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Background/purpose: Temporomandibular joint osteoarthritis (TMJOA) pathology is character-
ized by degenerative changes of the subchondral bone. The topographic distribution of osseous
degenerative changes in TMJ is not clear. This study aimed to evaluate the topographic distri-
bution of osseous degenerative features in the TMJ by using cone-beam computerized tomog-
raphy (CBCT).
Materials and methods: The CBCT images of 26 female patients diagnosed to have TMJOA were
retrieved from the database of the National Taiwan University Hospital. The images of left and
right TMJs were evaluated independently by 2 examiners. The evaluated degenerative fea-
tures included surface erosion, subcortical cysts, subcortical sclerosis, and osteophytes in
the mandibular condyle and temporal component of the TMJ. The topographic distribution
at different portions in the mandibular condyle and temporal component of the TMJ was sta-
tistically analyzed.
Results: Significant differences in the topographic distribution of the osseous degenerative
features were observed (a) between the mandibular condyle and the temporal component
and (b) between the anterior/central portion and posterior portion of the temporal compo-
nent. No significant differences were observed in the topographic distribution of the TMJOA
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features in the condyle, except for surface erosion between the central and lateral portion of
the condyle.
Conclusion: The results suggest that the mandibular condyle and temporal component react
differently in TMJ osseous degeneration, with the condyle being more vulnerable than the
temporal component. Mandibular activities that require the mandibular condyle to function
outside the fossa may be more destructive to the health and integrity of the TMJ.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

A normal temporomandibular joint (TMJ) achieves appro-
priate distribution of mechanical loading across the joint
condyle and fossa. When the balance between the me-
chanical loading in the joint and the adaptive capacity of
the host is lost, dysfunctional remodeling of the osseous
components occurs.1,2 A retrospective clinical study re-
ported that unilateral TMJ osteoarthritis (OA) is associated
with asymmetry of the mandible and the increase of elec-
tromyographic activity of the masseter on the OA side.3

Experimentally induced long-term disordered occlusion
results in increased osteoclast activation, reduced bone
mineral density, and cortical bone loss in rats.4,5 Functional
overload from occlusion with subsequent microtrauma is
believed to cause osseous degenerative changes in the
TMJ.6e8

The articular surface of the TMJ that bears the occlusal
loading from the masticatory muscles is composed of a
layer of fibrocartilage and the underlying subchondral
bone. The articular surface is stress-sensitive and subject
to extensive remodeling. TMJ OA pathology is characterized
by progressive cartilage degradation, chronic inflammation
in the synovial tissue, and degenerative changes of the
subchondral bone.9,10 Several animal studies have assessed
the osseous changes associated with condylar compression
and indicated direct resorptive remodeling at the site of
injury as a result of local tissue disruption and impaired
cellular function.11,12 However, the causal relationship
between TMJ osseous degeneration and occlusal loading in
the masticatory system requires further elucidation.

Degenerative joint disease (DJD) is a critical subtype of
temporomandibular disorders (TMDs).13 It is associated with
disc displacement, trauma, functional overload, and auto-
immune diseases.14 An increasing number of studies have
focused on the remodeling changes of the subchondral bone
in TMJ DJD pathogenesis.4,10,15 The clinical diagnosis of TMJ
DJD is based primarily on radiographic features of the
mandibular condyle and the articular temporal component,
including flattening, surface erosion, subcortical sclerosis,
subcortical cyst, and osteophyte formation.16e18 Cone-
beam computerized tomography (CBCT) can reveal more
detailed changes in the TMJ bony structures than conven-
tional radiographic modalities, which represents a unique
advantage for TMJ DJD diagnosis.19e21 CBCT images reveal
the precise location and extent of osseous degenerative
changes in the mandibular and temporal components of the
TMJ.22,23 The usefulness of CBCT is extensively discussed in
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the literature,22,24 and the use of CBCT for reliable diag-
nosis of pathologies in osseous structures is highly
recommended.16,21

Oral parafunctional activity is regarded as one of the risk
factors for TMD.25,26 Research has suggested that
compressive stress during oral parafunction, such as
clenching, is localized at the lateral portion of the TMJ
condyle.27,28 If parafunctional overloading of the TMJ plays
a role in the development of TMJ DJD, the topographic
distribution of osseous degenerative changes in TMJ should
be consistent with this finding. This study evaluated the
topographic distribution of TMJ osseous degenerative fea-
tures by using CBCT. The study was approved by the
Research Ethics Committee at the National Taiwan Uni-
versity Hospital in Taipei, Taiwan (201904088RINA).
Materials and methods

Participants

This retrospective cross-sectional study used TMJ CBCT
images from patients with TMD who sought treatment at
the National Taiwan University Hospital during the period
from October 2018 to January 2019. Clinical examinations
were performed on all patients who visited the Orofacial
Pain Clinic (Department of Dentistry at the National Taiwan
University Hospital in Taipei, Taiwan) by a clinician who has
specifically focused on TMD and orofacial pain for 29 years.
Diagnoses of TMD followed the recommendations in the
Diagnostic Criteria for Temporomandibular Disorders.13 A
special examination sheath adopted from the Diagnostic
Criteria for Temporomandibular Disorders and approved by
the National Health Insurance Administration of Taiwan was
used as a standardized step-by-step examination protocol
during the clinical examination. The first part of the ex-
amination sheath was for documentation of the patient’s
subjective description of his or her chief complaints,
including the location, quality, frequency, duration, and
intensity (in 0e10 scale) of the pain or headaches, the
noises from the TMJ during mandibular functioning, and any
other dysfunctions of the masticatory system. The second
part of the examination sheath was for documentations of
the objective examinations by the clinicians. The exami-
nations included measurements of horizontal incisal over-
jet, vertical incisal overlap, tracing of mandibular midline
deviation, pain free mouth opening, maximal unassisted
and assisted mouth opening, lateral excursion and
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protrusion of the mandible (all in mm). Whether these
mandibular movements were associated with pain familiar
to the patient’s pain complaints were also documented.
Any palpable or audible noises, clicking or crepitus, during
mouth opening, closing or reciprocal were marked. TMJ
locking while opening mouth or at mouth wide open posi-
tion and whether the locking can be reduced by the patient
or by the clinician was noted. Palpation pain at the TMJ,
temporalis, masseter, medial pterygoid, and neck muscles,
the referral of the pain, and whether the pain is familiar to
the patient’s pain or headache were all documented. A
panoramic radiograph was routinely taken as a screening
for osseous and odontogenic pathologies in the maxilla and
mandible that might contribute to the patient’s complaints.
With the information from above-mentioned examinations,
the diagnoses were checked from the most common TMDs,
i.e. arthralgia, local myalgia, myofascial pain with or
without referral, headache attributed to TMD, degenera-
tive joint disease, subluxation, disc displacement with
reduction and with or without intermittent locking, and
disc displacement without reduction and with or without
limited mouth opening. Diagnoses different from the most
common TMDs were written down at the area for special
comments. Those patients who were diagnosed to have TMJ
arthralgia and degenerative joint disease were asked to
take a CBCT examination for evaluation of the osseous
degenerative changes in the TMJs. The CBCT images of
these patients were used for analysis. Patients with a his-
tory of cleft or other congenital syndromes, TMJ injury,
facial osteotomy or genioplasty, or autoimmune diseases
were excluded from this study.

CBCT image acquisition

A 3DX Accuitomo (J Morita Mfg. Corp, Kyoto, Japan) was
used in accordance with standardized scanning protocol
(90 kVp, 5 mA, 30.8 s, FOV 6� 6 cm, with a high resolution
of 0.125mm voxel size, approximate effective doseZ 114
mSv1). From the raw scans, 2-dimensional reconstructions
were obtained using i-Dixel 3DX Vision 2.2.1.3 software (J
Morita Mfg. Corp, Kyoto, Japan).

Image analysis

After the CBCT images were retrieved from the database,
each patient was assigned a code to replace their personal
identification to keep the radiographic examiners blinded
from the participants’ clinical history and diagnosis. To
avoid bias, an oral surgeon and a radiologist reviewed and
diagnosed each CBCT image independently. Right and left
TMJs of the same participant were examined indepen-
dently. The analysis criteria for TMJ osseous degenerative
features followed the guidelines published by Ahmad
et al.16 In brief, the degenerative features of the osseous
component in the TMJ were recorded as the following: (1)
surface erosion, defined as reduced density or disrupted
continuity of the articular cortical bone; (2) subcortical
cyst, defined as a radiolucent cavity beneath the articular
surface that appeared distinct from surrounding normal
trabecular bone patterns; (3) subcortical sclerosis, defined
as an increased calcification density relative to adjacent
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trabecular bone; and (4) osteophyte, defined as beak-like
exophytic and sclerotic objects that stand out from the
smooth cortical surface of the joint surface. Our previous
study demonstrated fair to good inter-examiner agreement
and reliability and acceptable sensitivity and specificity
when the 2 examiners used CBCT to identify TMJ osseous
degenerative features.21

We intended to address the topographic distribution of
these TMJ osseous degenerative features on the mandibular
condyle and temporal component of the TMJ. The images of
the condyle were oriented in front view and divided into
mesial, central, and lateral portions. The sagittal view of
the temporal component was divided into anterior
(eminence), posterior (fossa), and central (transition) por-
tions. A yes/no scoring criterion was used to evaluate the
presence of each TMJ osseous degenerative feature at each
of the 3 portions on the temporal and mandibular compo-
nents of the TMJ. The scores of the 2 examiners were
subsequently compared. For inconsistent diagnoses, the
images were reviewed again and discussed until a
consensus was reached between the 2 examiners.

Statistical analysis of the data

Cohen’s k was calculated to determine the inter-examiner
agreement on the presence or absence of TMJ osseous
degenerative features in all 1248 data points (see the Re-
sults section). Statistical comparisons were made using the
nonparametric McNemar test (P< 0.05) to compare the
probabilities of each feature between the condyle and
fossa as well as among the 3 portions of the condyle or
fossa. Statistical analyses were conducted using SPSS
version 20 (IBM Corp. Armonk, NY, USA).

Results

A total of 35 cases of patients met the diagnostic criteria of
TMJ arthralgia and degenerative joint disease and under-
went CBCT examination. Among the 35 patients, 2 were
male, 5 had a history of facial trauma, 1 had been diag-
nosed with rheumatoid arthritis, and 1 had received a CBCT
examination for a reason unrelated to TMJ DJD. These nine
patients were excluded from the final evaluation list. Thus,
26 female participants were included in this study. The
youngest participant was 15 years old, and the oldest was
66 years old. The mean age of the participants was
37.7� 16.1 years. In total, 11 (42%) of the participants
were younger than 25 years old, 9 (35%) were between the
ages of 26 and 50 years, and the remaining 6 (23%) were
older than 51 years. The left and right TMJs were analyzed
independently; thus, a total of 52 joints were studied.

After the CBCT images were evaluated, we combined
the clinical examination information and image evaluation
to finalize a diagnosis for each TMJ. Among the 52 TMJs
examined, 6 (11.5%) were painless and exhibited no osseous
degenerative changes on the CBCT images and were diag-
nosed as “normal.” Another 6 (11.5%) TMJs exhibited no
osseous degeneration but pain was present, either self-
reported by the patient or induced by palpation during the
clinical examination; these 6 joints were diagnosed with
arthralgia. The other 7 (13.5%) TMJs were painless but



Table 1 Diagnosis of the 52 TMJs.

Pain

No Yes Sum

TMJ osseous Degeneration No 6 (11.5%)Normal 6 (11.5%)Arthralgia 12 (23.0%)
Yes 7 (13.5%)Osteoarthrosis 33 (63.5%)Osteoarthritis 40 (77.0%)
Sum 13 (25.0%) 39 (75.0%) 52(100%)

Note. A total of 52 TMJs from 26 female patients were retrieved from the data base.
Six joints were diagnosed to be normal, 6 arthralgia, 7 osteoarthrosis, and 33 osteoarthritis.
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exhibited at least one TMJ osseous degenerative feature on
the CBCT image; they were classified as osteoarthrosis. In
the remaining 33 (63.5%) TMJs, pain and at least one TMJ
osseous degenerative feature were present; they were
categorized as osteoarthritis (Table 1).

Each TMJ had 2 components: the mandibular condyle
and the temporal component. Each component was topo-
graphically divided into 3 portions, and 4 features were
examined for the presence or absence of TMJ osseous
degenerative features at each portion. In total, examiners
compared judgments on 1248 data points (26 partici-
pants� 2 TMJs� 2 joint components� 3 portions in each
component� 4 osseous degenerative features). The 2 ex-
aminers agreed on the diagnosis of 90.94% (1135/1248) of
the CBCT images (Table 2), with a Cohen’s k of 0.756
(P< 0.001). With Fleiss et al. as a reference,29 the inter-
examiner agreement was considered to be excellent.

We tested the incidence of TMJ osseous degenerative
features between the osteoarthrosis group and the osteo-
arthritis group with a c2 test and observed no significant
differences between the 2 groups in the TMJ osseous fea-
tures of the 2 components of the TMJ, with the exception of
sclerosis in the temporal component (PZ 0.008, Table 3).
Data of these 40 joints from these 2 groups were pooled
together for further analysis.

In the mandibular condyle, surface erosion appeared to
have the highest incidence (38 out of the 40 TMJs exam-
ined, 95%) among the 4 osseous degenerative features.
Osteophytes had the second highest incidence (32 joints,
80%). Subcortical sclerosis and subcortical cysts were
identified in 20 (50%) and 10 (25%) of the TMJs, respec-
tively. In the temporal component, surface erosion also had
the highest incidence (26 joints, 65%) compared with the
other 3 features. Subcortical sclerosis had the second
highest incidence in the fossa (5 joints, 12.5%). Osteophytes
(1 joint, 2.5%) and subcortical cysts (none) were rare in the
temporal component of the TMJ. A comparison between
the 2 components of the TMJ in terms of the incidence of
Table 2 Inter-examiner agreement.

No

Examiner 2 No 884
Yes 56
Sum 940 308 1248

Note. A total of 1248 data points were compared for the judgement
each TMJ condyle and fossa. The agreement between the two exami
excellent, kZ 0.756, P< 0.001 (c2 test, kappa statistics).
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each TMJ osseous degenerative feature revealed significant
differences in surface erosion, subcortical sclerosis, and
osteophytes (P< 0.001, McNemar test; see Fig. 1). No
comparison was conducted with respect to the incidence of
subcortical cysts between the 2 components because no
cysts were discovered in the temporal component, which
violated the assumption of the McNemar test.

We further analyzed the topographic distribution of each
osseous degenerative feature in the temporal and
mandibular components of the TMJ. No statistical differ-
ences were observed in the topographic distribution of
different osseous degenerative features among the mesial,
central, and lateral portions in the condyle (P> 0.05,
McNemar test). The only exception was the incidence of
surface erosion at the central portion (37 joints, 92.5%) of
the condyle, which was significantly higher than that at the
lateral portion (28, 70%, PZ 0.012; see Fig. 2). In the
temporal component, the incidences of subcortical scle-
rosis (5, 12.5%), osteophytes (1, 2.5%), and subcortical cysts
(0) were too low to compare their topographic distributions
(Fig. 1). However, statistical analysis did reveal a signifi-
cantly higher incidence of surface erosion at the eminence
(22, 55%) and transition portion (21, 52.5%) of the temporal
component than at the fossa (8, 20%; both P< 0.01,
McNemar test). No significant difference was observed be-
tween the eminence and transition portion in the temporal
component (Fig. 3).
Discussion

This study investigated the topographic distribution of
various osseous degenerative features in TMJs diagnosed
with DJD. Our study revealed that patients with TMJ DJD
who visited the TMD/Orofacial Pain Clinic at National
Taiwan University Hospital were predominantly female,
with 26 female participants included in this study. Their
ages varied widely, and the number of patients with TMJ
Examiner 1

Yes Sum

57 941
251 307
940 308 1248 940 308 1248

of the appearance of each TMOA feature on the three portions of
ners were 90.94%. The inter-examiner agreement was considered



Table 3 Incidence of the osseous degenerative features.

Osteoarthrosis
(nZ 7)

Osteoarthritis
(nZ 33)

p-value

n % n %

Mandibular Condyle Surface erosion 7 100 31 93.9 0.504
Subcortical cyst 3 42.9 7 21.2 0.230
Subcortical sclerosis 4 57.1 16 48.5 0.677
Osteophyte 4 57.1 28 84.8 0.096

Temporal Component Surface erosion 5 71.4 21 63.6 0.695
Subcortical cyst 0 0.0 0 0.0 N/A
Subcortical sclerosis 3 42.9 2 6.1 0.008*

Osteophyte 0 0.0 1 3 0.641

The c2 test showed no significant difference in most TMJ osseous degenerative features between osteoarthrosis and osteoarthritis
groups, except for sclerosis in the temporal component (PZ .008). Since no subcortical cysts were found in the temporal component,
the comparison between the two groups was not implemented.
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DJD seemed to decline with age. The inter-examiner
agreement regarding CBCT diagnosis was excellent.
Among the 52 TMJs, 40 joints (77%) exhibited osseous
degenerative changes and were used to further analyze the
topographic distribution of the osseous degenerative fea-
tures in the temporal and mandibular components of the
TMJ. Statistical analysis revealed highly significant differ-
ences between the mandibular condyle and the temporal
component in terms of the incidences of surface erosion,
subcortical sclerosis, and osteophytes. Generally speaking,
no significant differences were observed for the 4 osseous
degenerative features in the topographic distribution
among the mesial, central, and lateral portions of the
mandibular condyle. Notably, subcortical cysts, subcortical
sclerosis, and osteophytes were relatively infrequently
observed in the temporal component of the TMJ. Surface
Figure 1 Differences in surface erosion, subcortical sclerosis and
component were also highly significant (***P< 0.001, McNemar test
assumption for McNemar test.
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erosion, however, was identified in 65% of the temporal
component in the TMJs diagnosed with DJD. When surface
erosion occurs, it appears significantly more often in the
anterior portion (the eminence) and the central portion
(the transition between the concave and convex portion) of
the temporal component than in the posterior portion (the
fossa).

The osseous degenerative changes in the mandibular
condyle and temporal component of the TMJ differed in 2
respects. First, TMJ osseous degenerative features were
more frequently observed in the condyle than in the
articular fossa/eminence, which aligns with the results of
other studies (20, 22). Second, among the 4 types of
osseous degenerative features, surface erosion, subcortical
sclerosis, and osteophytes were significantly more preva-
lent in the condyle than in the temporal component. In
osteophytes between the mandibular condyle and the temporal
). No comparison was implemented because of violation of the



Figure 2 Topographic distribution of osseous degenerative features in mandibular condyle. Comparisons for the topographic
distribution of different TMJ osseous degenerative features in the mandibular condyle showed a significant difference only in
surface erosion between the central portion and the lateral portion (*P< 0.05).
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addition to these differences, we noted the rare occur-
rence or absence of osteophytes and subcortical cysts in
the temporal component of the TMJ. Several factors may
have contributed to these differences. First, the mandib-
ular condyle and the temporal component exhibit different
patterns of growth and development. The mandibular
condyle undergoes endochondral bone formation, whereas
the temporal bone develops through intramembranous
bone formation. Second, the load bearing manner differs
between the temporal and mandibular components of the
TMJ. The loading of the condyle during jaw movement
centers on a small area of the condyle head, whereas the
loading of the temporal component is distributed on the
Figure 3 Topographic distribution of surface erosion in tempora
surface erosion in the temporal component showed a significantly
portion (** P< 0.01, McNemar test); there was no significant differ
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considerably wider slope and eminence of the fossa.
Whether any differences exist in the cellular or biochemical
composition of the upper and lower components of the TMJ
is unclear. More research is necessary to confirm and
explain this finding.

For some time now, efforts have been focused on
elucidating the relationship between the development of
TMD and dental occlusion classification, occlusal in-
terferences in the centric occlusion/centric relation, or
oral parafunctions that occur mostly when the mandibular
condyle is located posteriorly in the fossa. Nevertheless,
evidence has indicated that the TMJ is more heavily loaded
during jaw opening than during jaw closing.30,31 During jaw
l component. Comparisons for the topographic distribution of
lower incidence at the fossa than the eminence and transition
ence between the eminence and the transition portion.



C.-M. Tsai, J.-W. Chai, F.-Y. Wu et al.
opening, the mandibular condyle travels forward along the
anterior slope of the fossa and closer to the eminence. The
mechanical stress in the TMJ is the lowest during the initial
phase of jaw opening, increases dramatically during the
translating phase, and reaches its peak when the jaw opens
to its maximal range.31 The location of the mandibular
condyle relative to the temporal component in these 3
phases of jaw opening matches the topographical structure
of the fossa, transition portion, and eminence of the tem-
poral bone. Our findings that the eminence and transition
portion exhibited significantly higher incidence of surface
erosion than the fossa corroborates the results of the
aforementioned studies. In addition, prolonged maximal
mouth opening induces increased proteoglycan deposition,
cytokine expression, hypertrophic chondrocyte and
macrophage formation in the mandibular condyle, and
persistent orofacial mechanical allodynia and TMJ
dysfunction in rodents.32,33 It is not uncommon for patients
to experience initiation or exaggeration of pain in the TMJ
or masticatory muscles following prolonged mouth opening
during dental treatment. This study and the above-
mentioned studies seem to indicate that mandibular ac-
tivities requiring the mandibular condyle to function
outside the fossa may be more damaging to the health and
integrity of the TMJ.

Excessive mechanical loading is considered a key factor
for inducing cartilage degradation in the TMJ.14 Studies
have suggested that compressive stress during clenching is
concentrated in the lateral portion of the mandibular
condyle.27,28 Our study observed no significant difference
among the mesial, central, and lateral portions in the
condyle for all 4 osseous degenerative features, except the
incidence of surface erosion in the central portion, which
was higher than in the lateral portion of the condyle.
However, our results do not refute the findings of other
research because other studies have focused on the
episodic physical loading of the TMJ, whereas we studied
the pathological changes following long-term overloading
of the TMJ. Repeated or long-term mechanical overloading
results in the destruction of tissues and necrosis of cells,
leading to the release of proteases, cytokines, and growth
factors in a joint and the activation of nociceptive C fibers
in the TMJ.34,35 The induced pain further releases sub-
stance P and calcitonin gene-related peptide and vasoac-
tive intestinal peptide from C fiber nerve endings and
triggers neurogenic inflammation.36,37 The inflammatory
chemicals are diffused throughout the joint cavity through
the flow of synovial fluid, causing extensive chondrocyte or
synovial cell breakdown, the release of more proteolytic
enzymes, and worsened tissue degradation.38 Such a vicious
and cyclic process of joint inflammation causes progressive
and diffuse cartilage degradation, subchondral bone
remodeling, and chronic inflammation in synovial tis-
sue.39,40 Most patients seeking help from TMJ specialists
have already experienced symptoms for some time. What
we observe in the CBCT images most likely reflects well-
established destructive changes in the TMJs. More well-
controlled longitudinal studies are required to verify the
progress of osseous degeneration in the TMJ.

Our study raises some critical concerns that merit
further consideration, including (1) whether the variations
in probability of the 4 TMJ osseous degenerative features
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are attributed to any specific order of occurrence; (2)
whether the 4 features reflect different progressive stages
of TMJ osteoarthritis; (3) whether any particular order ex-
ists for the features to transform from one to the other
during the patients’ life span; and (4) what inflammatory
chemicals or cell activities are specifically involved in each
of the features. CBCT can aid in the investigation of these
matters.

TMJ osseous degenerative changes are more frequently
observed in the mandibular condyle than in the temporal
component, suggesting that the two components behave
differently in the development of osseous degeneration. No
significant differences in the topographic distribution of
TMJ osseous degenerative features were observed among
the mesial, central, and lateral portions of the condyle,
suggesting that TMJ DJD cannot always be attributable to
mechanical overloading. Surface erosion was more
frequently observed in the eminence and transition portion
than the fossa in the temporal component, indicating that
mandibular activities that demand the condyle to function
outside the fossa may play a crucial role in the develop-
ment of TMD DJD. New therapeutic modalities should
include biological processes associated with cellular re-
actions and molecular mechanisms. Intra-TMJ therapeutic
strategies should consider the two components indepen-
dently and target a specific component when treatment is
delivered inside the TMJ.
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