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ABSTRACT:

Partial-thickness rotator cuff tendon fears constitute a common pathology and a
leading cause of pain and disability, affecting between 13% and 32% of the general
population. Despite their high prevalence, the natural history of these tears remains
unclear. Surgical repair is recommended when more than 50% of the tendon’s thickness
has been compromised. However, this threshold mostly relies on anecdotal evidence.
Additionally, re-tear rates as high as 35% have been reported for repaired partial-
thickness tears. My lab has pioneered a method for soft material characterization
involving a full-field method we created to collect the kinematic variables and force
boundary conditions and inverse methods to determine the material constants. We
have previously demonstrated success with this approach on soft tissues and elastomers.
Here we describe our development of a custom displacement encoded MRI protocol in
which the phase of each voxel, modulo 2, is proportional to the displacement which
that voxel sees when the tendon is strefched from a reference state to a stretched state.
This protocol provides access to the entire three-dimensional displacement field
throughout the volume of the rotator cuff tendon with sub-milimeter resolution. We
combine this with an inverse method developed by our collaborators and used for the
first fime for soft fissue characterization. This variational system identification (VSI)
approach seeks the parsimonious representation of the material physics. We apply this
unique approach fo intact and partially torn rotator cuff tendons. The displacement
fields are converted to strain fields and their maps show significant differences in shear
strains between the two populations, and the highest shear strains in the interiors of the

E”en AI’I’UdG tendons. All previous measurements on rotator cuff fendons, limited to measurements
i on bursal and articular surfaces, are incapable of defecting these strains. The high shear

Tim Manganello/ strain patterns in the partially torn tendons suggest delamination (mode Il) failure as a
BorgWarner Department  mechanism of tear progression, and could have implications for the surgical
Chair, Mechanical management of high-grade partial thickness tears. Anatomical differences are found to
Engineering influence the strain patterns in both intact and forn tendons. High resolution images of
the tendons are obtained from the magnitude portion of the MRI signal. These are used

University of Michigan fo create the model geometry for the VSI computational framework. The rotator cuff

tendon is a non-linear, visco-elastic, anisotropic material. If viscous effects are
neglected, the governing material physics relating stresses and strains is a strain energy
density function. One approach to VSI is to assume a number of isofropic and
anisofropic polynomial terms that are functions of the strain invariants (11, 12, 13, and 14).
The success of this VSI approach in characterizing the rotator cuff fendon material
parameters will be discussed.
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