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The Outcome of Surgically Treated Femur Fractures Associated
With Long-Term Bisphosphonate Use

Yoram A. Weil, MD, Gurion Rivkin, MD, Ori Safran, MD, Meir Liebergall, MD, and A. Joseph Foldes, MD

Introduction: Bisphosphonates (BPs) evolved as the mainstay for the
treatment of osteoporosis, reducing the incidence of fractures. Recently
several publications described the occurrence of low-energy subtrochanteric
and femoral shaft fractures associated with long-term BP use. The aim of this
study was to describe the outcome of surgically treated femur fractures
associated with prolonged BP use.

Patients: Fifteen patients suffering from 17 atypical femoral fragility frac-
tures associated with long-term (>3 years) BP use were located. Data
included fracture type, time of BP use, last bone mineral density DEXA
scores for the femoral neck and spine, type of surgery, and the need for
revision.

Results: Fourteen female patients and one male patient were identified. The
median age was 73 years (range, 51-80 years). The mean BP use was 7.8
years (range, 4—13 years). Fourteen patients had low-energy traumatic
femoral shaft (proximal and distal) or low subtrochanteric fractures. The
mean lumbar spine (for 13 patients) bone mineral density T-score was —3.0,
whereas mean femoral neck T-score was — 1.8 with only three patients in the
osteoporotic range.

Fracture healing after the first procedure for patients treated with
nails was 54%, with 46% of patients requiring revision surgery. These
included nail dynamization, exchange nailing, and one revision to a blade
plate. All of these eventually healed.

Conclusions: BP-related fractures are a recently described phenomenon.
Despite initial osteoporosis, the DEXA scan may appear outside the osteo-
porotic range for the femoral neck in these patients. In addition, a much
higher failure rate with intramedullary nailing requiring revision surgery may
occur with these patients.
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During the last two decades, bisphosphonates (BPs)
evolved as the mainstay therapy of osteoporosis. Their
efficacy in reducing the incidence of fractures, including
proximal femur fractures, in osteoporotic women has been
demonstrated in several studies.!-2 The efficacy and safety
of even long-term (5-10 years) therapy has also been
established.?#
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Recently, several publications described subtrochan-
teric and low-energy femoral shaft fractures among patients
associated with long-term BP use.>'° These fractures differ
from the typical proximal femoral fracture associated with
osteoporosis. They are caused by low-energy mechanisms,
with typical radiographic features of thickened medial cortex
and a beaking of the lateral cortex, appearing as insufficiency
fractures.®!! Other typical described features include con-
tralateral fractures in up to one half of the cases and localized
thigh pain as a prodromal phase, which may precede the
fracture by months.%!-12 Although these descriptions are
becoming more frequent, the information regarding the treat-
ment and outcome of these fractures still remains unknown.
Our hypothesis was that the significantly altered bone metab-
olism caused by prolonged BP treatment would adversely
affect bone healing.

Between the years 2005 and 2009, we have treated 17
femoral fractures in 15 consecutive osteoporotic patients
previously treated with BPs. The aim of this study was to
describe the outcome of surgically treated femur fractures
associated in these patients and to add relevant clinical
information about these uncommon fractures.

PATIENTS AND METHODS

Osteoporotic patients, previously treated with BPs, who
sustained atypical fragility fractures of the femur, were ret-
rospectively included. Patients with active malignancies in-
volving bone were excluded. These fractures consisted of
low-energy transverse subtrochanteric, femoral shaft, and
distal femoral fractures, all featuring the same morphology
and characteristics described for atypical femur fractures
associated with BP use.!!:'? Fracture classification was made
according to the Association of the Study of Internal Fixation
and the Orthopaedic Trauma Association classification system.!3
All patients were operated in our institution.

Follow-up visits and radiographs were performed in our
outpatient clinics at 6 weeks, 12 weeks, 6 months, and 1 year
postoperatively. Fracture healing was assessed by an inde-
pendent observer (G.R.). Radiographic healing was defined
as callus bridging of three of four cortices on anteroposterior
(AP) and lateral radiographs,!4 corresponding to RUST score
of at least 8 to 9,'5 as well as painless weight bearing on the
affected extremity. When available, we have reviewed,
through the medical records, the results of the last bone
mineral density (BMD) study at the anteroposterior (AP)
lumbar spine and femoral neck region before the fracture.
BMD was measured by dual-energy x-ray film absorptiom-
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Figure 1. A 73-year-old female patient with a 7-year history of BP use. She sustained bilateral distal femoral shaft fracture af-
ter a simple fall on the sidewalk (A, B). After reduction and fixation with bilateral retrograde nails, the preexisting medial thick-
ening and preinjury callus formation probably caused by a stress reaction are visible (C). The patient underwent uneventful

healing at 3 months.

etry, using either a Hologic or a GE-Lunar machine. BMD T-
and Z-scores, comparing the measured value to the peak bone
mass and mean age-matched BMD, respectively, were de-
rived using manufacturers’ database for the spine and
NHANES II data for the femoral neck.!¢

Nine femoral shaft fractures were treated with ante-
grade, locked, reamed intramedullary (IM) nails inserted
through the piriformis fossa (AO universal IMN, Synthes,
Battlach, Switzerland). These were performed by trauma
surgeons, using a radiolucent table. Four subtrochateric frac-
tures were treated with cephalomedullary nails (PFN, Syn-
thes, Oberdorf, Switzerland) using a fracture table and a
trochanteric entry point. Of the three distal-third femoral
shaft fractures, one was treated with antegrade nail and one
with retrograde femoral nails (bilateral case; Smith and
Nephew, Memphis TN; Fig. 1). Another patient with a
similar fracture was treated with a submuscular locked plate
(LCP 4.5-mm titanium distal femoral locking plate; Synthes).
As in the early years in treating these low-energy femur
fractures, in several cases the fracture sites were opened for
obtaining tissue for biopsy to rule out malignancy. Thus,
seven cases of open nailing with biopsy were performed. It
should be noted, however, that the incision and stripping at
the fracture area were minimal and did not include excessive
retraction and placement of bone clamps. In two additional
cases, the fracture site was opened because of failed attempts
for closed reduction. In six other cases, nailing was per-
formed in a closed fashion. In one case, plating was per-
formed through a minimally invasive submuscular approach.
In most cases, early partial weight bearing using a walker was
encouraged, with progression to full weight bearing in 6
weeks.

RESULTS

Seventeen fractures in 15 patients (14 females and 1
male patient) were identified. Three of the patients had
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bilateral fractures, two on the same instance (patients 9 and
10; Tables 1 and 2). The median age was 73 years (range,
51-85 years).

The mean BP use was 7.8 years (range, 4—13 years).
The BP used varied and included etidronate, pamidronate,
alendronate, risedronate, and zoledronate. However, alendro-
nate was the most frequently prescribed BP.

BMD data were available in 14 patients (Table 1). The
mean (=SD) lumbar spine T-score was —3.0 = 1.0. In 71% of
the patients, the T-score was =—2.5, which defines osteoporosis
according to the World Health Organization classification.!” The
mean femoral neck BMD T-score was —1.8 = 1.0, only 20%
had T-scores within the osteoporotic range.

Lumbar spine z-score of =—2.0, which defines signif-
icantly reduced BMD compared with age-matched controls,
was observed in 46% of the patients. None of the study
patients had a femoral neck z-score =—2.0.

None of the patients were smokers. BP therapy was
discontinued immediately after the fracture in seven patients
diagnosed in recent years. In six patients from the early study
period, BP therapy was discontinued a couple of years later,
along with the emerging awareness to the possibility of the
association of this treatment with atypical subtrochanteric
fractures (data were not available for the remaining two pa-
tients). In three patients, treatment with teriparatide, a parathy-
roid hormone analog with anabolic effect on bone, was initiated
after the fracture. Nonsteroidal anti-inflammatory agents were
withheld in all patients after immediate postoperative period
(first 6-12 weeks).

Although the patients were referred to the metabolic
bone clinic of the senior author, a complete work-up was
available only for the minority of patients who complied with
the follow-up. Calcium, phosphate, and creatinine levels were
normal for all examined patients. Parathyroid hormone levels
were slightly increased in two patients and within normal
limits in another six. Vitamin D levels were insufficient (<30
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TABLE 1. Patient Demographics, Mechanism of Injury, and BMD Data
DEXA Score
Spine Femoral Neck
Fracture Duration of BP
Patients SN Age (Yr) Gender Mechanism Treatment (yr) T-Score Z-Score T-Score Z-Score
1 80 Female Fall 5 —-2.7 0.0 —2.2 >0
2 73 Female Fall 4 —-3.5 —1.2 —2.8 —-0.9
3 62 Female Fall 8 —4.5 —-2.9 —2.7 -13
4 72 Female Fall 4 —4.4 -2.1 —2.6 —0.7
5 73 Female Fall 12 —23 -0.3 -1.9 —0.1
6 85 Female Fall 7 N/A N/A —-14 1.1
7 62 Female Fall 8 -13 —0.1 -0.2 1.0
8 72 Female Fall 12 N/A N/A N/A N/A
9 75 Female Fall 7 N/A N/A N/A N/A
9 75 Female Fall 7 N/A N/A N/A N/A
10 51 Female Fall 5 N/A N/A -1.8 —1.1
10 51 Female Fall 5 N/A N/A N/A N/A
11 73 Female Fall 11 —4.4 -2.0 N/A N/A
12 52 Male Fall 13 —-2.5 2.1 —-23 —-1.5
13 63 Female Fall 5 -1.9 —0.6 0.5 1.7
14 73 Female Atraumatic 12 -3.0 -0.7 —24 —-04
15 76 Female Fall 9 —-29 -0.5 —14 0.7

TABLE 2. Orthopedic Data Regarding Fracture Type, Index, and Revision Surgery

Patient SN Fracture (AO/OTA) Index Surgery Open/Closed Reduction First Revision Second Revision
1 Shaft 32A3 IMN Open + Bx Dynamization Exchange nail
2 Subtrochanteric 32A3.1 CMN Open + Bx Exchange nail
3 Shaft 32A3 IMN Open + Bx
4 Shaft 32A3 IMN Open + Bx
5 Distal shaft 32A2 IMN Closed
6 Subtrochanteric 32A3.1 CMN Closed Blade plate
7 Subtrochanteric 32A3.1 CMN Open nailing Dynamization
8 Shaft 32A3 IMN Open + Bx Dynamization
9 Distal shaft 32A2 IMN Closed
9 Distal shaft 32A2 IMN Closed

10 Shaft 32A3 IMN Closed

10 Shaft 32A3 IMN Closed Exchange nail

11 Shaft 32A3 IMN Open + Bx

12 Shaft 32B1 IMN Closed Dynamization

13 Distal shaft 32A3 IMN Open nailing

14 Distal shaft 32A3 LCP Closed

15 Subtrochanteric 32B1.1 CMN Open + Bx

IMN, intramedullary nail; CMN, cephalomedullary nail; LCP, locked compression plate; BX, biopsy.

ng/mL) in four patients and normal in two. Bone resorption
markers (carboxy-terminal collagen crosslink or deoxypyr-
idinoline) were in the low normal range in all five patients in
whom they were measured. In one patient, osteocalcin, a
bone formation marker, was measured and found to be
extremely low.

Reoperations occurred in seven patients (46%; Table
2). Out of the femoral shaft and subtrochanteric fractures
treated with nails (16 fractures), seven (53%) underwent
secondary procedures that composed of nail dynamization
(three fractures), exchange nailing to a larger diameter nail
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(three fractures), and revision to a blade plate (one frac-
ture). The overall surgical treatment and fracture types are
depicted in Table 2. Two illustrative cases are presented in
Figures 1 and 2.

In one patient, we retrospectively reviewed a contralat-
eral fracture fixed a few years earlier that was morphologi-
cally suspicious of atypical subtrochanteric fracture. Because
surgery was performed elsewhere before the study period, it
was not included. In another patient, a radiographic stress
reaction caused by contralateral thigh pain was observed and
prophylactic intrameduallary nailing was performed.
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Figure 2. A 51-year-old liver transplant patient who was treated with alendronatefor the past 13 years because of osteoporo-
sis. (A) AP radiograph of the broken femur after a domestic fall demonstrates typical thickened cortex and lateral beaking. (B)
At 6 months after operation patient complains of pain during weight bearing—radiographs demonstrate scant woven bone-
like callus formation. Patient was given systemic PTH analog injections, and the distal locking screws were removed, 18
months after index surgery, a solid union appeared and the patient is asymptomatic (C).

DISCUSSION

In this study, we report our experience with fractures as
well as their problematic outcome, BP-associated atypical
femoral.

Traditionally, IM nailing of femoral shaft fractures is
reported as a very successful surgical procedure, with 98% to
99% healing rate.'®-' However, in our study, we observed
healing of these fractures after IM nailing in only 54%, with
46% of patients requiring additional procedures. Surgical
revision ranged from minor revision surgery such as nail
dynamization to more extensive procedures consisting of
exchange nailing and plating. Because our results with IM
nailing of femoral fractures in more than 1,500 unselected
patients are consistent with the acceptable nonunion rates of
less than 2%,%° the higher failure rate obtained with BP-
related fractures might reflect an impaired bone healing
process rather than differences in surgical technique.

As pointed out with respect to the high failure rate of
the surgical procedures in these patients, qualitative bone
defect caused by prolonged BP therapy could also be a
causative mechanism of these atypical fragility fractures at
the proximal and distal femur.

Cortical thickening appears to be one of the hallmarks
of BP-associated femoral shaft fractures. This was quantified
by Lenart et al.!' who found a significantly higher cortical
thickness and bone diameter ratio in the femur of BP-treated
patients with femoral shaft fractures, compared with cases
with femoral shaft fractures not exposed to BPs, as well as in
control women who sustained intertrochanteric or femoral
neck fractures (0.30 vs. 019). Our BMD data support this
finding and manifest discordance between the severely re-
duced BMD at the spine compared with the relatively main-
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tained values at the femoral neck. Thus, in this study, using
the accepted definition of osteoporosis,> femoral neck BMD
was within the osteoporotic range in only 20% of the study
patients, compared with an osteoporotic BMD at the spine
that was observed in 70% in the same patients.

A recent experiment in alendronate-treated animals with
normal bone density, the actual mechanical strength adjusted for
bone density was significantly reduced.?! In another canine
study, alendronate-treated animals were found to have hyper-
mineralization and accumulation of microfractures resulting in
decreased bone quality and increased brittleness albeit normal
appearing mineral density.?? In a human bone biopsy study on
long-term BP-treated patients presenting with cortical fractures,
suppressed bone turnover was found in vast majority (15 of 21)
of them.23 This is consistent with the findings of low levels of
bone turnover markers in the subset of our patients in whom
these markers were measured.

This apparently impaired bone metabolism associated
with BP therapy may indicate a need for more aggressive
medical and intraoperative biologic augmentation, such as pri-
mary bone grafting, the use of human recombinant bone
morphogenic protein, or treatment with systemic parathyroid
hormone analogs.?*2¢ The latter drug had shown some initial
promising clinical effects with osteoporotic fracture healing.?”

Another finding, not mentioned in previous studies, is
the occurrence of distal femoral shaft fractures. The distal
femoral shaft fractures are similar in both mechanism and
radiographic morphology to the more proximal femur shaft
fractures (i.e., cortical thickening and lateral beaking).

Historically, BPs have been proven to be effective in
the treatment of osteoporosis and the prevention of osteopo-
rotic related hip, vertebral, and wrist fractures.!:*> Current
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knowledge suggests that the risk of a BP-related stress and
atypical fracture is relatively small, compared with their benefit
in reducing osteoporotic fractures. Thus, a recent study esti-
mated the risk of a femoral stress fracture after long-term BP use
to be about 1:1,000 patients, 46-fold higher than previously
untreated patients.'? In their study, the authors quoted this figure
as an acceptable risk, because the BP therapy reduces the risk of
fractures by a ratio of 15:1,000. Furthermore, several recent
reports cast a shadow about the association of atypical femoral
shaft fractures and BP use. An observational register-based
study failed to find an association between BP use and atypical
femur shaft fractures.2® Post hoc analysis of three major phase 3
studies of BPs for postmenopausal osteoporosis found no dif-
ference in the incidence of femoral shaft fracture between the
treatment and placebo groups.?® An Food and Drug Adminis-
tration Drug Safety Communication concluded that currently a
clear connection between BP use and a risk of atypical subtro-
chanteric femur fractures has not been shown.’® Obviously,
further research on a larger number of cases is required to
accurately answer this intriguing question.

The limitations of this study are common to all other
published case series regarding BP-related fractures, consisting
of a retrospectively collected small number of patients. Although
definite conclusion cannot be made as to the recommended
treatment period, the possible adverse effects of long-term BP
treatment, namely the risk of fracture and possible complications
after surgical treatment of these fractures, should be considered.
In addition, not all patients were thoroughly evaluated for bone
metabolic turnover as well for bone pathology. Further investi-
gation is needed for establishing therapeutic guidelines based on
patient-specific metabolic work-up.

In conclusion, we think that the approach to BP-related
femoral fractures requires a different medical and surgical care
strategy used for “conventional” subtrochanteric and femoral
shaft fractures. These strategies are yet to be analyzed through a
multidisciplinary approach. Further investigations and prospec-
tive studies are necessary to guide the clinician in regard to
optimal approach of BP administration in osteoporotic patients
to minimize these rare, but serious complications.

REFERENCES

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

2. Osteoporosis prevention, diagnosis, and therapy. JAMA. 2001;285:785—
795.

3. Ensrud KE, Barrett-Connor EL, Schwartz A, et al. Randomized trial of
effect of alendronate continuation versus discontinuation in women with
low BMD: results from the Fracture Intervention Trial long-term exten-
sion. J Bone Miner Res. 2004;19:1259-1269.

4. Wells G, Cranney A, Peterson J, et al. Risedronate for the primary and
secondary prevention of osteoporotic fractures in postmenopausal
women. Cochrane Database Syst Rev. 2008;CD004523.

5. Goh SK, Yang KY, Koh JS, et al. Subtrochanteric insufficiency fractures
in patients on alendronate therapy: a caution. J Bone Joint Surg Br.
2007;89:349-353.

6. Kwek EB, Goh SK, Koh JS, Png MA, Howe TS. An emerging pattern
of subtrochanteric stress fractures: a long-term complication of alendro-
nate therapy? Injury. 2008;39:224-231.

7. Neviaser AS, Lane JM, Lenart BA, Edobor-Osula F, Lorich DG.
Low-energy femoral shaft fractures associated with alendronate use.
J Orthop Trauma. 2008;22:346-350.

190

12.

13.

20.

21.

22.

23.

24.

25.

217.

28.

29.

30.

. Capeci CM, Tejwani NC. Bilateral low-energy simultaneous or sequen-

tial femoral fractures in patients on long-term alendronate therapy.
J Bone Joint Surg Am. 2009;91:2556-2561.

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

Severely suppressed bone turnover: a potential complication of alendro-
nate therapy. J Clin Endocrinol Metab. 2005;90:1294—-1301.

. 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;32:775-785.

. Lenart BA, Lorich DG, Lane JM. Atypical fractures of the femoral

diaphysis in postmenopausal women taking alendronate. N Engl J Med.
2008;358:1304—1306.

Schilcher J, Aspenberg P. Incidence of stress fractures of the femoral
shaft in women treated with bisphosphonate. Acta Orthop. 2009;1-3.
Marsh JL, Slongo TF, Agel J, et al. Fracture and dislocation classification
compendium - 2007: Orthopaedic Trauma Association classification, data-
base and outcomes committee. J Orthop Trauma. 2007;21:S1-133.

. Whelan DB, Bhandari M, McKee MD, et al. Interobserver and intrao-

bserver variation in the assessment of the healing of tibial fractures after
intramedullary fixation. J Bone Joint Surg Br. 2002;84:15-18.

. Whelan DB, Bhandari M, Stephen D, et al. Development of the radio-

graphic union score for tibial fractures for the assessment of tibial fracture
healing after intramedullary fixation. J Trauma.2010;68:629—632.

. Looker AC, Wahner HW, Dunn WL, et al. Updated data on proximal femur

bone mineral levels of US adults. Osteoporos Int. 1998;8:468—489.

. Kanis JA. Assessment of fracture risk and its application to screening for

postmenopausal osteoporosis: synopsis of a WHO report. WHO Study
Group. Osteoporos Int.1994;4:368 -381.

. Tornetta P, 3rd, Tiburzi D. Antegrade or retrograde reamed femoral

nailing. A prospective, randomised trial. J Bone Joint Surg Br. 2000;
82:652-654.

. Winquist RA, Hansen ST, Jr.,, Clawson DK. Closed intramedullary

nailing of femoral fractures. A report of five hundred and twenty cases.
J Bone Joint Surg Am. 1984;66:529—-539.

Shroeder JE, Mosheiff R, Khoury A, Liebergall M, Weil YA. The
outcome of closed, intramedullary exchange nailing with reamed inser-
tion in the treatment of femoral shaft nonunions. J Orthop Trauma.
2009;23:653—-657.

Allen MR, Burr DB. Changes in vertebral strength-density and energy
absorption-density relationships following bisphosphonate treatment in
beagle dogs. Osteoporos Int. 2008;19:95-99.

Mashiba T, Hirano T, Turner CH, Forwood MR, Johnston CC, Burr DB.
Suppressed bone turnover by bisphosphonates increases microdamage
accumulation and reduces some biomechanical properties in dog rib.
J Bone Miner Res. 2000;15:613—620.

Armamento-Villareal R, Napoli N, Diemer K, et al. Bone turnover in
bone biopsies of patients with low-energy cortical fractures receiving
bisphosphonates: a case series. Calcif Tissue Int. 2009;85:37-44.
Southwood LL, Frisbie DD, Kawcak CE, et al. Evaluation of Ad-BMP-2
for enhancing fracture healing in an infected defect fracture rabbit
model. J Orthop Res. 2004;22:66—72.

Jones AL, Bucholz RW, Bosse MJ, et al. Recombinant human BMP-2
and allograft compared with autogenous bone graft for reconstruction of
diaphyseal tibial fractures with cortical defects. A randomized, con-
trolled trial. J Bone Joint Surg Am. 2006;88:1431-1441.

. Gardner MJ, van der Meulen MC, Carson J, et al. Role of parathyroid

hormone in the mechanosensitivity of fracture healing. J Orthop Res.
2007;25:1474—1480.

Cipriano CA, Issack PS, Shindle L, Werner CM, Helfet DL, Lane JM.
Recent advances toward the clinical application of PTH (1-34) in
fracture healing. HSS J. 2009;5:149-153.

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

Black DM, Kelly MP, Genant HK, et al. Bisphosphonates and fractures of
the subtrochanteric or diaphyseal femur. N Engl J Med. 2010;362:1761-1771.
FDA. FDA Drug Safety Communication: Ongoing safety review of oral
bisphosphonates and atypical subtrochanteric femur fractures. 2010.
Available at: http://www.fda.gov/Drugs/DrugSafety/PostmarketDrug
SafetyInformationforPatientsandProviders/ucm203891.htm.  Accessed
April 19, 2010.

© 2011 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm203891.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm203891.htm

