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Tendon Pathology: Have we missed the first step in the development
of pathology?
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End-stage tendon pathology is degenerative (3), but there is
considerable debate about how we transition from normal
tendon to degenerative pathology. Many hypotheses about the
drivers of pathology exist, including inflammation (5), direct
mechanical tissue damage (4), and a cell driven tissue response
(1). It is likely that all are present and interact at different
stages of the transition. Establishing the order of events and
primary drivers may help identify interventions to manipulate
outcomes or prevent tendon pathology developing.

Highly loaded energy storing tendons, which stretch and
recoil to act like a spring and provide a mechanical benefit in
higher level activities, are prone to pathology. The current
concept is that the stretch all occurs within the tendon fascicles,
incorporating first crimp straightening and then fascicle extension
under load (7). However, although fascicle extension undoubtedly
does occur, recent data indicate that tendon stretch and recoil also
involves significant slide or shearing in the connective tissue
between the fascicles in the endotendon or interfascicular matrix
(IFM) (11). In vitro studies have shown that the fascicles within
energy storing tendons are significantly less extensible than the
whole tendon and that the IFM between them is also less stiff and
more elastic, facilitating sliding behavior. Furthermore, ultrasound
imaging of the Achilles tendon during walking or other phys-
iological movements has demonstrated differential strains
across the cross-section of the tendon, with deep regions of the
tendon moving relative to superficial regions (8). Of further
interest, the capacity for fascicle sliding has been shown to
significantly reduce with aging both in vivo and in vitro,
corresponding to an increase in injury risk (8, 13).

These data indicating that sliding of fascicles occurs during
normal tendon loading thus imply less load through the indi-
vidual tendon fascicles. As such, the intrafascicular tenocytes
(hereon referred to simply as tenocytes) that have previously
been proposed to drive tendon pathology may actually be
protected from much of the high load stimulus that appears to
initiate pathology, whereas cells in the IFM (IFM cells) are
subjected to large strains, potentially incorporating tension,
shear, and compression.

What Do these New Concepts Mean for the Initiation and
Progression of Tendon Pathology?

If sliding between fascicles and regions of a tendon facili-
tates physiological loading, then repetitive cyclic loading of
tendon will result in continual interfascicular matrix shearing,
potentially generating local damage in the IFM rather than the
tendon fascicles. This in turn may initiate a reactive response in
these interfascicular cells. Homeostatic maintenance of tendon
requires the fine balance of use and repair, and if this is lost in
the IFM region, breakdown of the IFM will result, exposing the
fascicles and the tenocytes to loads they were previously
protected from (Fig. 1). This in turn could result in a response
in the tenocytes and further deterioration of the both the IFM
(that is absent in tendon pathology) and the tendon fascicles.
Initial tendon injury may thus center on the IFM, not the
fascicles.

Tissue and clinical correlates. The IFM is less dense and
organized than fascicular tissue and is continuous throughout
the tendon and with the peritendon structures. The IFM of
energy storing tendons has been shown to be proteoglycan and
elastin rich, ideal for facilitating sliding and recoil (2, 11, 12).
The IFM has more cells than found in fascicles, with intriguing
evidence that those cells are also more responsive to altered
loading conditions. IFM cells show significantly greater
changes in cilia length under stress deprivation conditions than
seen in fascicular cells (6) and also a more rapid and more
pronounced response to a loading insult (9). Furthermore, the
turnover or renewal rate of IFM is an order of magnitude faster
than seen in fascicles (12), allowing for a continual process of
mechanically initiated cell driven repair in the IFM.

Positional tendons (non-energy storing tendons), in which
pathology is rarely reported clinically, are less reliant on
fascicle sliding and have more fascicle lengthening to manage
applied loads (11). This suggests there is less risk of IFM
damage during use, and this, alongside the lower loads expe-
rienced by these tendons, may make them less vulnerable to
developing pathology.

It is of particular note that older tendons that are vulnerable
to tendon pathology have age-related changes in tendon prop-
erties only in the IFM (13), where stiffening reduces the
efficiency of fascicle sliding and increases the risk of IFM
damage during tendon use, correlating with a reduction in
nonuniform loading across the tendon during use (8).

Taken together, a reactive, mechanoresponsive IFM cell
phenotype may be important to facilitate healthy maintenance
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of the IFM. However, the potential for IFM damage during
loading, in conjunction with the reactive phenotype of IFM
cells, may explain the predisposition to IFM breakdown and
eventual fascicular tendon pathology.

These concepts fit with the continuum model of tendon
pathology (1), where the reactive stage on ultrasound imaging
is consistent with intact fascicles and swelling in the IFM,
which likely results from an increase in proteoglycans and
adjuvant water. It likely also explains the reversibility of
reactive tendon pathology because the fascicles remain intact.
By contrast, chronic degenerative tendon pathology has little or
no IFM, suggesting substantial catabolic activity (10). Degen-
erative pathology is hypercellular in nature (3); it has always
been unclear where the additional cells come from, and they
may be the cells originally in the IFM.

Where to from Here?

So how may we investigate this further? Ultrasound imaging
is sensitive to a fascicle level, so changes in the IFM might be
interpreted as a reactive tendon in the continuum model.
Furthermore fascicle-level image resolution provides the po-
tential to use ultrasound to measure and monitor fascicle
sliding to determine healthy IFM function. Newer MR imaging
techniques that can image proteoglycans may also be helpful in
delineating where the first changes occur in the tendon after
overload.

Further basic science studies must focus on IFM cell mecha-
nobiology and link in vivo and in vitro IFM mechanics to
explore this hypothesis. Identifying the early pathophysiology
of tendinopathy offers exciting opportunities. There is potential
for both pharmacological interventions and optimum exercise
based treatments with a better understanding of IFM mechan-
ics.

Clinically, as this hypothesis fits nicely in the reactive phase
of the continuum model (1), it would indicate that early
management should aim to reduce energy storage loads. A
reduction in energy storing loads would allow more time for
the proteoglycan content of the IFM to facilitate sliding with-
out risking damage to the IFM or fascicles and reducing impact
on the cell environment. In addition, activities such as isomet-
rics, where heavy loads are placed on the tendon without
associated movement, will likely minimize IFM sliding while
still maintaining use of the muscle-tendon complex. Further
clinical, mechanical, and biological evidence to provide evi-
dence for this theory are required.
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Fig. 1. Intact interfascicular matrix (left) and
the loss of the interfascicular matrix (right),
exposing the intrafascicular tendon cells to
load and by-products from overload not pre-
viously experienced.
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