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Introduction 

Over the past three decades, different methods have been proposed to investigate the mechanical properties of 

soft tissue using medical imaging. The development and the calibration of tissue elasticity imaging require 

calibration phantoms, which combines both mechanical and imaging adequate properties. Proposing a 

multimodality phantom is a major challenge. In the current study, we investigate the mechanical and imaging 

properties of polyvinyl chloride (PVC) gels (plastisol) depending their preparation protocol and compare them to 

typical range of values for biological soft tissues.  

Material and Methods 

Various PVC and additive concentrations in plastisol samples are investigated. The dynamic, static, linear and 

non-linear mechanical properties of plastisol are investigated using rheometry. Their sensitivity to preparation 

process, temperature of use and stability over time are also tested. Then, the acoustic (acoustic attenuation), 

magnetic resonance imaging (MRI) (T1 and T2 relaxation properties) and optical properties (refractive index, 

absorption and reduced scattering coefficients) of plastisol samples are measured to investigate their potential 

for multimodality tissue elasticity imaging. All these properties are systematically compared to typical range of 

values found in the literature for biological soft tissues. 

Results and discussions 

As illustrated in Fig. 1, the adjustment of PVC concentration results in mechanical (storage and loss moduli for 

elastic and viscous shear behavior), acoustic attenuation, optical refraction and MRI properties of the same range 

than typical values in biological soft tissues (such as brain or liver). While T1 relaxation properties remains shorter 

than those of living organs, T2 relaxation properties reproduce typical NMR properties. The results also show that 

adequate addition of scatterers (Nigrosin and TiO2) or echography speckle (cellulose) makes plastisol mimicking 

typical optical (absorption and scattering, respectively) and ultrasonic (attenuation) properties of biological soft 

tissues. We observe that these properties are independent of the PVC concentration but can be easily related to 

the additive particle concentration following linear relationships.  

Conclusions 

By combining mechanical and imaging properties similar to soft tissues with other advantages (simple 

preparation process, inexpensiveness and simple long-time conservation), plastisol is an ideal candidate for use 

as multi-modality elasticity imaging phantom. In this way, the current study provides the main guidelines to 

prepare relevant soft tissue surrogates.  
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Fig. 1 Main mechanical and imaging properties of plastisol phantoms depending on PVC 

concentration. 

 

 

 

 

 

 

 

 


