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EVALUATION OF TMJ OSTEOARTHRITIC OSSEOUS
CHANGES USING DIFFERENT IMAGING MODALITIES:
A DIAGNOSTIC ACCURACY STUDY
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ABSTRACT

Aim: This study was conducted to compare the diagnostic accuracy of CBCT imaging to digital
panoramic imaging in assessment of osteoarthritic TMJ osseous changes.

Methods: 25 patients were enrolled in the current investigation, divided into two groups,
Group (1) the diseased group including fifteen patients. Group (2) the control group including
Ten normal asymptomatic healthy patients (20 joints) but they were seeking for treatment of
other dental problems, in the two groups enrolled in this study all participants were females with
ages ranging between 25-55 years. All participants were scanned with panoramic and cone beam

computed tomography (CBCT).

Results: ROC curve analysis of panoramic views showed diagnostic accuracy 76.4% while
diagnostic accuracy of CBCT (TMJ views) was 81.3% and CBCT (Sagittal views) showed 82.6%
diagnostic accuracy.

Conclusion: Panoramic images can be used as a preliminary valuable tool for evaluation of
osteoarthritic osseous changes equivalent to CBCT images as it revealed relatively high sensitivity
compared to CBCT images.

KEYWORDS: Diagnostic imaging, CBCT, TMJ osteoarthritis.

INTRODUCTION in relation to age. Many factors such as bruxism,

Osteoarthritis (OA) is a chronic, complex and
progressive disease which is characterized by pain,
stiffness and loss of function of the affected joint.
Temporomandibular joint osteoarthritis (TMJ-OA)
is one of most well-known disorders affecting
the temporomandibular joint (TMJ), it is more
frequent in females and its prevalence increases

uni-lateral chewing, hereditary factors and internal
derangement are considered responsible for the
development of TMJ-OA. The diagnostic criteria
for TMJ-OA are history of TMJ noise during
function or movement upon examination or within
the last 30 days together with crepitus at movement
during palpation. Histologic and morphologic
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changes to the joint tissue begin, resulting in typical
morphological changes to the TMJ condyle including
flattening, sclerosis, osteophyte formation, erosion,
and subcortical bone cysts. These clinical criteria
together with histologic and morphologic changes
should be adjunct with imaging to complete the
diagnosis of TMJ-OA. @8

The small nature of TMJ components makes its
imaging inherently difficult, as well as the indistinct
image of TMJ results from superimpositions with
the cranial base. Imaging findings have a great
impact on the clinician’s treatment of patients
with TMD. Many imaging modalities have been
used to evaluate the TMJ. Panoramic radiography,
conventional linear or complex motion tomography
and computed tomography (CT) are used to assess
the osseous components of the joints. ®1?

Nowadays, with the presence of our great tool
and state of art in dentistry, CBCT has overcome all
the intrinsic weaknesses of conventional imaging,
providing clear non distorted image in all planes by
the use of magic manipulative tool which is rotation
that enables us to rotate either the image itself or
the structure of interest in any direction to get the
maximum information and the best outcomes. 7-1-19

PATIENTS AND METHODS

25 patients were enrolled in the current
investigation, divided into two groups, group (1)
the diseased group including fifteen patients (30
joints) were evaluated with the following eligibility

criteria:
1- Diagnosed as having osteoarthritis

2- Newcomers to the university hospital of
Rheumatology and Rehabilitation Department,
Faculty of Medicine, Cairo University.

3- Showed signs and symptoms of the disease but
did not have medical help ever.

Group (2) the control group including: Ten
normal asymptomatic healthy patients (20 joints)
they were seeking for treatment of other dental
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problems, in the two groups enrolled in this study
all participants were females with ages ranging
between 25-55 years.

Inclusion and Exclusion Criteria
Inclusion Criteria

I-Diseased group (group 1)

Patients with clinical signs and symptoms denot-
ing osteoarthritic changes of the TMJ such as head-
ache, pain, tenderness, joint sounds and irregular or
deviating jaw function were included as one of the
diseased group members.

II-Control group (group 2)

Participants who proved to be normal, healthy
and free from any TMJ troubles based on clinical
examination (free from TMJ complaints and with-
out history of any traumatic injuries or orthodontic
treatment) were also included in the study as one of
the control members but they were seeking for treat-
ment of other dental problems.

Exclusion Criteria for Group One Patients

Subjects with any inflammatory rheumatic dis-
eases or any other systemic diseases affecting the
skeletal system were excluded. For standardization
of measurements of maximum mouth openings, pa-
tients with missing anterior teeth were excluded.

All of the included patients were subjected to the
following methods of evaluation: History taking of
osteoarthritic TMJ complains, the clinical character-
istics of the TMJ-related problems in every subject
were recorded through intra and extra-oral examina-
tion of the TMJ and radiographic examination.

1- Clinical examination

The clinical characteristics of the TMJ-related
problems in every subject were recorded through
intra and extra-oral examination of the TMJ in order
to elicit all the following signs and symptoms using
inspection and palpation: (Lin et al 2007)">
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1- Palpation for tenderness of TM]J

Bidigital lateral palpation on both sides of the
face was performed (using index and middle finger)
with firm pressure on the lateral pole of the condyle
(just in front). Posterior palpation of the TMJ was
done by gently placing the little finger into the outer
portion of the external auditory canal. Positive
results were considered if the patient felt pain on

pressure.

2- Difficulty in opening and closing the mouth

or trismus.

3- Auscultation to detect the click and crepitus
sound of TMJ during mandibular opening
and closing movements.

4- Deviation of the mandible when attempting
to open the mouth.

2- Radiographic examination

** All the subjects were submitted to two imaging

protocols as follows:

A-Panoramic Imaging

Panoramic images were performed at the Oral
Radiology Department, Faculty of Dentistry,
Cairo University: Using multimodal panoramic
machine (Planmeca OY Asentajankatu 6, 00880
Helsinki, Finland). The parameters used were 70-
72 killovoltage (kVp) according to the patient’s
age and sex, 13 milliampere (mA) and 13 seconds

exposure time.

B- Cone beam Computed Tomographic Imaging
(CBCT)

Technical Concideration

CBCT images were taken using (i-CAT) Image
Sciences International Hatfield, Pa USA, The
sagittal and coronal images were obtained using
dental mode at (120) kV, (5) mA, (10) seconds.
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Image Analysis

Diagnostic accuracy for the detection of
flattening, defects, resorption and osteophytes in the
various osseous joint components (condylar head,
articular eminence and articular fossa) on all lateral
and frontal imaging modalities were assessed.

The analysis was performed at two different
sessions with a week interval in between the sessions.
The differences between the observer and himself
were expressed as the sensitivity and specificity of
each modality after applying statistical analysis of
observer’ results (intra-observer variability).

The consensus naked-eye inspection for the
radiographic interpretation of the images of the
healthy volunteers served as the gold stand for the
radiographic examinations.

The
considered the gold standard for performing the

consistent radiographic finding was

association statistical analysis tests.

The images were assessed as follows:

Osseous changes of the condyles (Su N et al 2014
and Alexiou et al 20097%)

The following radiographic views were used to
assess the osseous changes of the condyles:

1- Conventional panoramic images. (Figure.1)

2- CBCT images (sagittal, coronal and axial cuts as
well as TMJ views). (Figure. 2)

These osseous changes were defined as follows:

1. Flattening: defined as a flat bony contour
deviating from the convex form; loss of
convexity of the bony outline.

2. Erosion: defined as an area of decreased density
of the cortical bone and the adjacent subcortical
bone.

3. Osteophyte: defined as marginal local area of
bony outgrowths on the condyle arising from
the exterior surface.
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4. Sclerosis: defined as an area of increased
density of cortical bone extending into the bone
marrow.

5. Resorption: defined as partial loss of condylar
head.

Fig. (1) The panoramic radiograph of the patient reveals
slight flattening of the right condyle (1). with clearly
demonstrated osteophyte on the medial aspect of the
right condyle (2). There is also slight flattening (3)
with clearly demonstrated osteophyte on the medial
aspect of the left condyle (4).

Fig. (2) A) Sagittal images (closed) perfectly depicting

osteophyte formation on the right condyle.B) Coronal
view of this patient can clearly delineate the flattening
of right (1) and left condyles (2)

Statistical Analysis:

Receiver operating characteristics (ROC) curve
between sensitivity and specificity is a useful
method to evaluate the performance of a diagnostic
test in classification of subjects into two categories
(say) positive and negative. ROC curve may be
used to judge how well the test performs. If area

under the curve (AUC) is near 1 it has higher chance
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of correct classification and when it is near 0, higher
chance of incorrectly classifying in opposite group.
If the 95% confidence interval of the AUC does not
include the 0.5 value, then there is evidence that the
test does have an ability to distinguish between the
two groups. A high sensitivity results in low number
of false negative cases while high specificity leads
to low number of false positive cases. Sensitivity,
specificity and diagnostic accuracy were calculated
and compared between the different modalities
using repeated measures ANOVA.

Inter-observer agreement ranged from (0.380 —
1.000) denoting fair to perfect reliability.

RESULTS
ROC Curve Analysis

Diagnostic Accuracy of Panoramic Images

ROC curve analysis of panoramic views showed
a sensitivity of 78.1%, specificity of 72.9% and the
diagnostic accuracy was 76.4%

Diagnostic Accuracy of CBCT(TMJ) Views

ROC curve analysis of CBCT (TMJ views)
showed a sensitivity of 85.4%, specificity of 72.9%
and the diagnostic accuracy was 81.3%

Diagnostic Accuracy of CBCT(Sagittal) Views

ROC curve analysis of CBCT (Sagittal views)
showed a sensitivity of 85.4%, specificity of 77.1%
and the diagnostic accuracy was 82.6%

Diagnostic Accuracy of CBCT(Coronal) Views

ROC curve analysis of CBCT (Coronal views)
showed a sensitivity of 56.3%, specificity of 100%
and the diagnostic accuracy was 70.8%

Diagnostic Accuracy of CBCT(Axial) Views

ROC curve analysis of CBCT (Axial views)
showed a sensitivity of 32.3%, specificity of 91.7%
and the diagnostic accuracy was 52.1%
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Comparison between areas under the ROC curve

Regarding detection of morphologic changes,
there was no statistically significant difference
between (CBCTTMJ views=0.792),(CBCT Sagittal
views= 0.813), (CBCT Coronal views= 0.781) and
(panorama= 0.755); all showed the statistically
significantly highest mean areas under the curve
(denoting the highest accuracy).(CBCT Axial
views= 0.620) showed the statistically significantly
lowest mean area under the curve (denoting the
lowest accuracy) and p value is <0.001.

DISCUSSION

The location of the bone of the mandibular
condyles just beneath the fibrocartilage covers
the TMJ and the sophisticated movement system
of the TMJ, making it particularly vulnerable to
inflammatory damage and offering a valuable model
for studying arthritic bony changes. ¢-17

a variety of symptoms may be found in OA
patients including; jaw and muscle pain, a grating
sensation, called crepitus, pain when opening and
closing the mouth, referred pain from the jaw to the
neck, head and arms, stiffness of the neck, earaches,
headaches, misalignment of the upper and lower
teeth, 1819

That’s why patients with clinical signs and
symptoms denoting osteoarthritic changes of the
TMJ such as headache, pain, tenderness, joint
sounds and irregular or deviating jaw function were
included as one of the diseased group members in
the present study.

Once and for all panoramic radiography is helpful
in evaluating gross TMJ osseous pathology. Despite
this technique is simple and relatively inexpensive,
it suffers from many weaknesses makes it worthless
for TMJ assessment. First, limited view of the
entire articular surface of the TMJ. Second, poor
reliability and low sensitivity for detecting TMJ
osseous changes narrowing the diagnostic value in
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radiographic evaluation of the TMIJ. This creates
obstacles in the detailed assessment of changes
in surface morphology of the condyle and the
fossa. @20

Cone-beam computed tomography (CBCT)
provides practitioners with exquisite manipulative
tools beyond the ordinary softwares capabilities,
Thus, enabling them to sail into the three dimensional
journey and back with all the needed information to
get the best long lasting prognosis. 19

In this study ROC curve analysis of panoramic
views showed diagnostic accuracy 76.4% while
diagnostic accuracy of CBCT (TMJ views) was
81.3% and CBCT (Sagittal views) showed 82.6%
diagnostic accuracy

Regarding assessment of joint morphology, there
was no statistically significant difference between
(CBCT TMIJ view), (CBCT sagittal view) and
(CBCT coronal view); all showed the statistically
significantly highest mean areas under the curve
(denoting the highest accuracy).CBCT axial view
showed the statistically significantly lowest mean
area under the curve (denoting the lowest accuracy).

In the current study, it was found that condylar
lesions were detected more frequently than temporal
bone lesions which are in agreement with Honda
et al 2006%" observations who confined their
examination to the mandibular condyle. However,
on the contrary Alexiou et al 20099 results found
that the osseous changes of the mandibular fossa
were common in patients with osteoarthritis.

Honey et al 2007 illustrated that osteoarthritis
of the mandibular condyle not only produces
flattening of the surface, as simulated by the defect,
but might also be associated with morphologic
and surface changes such as sclerosis, osteophyte
formation, and reduced interarticular space. These
findings come in agreement with our results and with
the results of Alexiou et al 20099 who assessed the
most frequent radiographic findings in patients with
TMJ degenerative arthritis.
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In agreement with current results Honey et al
2007? found that the CBCT images provided
significantly greater accuracy than TMIJ-specific
panoramic projections in the detection of simulated
condylar defects. This result was expected because
CBCT display of TMJ volumetric data provides
multiple corrected sagittal as thin as 0.3mm slices
of high contrast with no structural superimposition
or tomographic blur, as do the other images.
Interestingly, Honey et al 2007%? did not find
improved accuracy for detecting TMJ defects using
conventional panoramic radiography. These results
are consistent with ours. This finding might be
related to the inherent superimposition of structures,
variable distortion, and the focal trough limitations
of this modality.

Against our results, Hintze el al 2007 and
2009** 2 showed high specificity values for
all changes with panoramic method. That may
be explained by the fact that all methods under
evaluation were effective for the identification of
joint components without any pathological changes.
However, the high specificities could also indicate
method limitations. If the radiographic methods
under evaluation are unable to depict truly present
TMJ bone changes then the observers would not be
able to perceive them, and therefore they recorded
the joint component as having no change — the same
as being sound.

CONCLUSION

Anoramic images can be used as a preliminary
valuable tool for evaluation of osteoarthritic osseous
changes equivalent to CBCT images as it revealed
relatively high sensitivity compared to CBCT
images.
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