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Assessing Rotator Cuff Tear Pathology:
Insights from Imaging and Mechanics Into
Tear Progression and Joint Degeneration

Shoulder pain is the third most common musculoskeletal complaint reported to general
practitioners. Degeneration from chronic overuse is thought to be the primary cause of
rotator cuff (RC) tears. RC tears occur in roughly 20% of the general population and
increase in prevalence with age. Most often beginning as small asymptomatic tears, yet
with time, these tears may progress in size, resulting in pain and loss of function.
Non-operative treatment is initially indicated for patients with RC tears; however, this
fails to relieve symptoms in 25 - 75% of patients and does not address the underlying
tear. Due to repetitive damage over time and the tendon's hypo-vascularity, there is
limited healing potential. Ultimately, this results in the progression of the tear, as 29% of
patients will experience an increase in tear size > 5mm in just one year. Moreover, the
progression of RC tears may also cause degenerative effects to the shoulder joint, with
changes to muscle and cartilage health. However, there is little knowledge as to why
some patients will experience tear progression and loss of function while others may
not. Currently, there are no methods to evaluate the tendon’s mechanical health, as
there is a lack of data describing the relationship between tear severity or intrinsic
degeneration and mechanical function. This dissertation aims to identify clinically
relevant tear sizes based on biomechanical changes to the supraspinatus tendon and
use non-invasive quantitative magnetic resonance imaging (QMRI) to assess tear severi-
ty. To identify the mechanical consequences of RC tears and a tear classification system
based on biomechanical data, we first use healthy cadaveric supraspinatus tendons
subjected to fatigue loading to capture the location of tear initiation and subsequent
tear progression. Using tear size and biomechanical properties throughout the tendons’
fatigue life, we identify key tear sizes where biomechanical changes occur. Furthermore,
in a subset of cadaveric supraspinatus tendons with pre-existing RC tears, we identify
the structural and mechanical changes associated with RC tears and highlight the
usefulness of gMRI as an additional biomarker that can be used clinically to assess
tendon health. Next, we evaluate the degeneration occurring to the humeral head,
which shows alterations in composition and mechanical function, to highlight one possi-
ble effect of RC tears. Lastly, we show the usefulness of a biomechanically based classifi-
cation system for RC tear size in assessing the risk of tear progression using clinical data
from patients with RC tears.
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