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Abstract

Atypical femoral fractures (AFFs) are rare but increasingly recognised complications as-
sociated with prolonged bisphosphonate therapy. We present the imaging findings of a
64-year-old postmenopausal woman who developed bilateral femoral shaft stress injuries
following long-term (4 years) alendronate use. Magnetic resonance imaging demonstrated
Grade 3 stress injuries consistent with early incomplete atypical femoral fractures, with
lateral cortical involvement and surrounding marrow oedema that preceded fracture com-
pletion. Radiographs confirmed an atypical transverse fracture pattern with lateral cortical
beaking and minimal comminution. This case highlights the diagnostic value of MRI in
detecting early stress-related changes prior to fracture completion, particularly in patients
receiving antiresorptive therapy who present with prodromal thigh pain. Recognition
of these imaging features is essential for early diagnosis, appropriate modification of
osteoporosis treatment, and timely surgical intervention.
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Figure 1. A 64-year-old postmenopausal woman with a body mass index (BMI) = 19.6 kg/m2

and a history of severe osteoporosis presented following a complex clinical course culminating in
an acute femoral shaft fracture. Osteoporosis had been diagnosed in 2021 based on dual-energy
X-ray absorptiometry (DEXA), which demonstrated markedly reduced bone mineral density (T-
scores: −3.2 at the lumbar spine, −3.1 at the right hip, and −2.9 at the left hip). Both hips were
assessed in accordance with international DXA recommendations to account for potential side-to-
side differences and to ensure that the lowest T-score was captured for diagnostic and therapeutic
decision-making [1]. Baseline serum 25-hydroxyvitamin D level was 16 ng/mL, indicating vitamin D
deficiency. Oral alendronate 70 mg was initiated weekly in September 2021, together with calcium
carbonate 1200 mg/day and cholecalciferol 1000 IU/day. At the time of treatment initiation, FRAX®

(https://www.fraxplus.org/calculation-tool, accessed on 28 January 2026)-based assessment (using
femoral neck BMD) estimated a 10-year probability of major osteoporotic fracture of 11% and hip
fracture of 1.6%. Follow-up DEXA after 18 months demonstrated significant improvement in bone
mineral density, with T-scores of −1.8 at the lumbar spine, −2.3 at the left hip, and −2.4 at the right
hip. Biochemical evaluation, including parathyroid hormone levels and screening for secondary
causes of osteoporosis, was unremarkable. There was no family history of hip fracture. A history
of anorexia nervosa during adolescence was noted, likely contributing to reduced peak bone mass.
The patient had one full-term pregnancy at the age of 29 years. Menarche occurred at age 15 and
menopause at the age of 54 years. Functionally, the patient was highly active, lived independently
without walking aids, and regularly participated in running and other high-impact activities. From
February 2025, she developed progressive bilateral thigh pain of insidious onset. The pain was
mechanical in nature, exacerbated by weight-bearing, and gradually worsened over several months.
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Initially managed as a benign musculoskeletal condition, the persistence and bilateral distribution
of symptoms prompted further investigation. Magnetic resonance imaging (MRI) of the pelvis,
lumbar spine, and both femora (whole-femur coverage, multiplanar protocol; T1-weighted and
fat-suppressed fluid-sensitive sequences) was performed to exclude referred spinal pathology and
to assess for occult osseous injury. Panels (A,B) (coronal T1-weighted images) demonstrate the
right and left femoral mid-diaphysis, respectively, showing focal lateral cortical thickening with
a discrete linear low-signal fracture line (white arrows), consistent with developing cortical stress
fractures. Panel (C) (coronal fat-suppressed T2-weighted image) demonstrates bilateral bone marrow
oedema extending from the lateral cortex into the adjacent medullary cavity (white arrows), with
associated periosteal reaction, indicating active stress response. Panel (D) (axial STIR image) confirms
the predominant lateral cortical and periosteal involvement (white arrow) and the circumferential
distribution of marrow oedema, supporting the diagnosis of atypical stress injury. No soft-tissue
mass, collection, or features suggestive of infection or malignancy were identified. Overall, the
imaging findings fulfilled the American Society for Bone and Mineral Research (ASBMR) 2014 criteria
for atypical femoral fractures and corresponded to a Grade 3 stress injury according to the modified
Fredericson–Png classification, defined by marrow oedema visible on both T1-weighted and fluid-
sensitive sequences with associated cortical involvement [2–7]. These imaging findings correlated
with the patient’s prodromal thigh pain and are considered highly characteristic of atypical femoral
fractures, particularly in the context of prolonged bisphosphonate therapy [8,9]. Based on these MRI
findings, antiresorptive therapy was discontinued, and the patient was instructed to immediately
offload both lower limbs, avoid high-impact activities, and restrict exercise to low-impact activities.
The imaging findings also prompted close surveillance and orthopaedic consultation for consideration
of prophylactic fixation. The timeline of the case is presented in Supplementary Table S1.

 

Figure 2. Despite these precautions, she subsequently sustained an acute injury after slipping while
exiting a swimming pool and falling directly onto her right (R) side. She presented with acute right
thigh pain and inability to bear weight. Plain radiographs (Panel (A,B)) demonstrated a displaced
transverse fracture of the right femoral shaft with minimal comminution and characteristic lateral
cortical beaking. In the context of preceding prodromal thigh pain, prior MRI evidence of bilateral
stress injury, ongoing bisphosphonate therapy, and typical radiographic features, the fracture was
classified as an atypical femoral fracture precipitated by low-energy trauma. She underwent surgical
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fixation of the right femoral fracture with intramedullary nailing [10]. Post-operatively, she pro-
gressed satisfactorily, and close surveillance of the contralateral femur was instituted in view of
the well-recognised propensity for atypical femoral fractures to occur bilaterally. Following confir-
mation of bilateral atypical femoral fractures, ongoing bisphosphonate therapy was discontinued.
Although atypical femoral fractures are most frequently associated with prolonged exposure to
bisphosphonates, this case represents a recognised occurrence following a relatively shorter duration
of treatment. After multidisciplinary discussion involving orthopaedic surgeons and metabolic bone
specialists, anabolic therapy was initiated with teriparatide (parathyroid hormone 1–34) at a dose of
20 micrograms daily, planned for a total duration of two years, in conjunction with continued calcium
and vitamin D supplementation [11,12]. Given the presence of an incomplete atypical fracture (white
arrow, Panel (C)) in the contralateral femur (Left (L) side) and the persistent risk of progression to
a complete fracture, prophylactic intramedullary nailing of the left femur was recommended and
is planned in the near future [11,13]. Denosumab represents an alternative antiresorptive option in
postmenopausal osteoporosis, supported by high-level evidence (Level I) for reduction in vertebral,
non-vertebral, and hip fractures, and available clinical trial data indicate that it does not adversely
affect fracture healing [14,15]. The long-term management strategy includes repeat dual-energy X-ray
absorptiometry following completion of anabolic therapy and careful reassessment of future osteo-
porosis treatment, with the aim of optimising fracture prevention while minimising the risk of further
atypical femoral injury. After completion of teriparatide, sequential therapy with an antiresorptive
agent is planned to consolidate BMD gains and maintain anti-fracture efficacy; in the present case,
depending on DXA response and residual fracture risk, transition to denosumab will be considered.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diagnostics16040510/s1, Table S1. Timeline of osteoporosis
diagnosis, investigations, and treatment.
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