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Figure: Regions of statistically significant activation (p ¡ 0.05) for the lift and rest conditions in storage modulus, loss
modulus, and powerlaw constant.
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Introduction

We sought to create statistically robust profiles
of muscle contraction patterns through a
transverse slice of skeletal muscle. Such
patterns could be used to evaluate functional
behaviours, and target physical therapy and
training regimens.

Methods

Magnetic Resonance Elastography [1] was used
to capture the propagation of 50Hz harmonic
waves through the thigh muscles during
conditions of knee extension (quadricep
contraction) and rest. Eleven subjects of varied
age were scanned in a Siemens Verio 3T
(Siemens Medical Systems, Erlangen,
Germany) with a single shot EPI sequence. The
tissue was vibrated at 50Hz during the scan with
a ring actuator, in sync with motion sensitised
gradients. The out of plane displacement vector
was captured in the MR phase image.
The phase images were inverted modelling the
muscle as transversely isotropic, with shear
plane waves propagating through the plane of
isotropy using a ring actuator surrounding the
thigh. Assuming the tissue as incompressible
allows for Helmholtz inversion, and a 3x3 stencil
was used to implement a fourth order accurate
finite differences approximation to the Helmholtz
equation[2]. The resultant maps have an
effective resolution element of 3x3. Inversion
maps of storage, loss, and powerlaw constant
maps were created with MRE-J software[3].
The maps were co-registered to a target using a
manual 125-point registration with the Moving
Least Squares method[4]. A two-tailed t-test
was used for significance. Images of significant
pixels at p ≤ 0.05 were created for storage,
loss, and powerlaw constant.

Results and Discussion

In accordance with previous literature[5],
increases were found in both storage and loss
moduli in the contracted state, indicating that
the tissue increased in viscosity. However, the
maps showed that this change was largely
driven by the slow-twitch vastus intermedius,
possibly reflecting the altered microstructure of
the slow-twitch muscle. Further, we found that in
significant regions below the midplane of the
thigh the tissue decreased in viscosity,
suggesting that contracted muscle becomes
more viscous while stretched muscle becomes
more elastic.
As comparison between different experiments
and labs is difficult due to dependence of
viscoelasticity values on frequency and testing
method, statistical mapping can provide a new
and robust path to reporting results in terms of
significance and effect size.
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