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Chapter six

Conclusion
Through this thesis, we presented new insights into temporoman-

dibular joint (TMJ) disc’s biomechanics. Using mechano-enzymatic
tests in combination with various biochemical and microscopy
techniques, we investigated the mechanical contribution of collagen
and elastin fibers in the porcine TMJ disc and discussed their functionality with regard to their regional structural density and organization in the extracellular matrix. Using dynamic mechanical analysis,
we also quantified the alteration of viscoelastic properties of the
TMJ disc following enzymatic treatments and discussed the viscoelastic behavior of the disc in the context of polymer dynamics. The
outcome of our research provides a guideline for bioengineers to
better tailor the design of tissue-engineered constructs, meeting the
biomechanical properties of the native disc. Also, our findings offer
new details on mechanical properties of the disc which can be used
to optimize existing computational and predictive models.
In chapter 2, we investigated the regional compressive mechanical
contribution of collagen fibers in the porcine TMJ disc in relation to
the regional density and organization of the fibers. We found that the
contribution of the collagen fibers with their region-specific arrangement plays a vital role in stabilizing the TMJ disc under compression.
Our study shows that even mild disruption of the collagenous
network in the TMJ disc, with marginal alteration of collagen density
can dramatically affect its mechanical compressive properties. It has
been a challenging goal for tissue engineers to construct a TMJ disc
with a quantitatively dominant and structurally organized collagenous part. To that extent, our data suggest that tissue engineering of
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the TMJ disc requires a prior focus on the structural integrity of
collagenous network rather than the biochemical content. Further
studies on quantitative measurement of collagen fiber alignments
and collagen cross-links could enhance our understanding of the

biopolymers can have a dramatic impact on the intrinsic viscoelastic
nature of the TMJ disc. Both treatments dramatically reduced both
storage and loss moduli of the disc, the collagenase more strongly
than the elastase. Following the enzymatic treatments, the mechan-

In chapter 3, we used a similar approach to chapter 2, we attempted to characterize the regional compressive mechanical contribution
of elastin fibers in the TMJ disc in relation to the concentration and
organization of the elastin fibers. We found that the elastin fibers,
despite their low quantity in the TMJ disc extracellular matrix,
provides some remarkable structural-functional properties, vital
to the TMJ disc biomechanics. Structurally, degradation of elastin
fibers resulted in volume expansion of the TMJ disc, reduction of
collagen tortuosity and cell elongation. These findings suggest that
elastin fibers contribute in maintaining the homeostatic configuration
of the disc by holding the disc in a pre-stressed status. Mechanically, perturbing the elastin network structure and their intimate

Our findings have shown that structural integrity of the collagenous
network is the most important factor for governing the stress distribution and energy dissipation capacities of the disc under compression. Therefore, disruption of this cohesive fibrillar network, e.g. as
a consequence of local inflammation, can lead to sincere impacts
on the load-bearing abilities of the disc. Fragmentation of collagen
fibrils followed by disintegration of the collagenous network has

fibrillar interconnectivity and the reinforcing role of collagen fibers
in the TMJ disc.

connection with collagenous network resulted in a less confined
rearrangement and incomplete recoil of collagen fibers during mechanical cyclic loading. These results point out the contribution of
elastin fibers to the TMJ disc biomechanics goes beyond merely a
recovering role; influencing on the viscoelastic properties of the disc
through an interaction, mainly with collagen fibers, and other
extracellular matrix components.

In chapter 4, we quantified the alteration of viscoelastic properties
of the TMJ disc following collagenase and elastase digestion. Following the polymer dynamics, we found that digestion of interfibrillar

ical heterogeneity of the disc was no longer present. Also, the loss
tangent of the treated discs was altered differently. The collagenase
treated samples got a lower damping ratio of the material, while the
elastase treated group showed an increase in damping ratio. This
difference is attributed to the dissimilar pattern of underlying structural changes of the disc following the collagenase and elastase,
discussed in chapter 2 and 3, respectively.

been reported as earliest signs of osteoarthritis. Furthermore, we
have shown that elastin fibers have a proactive role in the TMJ disc
biomechanics. Elastolysis can occur in case of an imbalance between activated degradative proteases and the functional protease
inhibitory activity of the extracellular matrix, leading to disruption
of the fibers and decrease in amount. This could further provoke
structural changes of the collagenous network, potentially leading
to irreversible mechanical changes in the tissue. Overall, in the TMJ,
different components are exposed to the synovial fluid, which could
contain proteases, targeting degradation of different molecules.
These structural changes, either as a cause or as an accompanying
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factor, influence the viscoelastic nature of the disc and could result
in overloading of some regions in the disc. Consequently, mechanical overloading often leads to more catabolic cytokine production
and enhanced matrix degradation. This may result in an irreversible
exacerbating and self-reinforcing degenerative process, finally
leading to a deterioration of the disc.

The viscoelastic properties of the TMJ disc play a vital role in the
normal physiological functioning of the TMJ: the TMJ disc is not
a static structure. This robust and highly deformable structure is
the end result of a molecular hierarchical organization, following
a continuous remodeling. Once this balance is perturbed by an
extrinsic or intrinsic factor, the disc dynamically remodels itself by
overproduction or underproduction of macromolecular structures.
The result might be a chemically, structurally, and mechanically
different tissue. The complete understanding of the disc structural-functional relationship is only achieved when the tissue is considered as an integrated system and by considering the structural
organization and interactions among all its components. This thesis

was an attempt to deepen our knowledge on structural-functional
characteristics of the TMJ disc, hoping to shed light on new aspects
of the long ongoing characterization research in this field.

