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POSSIBLE FUTURE APPROACHES

A scientific basis for the biologic regeneration of synovial joints

Frank P. Luyten, MD, PhD,? Bethesda, Md.
NATIONAL INSTITUTE OF DENTAL RESEARCH

Temporomandibular joint disorders represent a large group of conditions involving a local or more
generalized musculoskeletal disease process. The disorders have many features and many causes and may result in
limited or more severe damage of the joint associated tissues including the disks, the articular surface, the underlying
bone, and the ligamentous structures. As our understanding of the molecular processes guiding skeletal tissue formation
progresses, new opportunities arise in the field of skeletal tissue and joint repair. Reconstruction of the
ternporomandibular joint by means of scientifically designed approaches will revolutionize surgical treatment modalities.
(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1997;83:167-9)

Temporomandibular disorders (TMD) are a hetero-
geneous group of musculoskeletal disorders. Rela-
tively few are associated with joint tissue damage.
Therefore indications for surgical interventions are
limited. However, the use of less invasive surgical
procedures for internal derangements and osteoar-
thritic joints has become more frequent, and so it is
clear that better defined criteria for surgical interven-
tions have to established. Regardless of the clinical
indications for temporomandibular joint (TMJ) sur-
gery, it is our responsibility to develop scientifically
based treatments and to avoid the trial-and-error ap-
proaches so characteristic of many medical interven-
tions.

TISSUE REGENERATION RECAPITULATES TISSUE
FORMATION :

It is widely accepted and all the experimental data
suggest that the molecular processes involving tissue
regeneration recapitulate to a large extent the molec-
ular cascade of events associated with tissue forma-
tion. Therefore there is a continuous exchange of in-
formation between developmental biclogists and
biomedical researchers, who focus on tissue repair
and tissue engineering.

This concerted effort has been particularly strong
in the field of the formation of skeletal tissues and
skeletal repair. One of the major advances in this field
has been the discovery of the bone morphogenetic
proteins!-3 (BMPs), a group of morphogens structur-
ally belonging to the transforming growth Factor--
superfamily. These potent molecules were originally
discovered because of their capacity to induce in vivo
de novo cartilage and bone formation in an ectopic

*Visiting Scientist, Developmental Biology Project, Bone Re-
search Branch.

Copyright © 1997 by Mosby-Year Book, Inc.
1079-2104/97/$5.00 + 0 7/0/78328

site. Subsequently, it has been demonstrated that they
are involved in many developmental processes, such
as regulation of epithelial-mesenchymal interactions.
In addition, recombinantly expressed BMPs in com-
bination with a variety of carriers have been shown
to heal craniofacial and periodontal lesions success-
fully in nonhuman primates.*

These data are a good example of the use of devel-
opmentally crucial signaling molecules in postnatal
tissue repair. Successful tissue repair with minimal
scar-tissue formation also involves other critical pa-
rameters such as the delivery vehicle, the extracellu-
lar environment, and the availability of responding
cells. Recent advances in the understanding and use
of precursor cell populations (stem cells, mesenchy-
mal stem cells, bone marrow stromal cells, and pro-
genitor cells) and the use of porous degradable syn-
thetic polymers combined with tissue specific cells
are additional and powerful approaches in the field of
tissue engineering.” It is likely that the ultimate repair
protocol will be a combination of any of these com-
ponents and will depend on the clinical indication, the
individual patient, and the underlying disease pro-
cesses.

JOINT MORPHOGENESIS

The TMIJ is a diarthrodal joint, and its formation
may involve most of the molecular events associated
with the formation of the synovial joints of the
appendicular skeleton. Most diarthrodal joints de-
velop from a distinct mesenchymal cell population.
The joint-forming process in limbs takes place be-
tween 5 and 8 weeks of human embryonic develop-
ment and starts from a homogeneous interzone
between the chondrifying bone primordia. This as-
sembly of mesenchymat cells further evolves into a
three-layered zone: two more densely organized lay-
ers surrounding the epiphyseal ends of the bones and
a more loosely organized middle layer. The dense
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zones further differentiate into the cartilaginous lay-
ers at either end of the future joint in contact with the
adjacent bone. A cavitation process takes place in the
loose zone and leads to the formation of vacuoles that
will ultimately coalesce to form the synovial cavity.
There is no agreement and few data establishing the
developmental origin of all of the joint-associated
structures.

The morphogenesis of the TMJ has some unique
characteristics. During human development the TMJ
has two distinct stages: the primary and secondary
TMJ.® The primary early embryonic TMJ consists of
the Meckel’s cartilage and the first branchial arch ear
ossicles. This primary TMJ is a mostly uniaxial hinge
joint and is progressively replaced (after 16 weeks) by
the secondary TMJ, the articulation between the
mandibular condyle, and mandibular fossa of the
temporal bone. The secondary TMJ serves as the di-
arthrodal joint throughout life. This secondary TMJ
forms mostly between 7 and 11 weeks of gestation
and develops from a developmental field of mesen-
chymal cells surrounding the upper posterior end of
the developing bony mandible. This block of mesen-
chymal cells gives rise to most of the joint structures,
including the articular surface, the joint capsule, lig-
aments, articular disk, the superior and inferior cav-
ities, and the synovial linings. In contrast to most
other synovial joints, the articular surfaces of the
condyle and fossa remain covered by a thin fibrous
layer of connective tissue cells. This tissue layer may
be important in the protection and maintenance of the
integrity of the articulating surfaces.

This information on joint development is still very
descriptive. Few data have emerged with respect to
the molecular basis of these developmental events.
Our understanding of the signals and cells involved
in these formation processes are critical. Recent work
has identified at least some molecular participants
apparently involved in the early stages of joint devel-
opment and also important in the synovial joint post-
natally.

CARTILAGE-DERIVED MORPHOGENETIC
PROTEINS: ROLE IN SKELETAL DEVELOPMENT
We have identified a group of morphogens, desig-
nated cartilage-derived morphogenetic proteins’: 8
(CDMPs) closely related to the BMPs. They were
discovered by means of a reverse-transcription poly-
merase chain reaction with articular-cartilage mes-
senger RNA as a template. This work evolved from
earlier findings in our laboratory that cartilaginous
tissues contain in vivo chondrogenic activity as
assayed by a subcutaneous implantation assay, and
this activity appeared to be distinct from the previ-
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ously identified BMPs in bone matrix. CDMP-1, the
human homologue of mouse growth differentiation
factor—5,° is expressed predominantly in the precar-
tilage condensations of the developing limbs and
subsequently in the epiphyseal cartilage of the carti-
laginous cores. Most strikingly, CDMP-1 is also ex-
pressed in the interzone or future site of the synovial
joints. The expression levels were the highest in the
more distal parts of the limbs. This localization pat-
tern suggests an important role for this gene in the
development of the appendicular skeleton and joint
morphogenesis.

The role of CDMP-1 as a regulator of skeletal
growth has been confirmed by the presence of muta-
tions in the gene in acromesomelic chondrodysplas-
tic diseases. The Hunter-Thompson chondrodysplasia
is an autosomal dominant disorder characterized by
short limbs. The distal parts of the limbs are especially
poorly developed. We have identified a 22-base-pair
frameshift mutation in the mature region of cdmp 1
that results in a complete loss of function of the
growth factor.!® The corresponding clinical charac-
teristics of affected persons show not only short limbs
but also a joint phenotype with hypoplastic condyles
and dislocations that may be associated with ligament
laxity, although it is difficult to establish whether this
feature is a primary or a secondary feature. In addi-
tion, several joints are missing, as is the case for the
fifth medial phalanx in the hands and feet. These data
have been expanded and new mutations found in the
cdmp 1 gene in other acromesomelic chondrodyspla-
sias (J. T. Thomas et al., manuscript in preparation).

In these human phenotypes we could not see any
major abnormalities in the sternoclavicular joint, ac-
romioclavicular joint, or TMI. This result suggests
that the molecular signals guiding the formation of the
TMJ may be distinct from those involved in appen-
dicular joint morphogenesis. This possibility is not
surprising because jaws and jaw joints preceded all
other joints in evolution. Their developmental se-
quence was established before the appendicular joints
and is therefore expected to be distinct. This area
presents opportunities for further investigation be-
cause very little is known about TMJ morphogenesis
at the molecular level.

CARTILAGE-DERIVED MORPHOGENETIC
PROTEINS: ROLE IN SKELETAL AND JOINT
REPAIR

The above-mentioned genetic studies reveal some
information about the physiologic role of CDMP-1.
However, they do not provide information about its
mechanism of action, about the biologic activities of
the CDMPs, or about the actions of these morphogens
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econd member of this family, is expressed at high
levels in postnatal cartilage tissues and that the third
member of this family is also present in the ligamen-
tous structures of the developing limbs. This finding
suggests the possibility that cell- and tissue-specific
differentiation can be directed. From this knowledge
tissue-engineering applications, including new joint
-resurfacing protocols, may become possible and will
nclude the development of appropriate delivery sys-
“tems and enrichment with the proper precursor cells.
Recent studies with autologous articular chondro-
cytes, expanded in vitro, for the repair of local carti-
lage defects in the human knee joint surface support
the concept of this tissue-engineering approach.!!
Although additional studies are necessary to evaluate
the data, this protocol may provide the first evidence
of the importance of the use of the proper cell pop-
ulation to repair tissues. The relative success of this
tudy may be attributed at least in part to the use of
the articular chondrocyte to repair the articular carti-
‘lage defects. Therefore it is important to identify fur-
ther the molecular markers associated with specific
_cell types that would allow scientists and clinicians to
_repair tissue damage with the appropriate cells and to
void scar formation to the greatest extent possible.
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nary. The further development of tissue-specific
markers (articular surface, bone, tendon, disk, and
synovium) will greatly enhance our capabilities to use
the proper precursor cells, morphogens, and delivery
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systems in future repair protocols. It is possible that
the biologic repair of tissues based on this new
research will dramatically change surgical approaches
in TMD.
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