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Osteoporosis is a systemic disease that degrades bone quality and leads to fragility fractures with a high morbidity.
Ultrasound is an alternative to traditional diagnostic methods which lack specificity and use ionizing radiations. Due to
impedance mismatch and attenuation in bone, it is currently impossible to obtain an anatomical image of the internal
structure of a bone, e.g., to measure the thickness of the cortical shell, with traditional signal processing in medical
imaging.The aim of this work is to evaluate the ability of the time domain topological energy (TDTE) method to re-
construct images of the femoral neck and to evaluate cortical thickness. This method is derived from a topological
optimization approach. TDTE uses a combination of theoretical models of the inspected medium and experimental sig-
nals. Experiments are conducted with a 128-elements probe with 5-MHz center frequency. The samples are immersed
in water and positioned approximately 5 mm from the source. Wave propagation is simulated with Specfem 2D. The
space and time discretizations are 30 um and 1 ns, respectively, selected according to the CFL stability criterion. The
method has been tested measuring a plate (thickness = 5 mm) and a femoral neck phantom (thickness = 1 mm) made
with a material mimicking bone acoustical properties. The reconstructed images are then used to evaluate the thickness,
and the results show an error below 1% for the thickness estimation. These experiments on phantoms pave the way for
ex vivo experiments on human femoral neck.
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