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Case Report
Treatment of Bisphosphonate-Associated Atypical Femur Fracture
With a Combination of Teriparatide and a Novel Surgical Technique
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Background/Objective: Atypical femur fractures (AFFs) caused by long-term bisphosphonate use are
associated with high rates of delayed healing and nonunion.
Case Report: A 64-year-old womanwith osteopenia on alendronate for 15 years sustained a displaced
left AFF following a fall from standing height. Imaging showed an acute displaced transverse
diaphyseal left femur fracture with lateral cortical thickening and beaking. She underwent an open
reduction and internal fixation with insertion of a cephalomedullary nail placed in compression
mode, utilizing a novel technique involving intraoperative removal of the endosteal hypertrophied
cortical bone at the fracture site. Alendronate was stopped and teriparatide was initiated post-
operatively. Radiographs at 3.5 months postsurgery showed evidence of normal fracture union with
mature callus formation.
Discussion: AFFs caused by prolonged bisphosphonate use have a high rate of delayed healing and
nonunion due to abnormal bone remodeling. Use of teriparatide postoperatively has been shown to
reduce healing time in small observational studies in surgically treated patients. Our case demon-
strates an expedited healing time of 3.5 months using teriparatide combined with a novel surgical
technique involving removal of a portion of the abnormally remodeled bone and placement of an
intramedullary nail in compression mode.
Conclusion: Our case demonstrates an expedited healing time of 3.5 months compared to the average
reported healing time for AFF of 10.7 months, supporting the use of the combination of teriparatide
and a novel surgical technique.
© 2024 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Bisphosphonates, denosumab, and romosuzumab are effective
in reducing the risk of fragility fracture but are rarely associated
with atypical femur fracture (AFF).1 The risk of AFF increases with
the duration of use and declines after discontinuation.2 AFFs often
exhibit delayed healing with time to union averaging 9 to 12
months after surgical treatment and frequently require revision
surgery. We report a case of a patient on long-term bisphosphonate
therapywho sustained an AFF andwas treatedwith a novel surgical
technique involving removal of part of the bone at the fracture site
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followed by treatment with teriparatide, a parathyroid hormone
(PTH)-analog agent, postoperatively. This novel treatment strategy
resulted in an expedited time to union of 3.5 months.

Case Report

A 64-year-old Hispanic female with a history of osteopenia
presented to the emergency roomwith severe left thigh pain after a
fall from standing height. She had been treated with alendronate
70 mg weekly for 15 consecutive years for osteopenia. She reported
antecedent left thigh pain for 7 months prior to presentation and
had sought medical attention, but no imaging was done, nor
diagnosis made.

On physical examination, she had a shortened and externally
rotated left lower extremity with ecchymosis in the anteromedial
region of the mid-thigh and pain with any movement of that ex-
tremity. Radiographs of the left femur showed an acutely displaced
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Highlights

� Surgically treated atypical femur fractures (AFF) have high
complication rates.

� Teriparatide is an anabolic agent that stimulates bone for-
mation by osteoblasts.

� There are limited data supporting the use of teriparatide for
treatment of AFF.

� We report expedited AFF healing with teriparatide and a novel
surgical technique.

Clinical Relevance

Bisphosphonate-associated atypical femur fractures are chal-
lenging to treat, with high rates of delayed union and nonunion.
We report use of a novel surgical technique with removal of
abnormal bone at the fracture site with intramedullary nailing
followed by treatment with teriparatide, resulting in an expedited
healing time of 3.5 months.
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fracture in the subtrochanteric region (Fig. 1). The fracture line was
transverse and became oblique medially with the presence of
“beaking” at the fracture site on the lateral cortex and thickened
cortices. Given these characteristic radiologic features and the
supporting history of minimal trauma and long-term bisphospho-
nate use, the diagnosis of an AFF was made. A contralateral
femur radiograph showed increased cortical thickening of the right
femoral diaphysis, suggestive of impending AFF.

Laboratory tests showed serum calcium of 8.8 mg/dL
(8.6-10.2 mg/dL), serum 25-hydroxy vitamin D level of 20.2 ng/mL
(30-80 ng/mL), and an elevated serum intact-PTH of 124.8 pg/mL
(8.7-77.1 pg/mL), thought to be secondary to vitamin D deficiency. A
dual energy X-ray absorptiometry scan from an outside facility 4
days prior to her presentation showed a T-score of �2.1 at the left
femoral neck, �1.4 at the left hip, and �1.4 at the lumbar spine.

She underwent open reduction and internal fixation with
insertion of a cephalomedullary nail placed in compression mode.
A novel technique of intraoperative removal of the endosteal
hypertrophied cortical bone at the fracture site with a Midas rex
cutting burr was utilized and there was excellent cortical contact
after reduction. She had immediate relief of her pain and was
permitted to fully bear weight postoperatively.

Alendronate was stopped immediately. Teriparatide was
initiated at a doseof 20mgdaily 7weeks after surgery, and continued
for 8 months. At follow-up 3.5 months postsurgery, she was pain--
free and fully weight-bearing, and her radiographs showed normal
fracture union with mature callus formation (Fig. 2).

Prophylactic surgery of the contralateral side with intra-
medullary nailing was recommended due to high risk for
impending AFF, but the patient opted to defer surgery.
Discussion

AFFs are rare but feared adverse events associated with the use
of antiresorptive therapies. A large population study found the
incidence of AFF to be 1.74 per 10 000 patient years, increasing to
13.1 with >8 years of cumulative bisphosphonate use, and rapidly
Fig. 1. Preoperative radiograph. Atypical femur fracture showing transverse fracture
line with medial obliquity (yellow arrows), flaring at the lateral cortex at the fracture
site (pink arrow), thickening of the diaphysis of the lateral cortex (blue arrows).
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declining to 0.5, 15 months after discontinuation.3 While no data
directly comparing incidence of AFF with oral and intravenous
bisphosphonate use is available, a secondary analysis of 3
Fig. 2. Postoperative radiograph. At 3.5 months depicting mature callus formation at
fracture site.
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randomized controlled trials estimated the relative hazard of AFF
among patients on zolendronic acid compared to placebo to be 1.50
after a mean of 3 years of use, and on alendronate to be 1.03 after
4.2 years, and 1.33 after 10 years of use.4 Population studies suggest
a higher risk in Asian and Hispanic individuals and in patients with
a history of prolonged glucocorticoid use.1 Rheumatoid arthritis
and 25 hydroxy vitamin D levels <16 ng/mL were also identified as
risk factors for AFF in a small case series but not corroborated by
other studies.5

AFFs are distinguished from other fractures by specific clinical
and radiographic criteria (Table).6 To satisfy the case definition of
AFF, the fracture must be located along the femoral diaphysis from
just distal to the lesser trochanter to just proximal to the supra-
condylar flare andmust have at least 4 out of 5major features. None
of the minor features are required but are often characteristic of
these fractures. In our case, all major and 2 minor criteria were
present.

AFFs are thought to result from changes in the mechanical
properties of the bone caused by suppressed bone turnover, evi-
denced by significantly lower levels of bone turnover markers
(procollagen type 1 N-terminal propeptide, tartrate resistant acid
phosphatase 5b, and undercarboxylated osteocalcin) within the
first 24 hours compared to typical femoral fractures,7 and the for-
mation of microcracks with impaired healing.1 These fractures
typically undergo poor healing, with 1 study demonstrating an
average time to union of 10.7 months after surgery.8 Moreover,
there are frequent complications including nonunion, malunion,
deformity, continued pain, and need for surgical revision.9

In patients treated with bisphosphonates, the risk of AFF can be
reduced with the use of a “drug holiday.” This is the practice of
temporarily discontinuing a drug to avoid long-term cumulative
adverse effects with chronic use. The timing and use of drug holi-
days must be individualized, taking into account the risk of oste-
oporotic fragility fractures off therapy.3 For bisphosphonates, a drug
holiday should be considered after 3 to 5 years of treatment for
individuals with low tomoderate risk of fracture for a period of 1 to
2 years to decrease the risk of AFF.10 Unfortunately, our patient was
treated for 15 consecutive years with a bisphosphonate without a
drug holiday even though she was at low risk of a fragility fracture.
In contrast, a drug holiday is not recommended for denosumab due
to a rapid decline in bone mineral density and an increased risk of
vertebral fractures upon discontinuation.11

Moreover, it is important to recognize clinical signs and symp-
toms which could indicate impending AFF in a patient on
bisphosphonate therapy. Our patient reported anterior thigh pain,
characteristic of impending AFF,12 in the months leading up to her
presentation but unfortunately an impending AFF was not recog-
nized. The International Society of Clinical Densitometry recom-
mends bilateral full-length femur images to screen for localized
cortical abnormalities in patients with a cumulative
Table
ASBMR Task Force 2013 Revised Case Definition of AFFs6

Major features

Associated with minimal or no trauma
Fracture line originates at the lateral cortex, is substantially transverse in

its orientationdmay become oblique as it progresses medially
Complete fractures extend through both cortices and may be associated

with a medial spike; incomplete fractures involve only the lateral cortex
Noncomminuted or minimally comminuted
Localized periosteal or endosteal thickening of the lateral cortex is

present at the fracture site (“beaking” or “flaring”)

Abbreviations: AFF ¼ atypical femur fracture; ASBMR ¼ American Society of Bone and M
Bolded criteria were observed in our patient.
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bisphosphonate exposure of�3 years.13 If features of AFF are found,
antiresorptive therapy should be discontinued, with use of alter-
native pharmacologic therapy in those with continued high frac-
ture risk. In symptomatic patients whomeet criteria for incomplete
AFF, prophylactic intramedullary nail fixation is recommended.8

Our patient’s AFF was surgically treated with a novel technique
of open reduction and internal fixation with insertion of a cepha-
lomedullary nail placed in compression mode, which involves
maximizing cortical opposition, minimizing cortical gapping at the
fracture site, and placing force through the cortices intra-
operatively.14 This was achieved by placing the distal interlocking
screws first and then forcing the fracture to compress through the
nail in a retrograde fashion. Additionally, as the hypertrophied bone
in AFF has abnormal remodeling characteristics, it was removed
from the fracture site with a Midas rex cutting burr. The burr was
placed intramedullarly and used to contour the cortices for excel-
lent direct cortical opposition. These technical modifications are
not routinely performed for intramedullary nail fixation of femur
fractures.

Teriparatide and abaloparatide are PTH and parathyroid hor-
mone related protein analogs respectively which stimulate bone
formation. The use of teriparatide in AFFs after surgical treatment
has been associated with improved healing times in small studies.
Pooled data from observational studies showed that radiologic
healing was achieved in 6 months in 76% of surgically treated pa-
tients with complete AFFs on teriparatide vs 51% in the non-
teriparatide group.15 However, these studies were heterogenous
and insufficiently powered to demonstrate a clear benefit with
teriparatide. A recent meta-analysis of 7 cohort studies demon-
strated lower rates of delayed union, nonunion, and shorter healing
times (mean difference 1.69 months) in patients with AFF who
received teriparatide compared to those who did not.16 While this
data supports teriparatide use, larger studies with randomized
controlled trials are needed to determine its efficacy for AFF. The
duration of teriparatide use in AFF is not well defined, with experts
recommending a 3 to 6 month course to enhance fracture healing.
Furthermore, it is important to recognize the challenges with
obtaining anabolic therapies for off-label use due to high cost and
possible lack of insurance coverage. To our knowledge, no studies
on the use of abaloparatide in patients with AFF have been pub-
lished, although mouse models have shown a similar effect of
abaloparatide as teriparatide on fracture healing.17

In our patient, teriparatide use was combined with a novel
surgical technique involving removal of abnormally remodeled
bone at the fracture site followed by intramedullary nail fixation in
compression mode. This approach led to excellent clinical and
radiologic results and an expedited healing time of 3.5 months.
Furthermore, our patient had radiologic features of an impending
AFF on the contralateral side. Prophylactic surgery was recom-
mended but she has opted to be managed conservatively. She
Minor features

Generalized increase in cortical thickness of the femoral diaphyses
Unilateral or bilateral prodromal symptoms such as dull or aching
pain in the groin or thigh
Bilateral incomplete or complete femoral diaphysis fractures

Delayed fracture healing
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continues to remain fracture and pain-free on the contralateral side
after treatment with teriparatide for 8 months. This suggests a
possible role of teriparatide in preventing impending AFF, although
further study is needed to explore this observation.

Conclusion

A combination of a novel surgical technique and postoperative
teriparatide was associated with an excellent clinical and radiologic
outcome in our patient with a bisphosphonate-associated AFF.
Further studies are needed to explore the effectiveness of this novel
surgical approach as well as the use of teriparatide in the treatment
of AFF.
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