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Abstract 
 

In this paper, the mechanical properties of tissue-

mimicking phantoms, produced and dielectrically tested 

to mimic breast tissues, are presented. Testing on 

phantoms represents one of the key steps in the process of 

realization of several devices and, for this reason, the 

interest towards the realization of more and more realistic 

phantoms, not only from the dielectric point of view but 

also from the mechanical one, is growing. In this work, 

tissue-mimicking mixtures, based on the use of low-cost, 

safe and easy-to-handle materials (water, oil, gelatin and 

dishwashing liquid), produced for the realization of breast 

phantoms have been tested under different measurement 

conditions. Stress-strain curves are reported and a first 

comparison with Young's moduli in the literature of 

gelatin-based phantoms produced for the same anatomical 

district is presented. This work represents a first step in 

the realization of increasingly realistic tissue-mimicking 

mixtures, which, among other things, may pave the way 

for new combined imaging modalities. 

 

1 Introduction 
 

In this paper, the mechanical properties of gelatin-based 

tissue-mimicking breast phantoms are proposed under two 

different measurement conditions of preload and test 

speed. 

A first preliminary work, related to the mechanical 

characterization of only phantoms mimicking the 

dielectric properties of breast cancer tissues, was 

presented in [1]. In this paper, mechanical testing is 

extended to phantoms mimicking all types of breast 

tissues, both healthy and cancerous, using recipes 

previously presented in [2]. These recipes were previously 

used for several tests of the millimeter wave imaging 

prototype for early detection of breast cancer [3]. 

However, different breast tissues have been shown to 

have different stiffnesses [4-9] and a thorough 

understanding of these properties may also pave the way 

for new combined imaging modalities. 

The literature regarding the elastic characteristics of 

biological tissues, in particular for breast ones, is 

extensive [4-9], both of in-vivo and ex-vivo breast tissue 

[4, 5, 7, 8, 9] and of tissue-mimicking phantom [6]. 

However, there is enormous variability among the values 

presented, usually expressed in terms of Young's moduli 

of the tissues. Concerning mechanical measurements on 

phantoms, among the main causes of this mutual 

disagreement is the strong influence of parameters such as 

preload and test speed used to perform the measurement. 

In many papers, this information is even missing, which 

adds to the confusion about the presented results.  

In this paper, two measurement conditions were 

arbitrarily chosen (preload 0.2 N and test speed 1 

mm/min, and preload 0.4 N and test speed 2 mm/min) and 

the strong dependence of the results obtained on the 

measurement conditions are shown. In addition, the 

comparison between the obtained Young's moduli and [9] 

is shown, being in this work specified the reference strain 

level (5%). The results show that a modification to the 

previously presented recipes is necessary to improve the 

obtained results for what concern the mechanical aspect. 

 

2 Mechanical characterization of breast 

phantoms 
 

Using the manufacturing procedure and quantities 

proposed in [2], we reproduced mixtures mimicking the 

dielectric properties of ex-vivo breast tissues [10], both 

healthy and malignant. For the sake of brevity, the 

dielectric curves are not reported in this paper, as they are 

identical to those proposed in [2]; however, we refer to 

the cited work for more details. 

After fabrication, solidification at room temperature, and 

dielectric characterization of the phantoms, they were 

prepared for mechanical testing. Specifically, they were 

cut with a standard 28 mm-diameter and 11 mm-high 

mold a few minutes before mechanical testing. For each 

type of phantom and for both measurement conditions, 

three samples were produced and tested. 

The experimental setup used for the stiffness tests is based 

on the use of the MTS Insight 10 electromechanical 

testing machine (MTS Systems Corporation), connected 

to a control computer. The sampling rate was set 2 Hz, 

while two different combinations of preload and test 

speed were used, 0.2 N with 1 mm/min (Test1) and 0.4 N 

with 2 mm/min (Test2), respectively. 

A picture of the samples is shown in Figure 1 and of the 

experimental setup in Figure 2. 



 
Figure 1. Photo of the produced phantom before the 

mechanical test. 

 

 
Figure 2. Photo of the measurement setup used for the 

mechanical test. 

 

In Figure 3, the stress-strain curves for all samples under 

the conditions denoted by Test1 are shown; while in 

Figure 4, the corresponding curves under the conditions 

denoted by Test2 are shown. 

 

 
Figure 3. Comparison between the stress-strain behavior 

of the phantoms mimicking dielectric properties of breast 

tissues [2] under the Test1 measurement conditions. In 

particular, G3.3O66.6, G5O50, G6.6O33.3 refer to 

phantoms mimicking Low-, Medium- and High-density 

healthy tissues, respectively; while G8O20 and G16O20 

refer to phantoms mimicking malignant tissues with two 

different gelatin percentage, respectively. 

 
Figure 4. Comparison between the stress-strain behavior 

of the phantoms mimicking dielectric properties of breast 

tissues [2] under the Test2 measurement conditions. In 

particular, G3.3O66.6, G5O50, G6.6O33.3 refer to 

phantoms mimicking Low-, Medium- and High-density 

healthy tissues, respectively; while G8O20 and G16O20 

refer to phantoms mimicking malignant tissues with two 

different gelatin percentage, respectively. 

 

From the curves shown in Figure 3 and Figure 4, it can be 

seen that in all cases the increase in gelatin (expressed as 

a volume percentage) contained in the phantom 

corresponds to increased sample stiffness; however, it can 

also be seen that depending on the measurement 

conditions the slopes of the curves change, meaning that 

depending on the measurement conditions the achieved 

results are different. Specifically, Table I shows the 

average Young's modulus of the three samples measured 

under each measurement condition at 5% strain for all 

tissue-mimicking phantoms ± one standard deviation. 

 

Table I. Young modulus (kPa) mean ± std. Dev. @ strain 

5% for all the phantoms produced and dielectrically 

characterized in [2]. 

 
 

These values can be compared with those presented in the 

literature; in particular, we can preliminarily compare 

them with [9], being the only work known to the authors 

in which the strain level at which the Young's moduli are 

calculated is made explicit. 

In [9], the Young's modulus of adipose tissue is 19 ± 7 

kPa; whereas the Young's modulus of tumor tissue ranges 

from 25 ± 4 kPa to 99 ± 33 kPa, depending on the type of 

tumor considered. However, even if the measurement 

parameters are not clear, it is evident that the Young's 

moduli of our phantoms are in any case lower than in [9]. 

So, this work shows that the mixtures produced in [2], 

although in perfect agreement from the dielectric point of 

view with the characteristics of ex-vivo breast tissues, 



from the mechanical point of view need some 

improvements. 

 

3 Conclusions 
 

This paper presented the mechanical characteristics of 

some gelatin-based tissue-mimicking phantoms, primarily 

realized to mimic the dielectric properties of breast 

tissues.  The experimental setup used for the mechanical 

measurements was MTS Insight 10 electromechanical 

testing machine (MTS Systems Corporation) and two 

measurement conditions were adopted, 0.2 N preload with 

1 mm/min test speed and 0.4 N preload with 2 mm/min 

test speed. However, although the measurements 

confirmed the strong dependence of Young's moduli on 

the measurement conditions, preliminary comparison with 

the literature revealed the need for improved recipes to 

increase the stiffness of the manufactured phantoms. 

Phantoms able to mimic not only the dielectric properties, 

but also the mechanical ones, may help to conceive and 

test advanced multi-modal imaging and sensing systems. 
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