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1. Introduction

B-mode ultrasound (US) has long been a first-
line examination for the diagnosis of many
musculoskeletal diseases in children [1]. The
other modalities, such as X-ray or magnetic
resonance imaging, are associated with
inconveniences that are constraining for
pediatric applications. Because the large
acoustic impedance contrast between echogenic
bony structures, and the adjoining soft tissues,
US can only see the outer surface of bony
structures, and not what lies within. In that
context, the ultrasound computed tomography
(USCT), with an adapted filtering and signal
processing algorithm [2], allows to visualize
with a good resolution (A/10) and contrast, the
different morphologies of small organs (skin,
muscles, tendons, nerves, vessels, fat and bony
structures). But the method fails to provide
quantitative images.

2. Materials and Methods

In this work, a new nonlinear approach to USCT
is proposed using the full waveform inversion
(FWI) algorithm [3], [4], based on a full
numerical modeling of the wave propagation in
the media, and on the minimization of the
difference between recorded and simulated
waveforms based on the iterative resolution of
the inverse problem. The method requires only
one set of recorded signals.

A USCT prototype has been developed,
consisting of a crown (300 mm) of 8 1MHz-
transducers distributed every 45°. A wavelet-
based coded excitation method (WCE) has been
adapted to this device [5] allowing to map the
inter- or centro-diaphyseal areas, and thus
reducing the low-pass filtering effect
influencing the contrast-to-noise (CNR).

3. Results

Experiments were conducted on a newborn arm
phantom containing blood vessels, single and

joined bones (Fig. 1), and on a chicken
drumstick with skin, different muscles, fat,
tendons, nerves, tibia and fibula (Fig. 2).

X-ray USCT FWIf .

Figure 1: X-ray, linear and non-linear USCT of a
newborn arm phantom (True Phantom™, CA).

Figure 2: USCT of a chicken drumstick

4. Discussion and Conclusions

The algorithm for CNR and gain calculation is
detailed in [2] and [4]. The performance of the
method is presented in the following table.

Target CNR Gain (%)
Arm 1.3(1.1) 1784
Chicken 1.1(1) 175

Table 1: Control-to-noise ratio (average and

standard deviation) and gain (%) of the USCT of

musculoskeletal tissues
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