
European Journal of Histochemistry 2012; volume 56:e11

[page 56] [European Journal of Histochemistry 2012; 56:e11]

Histochemistry for studying
structure and function of the
articular disc of the human
temporomandibular joint
N. Kiga
Oral and Maxillofacial Surgery, Minami
Wakayama Medical Center, Tanabe-City,
Wakayama, Japan

Abstract 

The articular disc of the temporomandibular
joint (TMJ) is composed of fibrocartilage, and
the extracellular matrix of this disc is com-
posed mainly of collagen, glycosaminoglycan
and proteoglycans. Research on the changes
that occur in the composition of the articular
disc of the TMJ is necessary for understanding
the basis of the pathological process of internal
derangement (ID), and a number of reports
have been published in recent years on the
application of refined histochemical tech-
niques to investigate the structure and func-
tion of the TMJ. The direction of future TMJ
disc studies should be towards obtaining more
evidence to support previous results, and
should hopefully be of practical use in terms of
prevention and cure of ID.

Introduction

The articular disc of the temporomandibular
joint (TMJ) is composed of fibrocartilage and
the extracellular matrix of this disc is com-
posed mainly of collagen, glycosaminoglycan
and proteoglycans.1,2 Analysis of the cellular
components of TMJ discs has shown the pres-
ence of fibroblast-like cells, fibrochondrocytes
and chondrocyte-like cells.3 Investigation of
changes in the composition of the articular
TMJ disc is important for understanding the
significance of the pathological process of
internal derangement (ID).4,5

Comments

In the last decades of the 20th century the
presence of collagen, and the assembly and
regulation of collagen fibers in the articular
disc of the TMJ was investigated.6 However,
few pathological changes in the articular disc
of the TMJ have been investigated in recent
years due to the treatment policies and ethical
regulations regarding ID in individual coun-

tries. A number of reports regarding the artic-
ular TMJ disc have however been published in
recent years in this journal.7-11

Although studies of the TMJ disc of adult
humans have previously shown the expression
of type I and III collagen in TMJ discs,12,13 stud-
ies that have analyzed the TMJ disc of human
fetuses have been extremely rare. However,
Moraes et al. confirmed the expression of type
I and III collagen markers in the TMJ disc of
human fetuses by using an immunohisto-
chemical method.11 They further showed that
type I collagen is observed in the posterior
band of the articular disc and that type III col-
lagen is observed on the inferior face of the
articular disc. In conclusion, they suggested
that heterotypical fibril meshes form between
those two types of collagen. It is known that the
TMJ disc of human fetuses grows dramatically
inside the body, at which time a slight degree
of stress arises inside the body due to sucking
behavior. We consider that it is possible that
significant changes occur in the TMJ disc of an
unborn child in comparison with a post-natal
child. It is therefore to be hoped that more
detailed studies of the TMJ disc in human
fetuses will be carried out in the future.

It is well known that hyaluronan (HA) is an
important component of joints in the body and
is involved in the maintenance of tissue archi-
tecture, cell proliferation, migration, differen-
tiation, angiogenesis, wound healing and
tumorigenesis.14 HA is synthesized by hyaluro-
nan synthases (HASs). Three isoforms of HAS
have been shown to be responsible for the syn-
thesis and regulation of different molecular
weight HA: HAS1 and HAS2 polymerize high
molecular weight HA, whereas HAS3 generates
low molecular weight HA. Matsumoto et al.
have studied the relationship between HAS3
and pathological changes in TMJ discs with
ID.9 Immunohistochemical analysis indicated
moderate to strong staining of HAS3 in
deformed TMJ discs with ID. RT-PCR experi-
ments showed that the expression of HAS3
mRNA in these discs was significantly
increased under hypoxic conditions with the
addition of interleukin-1 beta (IL-1β). Their
study suggests that HAS3 expression is related
to pathological changes in human TMJ discs
affected by ID. Further examination of human
TMJ disc cells would strengthen this proposi-
tion. We reported that lumican and fibromod-
ulin, which are small, leucine-rich repeat pro-
teoglycans, play a role in TMJ discs with ID.
Lumican is associated with the assembly and
regulation of collagen fibers as well as with cell
migration and its expression has been report-
ed to change in deformed TMJ discs. In
deformed discs, lumican is expressed in areas
of the disc that contain many fibroblast-like
cells. Strong lumican expression is observed in
areas that are negative for metachromasia, as

assessed by toluidine blue staining.
Fibromodulin is expressed in areas with weak
lumican expression and it is also expressed
adjacent to the area of strong lumican expres-
sion. IL-1β induced a significant increase in
lumican mRNA after 24〜48h incubation com-
pared to the level in cells grown in the absence
of IL-1β.These findings suggest that lumican
and fibromodulin are differentially regulated
and that lumican may promote regeneration of
the TMJ following the degeneration and defor-
mation induced by IL-1β.

Blood vessels are absent from normal TMJ
discs but novel blood capillaries are observed
to have grown and be distributed within the
internal derangement of human TMJ discs.
Such blood vessels may have arisen through
the action of VEGF, a pro-angiogenic factor,
which appears to be released by chondrocytes
in hypertrophic cartilage in a paracrine way.
Loreto et al. studied the expression of tumor
necrosis factor-related apoptosis-inducing lig-
and (TRAIL), death receptor-5 (DR5) and cas-
pase 3 in TMJ degenerated disc vessels in
order to evaluate the involvement of apoptosis
in angiogenesis.7 They considered that such
apoptosis might form part of a self-limiting
process by which the formation of new blood
vessels is inhibited. High immunoexpression
of TRAIL, its receptor DR5 and caspase 3 was
demonstrated in the intima and media layers
of newly formed vessels, in which strongly pos-
itively stained cells were observed. This
research group suggested that activation of
vessel apoptosis in a TMJ disc with ID could be
regarded as a self-limiting process that is an
attempt to lead to vessel regression. There has
been no literature regarding such apoptosis in
recent years. The report of Loreto et al. is
therefore considered a valuable study for
analysis of changes in the TMJ disc. 

Human TMJ discs such as those used in the
above reports are difficult to obtain for basic
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research studies, the described histochemical
results are of great significance. Future stud-
ies should be performed in the attempt to
obtain additional information that could be
practically useful for the prevention and the
cure of ID, and owing to the tight relationship
between alterations of the TMJ structure and
the functional impairment in ID joints, it is
worth stressing that histochemistry will
remain the most suitable approach for such
investigations.
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