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Abstract  Background: Long-term bisphosphonate use has
often been associated with atypical femoral fractures. These
fractures evolve from incomplete femoral fractures. A pre-
vious study demonstrated that the presence of a radiolucent
line in an incomplete fracture can indicate a high risk of
progression to complete fracture. Questions/Purposes: The
aim of this study is to present a management strategy for
symptomatic bisphosphonate-associated incomplete atypical
femoral fractures. Specific study questions include the fol-
lowing: (1) Is there a difference in the prognosis of these
fractures based on the presence or absence of a radiolucent
fracture line? (2) Can treatment with teriparatide assist in
clinical/radiographic healing of these incomplete fractures?
(3) Is there a characteristic biochemical profile in these
patients? Patients and Methods: We retrospectively exam-
ined all femur radiographs ordered by the metabolic bone
disease service at our hospital between July 1, 2006 and July
1, 2011 and identified 10 patients with a total of 14 incom-
plete fractures. Nine patients received bisphosphonates for a
mean duration of 10+5 years (range, 4—17). The mean
follow-up since the time of diagnosis was 20+11 months
(range, 6-36 months). Results: Five fractures did not have a
radiolucent fracture line and were treated conservatively
with partial weight-bearing restrictions and pharmacologic
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therapy. All five of these fractures healed with conservative
management. Nine fractures had a radiolucent fracture line,
and only two of these were treated successfully with con-
servative management including teriparatide. Six of the
eight patients with a radiolucent line elected for surgical
prophylaxis after 3 months of conservative management,
whereas one patient underwent surgical prophylaxis without
a trial of conservative management. Regarding the biochemi-
cal profiles, bone turnover markers for our patient cohort were
in the lower quartile. Conclusions: Fractures without a radio-
lucent line appear to respond to conservative management and
not require surgical prophylaxis. Teriparatide treatment may
hold promise in promoting healing of these fractures.

Keywords bisphosphonates -atypical femoral fractures-
incomplete fractures - teriparatide - radiolucent fracture line

Introduction

Bisphosphonates have been widely and successfully used to
treat osteoporosis by inhibiting osteoclast-mediated bone
resorption. They are highly effective in reducing the risk of
vertebral and hip fractures, increasing bone mineral density,
reducing markers of bone turnover, and even reducing the
risk of new fractures in the setting of recent fractures [4, 6,
24, 25]. However, several reports have linked the prolonged
use of bisphosphonates, more specifically alendronate, to
atypical subtrochanteric or diaphyseal femoral fractures
[15, 21, 22, 27, 29]. Although a causative role for
bisphosphonates in the pathogenesis of these fractures has
not been established [32], it is thought that alendronate
induces long-term suppression of bone remodeling that can
lead to microdamage accumulation and subsequent stress
fracture formation [7, 26, 31]. These femoral stress fractures
first appear as focal or diffuse cortical thickening in the
lateral cortex of the subtrochanteric or femoral shaft region.
As the fracture propagates, a radiolucent fracture line may
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appear and extend medially, ultimately displacing and be-
coming a complete fracture [21, 22, 27]

Several reports have focused on the initial symptomatic
incomplete fracture and its likelihood of progression to a
completely displaced atypical femoral fracture [3, 8, 9, 11,
17, 20, 21]. These reports are mainly descriptive analyses of
4-14 incomplete fractures, and only two of them mentioned
management options and fracture healing outcomes [3, 17].
In one report, it was observed that the presence of thigh
discomfort and a radiolucent fracture line (dreaded black
line) were reliable predictors for fracture propagation [20].

Due to the lack of evidence, the management of
bisphosphonate-associated incomplete fractures remains an
orthopedic dilemma. In addition to stopping bisphospho-
nates and supplementing calcium and vitamin D, an anabolic
agent such as teriparatide may promote the healing of these
fractures. To date, no studies have investigated the role of
teriparatide in this context.

In this retrospective study, our aim is to propose a man-
agement approach to symptomatic bisphosphonate-associat-
ed incomplete atypical femoral fractures. Specific study
questions include the following: (1) Is there a difference in
the prognosis of these fractures based on the presence or
absence of a radiolucent fracture line? (2) Can treatment
with teriparatide assist in clinical/radiographic healing of
these incomplete fractures? (3) Is there a characteristic bio-
chemical profile in these patients?

Patients and Methods
Patients

Following approval from the institutional review board, the
attending radiologist retrospectively examined all femur
radiographs ordered by the metabolic bone disease service
at our hospital between July 1, 2006 and July 1, 2011.
Bisphosphonate-associated incomplete atypical femoral
fractures were identified according to the radiographic fea-
tures defined in the report of the Task Force of the American
Society for Bone and Mineral Research, including (1) loca-
tion from anywhere distal to the lesser trochanter to proxi-
mal to the supracondylar flare of the distal femoral
metaphysis, (2) focal or diffuse thickening of the lateral
cortex, and (3) an occasional discrete transverse lateral cor-
tical translucency with periosteal callus formation [32]
(Fig. 1). A subtrochanteric fracture was defined as one
located distal to the lesser trochanter and proximal to the
middle one third of the diaphysis. A femoral shaft fracture
was defined as one located in the middle one third of the
diaphysis [5, 15]. Radiographs of 12 patients were identi-
fied. Two patients were excluded from our report because of
inadequate follow-up. We conducted a retrospective chart
review on the remaining 10 patients. Baseline demographics
and all relevant clinical information were collected from
patient charts, and no information was recalled specifically
for this study (Table 1).

The 10 patients in this series were all women with a
mean age of 67+10 (range, 50-85). The mean follow-up
since the time of diagnosis was 20+£11 months (range, 6—
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Fig. 1. Patient 2: An 85-year-old woman with a 15-year history of
alendronate use. Plain radiograph shows multiple foci of cortical thick-
ening along the lateral shaft of both femora without discrete radio-
lucencies, consistent with incomplete atypical femoral fractures; one on
the right and three on the left (white arrows)

36 months). All cases of incomplete fractures occurred
spontaneously with no history of trauma in patients who
had received bisphosphonate therapy for osteoporosis/osteo-
penia. A prodromal pain period ranging from 2 weeks to
2 years in duration (mean, 11 months) was reported by all
patients. Nine patients received alendronate for a mean
duration of 10£5 years (range, 4-17), and one patient re-
ceived risedronate for 10 years. Concomitant drug history
included hormone replacement therapy (three patients),
omeprazole (three patients), and glucocorticoids (one pa-
tient). Of the 10 patients, four had bilateral involvement,
and we therefore evaluated 14 fractures. Three fractures
were located in the subtrochanteric area, and 11 were located
in the femoral shaft.

Treatment Algorithm

Bilateral full femur plain radiographs were obtained for all
patients complaining of thigh pain and a prolonged history
of bisphosphonate use (>5 years). If an incomplete fracture
was identified, the presence of a transverse radiolucent line
across the cortical thickening was noted. Fractures were then
classified into two groups depending on whether this radio-
lucent line was present or not (Fig. 2).

In the first group, the X-rays showed lateral cortical
thickening without a radiolucent fracture line and magnetic
resonance imaging (MRI) showed bone marrow edema.
Bone marrow edema on MRI confirms the presence of an
impending stress fracture [12, 34] that warrants active treat-
ment, as opposed to an old, healed stress fracture, for which
patients would only receive routine calcium and vitamin D
supplementation. Patients with bone edema on MRI re-
ceived conservative therapy, which consisted of rest, partial
weight-bearing, calcium and vitamin D supplementation,
and a 2-year course of teriparatide (recombinant parathyroid
hormone 1-34). Miacalcin, or salmon calcitonin, was given
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Table 1 Patient’s characteristics and relevant clinical information

Radiolucent Overall®
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medications
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Patient

12

Right shaft

HRT (30 years) Ribs
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Fosamax (5)

26.4

F/65

1

breast tumor (radiation)
History of breast cancer,

14

— Bilaterally
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Angiotensin converting
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Osteoporosis
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Osteoporosis

Fosamax (10)
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Actonel (10)
Fosamax (7)

Fosamax (4)
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0.5
5
7
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37.3
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F/63
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history of radiation

Breast cancer,

36

Left ST
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Synthroid, omeprazole

Osteoporosis

Fosamax (7)
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F/59

8

hypothyroidism
Hypothyroidism,

Right: —; left: + 36

Bilateral shaft

HRT (14 years),

Osteoporosis

Fosamax (15)
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9

omeprazole
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osteochondroma
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24

Right shaft Yes (anteriorly)

Left femur (atypical)

Osteoporosis

Fosamax (14)

F/65 22.7 24

10

“Qverall follow-up is the follow-up time since the time of diagnosis of the stress fracture

F female, BMI body mass index, BP bisphosphonate, HRT hormone replacement therapy, ST subtrochanteric
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instead of teriparatide for one patient in whom teriparatide
treatment was contraindicated due to a history of radiation
(patient 1) [10, 14]. Bisphosphonates were stopped in all
patients at the time of diagnosis. Patients returned to clinic
at 3, 6, 12, and 24 months for clinical evaluation. MRIs
were obtained at the 3-month follow-up visit to monitor
healing. Fracture healing was determined by clinical reso-
lution of pain and complete resolution of bone marrow
edema [35].

In the second group, a radiolucent fracture line was
identified on the plain radiographs. Patients in this group
were first given a trial of 3 months of conservative therapy,
as described for the first group. All patients in this group
received teriparatide except for one patient that underwent
prophylactic fixation without a trial of conservative therapy
due to persistent pain and choice of early weight-bearing
(patient 7). Patients were then revaluated for clinical and
radiographic healing. Clinical healing was defined as com-
plete resolution of pain. Radiographic healing was defined
as partial to complete disappearance of the radiolucent line
[13]. Those who showed signs of both clinical and radio-
graphic healing continued their conservative therapy.
Patients with persistent pain and radiolucent fracture line
were given the option to either continue conservative man-
agement or proceed to prophylactic fixation. Patients that
elected for prophylactic surgical fixation were considered to
have failed a 3-month trial of conservative management, and
therefore follow-up data beyond surgery are not included in
this series (Fig. 2).

Biochemical Studies and Bone Mineral Density

All biochemical studies were performed on samples
obtained a few weeks before or after the initial visit and
diagnosis, but before starting teriparatide therapy. Serum
samples were assayed for creatinine, calcium, albumin,
parathyroid hormone (PTH), and 25-hydroxyvitamin D.
Bone turnover markers including bone-specific alkaline
phosphatase (BSAP) and spot urine N-telopeptide crosslinks
(NTX) were obtained. Spot urine NTX and BSAP were also
measured frequently at follow-up visits to monitor the re-
sponse to teriparatide therapy. The bone mineral densities of
the L1-L4 vertebrae and femoral neck were measured using
dual-energy X-ray absorptiometry in the same year as
diagnosis.

Results

Out of 14 symptomatic bisphosphonate-associated incom-
plete atypical femoral fractures, five did not show a radio-
lucent fracture line and were treated conservatively. All five
patients reported progressive improvement in pain and func-
tion and none required surgery. None of these incomplete
fractures progressed to complete displaced fractures. The
cortical thickening was a persistent feature in all follow-up
X-rays; however, MRIs showed complete resolution of peri-
osteal and bone marrow edema.
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14 Symptomatic Bishposphonate-
Associated Incomplete Atypical Femoral
Fractures

|

9 Radiolucent line
present
(patients 3,4,5,6,7,8,9)

|

MRI: bone marrow edema

|

Conservative therapy
with teriparatide

|

|

|

5 Without
radiolucent line
(patients 1,2,3,9)

|

MRI: bone marrow edema |

|

Conservative therapy
with teriparatide

|

2 Radiographically
and clinically healed
(patients 3,10)

7 Persistent pain and
radiolucent line at 3-
month follow-up

S Clinically healed
X-ray: unchanged
MRI: Healed

|

Surgical
Prophylaxis

Fig. 2. A flowchart showing the different management options and outcomes of symptomatic bisphosphonate-associated incomplete atypical

femoral fractures

Nine fractures showed a radiolucent fracture line across a
thickened cortex. Two of these fractures (patients 3 and 10)
responded to 3 months of conservative therapy with teriparatide
and had complete clinical and radiographic healing (Fig. 3).
Both fractures were located in the femoral shaft. These patients
continued teriparatide therapy for 2 years and did not progress
to complete fracture. Six fractures did not show signs of radio-
graphic or clinical healing after 3 months of conservative ther-
apy with teriparatide. All six patients subsequently elected to
undergo surgery for an early weight-bearing status. In one
fracture, the patient did not receive teriparatide as she had

history of radiation and instead underwent surgical fixation
without a trial of conservative therapy due to significant pain
and choice of early weight-bearing (patient 7).

For all patients, the initial serum calcium, albumin, creat-
inine, 25-hydroxyvitamin D, and PTH were within the refer-
ence range, except for one patient with a PTH of 6 pg/mL
(Table 2). Bone turnover markers were not available for pa-
tient 10. The mean NTX level was 21.1+6.9 nmol BCE/mmol
creatinine. When calculating the mean, two patients (patients 5
and 8) were excluded with elevated NTX levels that can be
attributed to having contralateral complete fractures. When

: ) .

Fig. 3. Patient 10: A 65-year-old woman on alendronate for 14 years. a A frog-leg lateral view of the right femur showing a periosteal reaction in
the anterior shaft (white arrow). b Higher magnification shows a transverse radiolucent line (white arrow). ¢ Shows disappearance of the fracture
line with resolution of symptoms after 1 year of teriparatide treatment and calcium and vitamin D supplementation
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Table 2 Baseline biochemical and BMD findings
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Patient 1 2 3 5 6 7 8 9 10

Cr (mg/dL) 1.0 1.4 0.9 0.8 0.8 0.9 0.6 0.9 0.7 -
Ca (mg/dL) 9.9 10.3 10.0 9.1 9.7 9.7 10.6 9.7 10.4 9.9
Albumin (g/dL) 5.0 45 - 4.4 1.4 44 3.5 42 4.7 -
PTH (pg/mL) 235 28.0 50.0 53.6 18.0 6.0 20.8 30.3 33.0 -
25-hydroxyvitamin D (ng/mL) 37.0 375 27.0 83.5 314 41.0 55.0 54.0 36.3 59
BSAP (mcg/L) 54 10.7 11.1 3.9 11.4 52 8.1 12.9 14.1 -
NTX (nmol BCE/mmol Cr) 11 15 23 19 46° 15 22 52° 28 e
DXA (T-score) 2.9 22 2.0 -1.9 2.9 -13 4.1 -1.5 2.8 2.4

“These patients had contralateral complete atypical femoral fracture, which can increase the level of bone turnover markers
Cr creatinine, Ca calcium, PTH parathyroid hormone, BSAP bone-specific alkaline phosphatase, NTX N-telopeptide crosslinks, DXA dual-energy

X-ray absorptiometry

looking at NTX levels of patients that were treated with
teriparatide and did not have a contralateral complete fracture,
four out of five patients demonstrated an initial increase in the
3—8-month window after starting teriparatide, followed by a
slight decrease after 1-2 years (Table 3). Three patients had
suppressed BSAP, whereas the mean in all nine patients was
9.34+3.3 mcg/L. Although less data were available for BSAP,
there was also an increase in BSAP levels after teriparatide
treatment (Table 3).

Discussion

Our study lends further evidence to the importance of the
radiolucent line in differentiating between symptomatic
bisphosphonate-associated incomplete atypical femoral frac-
tures that do and do not respond to an initial course of
conservative therapy. Teriparatide may have an effect in
healing fractures without a radiolucent line, but 3 months
may not be sufficient to heal fractures with a radiolucent
line. In addition, the biochemical profile of patients with
these fractures demonstrates a specific rise and fall pattern
throughout the course of teriparatide treatment. As aware-
ness of atypical femoral fractures increases, radiologists and
orthopedic surgeons will identify more incomplete fractures

before they progress to complete fractures. The difficult
question of how to best manage such early incomplete
fractures seems to lie with the identification of a radiolucent
line. The existence of this line can assist in determining if the
patient can be treated conservatively or should undergo
surgical prophylaxis.

There are some limitations to this study. First, the sample
size is small. Unfortunately, bisphosphonate-associated in-
complete atypical femoral fractures are not common and
have only recently been described. A retrospective case
series is currently the most feasible way to characterize these
fractures and their treatments. It would be difficult to
achieve a sufficient number of patients to power a prospec-
tive randomized study to make any inferences regarding the
efficacy of following a non-surgical approach and teripara-
tide versus surgical management. Second, it is not clear what
the minimum necessary follow-up time is to confidently
assess healing in those patients with a persistent radiolucent
line and eliminate the risk of progression to complete frac-
ture. The mean follow-up in our study was 20 months,
whereas a review of recent reports showed that the mean
time for progression to complete fracture was 5.7 months
(range, 0.1-19 months) [3, 11, 17]. Third, due to the retro-
spective nature of this study, when reviewing the chart some
of the information was not available

Table 3 The progression of bone turnover markers over the course of 2 years

Patient Bone-specific alkaline phosphatase (mcg/L) N-Telopeptide crosslinks (nmol BCE/mmol Cr) Overall follow-up (months)
Baseline 3-8 months 1-2 years Baseline 3-8 months 1-2 years

1? 6.1 - N/A 11 16 N/A 12
2 10.7 12.1 11.5 15 48 45 14
3 11.1 - 16 23 49 25 26
4 3.9 12.6 N/A 19 17 N/A 6
5° 11.4 12.1 12.5 46 102 75 12
6 5.2 10 10 19 36 30 26
7 8.1 - N/A 22 18 N/A 10
8P 12.9 - 15.7 52 26 25 36
9 14.1 - - 28 70 49 36
10° - - 12.1 - 29 38 24

“Patients did not receive teriparatide treatment

b These patients had contralateral complete atypical femoral fracture, which can increase the level of bone turnover markers

N/A not applicable
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In our management approach, we divided treatment
options based on the presence or absence of a radiolucent
fracture line. The only other study to describe this finding in
the context of bisphosphonate-associated incomplete femo-
ral fractures, by Koh et al., showed that four out of five
patients who had a radiolucent fracture line progressed to
complete fracture, whereas all 11 patients who did not have
this fracture line did not progress to complete fracture [20].
It was observed that the presence of thigh discomfort and the
“dreaded black line” were reliable predictors for fracture
propagation. Our study showed similar results to Koh et al.
in that all five patients without a radiolucent fracture line
healed completely without surgical intervention, and six of
eight patients with a radiolucent fracture line failed to heal
after a 3-month trial of conservative therapy (Fig. 4). Taken
together, it is clear that surgical prophylaxis may only be
required in stress fractures with a radiolucent line, while
those without a radiolucent line seem to consistently heal
using conservative management alone. This strategy also
applies to patients who had suffered a contralateral complete
fracture (patients 5, 8, and 10). Asymptomatic incomplete
fractures should also be treated conservatively, and weight-
bearing may be continued but should be limited until there is
no bone edema on MRI [32]. Since most asymptomatic
fractures are incidentally discovered after contralateral com-
plete fracture, the operated side usually dictates the weight-
bearing status.

HSSJ (2012) 8:103-110

Of note, when considering the location of fractures, all
three subtrochanteric fractures had a radiolucent line and failed
a 3-month trial of conservative management, while only 4 of
11 shaft fractures did not heal. This may indicate that the
location of the atypical fracture could impact its progression.

Teriparatide is the only anabolic agent that has been FDA-
approved for the treatment of postmenopausal osteoporosis
[19]. Two recent randomized clinical trials suggested a role for
PTH in accelerating fracture healing in postmenopausal wom-
en [2, 30]. In a rat stress fracture model, PTH was found to
counter bisphosphonates by increasing bone resorption along
the fracture line and initiating intracortical bone formation. In
addition to significantly accelerating the repair of the stress
fracture, PTH also enhances the mechanical properties of bone
following fatigue loading [33]. These data correspond to a
prior case report, by Gomberg et al. [16], where teriparatide
was used to heal a bisphosphonate-associated incomplete
atypical femoral fracture. Our series suggests that treatment
with teriparatide can be successful in fractures without a
radiolucent line, but may not achieve complete clinical and
radiographic healing after 3 months in those stress fractures
with a dreaded black line. Only two of the eight patients with a
radiolucent line that were treated with teriparatide demonstrat-
ed clinical and radiographic healing and did not require sur-
gery. It is possible that these fractures require a longer duration
of therapy with teriparatide than 3 months to achieve complete
healing. Our series only extends to 3 months of teriparatide

Kohet al.

No radiolucent line

Qur study

Koh et al.

Radiolucent line

Our study

0 Successfil conservative therapy
W Progressed to complete fracture
@ Prophylactic fixation

0 2 4

6 8 10 12

Number of patients
Fig. 4. A comparison between this study and the study by Koh et al. [20] according to the presence or absence of a radiolucent fracture line



HSSJ (2012) 8:103-110

therapy due to patients’ choice of early weight-bearing status
and concerns about progression to complete fracture.

In this study, as in a prior case report [16], the baseline
NTX level in patients without a concurrent complete fracture
is in the lower quartile of the reference range. This may
reflect a state of severely suppressed bone turnover compat-
ible with the histomorophometric analysis of Odvina et al.
Relatively few reports have included bone turnover markers,
and in the majority of cases, they did not suggest over-
suppression of bone turnover, as they were measured after
complete atypical femoral fractures had occurred [1, 23, 28,
29, 36]. Complete fractures have been shown to significantly
increase bone turnover markers, so patients in our study with
concurrent complete fractures would have a misleadingly
elevated NTX value [18]. The change in the NTX levels
during treatment in our series of patients initially increases
and then decreases, indicating an initial phase of bone re-
sorption when teriparatide treatment is initiated. The stimu-
lation of osteoclast resorption along existing fracture lines is
an important step in the process of stress fracture healing
[16]. The pre-existing suppression in some patients and mild
increase in BSAP after teriparatide treatment is indicative of
a blunted bone formation response. With the limited number
of patients in our study, we were not able to identify differ-
ences in the behavior of bone markers between patients that
did and did not heal.

The literature is still lacking evidence to identify an
optimum management strategy for bisphosphonate-associat-
ed incomplete atypical femoral fractures. Our study provides
further evidence that fractures with a radiolucent line appear
to be more likely to fail a short course of conservative
management and require surgical prophylaxis. In addition,
teriparatide treatment may hold promise in promoting heal-
ing in fractures without a radiolucent line. Unfortunately,
fractures with a radiolucent line may require longer duration
of treatment than the 3 months given in our series. The
management approach described in this study has the poten-
tial to both prevent progression to complete fracture and help
define when surgical intervention is required.
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