
Specialty area:  
Quantitative Musculoskeletal Imaging: Structure & Function - Muscle Structure & 
Functional Imaging 
 
Speaker name:  
Professor Neil Roberts,  
Clinical Research Imaging Centre (CRIC),  
School of Clinical Sciences,  
The Queen’s Medical Research Institute (QMRI),  
College of Medicine and Veterinary Medicine (CMVM),  
University of Edinburgh 
 
e-mail: neil.roberts@ed.ac.uk 
 
 
Highlights 

• Magnetic Resonance Elastography (MRE) is providing new insights regarding 
muscle structure and function 

• High resolution structural imaging of resting muscle visco-elastic properties 
• Functional MRE-based statistical parametric mapping of muscle contraction 
• Do muscles become more or less stiff with age? 
• Super resolution and other developments in MRE image analysis 
• What is the ideal human-machine interface and protocol for muscle MRE? 

 
 
TALK TITLE:  
Muscle Structure Including Magnetic Resonance Elastography (MRE)  
 
TARGET AUDIENCE:  
Physicists wishing to establish data acquisition and analysis protocols for performing 
MRE, image analysts interested in pioneering the development of new techniques to 
measure muscle structure and function, clinicians and life scientists interested in 
studying muscle anatomy, performance and physiology in health and disease. 
 
OUTCOME/OBJECTIVES: 
The aim of the research programme in this laboratory is to develop MRE data 
acquisition and analysis protocols so that the MRE technique provides robust, fully 
quantitative, high resolution images of tissue visco-elastic properties.  
 
PURPOSE: 
The above developments will enable MRE to be used both in routine Radiological 
diagnosis and for detailed statistical parametric mapping of changes in muscle 
structure, function and physiology over time and between cohorts. 
 
METHODS: 
MRE is a phase contrast imaging technique that measures the propagation of acoustic 
waves, introduced in a tissue of interest by means of a so-called actuator, using 
synchronised magnetic field gradients (Muthupillai et al., 1995). MRE was developed 
at the MAYO Clinic, where researchers have a longstanding interest in the application 
of MRE to detect and quantify liver fibrosis. The MAYO MRE research group also 
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pioneered the application of MRE to identify regions of abnormal muscle stiffness 
and to study changes in muscle stiffness following contraction (Chen et al., 2007; 
Bensamoun et al., 2008). A review of MRE studies of skeletal muscle was published 
by Ringleb et al. (2007) and descriptions of progress in muscle MRE research was 
also included in more general reviews (Mariappan et al., 2010; Glaser et al., 2012). 
More recently, Green et al. (2012) performed MRE at a single frequency to measure 
changes in skeletal muscle following eccentric exercise and reported values for the 
so-called storage (G’) and loss (G’’) moduli.  
 
At Charité - Universitätsmedizin Berlin, Klatt et al. (2010) performed the first MRE 
study of skeletal muscle using multiple actuation frequencies and applied a spring-pot 
model to these data to derive two viscoelastic constants, μ and α, and study their 
behavior during a muscle loading paradigm. Working in the same laboratory 
Papazoglou et al (2012) reported the development of the so-called MDEV technique 
which uses multi-frequency MRE acquisitions so as to perform high resolution MRE 
mapping of the magnitude of the shear modulus, |G*|, and phase angle of the shear 
modulus, φ, and which was illustrated in the study of the human brain.   
 
RESULTS AND DISCUSSION: 
In this laboratory since 2010 we have pursued a research collaboration with the MRE 
research group at Charité - Universitätsmedizin Berlin, Germany. We have applied 
MRE to study the change in thigh muscle stiffness during a straight leg raise 
paradigm in combination with functional Magnetic Resonance Imaging (fMRI) 
(Kennedy et al., 2012). Subsequently, a more detailed analysis of the changes in thigh 
muscle visco-elastic properties was performed using MRE-based statistical parametric 
mapping (Barnhill et al., 2013). We have also developed techniques for rapid phase 
correction of MRE data and in-line inversion on a 3T Verio MRI system (Siemens 
Medical Systems, Erlangen, Germany) (Barnhill et al., 2014 a and b) and 
demonstrated the application of this Elastography Software Pipeline (ESP) for 
studying muscle contraction in real-time. More recently, the above mentioned data 
analysis techniques, together with MDEV, are available in a new MRE data analysis 
software called the Elastography Software Library (ESL) (Barnhill., 2015). We have 
used ESL to study age related changes in muscle stiffness (Kennedy et al., 2013) and 
to perform the first MDEV study of skeletal muscle following an Exercise Induced 
Muscle Damage (EIMD) paradigm observing that stiffness of the rectus femoris 
muscle is greatest when high signal is present on T2 weighted MR imaging (Kennedy 
et al., 2015). Results were also compared with those obtained using a high resolution 
EPI spiral MRE sequence (Johnson et al., 2013). ESL also includes the first 
algorithms to enable super-resolution MRE (Barnhill et al., 2015). 
 
CONCLUSION: 
The new ESL data analysis software provides resources to enable the application of 
robust measurement techniques in a wide range of MRE studies of skeletal muscle. 
Examples include real-time functional imaging of muscle contraction as performed by 
a subject in the MRI scanner, high resolution imaging of tissue visco-elastic 
properties using multi-frequency MDEV based statistical parametric mapping, and 
super-resolution imaging for Radiological reporting.  
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