological characteristics have also been reported. Data are lim-
ited on the prevalence of, risk factors for, and treatment of this potential prob-
lem. Current strategies include fracture risk assessment, targeting bisphospho-
nate therapy appropriately to individuals at increased risk of fracture, considering
a 12-month interruption in therapy after 5 years in patients who are clinically
stable, and considering teriparatide treatment in individuals who experience
an atypical fracture while receiving bisphosphonate therapy.
JAMA. 2010;304(13):1480-1484 www.jama.com
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Bisphosphonate Treatment
and Bone Remodeling
Bisphosphonates have been shown to
reduce bone turnover, increase bone
density, and reduce fracture risk in
multiple randomized clinical trials.1-6

These agents were used by 4.7 million
US individuals in 2005.7 Although
their mechanism of action targets the
osteoclast and thus bone resorption,
treatment with bisphosphonates
decreases both bone resorption and
bone formation, as these 2 skeletal
processes are closely linked. Bone
resorption decreases initially, fol-
lowed within weeks to months by
decreased bone formation.

Assessing an individual’s level of bone
remodeling is challenging. An estima-
tion of bone turnover can be made by
measuring bone turnover markers. In the
case patient, serum C-telopeptide, a col-
lagen cross-link protein released when
bone is resorbed, and osteocalcin, a pro-
tein product of osteoblasts that reflects
bone turnover including bone forma-
tion, were measured. However, direct
measurement of bone formation re-
quires a tetracycline double-labeled bone
biopsy. Tetracycline labeling has been
used to examine bone remodeling in pa-
tients thought to have atypical frac-
tures. Tetracycline binds to newly form-
ing bone and fluoresces in histologic
samples. Patients are given 2 short
courses of tetracycline separated by a 10-
day period, followed by transiliac crest
bone biopsy. Biopsy allows examina-
tion of the bone architecture and direct
assessment of bone formation, as repre-
sented by the extent of tetracycline la-
beling. In normal bone, 2 linear lines of
tetracycline can be seen, separated by the
amount of new bone that was formed be-
tween the 2 courses of tetracycline. From
the tetracycline labels, a number of vari-
ables reflecting bone formation and bone
turnover are derived, including the bone
formation rate (determined by how
much tetracycline has been incorpo-
rated and how far apart the lines of tet-
racycline labels are) and the activation
frequency (which reflects how often in
a year a single site on the bone will en-
ter the bone formation period).

Reports of Skeletal Fragility
in Patients Receiving
Bisphosphonate Therapy
In 2005, a case series of patients receiv-
ing bisphosphonate therapy who had
experienced“atypical” fractureswaspub-
lished.8 This series of 9 patients treated
with bisphosphonates included fem-
oral shaft fractures in half of the patients
as well as 6 who were perceived to have
delayedfracturehealing.Thepatientshad
been receiving bisphosphonate treat-
ment for 3 to 8 years. When tetracycline
double-labeled bone biopsies were
obtained, none of the biopsies showed
both lines of tetracycline labels and only
5 had evidence of a single label, suggest-
ing a very low rate of new bone forma-
tion. This case series raised concerns
about oversuppression of bone turn-
overwithbisphosphonate therapy.There
were severalmitigating factors thatmake
interpretation of this small case series
challenging. First, 3 of the women in this
case series were also taking estrogen
(known to decrease bone turnover) and
2weretakingglucocorticoids(whichalso
suppressboneformation).Second,mark-
ers of bone turnover were not uni-
formly suppressed in these patients.
Osteocalcin values were on the low end
of the normal range in 5 patients and
below the lower limit of normal in 4
patients. However, values for bone-
specific alkaline phosphatase, a marker
of bone formation, and N-telopeptide, a
marker of bone resorption, were in the
middle of the normal range in most

patients. Four patients had bone-
specific alkaline phosphatase values
above the upper limit of normal. Finally,
lack of tetracycline labeling can occur in
up to 30% of postmenopausal women
with osteoporosis who are not receiving
treatment.9 Thus, while raising a poten-
tial concern, the implications of this case
series are difficult to assess.

Bone Biopsy and Bone Turnover
Marker Data From Bisphosphonate
Randomized Trials

Data from randomized trials of bisphos-
phonate-treated patients have not shown
evidence of oversuppression of bone
turnover, but these trials have been rela-
tively short in duration and a limited
number of biopsies were performed, typi-
cally 30 to 80 in each study. Tetracycline-
labeled bone biopsy data are available af-
ter 3 years of treatment for the
bisphosphonates currently used for os-
teoporosis treatment. Bone formation
rates and activation frequencies were sig-
nificantly decreased in those receiving
bisphosphonate treatment, but only 1 or
0 patients from each study showed lack
of tetracycline in biopsy specimens.10-12

Additionally, no qualitative defects in
skeletal histology were seen.

Longer-term data are much more
limited. Bone biopsy data are available
from 1 study after 10 years of treat-
ment with alendronate. After an ini-
tial 5 years of alendronate treatment,
participants were randomized to re-
ceive another 5 years of alendronate or

Figure. Subtrochanteric Hip Fracture in Patient Described in Case Presentation

Left femur fracture, 1-year laterInitial left femur fracture
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5 years of placebo. After a total of 10
years of alendronate, 15 participants un-
derwent tetracycline-labeled bone bi-
opsies.13 All of the biopsies showed
double labeling, indicating new bone
formation after 10 years of alendro-
nate treatment. Additionally, there were
no qualitative defects in skeletal his-
tology. These data are somewhat lim-
ited in that there was no control popu-
lation; all participants had at least 5
years of alendronate treatment and half
had 10 years of treatment.

Another study gathered bone biopsy
data after 5 years of treatment with rised-
ronate or placebo among 74 partici-
pants in an extension arm of a random-
ized controlled fracture trial. Similar to
alendronate, all biopsies showedthepres-
ence of double labeling and similar de-
creases in bone-forming measures.11 No
biopsy showed any qualitative defects. In
contrast with the alendronate study, in
which all biopsies were obtained at the
end of the study, in the risedronate study
baseline biopsies were obtained prior to
treatment as well as second biopsies af-
ter 5 years of treatment. While still higher
than the values measured in bisphos-
phonate-treated participants, the bone
formation rates and activation frequen-
cies decreased significantly with 5 years
of placebo, showing the importance of
having adequate control samples when
evaluating these histomorphometry data
because the bone-forming measures in
participants receiving placebo de-
creased by about 50%, presumably due,
at least in part, to the calcium and vita-
min D supplementation provided to the
placebo group.

Bone turnover markers in bisphos-
phonate randomized trials have shown
sustained decreases of 30% to 50% in
markers of bone turnover. No progres-
sive decreases in these measures have
been seen, even with up to 10 years of
treatment.3,6,14

Microdamage in Bone Biopsy Data
From Clinical Patient Series

Microscopic cracking occurs in bone as
a result of daily weight-bearing activity.
Under normal conditions, these micro-
cracks are repaired by ongoing bone re-

modeling. Accumulation of unrepaired
skeletal microdamage as a result of re-
duced bone remodeling is among the po-
tential mechanisms by which oversup-
pression of bone turnover might lead to
increased skeletal fragility. One case se-
ries reported bone biopsy data from 50
outpatient postmenopausal women
treated with bisphosphonates for at least
3 years.15 Controls consisted of histo-
logical samples from 12 recently de-
ceased cadavers that had not been tetra-
cycline labeled. Among the 50 patients
receivingbisphosphonates,one-thirdhad
no double label, a distinct contrast with
the randomized control trial data. In
those who had labeling, the bone for-
mation rate and activation frequencies
were very similar to those seen in the ran-
domized trial data. Microcracks were
seen in less than half of both the ca-
daver samples and the samples from bis-
phosphonate-treated patients, and there
was no difference between cadavers and
bisphosphonate-treated patients in how
much microdamage was evident.

Atypical Fractures

The case presented above has many of
the clinical features described in pa-
tients receiving long-term bisphospho-
nate therapy who develop atypical sub-
trochanteric hip fractures. Unlike the
more common hip fracture scenario in-
volving fracture of the femoral neck or
intertrochanteric region, where typi-
cally there is no prodrome, bisphospho-
nate-treated patients with subtrochan-
teric fractures are described as having
weeks or months of discomfort at the site
before the fracture occurs. Patients may
report that the pain sensation origi-
nates deep within the thigh and often
note that discomfort is worsened by
weight bearing. Patients also describe
hearing and feeling fractures occur dur-
ing nontraumatic activities of daily liv-
ing such as stepping down a stair, walk-
ing, or turning. Radiological features at
the fracture site include thickening of the
femoral cortex, presence of a transverse
fracture, and a cortical beak. Presence of
a stress reaction or visible fracture line
on the contralateral femur is addition-
ally reported in many cases. This radio-

graph finding also has been described in
patients who have never been treated
with bisphosphonates.16,17 However, in
a retrospective chart review of 70 low-
energy hip fracture patients admitted to
a single hospital, this radiograph pat-
tern was evident in 19 of 25 patients tak-
ing alendronate and in only 1 of 45 who
had not been treated with bisphospho-
nates.18 Other case series have also re-
ported a higher rate of bisphosphonate
use among patients with atypical frac-
tures.19-24 Assessment of atypical hip frac-
tures vs typical hip fractures in a regis-
try study among 11 994 patients from
Denmark showed no difference in cu-
mulative incidence of atypical and typi-
cal hip fractures by bisphosphonate use.25

In that cohort, there were only 178 in-
dividuals who had more than 6 years of
bisphosphonate exposure. However,
among those individuals, there was no
increased risk of atypical femur frac-
tures compared with controls.

Risk of subtrochanteric and diaphy-
seal femur fractures was examined
among 14 195 women who partici-
pated in 3 randomized trials of alen-
dronate and zoledronic acid.26 There
was no significant increase in risk of
atypical femur fractures with bisphos-
phonate use; however, among 284 hip
fractures observed, only 12 subtrochan-
teric or diaphyseal fractures occurred
in 10 study participants, limiting sta-
tistical power. Nonetheless, this study
emphasizes the low prevalence of sub-
trochanteric femur fractures, even
among women taking bisphospho-
nates for as long as 10 years. However,
the relatively small number of women
with prolonged bisphosphonate use and
the few subtrochanteric fractures limit
the conclusions that can be drawn from
these data.

Examination of discharge and medi-
cal claims data from 1996 to 2006
showed that the annual incidence of
subtrochanteric and femoral shaft frac-
tures appears stable at fewer than 20
fractures per 100 000 person-years. The
overall incidence of hip fractures de-
clined from 598 per 100 000 person-
years in 1996 to 428 per 100 000 per-
son-years in 2006.27

BISPHOSPHONATE THERAPY AND ATYPICAL FRACTURES
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The utility of bone turnover mark-
ers in the setting of a possible atypical
fracture is not clear. Neither markers
of bone formation nor markers of bone
resorption have been shown to be con-
sistently suppressed in patients with
atypical fractures. A recent systematic
review found normal or elevated bone
turnover markers in more than 85% of
patients thought to have atypical frac-
tures.28 Interpretation of these results
is complicated by variability in the
amount of time between the fracture
and obtaining the marker measure-
ment and whether the patients were still
taking bisphosphonates or other agents
that could affect bone remodeling.
Whether levels of bone turnover mark-
ers or magnitude of change in bone
turnover markers during treatment can
help identify individuals at risk of an
atypical fracture remains to be seen.

Approaches to Preventing and
Treating Potential Oversuppression

Perhaps the most important step to
maximizing the risk-benefit ratio re-
lated to bisphosphonate therapy is to
optimize selection of patients for bis-
phosphonate treatment. Ideally, pa-
tients at increased risk of fracture
should be identified accurately to tar-
get treatment appropriately, and treat-
ment should be avoided in low-risk pa-
tients. The World Health Organization
devised a multivariate model that uses
bone density and risk factors for frac-
ture to calculate a 10-year probability
of any major osteoporotic fracture and,
specifically, of hip fracture (available at
http://www.sheffield.ac.uk/FRAX/).
Based on cost-effectiveness analyses in
the United States, general guidelines in-
clude treating any patient who has a 10-
year major osteoporotic risk of more
than 20% or hip fracture risk of more
than 3%.29 Guidelines using this frac-
ture risk model have been published.30,31

Among patients for whom bisphos-
phonate therapy is appropriate, ap-
proaches such as treating for 5 years and
then providing a “drug holiday” for 12
months or more have been suggested,
with the length of the drug holiday de-
termined by estimated level of current

fracture risk. While there are no data on
whether intermittentgaps in therapyhelp
prevent possible oversuppression, data
from the Fracture Intervention Trial
Long-term Extension (FLEX) trial sug-
gest that discontinuation of alendro-
nate therapy after 5 years of treatment
results in fracture rates over the next 5
years that are similar to continued treat-
ment with the exception of clinical ver-
tebral fractures.14 Further analysis of
these data showed that among women
without vertebral fractures who had a
femoral neck T score of −2.5 or less af-
ter the initial 5 years of alendronate
therapy, continued alendronate therapy
was associated with a reduced risk of
nonvertebral fractures compared with 5
years of alendronate followed by 5 years
of placebo.32 Of note, these analyses were
post hoc subgroup analyses and the
number of fractures in the subgroups was
limited. Vertebral fracture risk re-
mained reduced 1 year after medica-
tion discontinuation in participants pre-
viously treated with risedronate for 3
years compared with those who had re-
ceived placebo for 4 years.33 Although
these data do support the concept of at
least some degree of persistent fracture
reduction after cessation of bisphospho-
nate therapy, there are no data on
whether strategies such as drug holi-
days reduce the risk of atypical frac-
tures, an already infrequent potential
complication. Thus, the risks and ben-
efits of stopping bisphosphonate therapy
must be individualized, with consider-
ation given to the patient’s estimated frac-
ture risk, bone density values, duration
of previous treatment, and other risk fac-
tors for fracture. Several recent reviews
are available that more fully discuss the
controversies regarding bisphospho-
nate drug holidays.34,35

Treatment of Patients
With Possible Oversuppression

There are few data available to guide
treatment decisions for patients be-
lieved to have atypical fractures or pos-
sible oversuppression of bone turn-
over. Teriparatide (recombinant
parathyroid hormone) increases bone
turnover in both treatment-naive and

bisphosphonate-treated patients. Thus,
there is a physiologic rationale to con-
sider prescribing this agent in cases of
possible oversuppression of bone turn-
over. However, there are no outcome
data available regarding the use of
teriparatide in patients with atypical
fractures. Bone density increases when
patients who have been taking a bis-
phosphonate switch to teriparatide.
Some data suggest that there may be a
delay of approximately 6 months be-
fore the bone density begins increas-
ing in response to teriparatide, com-
pared with the prompt increase that was
demonstrated in patients that were
switched from raloxifene to teripa-
ratide.36 There are no fracture data avail-
able among patients treated sequen-
tially with a bisphosphonate and
teriparatide or in patients with atypi-
cal fractures.

Teriparatide is self-administered as
a daily subcutaneous injection. It is
approved by the US Food and Drug
Administration for 2 years of use in a
patient’s lifetime. Because of animal
studies associating long-term expo-
sure with osteosarcoma, teriparatide is
contraindicated in patients with an in-
creased risk of skeletal malignancies, in-
cluding those with open epiphyses, a
history of skeletal radiation, Paget dis-
ease of bone, or an unexplained high
alkaline phosphatase level. Postmar-
keting data suggest that osteosarcoma
risk does not appear to be increased in
humans during treatment with teripa-
ratide.37 Of note, when treating pa-
tients with possible oversuppression of
bone turnover, after using teriparatide
for 2 years, it must be followed with an-
tiresorptive therapy or the increases in
bone density will be lost over the en-
suing months.38 This presents a chal-
lenge when dealing with patients who
may have a complication of long-term
bisphosphonate therapy, as returning
to bisphosphonate or another antire-
sorptive medication may be necessary
to maintain teriparatide-related gains.
This issue has not been examined in pa-
tients with atypical fractures. Addition-
ally, the length of antiresorptive treat-
ment needed to maintain gains in bone

BISPHOSPHONATE THERAPY AND ATYPICAL FRACTURES
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density accrued during teriparatide
treatment is not known.

CONCLUSION
Osteoporosis diagnosis and treatment
rates among individuals who have ex-
perienceda fractureare remarkably low.39

Evidence to date suggests that atypical
fractures in bisphosphonate users are in-
frequent, and this potential problem
should not preclude initiation of therapy
in patients at risk of skeletal events. Con-
tinued focus on identifying higher-risk
patients and being judicious with initia-
tion and continuation of therapy is ap-
propriate. Medication holidays can be
considered for patients receiving bis-
phosphonate therapy who have been
treated for 5 years and who have stable
bone density and no fractures, al-
though data are lacking on the effects of
such approaches. Post hoc analyses from
clinical trials using alendronate suggest
that individuals at higher risk of verte-
bral fractures and those whose bone den-
sity remains low after 5 years of treat-
ment may benefit from continued
therapy.

Clinicians should be alert to symp-
toms of deep thigh pain that worsens
with weight bearing as a presenting
symptom of a subtrochanteric hip frac-
ture as well as to the frequent bilateral
nature of this disorder. Teriparatide may
be a therapeutic option for patients who
experience an atypical fracture while re-
ceiving bisphosphonate therapy, par-
ticularly in the setting of low bone turn-
over. More research on the prevalence
of atypical fractures, their association
with bisphosphonate use and low bone
turnover, and the effects of strategies
such as drug holidays and teriparatide
treatment is needed.
Financial Disclosures: Dr Sellmeyer reports having re-
ceived research funding from Novartis and Amgen.

REFERENCES

1. Black DM, Cummings SR, Karpf DB, et al; Frac-
ture 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. 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.

3. Harris ST, Watts NB, Genant HK, et al; Vertebral
Efficacy With Risedronate Therapy Study Group. Ef-
fects of risedronate treatment on vertebral and non-
vertebral fractures in women with postmenopausal os-
teoporosis: a randomized controlled trial. JAMA. 1999;
282(14):1344-1352.
4. McClung MR, Geusens P, Miller PD, et al; Hip In-
tervention Program Study Group. Effect of risedro-
nate on the risk of hip fracture in elderly women.
N Engl J Med. 2001;344(5):333-340.
5. Chesnut CH III, Skag A, Christiansen C, et al; Oral
Ibandronate Osteoporosis Vertebral Fracture Trial in
North America and Europe. Effects of oral ibandro-
nate administered daily or intermittently on fracture
risk in postmenopausal osteoporosis. J Bone Miner Res.
2004;19(8):1241-1249.
6. Black DM, Delmas PD, Eastell R, et al; HORIZON
Pivotal Fracture Trial. Once-yearly zoledronic acid for
treatment of postmenopausal osteoporosis. N Engl J
Med. 2007;356(18):1809-1822.
7. Farley JF, Blalock SJ. Trends and determinants of
prescription medication use for treatment of
osteoporosis. Am J Health Syst Pharm. 2009;66
(13):1191-1201.
8. Odvina CV, Zerwekh JE, Rao DS, Maalouf N,
Gottschalk FA, Pak CY. Severely suppressed bone turn-
over: a potential complication of alendronate therapy.
J Clin Endocrinol Metab. 2005;90(3):1294-1301.
9. Recker R, Lappe J, Davies KM, Heaney R. Bone re-
modeling increases substantially in the years after
menopause and remains increased in older osteopo-
rosis patients. J Bone Miner Res. 2004;19(10):
1628-1633.
10. Chavassieux PM, Arlot ME, Reda C, Wei L, Yates
AJ, Meunier PJ. Histomorphometric assessment of the
long-term effects of alendronate on bone quality and
remodeling in patients with osteoporosis. J Clin Invest.
1997;100(6):1475-1480.
11. Ste-Marie LG, Sod E, Johnson T, Chines A. Five
years of treatment with risedronate and its effects on
bone safety in women with postmenopausal
osteoporosis. Calcif Tissue Int. 2004;75(6):469-
476.
12. Recker RR, Delmas PD, Halse J, et al. Effects of
intravenous zoledronic acid once yearly on bone re-
modeling and bone structure. J Bone Miner Res. 2008;
23(1):6-16.
13. Recker R, Ensrud K, Diem S, et al. Normal bone
histomorphometry and 3D microarchitecture after 10
years alendronate treatment of postmenopausal
women. J Bone Miner Res. 2004;19(suppl 1):S45.
14. Black DM, Schwartz AV, Ensrud KE, et al; FLEX
Research Group. Effects of continuing or stopping
alendronate after 5 years of treatment: the Fracture
Intervention Trial Long-term Extension (FLEX):
a randomized trial. JAMA. 2006;296(24):2927-
2938.
15. Chapurlat RD, Arlot M, Burt-Pichat B, et al. Mi-
crocrack frequency and bone remodeling in post-
menopausal osteoporotic women on long-term bis-
phosphonates: a bone biopsy study. J Bone Miner Res.
2007;22(10):1502-1509.
16. Kumm DA, Rack C, Rütt J. Subtrochanteric stress
fracture of the femur following total knee arthroplasty.
J Arthroplasty. 1997;12(5):580-583.
17. Niimi R, Hasegawa M, Sudo A, Uchida A. Uni-
lateral stress fracture of the femoral shaft combined
with contralateral insufficiency fracture of the fem-
oral shaft after bilateral total knee arthroplasty. J Or-
thop Sci. 2008;13(6):572-575.
18. Neviaser AS, Lane JM, Lenart BA, Edobor-Osula
F, Lorich DG. Low-energy femoral shaft fractures as-
sociated with alendronate use. J Orthop Trauma. 2008;
22(5):346-350.
19. Goh SK, Yang KY, Koh JS, et al. Subtrochanteric
insufficiency fractures in patients on alendronate
therapy: a caution. J Bone Joint Surg Br. 2007;
89(3):349-353.
20. Lenart BA, Neviaser AS, Lyman S, et al. Associa-
tion of low-energy femoral fractures with prolonged

bisphosphonate use: a case control study. Osteopo-
ros Int. 2009;20(8):1353-1362.
21. Odvina CV, Levy S, Rao S, Zerwekh JE, Sudhaker
RD. Unusual mid-shaft fractures during long term bis-
phosphonate therapy. Clin Endocrinol (Oxf ). 2010;
72(2):161-168.
22. Visekruna M, Wilson D, McKiernan FE. Severely
suppressed bone turnover and atypical skeletal fragility.
J Clin Endocrinol Metab. 2008;93(8):2948-2952.
23. Ing-Lorenzini K, Desmeules J, Plachta O, Suva
D, Dayer P, Peter R. Low-energy femoral fractures as-
sociated with the long-term use of bisphosphonates:
a case series from a Swiss university hospital. Drug Saf.
2009;32(9):775-785.
24. Capeci CM, Tejwani NC. Bilateral low-energy si-
multaneous or sequential femoral fractures in pa-
tients on long-term alendronate therapy. J Bone Joint
Surg Am. 2009;91(11):2556-2561.
25. Abrahamsen B, Eiken P, Eastell R. Subtrochan-
teric and diaphyseal femur fractures in patients treated
with alendronate: a register-based national cohort
study. J Bone Miner Res. 2009;24(6):1095-1102.
26. Black DM, Kelly MP, Genant HK, et al; Fracture
Intervention Trial Steering Committee; HORIZON
Pivotal Fracture Trial Steering Committee. Bisphos-
phonates and fractures of the subtrochanteric or di-
aphyseal femur. N Engl J Med. 2010;362(19):1761-
1771.
27. Nieves JW, Bilezikian JP, Lane JM, et al. Fragility
fractures of the hip and femur: incidence and patient
characteristics. Osteoporos Int. 2010;21(3):399-
408.
28. Giusti A, Hamdy NA, Papapoulos SE. Atypical frac-
tures of the femur and bisphosphonate therapy: a sys-
tematic review of case/case series studies. Bone. 2010;
47(2):169-180.
29. Tosteson AN, Melton LJ III, Dawson-Hughes B,
et al; National Osteoporosis Foundation Guide
Committee. Cost-effective osteoporosis treatment
thresholds: the United States perspective. Osteopo-
ros Int. 2008;19(4):437-447.
30. National Osteoporosis Foundation. Clinician’s
Guide to Prevention and Treatment of Osteoporosis.
Washington, DC: National Osteoporosis Founda-
tion; 2010.
31. Dawson-Hughes B, Tosteson AN, Melton LJ III,
et al; National Osteoporosis Foundation Guide
Committee. Implications of absolute fracture risk as-
sessment for osteoporosis practice guidelines in the
USA. Osteoporos Int. 2008;19(4):449-458.
32. Schwartz AV, Bauer DC, Cummings SR, et al; FLEX
Research Group. Efficacy of continued alendronate for
fractures in women with and without prevalent ver-
tebral fracture: the FLEX trial. J Bone Miner Res. 2010;
25(5):976-982.
33. Watts NB, Chines A, Olszynski WP, et al. Frac-
ture risk remains reduced one year after discontinu-
ation of risedronate. Osteoporos Int. 2008;19(3):
365-372.
34. Watts NB, Diab DL. Long-term use of bisphos-
phonates in osteoporosis. J Clin Endocrinol Metab.
2010;95(4):1555-1565.
35. Seeman E. To stop or not to stop, that is the
question. Osteoporos Int. 2009;20(2):187-195.
36. Ettinger B, San Martin J, Crans G, Pavo I. Differ-
ential effects of teriparatide on BMD after treatment
with raloxifene or alendronate. J Bone Miner Res. 2004;
19(5):745-751.
37. Subbiah V, Madsen VS, Raymond AK, Benjamin
RS, Ludwig JA. Of mice and men: divergent risks of
teriparatide-induced osteosarcoma. Osteoporos Int.
2010;21(6):1041-1045.
38. Black DM, Bilezikian JP, Ensrud KE, et al; PaTH
Study Investigators. One year of alendronate after one
year of parathyroid hormone (1-84) for osteoporosis.
N Engl J Med. 2005;353(6):555-565.
39. Siris ES, Bilezikian JP, Rubin MR, et al. Pins and
plaster aren’t enough: a call for the evaluation and
treatment of patients with osteoporotic fractures. J Clin
Endocrinol Metab. 2003;88(8):3482-3486.

BISPHOSPHONATE THERAPY AND ATYPICAL FRACTURES

1484 JAMA, October 6, 2010—Vol 304, No. 13 (Reprinted) ©2010 American Medical Association. All rights reserved.

 at University of Alabama-Birmingham on October 14, 2010 www.jama.comDownloaded from 

http://jama.ama-assn.org

