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ARTICLE INFO ABSTRACT

Keywords: Atypical femoral fractures (AFFs) occur with minor trauma and are believed to be a potential
Atypical femoral fracture complication of the prolonged use of antiresorptive agents, such as bisphosphonate and deno-
Bone metastasis sumab, for the treatment of bone metastasis. In comparison with typical femoral fractures, AFFs
Denosumab have a higher incidence of complications, including implant failure and delayed union or
Bone graft . . .
nonunion. This report describes the case of a 42-year-old woman who developed denosumab-
associated AFF after denosumab therapy for bone metastasis from breast cancer. Surgical treat-
ment with IMN was performed after open anatomical reduction. To reduce the risk of delayed
union and nonunion, the autogenous bone graft obtained from the iliac crest was conducted. The
radiograph taken 5 weeks after surgery showed callus formation. Full weight bearing was allowed
3 months after surgery. Six months postoperatively, radiographs and computed tomography
images demonstrated bone union. Twelve months after surgery, the patient was able to walk
easily without pain. For cancer patients with bone metastasis whose life expectancy may be
limited, a decline in physical activity can be fatal. Consequently, it is crucial to avoid a decrease in
activities of daily living brought about by delayed union or nonunion. In this regard, autogenous
bone grafting is a viable and effective technique for the treatment of AFFs in patients with bone
metastases.

Introduction

Atypical femoral fractures (AFF) can occur with minor trauma and are considered as a potential complication of the long-term use
of antiresorptive agents, such as bisphosphonate (BP) and denosumab. Denosumab, an inhibitor of the receptor activator of nuclear
factor-xfB ligand (RANKL), is primarily used for osteoporosis treatment [1]. Although the pathogenesis of AFF has not been fully
elucidated, the long-term administration of antiresorptive agents is known to drastically suppress bone turnover, contributing to the
development of AFF.

Bone-modifying agents (BMAs), such as BP and denosumab, are used not only to treat osteoporosis but also to reduce the frequency
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Fig. 1. (A) Anteroposterior (AP) and (B) lateral radiographs and a (C) three-dimensional (3D) computed tomography (CT) image demonstrate a complete subtrochanteric fracture of the right femur,
extending through both cortices with a medial spike, accompanied by thickening of the lateral cortex.

‘ID 30 DMDYNSDL [,

500101 ($202) IS SModay aspD DUMDL],



T. Yasukawa et al. Trauma Case Reports 51 (2024) 101005

and severity of skeletal-related events (SRE), including pathological fractures and spinal cord compression, in cancer patients with
bone metastasis [2]. With recent advances in chemotherapy, the prognosis of cancer patients, particularly those with distant metas-
tases, has been improving. As a result, the occurrence of bone metastasis and associated SREs is on the rise, and long-term BMA use is
expected to increase in patients at risk of developing AFF [2].

In comparison with typical or osteoporotic femoral fractures, AFFs have been associated with a higher incidence of complications,
including implant failure and delayed union or non-union [1,3]. In patients with a high risk of delayed union or nonunion, bone grafts
are often used to promote bone union and decrease the risk of revision surgery [4]. Here, we present a case of denosumab-associated
AFF in a patient with breast cancer-related bone metastasis that was successfully treated with autogenous bone grafting and intra-
medullary nailing (IMN).

Case summary

A 42-year-old woman, with a medical history of bone metastasis in the lumbar vertebrae from breast cancer, was admitted to our
hospital due to pain in the right thigh. She fell down from a standing position at home. Three months prior to the fall, she began
experiencing mild pain in her right thigh. Nine years ago, the patient was diagnosed with breast cancer and treated with hormone
therapy. She was administered denosumab injections at a monthly dose of 12 mg for seven years. Radiography showed a complete
subtrochanteric fracture of the right femur, which extended through both cortices with a medial spike, accompanied by thickening of
the lateral cortex (Fig. 1). Considering the long-term use of denosumab and imaging findings [1], she was diagnosed with AFF.

Following an open anatomical reduction, surgical treatment using IMN was performed. Autogenous bone grafting was conducted to
reduce the risk of delayed union and nonunion. After harvesting cortical and cancellous bone from the iliac crest, the cortical bone was
crushed into small pieces and mixed with the cancellous bone. A mixed bone graft was then inserted into the fracture site (Fig. 2). The
postoperative course was uneventful. Denosumab administration was resumed a month after the operation. As the radiograph taken 5
weeks post-surgery demonstrated callus formation, partial weight-bearing on the right leg was permitted (Fig. 3). Full weight bearing
was allowed, 3 months post-surgery. Six months post-surgery, radiographs and computed tomography (CT) images demonstrated bone
union (Fig. 4). The patient was able to walk freely without pain, 12 months postoperatively.

Discussion

Compared with typical femoral fractures, AFFs are known to have a higher rate of complications, including implant failure and
delayed union or nonunion. Delayed union is characteristic of AFF and one of the minor features of the AFF definition [1]. Shane et al.
[1] reported that 26 % of AFF cases exhibited nonunion or prolonged bone union. Moreover, Weil et al. [3] found that only 54 % of 17
AFFs healed without necessitating secondary procedures, such as nail dynamization and revision surgery. In a multicenter review of
179 patients with AFFs, 12 % required revision surgery [5]. Healing time is increased for AFF, with an average postoperative time to
union of 7.3 (range, 2-31) months in a meta-analysis of 833 AFFs [6]. Possible reasons for the higher rates of delayed union or
nonunion in AFF include altered biological activity and high mechanical stress in the fractured region. In cancer patients with bone
metastasis, BMAs are used for preventing SREs. In this context, BMA dosing is typically higher, more frequent, and more prolonged
than that for osteoporosis. Consequently, BMAs are likely to exert a greater impact on AFF and may cause greater risks of delayed union
or nonunion. Fukui et al. [2] reported that in cancer patients with AFF, 35 % of the cases resulted in nonunion with an average time to
union of 15.1 (range, 3-30) months.

For cancer patients with bone metastasis, in whom life expectancy may be limited and a decline in physical performance can be

Fig. 2. (A) Anteroposterior (AP) and (B) lateral radiographs of the right femur immediately after intramedullary nail fixation with autogenous
bone grafting.



Fig. 3. (A) Anteroposterior (AP) and (B) lateral radiographs taken 5 after surgery show a callus fomation focusing on bone graft.
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Fig. 4. (A) Anteroposterior (AP) and (B) lateral radiographs and (C) coronal and (D) sagittal computed tomography (CT) images taken 6 months after surgery show bone union.
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fatal, a decrease in activities of daily living due to delayed union or nonunion should be avoided, and a more reliable treatment option
should be considered. Strong fixation and good reduction are essential for bone union. IMN is the gold standard for the operative
fixation of complete AFFs. In the present case, we performed IMN after open anatomical reduction. The administration of teriparatide,
an anabolic agent used for osteoporosis treatment, has been found to improve bone healing and reduce time to union in AFFs [7].
However, teriparatide is contraindicated in cancer patients with bone metastasis. To facilitate bone union and diminish the need for
revision surgery, we performed autogenous bone grafting after IMN in the current case. To date, the efficacy of bone grafting for AFF
remains unclear. In nine cases of AFF nonunion, bone healing was achieved with bone grafting and double plating, with an average
time to union of 14 (range, 7-32) months [8]. Some studies have recommended the use of bone marrow grafting during the primary
fixation of fresh AFF. Iwasaki et al. [9] reported a case of incomplete AFF that was successfully treated with bone marrow trans-
plantation and IMN. Bone union was achieved at 7 months postoperatively. Lovy et al. [10] reported that the injection of bone marrow
aspirate concentrate (BMAC) from the iliac crest into the fracture site after IMN significantly reduced the time to union compared to
controls (3.5 versus 6.8 months, p < 0.001). The union rate, 1 year post-surgery, in the BMAC group was 100 %, whereas that in the
control group was 77 %. Because bone grafts contain osteogenic, osteoinductive, and osteoconductive properties, three essential
components for fracture healing, bone grafting may alter impaired local bone biology and increase biological activity in the AFF.
This case report had several limitations. First, since bone biopsy was not performed, the possibility exists that the fracture may be
due to bone metastasis. However, based on the presence of major AFF features and clinical history, we concluded that the patient was
diagnosed with an AFF. Second, as this was a case report, the true validity of bone grafting could not be assessed. Bone union could
have been achieved without bone grafting, as there was no negative control. Future efforts involving a larger number of cases and
comparative studies employing groups without bone grafting are needed to confirm the validity of bone grafting for AFF.

Conclusion

We report a case of AFF associated with denosumab therapy in a patient with bone metastasis from breast cancer, in whom bone
union was successfully achieved through autogenous bone grafting. Autogenous bone grafting is a useful and effective technique for
the treatment of AFF.
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