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Introduction 

Recent studies revealed that quantifying mechanical properties of atherosclerotic plaques may 
help preventing strokes. Non-nvasive ascular lastography in superficial carotid arteries was 
shown to have the potential to assess such properties and to discriminate plaque components 
(e.g., fibrosis, lipid and calcium) using elastograms (i.e., spatial strain distribution). The elasticity 
properties (Young’s modulus) and morphology (e.g., lipid pool, fibrous cap, calcium inclusions) 
of the vessel wall, however, cannot be assessed directly from those maps since the stress 
distribution remains unknown.  
 

Methods 

In this study, we describe an estimation method formulated as a mechanical inverse problem 
(non invasive vascular modulography), which is able of reconstructing a heterogeneous Young's 
modulus distribution of a plaque. High resolution elastograms were computed from ultrasound 
ultrafast imaging sequences using the constrained Lagrangian speckle model estimatorStrain 
maps were combined with a stress map, evaluated using a parametric finite element modeland 
used to highlight mechanical heterogeneities and to compute Young’s modulus maps 
(Modulograms). 

Results 

In vivo carotid plaque morphologies were segmented from MRI sequences and used to model 
their mechanical behavior with finite element analysis. The proposed approach was first 
validated using ground truth strain fields. Young’s moduli were estimated with an absolute error 
of 22.3 kPa, 102.0 kPa and 2510.7 kPa for the lipid (10 kPa), fibrosis (600 kPa) and calcium 
(5000 kPa), respectively. The algorithm was also validated using high resolution ultrasound 
simulations and robust strain field estimation. Young’s moduli were estimated with an absolute 
error of 18 kPa, 219.2 kPa and 1011.9 kPa for the lipid, fibrosis and calcium, respectively. 

Discussion 

Accurate plaque morphologies and modulograms were obtained from both ground truth and 
measured strain fields. Considering contrasts in elasticity moduli, plaque components could be 
identified even when considering estimation errors. This promising approach needs further 
validation on in vitro and in vivo acquisitions. 
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