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Introduction 
Measuring the viscoelastic properties of the human brain in vivo is an active field of research since the knowledge of these properties may aid in the 
diagnosis of diseases like Alzheimer’s disease [1], brain cancer or multiple sclerosis [2]. A novel method to image the viscoelastic properties of the 
brain non-invasively with a good spatial resolution is Magnetic Resonance Rheology (MR-R). MR-R uses an acceleration and creep experiment - a 
well known technique from material science – inside an MRI, where a motion encoding EPI sequence is used to measure the relaxation movement of 
the substance under investigation. To prove the feasibility of this novel method and to estimate its potential agar-phantoms are investigated.  
 
Method & Materials 
The phantoms consist of an agar based hydrogel inside a cylindrical PMMA-container, which 
simulates the soft brain tissue inside the hard skull in the most basic way. Both homogenous 
hydrogels as well as phantoms with agar based inclusions of varying stiffness are investigated. 
The principle of the measurement is described in figure 1a: For the phantom at rest at a height h0 the 
gravitational force and the restoring forces of the viscoelastic gel (symbolized by different spring and 
damping elements inside the hard PMMA container) are in equilibrium. When the phantom is 
dropped at a time t2 it performs a free fall in its entirety. The gel itself, however, moves relatively to 
the container into a new equilibrium until only the inner tensions are in equilibrium. This happens 
with different velocities v1 and v2 which depend on the locally different viscoelastic properties and 
the geometric boundary conditions. The rate of the motion (Δh1 and Δh2) is measured using a motion 
encoding single-shot EPI sequence (figure 1b) and depicted on the phase image [3]. 
This principle is realized inside the MRI by using a custom made pneumatic lifting device, which 
lifts the phantom to a height h0=1mm and drops it synchronized to the sequence (resulting in a free-
fall time of about 14ms). The phantoms have a diameter of 8.5cm and a height of 10cm and consist 
of a hydrogel with a Young’s modulus that varies between 9 and 17kPa [4] with and without cubic 
inclusions in the same elasticity range. The edge lengths of the inclusions are between 5mm and 
15mm. 
 
Measurements & Results 
The measurements were performed on a 1.5 T 
Magnetom Avanto scanner equipped with a Head 
Matrix Tim coil (both Siemens Healthcare). The 
sequence parameters were: TR:2500ms, TE:120ms, 
δ:10ms, Δ:45ms, G:25,4mT/m, voxel dimensions: 
1.3x1.3x5mm³. Figure 2 shows the exemplary 
results of the measurements of a phantom 
consisting of a 9kPa-gel with three cubic 
inclusions of different sizes made out of a 17kPa- 
gel. On the T2-weighted magnitude image (figure 
2a) the positions of the inclusions can be seen. On 
the phase image with a preceding fall (figure 2b, 
average over 10 measurements, raw data) the 
outline of the two larger inclusions (10mm) and 
(15mm) can also be recognized (marked by the 
green and yellow dots at the corners). The smallest 
inclusion cannot be distinguished. The plot of the  
values of the phase image (red line) is even more 
sensitive to the inclusion as seen in the comparison 
with the grey value plot of the magnitude image 
(figure 2c) . In the region of the inclusion (marked 
by green lines) the red curve diverges significantly from the parabola expected from measurements of a homogeneous phantom.  
 
Discussion & Conclusion 
Using MRR we were able to detect stiffer inclusions inside a phantom due to their different viscoelastic properties. In the measurements shown here 
differences in the Young’s modulus of a factor of two for inclusions with a dimension down to 1cm³ could be resolved. Further measurements on 
phantoms support these results and suggest that the proposed method holds great potential for the human application.  
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