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ABSTRACT

Objectives: The relationships between cone-beam computed tomography (CBCT) findings,
Temporomandibular disorder (TMD) symptoms, and signs were investigated in patients with TMJ
degenerative joint disease (DJD).

Material and Methods: Adult patients with Diagnostic Criteria for TMDs (DC/TMD)-defined
intra-articular conditions were enrolled and subjected to CBCT assessment. The participants were
organized into three groups, namely no (NT), early (ET), and late (LT) TMJ DJD based on radiographic
findings. TMD symptoms/signs were appraised using the DC/TMD methodology. Statistical analyses
were performed using Chi-square/non-parametric tests and Kappa statistics (a=0.05).

Results: The mean age of the participants (n=877) was 30.60+11.50years (86.6% women). NT,
ET, and LT were observed in 39.7%, 17.0%, and 43.3% of the study sample. Significant differences
in the prevalence of TMD symptoms (TMD pain, TMJ sounds, opening, and closing difficulty) and
signs (TMD/TMJ pain, TMJ clicking/crepitus, and opening limitation) were discerned among the
three groups (p<.001). TMD/TMJ pain and opening difficulty/limitation were more prevalent in
early rather than late degenerative changes. While moderate agreements between symptoms and
signs were observed for TMD pain/opening limitation, the concurrence for TMJ sounds was fair.
Conclusions: Young adults with TMJ sounds and pain should be examined with CBCT to establish
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the extent/progress of osseous changes.

Introduction

Temporomandibular disorders (TMDs), characterized by pain
and/or dysfunction of the Temporomandibular joints (TMJs),
masticatory muscles, and supporting structures, are the sec-
ond most common musculoskeletal condition after chronic
lower backache [1]. According to the Diagnostic Criteria for
TMDs (DC/TMD), axis | physical diagnoses comprise
pain-related and/or intra-articular TMJ conditions. While
pain-related TMDs (PT) include TMJ pain (arthralgia), masti-
catory muscle pain (myalgia), and TMD-related headaches,
intra-articular TMDs (IT) consist primarily of TMJ disc dis-
placements (DDs) and degenerative joint disease (DJD) [2].
TMJ DJD is typified by progressive articular tissue deteriora-
tion with concurrent osseous changes in condyles and/or
articular eminence [3]. The prevalence of TMJ DJD in the
general adult population is about 10% and ranges from 18
to 85% among TMD patients [4,5]. TMJ DJD and DDs are
intricately linked and half of TMD patients with DDs have
DJD. The occurrence of TMJ DJD is higher in DD without

reduction (66%) than in DD with reduction (36%) [6]. Whilst
the natural course of TMJ DJD is generally favourable [7], it
can lead to morphological condylar changes, decreased ramal
height, and progressive mandibular asymmetry or retrusion
when advanced [8]. Dentofacial deformities and bite derange-
ments might eventually develop resulting in jaw functional
limitations, compromised facial appearance, psychosocial
impairments, and diminished quality of life [9,10].

Though the exact etiopathogenesis of TMJ DJD has not
been established [11], sustained local and systemic inflam-
mation appears to play an important role [12-14].
Biomechanical overloading and metabolic changes can
degrade articular cartilage tissues. The degraded cartilage
tissues are theorized to trigger foreign body reactions within
synovial cells resulting in the production of inflammatory
cytokines, matrix metalloproteases, and prostaglandins that
contribute to further cartilage destruction and subchondral
bone re-modelling [13,14]. The innate immune system and
activated macrophages have also been implicated in DJD
progression [14]. Risk factors for TMJ DJD include genetics,
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age, macro and micro TMJ trauma, systemic conditions, and
congenital as well as developmental abnormalities [10,11].
TMJ DJD normally involves three phases with periods of
remission and repair [10,15]. The initial phase is associated
with TMJ clicking and intermittent locking whereas the inter-
mediate phase is often accompanied by TMJ pain, opening
difficulty/limitation, and crepitus (grating sounds). In the final
or ‘burnout’ phase, degenerative activity ceases and the joint
is relatively stable. The entire process from initiation to the
final ‘burnout’ phase takes about 5.5years [15].

Following the DC/TMD protocol, TMJ DJD is inferred when
there is a history of TMJ sounds with jaw movement/function
and TMJ crepitus on palpation during jaw movements.
However, adjunctive imaging is needed to render a definitive
diagnosis as symptom history and physical examination by
themselves generally have inadequate diagnostic validity for
intra-articular conditions [2]. Cone-beam computed tomog-
raphy (CBCT) is particularly useful for TMJ imaging due to
its superior accuracy for the three-dimensional assessment
of hard tissues/bone [16,17]. Hilgenberg-Sydney et al.
reviewed the diagnostic validity of CBCT and concluded that
it provided good images for evaluating DJD progression over
time but should not be employed as a screening tool for
individuals with healthy joints [18]. In a recent systematic
review, Wu et al. examined the association between TMD
symptoms/signs and bony changes on CBCT images in
patients with TMJ DJD [19]. Only nine studies were available
and all had modest sample sizes (varying from 30 to 198
patients) with a total of 697 subjects. TMJ sounds and pain
were reported to have the strongest relation to various CBCT
findings. Additionally, they suggested that patients with pri-
mary muscle pain should not be routinely prescribed CBCT.
Given the limited studies detailing both symptoms and signs,
the relatively small sample sizes of earlier work, as well as
the infrequent use of standardized assessment/diagnostic
protocols, further research involving larger patient samples
and based on the DC/TMD is warranted.

With the aforesaid premises, the objective of this study
was to investigate the relationships between CBCT findings,
clinical symptoms, and signs in a large sample of TMD
patients with TMJ DJD. More specifically it compared the
type of TMD symptoms/signs in individuals with no, early,
and late TMJ DJD, and determined the agreement between
TMD symptoms and signs. The research hypotheses were: (a)
substantial variances in the prevalence of TMD symptoms/
signs exist among participants with no, early, and late TMJ
osseous changes, and (b) the agreement between
patient-reported symptoms and clinician-established signs is
moderately good.

Materials and methods
Study design and participants

This observational study is part of project PKUSS-201732009
which was approved by the Biomedical Institution Review
Board of the Peking University School of Stomatology and
is in accordance with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. Written
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informed consent was obtained for every participant.
Consecutive adult patients (=18years old) seeking treatment
at a tertiary TMD/Orofacial Centre from May 2018 to
September 2021 were screened for eligibility and enrolled.
At least 358 participants were needed to compare TMD pain
prevalence between IT groups. This was determined a priori
with the G*Power software version 3.1.9.3 [20]. using the
Z-test model (two-tailed), 0.6/0.4 proportion of IT patients
without/with TMD pain, 0.05 alpha error, 95% power, and an
allocation ratio of 2 derived from an earlier study [21].
Patients presenting with TMJ dysfunction and/or pain and
DC/TMD-defined intra-articular conditions were included [2].
Those with prior TMJ tumor, trauma, secondary arthritis due
to systematic diseases, and myalgia only were omitted along
with individuals suffering from debilitating autoimmune, met-
abolic, and psychiatric disorders. Patients who were intellec-
tually impaired, illiterate, or consumed central nervous agents
in the previous 2weeks were also excluded. Study involve-
ment was strictly voluntary and informed consent was pro-
vided by all participants. At their intake visit, a comprehensive
survey encompassing demographic data, medical/dental his-
tory, and the DC/TMD Symptom Questionnaire (SQ) was
administered [2]. Participants were then physically examined
by a TMD specialist who was trained and calibrated in the
DC/TMD methodology. Participants identified with TMJ DD
and/or DJD based on symptom history, physical findings, and
DC/TMD algorithms were referred for CBCT assessment to
verify the presence of TMJ DJD.

CBCT assessment

A three-dimensional CBCT scanner (3D Accuitomo 170, J.
Morita Corporation, Kyoto, Japan) was used to acquire bilat-
eral TMJ images at 76-80kV and 4.2-6.0mA. A 6 x6cm field
of view was employed and CBCT data were reconstructed to
generate multiplanar (axial, coronal, and sagittal) images with
1.0mm slice intervals. As per the DC/TMD, TMJ DJD was
confirmed if one of the following osseous changes was
observed on CBCT imaging: erosions, sclerosis, osteophytes,
or subchondral cysts [2]. While the loss of articular cortex
continuity and surface erosions were considered early DJD
alterations, sclerosis, osteophyte formation, deviations in
form, and cyst-like lesions were deemed late degenerative
changes [22,23]. Figure 1 displays the CBCT images of the
various osseous changes and their descriptions. The CBCT
images were independently assessed for early/late osseous
changes by two examiners who had an inter-rater kappa of
0.79. Should the bilateral TMJs be involved, the joint with
more symptoms/signs was reported. Any disparities in TMJ
DJD categorization were mediated by a senior dental radiol-
ogist. The participants were eventually organized into three
groups, namely no TMJ DJD (NT), early TMJ DJD (ET), and
late TMJ DJD (LT).

Clinical symptoms and signs

The DC/TMD SQ provides the needed history for deriving
specific TMD Axis | (physical) diagnoses. Positive responses
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Figure 1. CBCT images of TMJs without and with DJD: (a) healthy joint, (b) erosion [decreased density of cortical bone and subcortical bone], (c) sclerosis
[increased density of cortical bone extending into bone marrow], (d) osteophyte [marginal bone outgrowth of the condyle], (e) deviation in the form [loss
of convex condylar form], and (f) cyst-like lesion [well circumscribed osteolytic lesion in subcortical bone without cortical destruction]. (1) indicates the coronal

reconstruction while (2) indicates the sagittal reconstruction.

Table 1. Demographics and disease duration.

No TMJ DJD Early TMJ DJD Late TMJ DJD
Demographics (NT) (ET) (LT) P-value Post-hoc
n (%) 348 (39.7) 149 (17.0) 380 (43.3) _ _
Age
Mean +SD 28.88+9.84 31.99+14.35 31.03+£11.34 .012A ET, LT>NT
Median (IQR) 26.00 (10.75) 28.00 (16.50) 28.00 (12.00)
Gender
Women n(%) 288 (82.8) 132 (88.6) 340 (89.5) .022% LT>NT
Men n(%) 60 (17.2) 17 (11.4) 40 (10.5)
Duration (months)
Mean +SD 17.30+£29.39 9.61+23.07 22.56+33.57 <.001A LT > NT, ET
Median (IQR) 4.00 (17.00) 6.00 (9.00) 10.00 (22.00)

Results of AKruskal-Wallis/Mann-Whitney U tests and *Chi-square/Z-tests (bold indicates p <.05 and > indicates significant differences between groups).

to the five main questions on TMD pain, headache, TMJ
noises during functional movements, closed (difficulty open-
ing all the way), and open (difficulty closing from the
wide-open position) locking were used to ascertain the pres-
ence of TMD symptoms. TMD symptoms were appraised over
30days. TMD signs were established physically by employing
the DC/TMD protocol. TMD pain, TMJ sounds, and jaw open-
ing limitations were evaluated. TMJ and masticatory muscle
pain (collectively regarded as TMD pain) were judged present
if participants reported pain on palpation of the TMJs, tem-
poralis, and masseter muscles or with maximum unassisted/
assisted jaw movements. Similarly, TMJ sounds were deemed
present if clicking/popping/snapping noises and/or crepitus
are detected with palpation during jaw movements. Jaw
opening was considered to be limited if the maximum
assisted opening (passive stretch) movement was <40mm.

Statistical analysis

Statistical explorations were carried out using the SPSS sta-
tistical software Version 27.0 (IBM Corporation, Armonk, New
York, USA) with the significance level set at 0.05. Qualitative
data were presented as frequencies with proportions and
analyzed utilizing Chi-square and post-hoc Z-tests. Quantitative
data were tested for normality and reported as means/medi-
ans with standard deviations (SD)/interquartile ranges (IQR).

As non-normal distribution was observed, quantitative data
were examined with Kruskal-Wallis and post-hoc Mann-
Whitney U tests. The percentage agreement between TMD
symptoms and signs, explicitly TMD pain, TMJ sounds, and
opening limitations were determined by counting the num-
ber of responses in agreement, dividing this by the total
number of responses, and converting the outcome to a per-
centage. Cohen’s kappa statistic was applied and the level
of agreement was interpreted as follows: no (Kappa coeffi-
cient [K]<0), none to slight (0.01-0.20), fair (0.21-0.40), mod-
erate (0.41- 0.60), substantial (0.61-0.80), and almost perfect
(0.81-1.00) [24].

Results

A total of 937 potential participants were screened of which
60 met the exclusion criteria. None of the 877 eligible
patients declined study participation ensuing in a 100%
response rate. The mean age of the participants was
30.60+11.50years and 86.6% were women. NT, ET, and LT
were observed in 39.7%, 17.0%, and 43.3% of the study
sample. Substantial variances in age (ET, LT>NT) and disease
duration (LT>NT, ET) were discerned among the three
groups (Table 1). Table 2 presents the distribution of radio-
graphic findings for the ET and LT groups. For the LT group,
deviation in condylar form (64.2%), sclerosis (42.9%), and



Table 2. Distribution of osseous changes.
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Early TMJ DJD (ET) Late TMJ DJD (LT) All TMJ DJD
Variables n=149 n=380 n=529
Erosion n (%) 149 (100.0) 161 (42.4) 310 (58.6)
Sclerosis n (%) _ 163 (42.9) 163 (30.8)

Osteophyte n (%)
Deviation in form n (%)
Cyst-like lesion n (%)

3(34)
244 (64.2)
8 (4.7)

3 (2.5)
244 (46.1)
8 34)

% indicates the percentage of the column.

Table 3. Frequency of TMD symptoms.

No TMJ DJD Early TMJ DJD Late TMJ DJD
Variables (NT) (ET) (LT) P-value* Post-hoc
TMD pain
YES n (%) 195 (56.0) 120 (80.5) 209 (55.0) <.001 ET>NT, LT
NO n (%) 153 (44.0) 29 (19.5) 171 (45.0)
Headache
YES n (%) 26 (7.5) 18 (12.1) 34 (8.9) 254 _
NO n (%) 322 (92.5) 131 (87.9) 346 (91.1)
TMJ sounds
YES n (%) 293 (84.2) 97 (65.1 291 (76.6) <.001 NT>LT>ET
NO n (%) 55 (15.8) 52 (3 89 (23.4)
Opening difficulty/limitation
YES n (%) 152 (43.7) 84 (56.4 115 (30.3) .001 ET>NT>LT
NO n (%) 196 (56.3) 65 (43.6 265 (69.7)
Closing difficulty
YES n (%) 83 (23.9) 19 (12.8) 28 (7.4) .001 NT>ET, LT
NO n (%) 265 (76.1) 130 (87.2) 352 (92.6)
Results of *Chi-square/Z-test (bold indicates p <.05 and >indicates significant differences between groups).
Table 4. Frequency of TMD signs.
No TMJ DJD Early TMJ DJD Late TMJ DJD
Variables (NT) (ET) (LT) P-value* Post-hoc
TMD pain
YES n (%) 162 (46.6) 94 (63.1) 173 (45.5) <.001 ET>NT, LT
NO n(%) 186 (53.4) 55 (36.9 207 (54.5)
TMJ pain
YES n (%) 153 (44.0) 90 (60.4) 154 (40.5) <.001 ET>NT, LT
NO n (%) 195 (56.0) 59 (39.6) 226 (59.5)
Masticatory muscle pain
YES n (%) 65 (18.7) 35 (23.5) 86 (22.6) 330 _
NO n (%) 283 (81.3) 114 (76.5) 294 (77.4)
TMJ sounds
YES n (%) 185 (53.2) 71 (47.7) 215 (56.6) 214 —_—
NO n (%) 163 (46.8) 8 (52.3 165 (43.4)
TMJ clicking
YES n (%) 164 (47.1) 30 (20.1) 100 (26.3) <.001 NT>ET, LT
NO n (%) 184 (52.9) 119 (79.9) 280 (73.7)
TMJ crepitus
YES n (%) 22 (6.3) 41 (27.5) 124 (32.6) <.001 ET, LT>NT
NO n (%) 326 (93.7) 108 (72.5) 256 (67.4)
Opening limitation
YES n (%) 99 (28.4) 53 (35.6) 76 (20.0) <.001 ET, NT>LT
NO n (%) 249 (71.6) 96 (64.4) 304 (80.0)

TMD pain=presence of TMJ and/or masticatory muscle pain. Results of *Chi-square/Z-tests (bold indicates p <.05 and > indicates significant

differences between groups).

erosions (42.4%) were the more commonly observed osse-
ous changes.

The frequency of TMD symptoms and signs are reflected
in Tables 3 and 4. Ranking of the prevalence of TMD symp-
toms was as follows: NT — TMJ sounds (84.2%) > TMD pain
(56.0%) > opening difficulty (43.7%) > closing difficulty
(23.9%) > headache (7.5%); ET - TMD pain (80.5%) > TMJ
sounds (65.1%) > opening difficulty (56.4%) > closing diffi-
culty (12.8%) > headache (12.1%); and LT - TMJ sounds

(76.6%) > TMD pain (55.0%) > opening difficulty (30.3%) >
headache (8.9%) > closing difficulty (7.4%). TMJ sounds and
TMD pain were the two most regular symptoms for all
groups. Significant differences in the prevalence of TMD pain
(ET>NT, LT), TMJ sounds (NT>LT>ET), opening difficulty/
limitation (ET>NT>LT), and closing difficulty (NT>ET, LT)
were found. Regarding TMD signs, the ranking of prevalence
was as follows: NT — TMJ sounds (53.2%) > TMD pain (46.6%)
> opening limitation (28.4%): ET — TMD pain (63.1%) > TMJ
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sounds (47.7%) > opening limitation (35.6%): and LT - TMJ
sounds (56.6%) > TMD pain (45.5%) > opening limitation
(20.0%). TMJ sounds and TMD pain were the two most reg-
ular signs for all groups. Significant differences in the prev-
alence of TMD/TMJ pain (ET>NT, LT), TMJ clicking (NT>ET,
LT), TMJ crepitus (ET, LT>NT), and opening limitation (ET,
NT>LT) were noted. For all groups, TMJ pain (range
40.5-60.4%) featured more prominently than masticatory
muscle pain (range 18.7-23.5%). TMJ clicking was more fre-
quently detected than TMJ crepitus for the NT group (47.1
versus 6.3%). Conversely, TMJ crepitus was more common
than TMJ clicking for participants with DJD (27.5-32.6% ver-
sus 20.1-26.3%).

Table 5 reflects the percentage agreement between TMD
symptoms and signs, and related Kappa coefficients (K) for
the various groups. The lowest and highest Kappa values
were noted for TMJ sounds in the ET group (K=0.20) and
opening limitation in the NT group (K=0.58). When the par-
ticipants were pooled together for overall analyses, moderate
agreements between symptoms and signs were observed for
TMD pain (K=0.58) and opening limitation (K=0.46). However,
the agreement for TMJ sounds was only fair (K=0.28).

Discussion

This is the largest study conducted to date on the associa-
tions between CBCT findings, clinical symptoms, and signs
in TMD patients with TMJ DJD. When considered together,
the nine prior relevant studies yielded a total of only 697
subjects [19]. As there were significant differences in the
prevalence of TMD symptoms/signs among the three study
groups and fair-to-moderate agreements between TMD symp-
toms and signs were noted, both research hypotheses were
supported. Only patients with intra-articular conditions were
recruited for the study to minimize unnecessary radiation
exposure from CBCT imaging in individuals with healthy TMJs
including those with just muscle disorders [18]. The use of
the DC/TMD SQ and examination protocol provided a stan-
dardized and validated approach for establishing TMD symp-
toms and signs. This was also proposed by Wu et al. to
enhance data homogeneity and improve both clinical and
research outcomes [19]. Furthermore, the quintessential five
TMD symptoms (5Ts) employed had been shown to have
high sensitivity, specificity, and accuracy for detecting TMDs
when referenced to the DC/TMD [25]. The predominance of
women in the study sample corroborated previous work and
had been explained by sex hormones, socio-cultural factors,

gender disparities in emotional distress, somatization, pain
sensitivity/perception, and treatment-seeking [26,27].
Variances in age and disease durations were anticipated. The
ET and LT groups were older than the NT group as TMJ DJD
involves three phases and progresses over time [15,28]. This
also explained the longer disease duration of the LT group
when compared to the ET and NT groups. In the study sam-
ple, 60.3% had TMJ DJD based on CBCT imaging.

Associations between CBCT findings and TMD
symptoms/signs

TMJ DJD is often not detected clinically as radiographic evi-
dence normally lags behind articular tissue deterioration [29].
The common late osseous changes observed radiographically
were deviation in condylar form (64.2%), sclerosis (42.9%),
and erosions (42.4%). Cyst-like lesions (4.7%) and osteophyte
formation (3.4%) were less frequently detected. Findings
agreed with those of Bae et al. who reported deviation in
form (77.4%), erosions (59.7%), and sclerosis (49.1%) to be
the most frequent osseous changes in East Asian patients [30].

Though both symptoms and signs describe TMDs, symp-
toms are subjective whereas signs are objective and observ-
able. Except for headaches, significant differences in the
prevalence of TMD symptoms were noted among the study
groups. Headache attributed to TMDs is primarily muscular
and patients with solely myalgia were excluded from the
study. While the NT group experienced considerably more
TMJ sounds and closing difficulty, the ET group reported
substantially more TMD pain and opening difficulty than the
other groups. Findings were consistent with the three phases
of TMJ DJD with the NT, ET, and LT groups corresponding
to the initial, intermediate, and late/final phases [15]. The
initial phase (NT group) is associated with TMJ DDs with
reduction and hence the greater occurrence of TMJ sounds
(reciprocal clicking). As TMJ DDs had been linked to gener-
alized joint laxity, the NT group may also suffer from TMJ
subluxation (open-lock) explaining the higher frequency of
closing difficulty [31]. The greater prevalence of TMD pain
and opening difficulty noted in the ET group can be
attributed to TMJ arthralgia, DD without reduction
(closed-lock), and early degeneration that occur during the
intermediate phase [22]. The late stage (LT group) and ‘burn-
out’ phase of TMJ DJD, which are associated with advanced
osseous changes and TMJ crepitus, cannot be distinguished
without serial CBCTs although TMJ pain may be indicative
of active bone destruction [28].

Table 5. Percentage agreement between TMD symptoms and signs, and related Kappa values.

No TMJ DJD Early TMJ DJD Late TMJ DJD

Variables (NT) (ET) (LT) All TMJ DJD All participants
TMD pain

% agreement 74.8% 75.3% 75.9% 75.7% 75.4%

Kappa coefficient 0.50 0.41 0.52 0.49 0.58
TMJ sounds

% agreement 64.1% 65.8% 66.1% 66.8% 65.3%

Kappa coefficient 0.24 0.20 0.28 0.24 0.28
Opening limitation

% agreement 80.1% 73.3% 79.7% 76.1% 78.8%

Kappa coefficient 0.58 0.49 0.48 0.47 0.46




Concerning TMD signs, the ET group presented signifi-
cantly more TMJ pain and opening limitations than the NT
and/or LT groups. While the NT group had a higher preva-
lence of TMJ clicking, the DJD (ET and LT) groups had greater
frequencies of TMJ crepitus. Collectively, TMJ sounds and
TMD pain, particularly TMJ crepitus and pain, were found to
be associated with TMJ DJD supporting the conclusions of
prior limited research [19]. CBCT examinations should hence
be performed in young adults with these TMD symptoms/
signs so that early/precise diagnosis and appropriate treat-
ments can be rendered to reduce the progression of carti-
lage/bone destruction and promote TMJ repair/regeneration
[11,32].

Agreement between TMD symptoms and signs

Moderate agreements between TMD symptoms/signs were
discerned for TMD pain and opening limitation whilst the
concurrence for TMJ sounds was fair. Findings confirmed the
consistency of the DC/TMD protocol and the utility of the
5Ts for screening TMDs. Nevertheless, the evaluation of TMJ
sounds by both patients and clinicians remains somewhat
problematic and can be influenced by TMD pain/mouth open-
ing and prejudiced by disease experience and perception.
This was demonstrated by the low sensitivity of DC/TMD
procedures for assessing TMJ DD with reduction, DD without
reduction without limited opening, and DJD [2]. The aforesaid
together with the low correlation between TMJ sounds and
the degree of TMJ disc displacements/extent of TMJ degen-
eration accounted for the fair agreement observed [33-36].
Adjunctive diagnostic imaging, including magnetic resonance
imaging (MRI) and CBCT, is thus necessary to confirm the
provisional clinical diagnosis of intra-articular TMDs [2]. While
CBCT is the reference technique for TMJ hard tissues, MRI is
the method of choice for TMJ soft tissues [37]. Besides the
observation of disc position and morphology, MRIs also allow
for the detection of intra-articular fluid accumulation in mul-
tiple planes [38].

Study limitations

This study has some design and technical limitations. First,
healthy TMJs, which are ideal controls, were excluded from
the study to circumvent needless CBCT radiation. Second,
the fluctuating nature of TMD symptoms and signs was
not contemplated in the cross-sectional design [39].
Furthermore, pain intensity on TMJ and muscle palpation
was not appraised and should be considered for follow-up
work. Third, like previous parallel studies, radiographic
findings could not be specifically defined due to the lack
of standardized CBCT imaging analysis criteria [19]. Fourth,
as most of the patients were young adults, the findings
cannot be generalized and extrapolated to middle-aged
and old adults. Lastly, the magnitude of the Kappa coef-
ficient (K) can be affected by several factors including
disease prevalence, response bias, and non-independence
of TMD symptoms/signs [24].
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Conclusion

In this large sample of patients with intra-articular TMDs,
17.0% and 43.3% exhibited early and late TMJ DJD respec-
tively. Significant differences in the prevalence of TMD symp-
toms (TMD pain, TMJ sounds, opening, and closing difficulty)
and signs (TMD/TMJ pain, TMJ clicking/crepitus, and opening
limitation) were observed among participants with no, early,
and late TMJ osseous changes. TMD/TMJ pain and opening
difficulty/limitation were more rampant in early rather than
late DJD and may be indicative of active bone destruction.
Therefore, TMD-related pain symptoms/signs do not correlate
with the extent of osseous changes. Although moderate
agreements between symptoms and signs were observed for
TMD pain and opening limitation, the concurrence for TMJ
sounds was fair. In the clinical setting, young adults with
TMJ sounds and TMD pain, particularly TMJ crepitus and
pain, should be examined with CBCT. Only then can early
and accurate TMJ DJD diagnoses be made facilitating timely
therapeutic interventions to minimize further TMJ deteriora-
tion and encourage TMJ repair/regeneration.
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