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Abstract
Background: Degenerative temporomandibular joint (TMJ) disease is characterized by
destruction of the articular surface of mandibular condyle.
Aims and Objectives: The aim of the present study was to assess the smallest lesion on
mandibular condyle that could be detected on panoramic radiograph compared to conebeam computed tomography (CBCT).
Materials and Methods: A total of 15 dry human mandibles were included in the study.
Three surgical carbide drill bits of diameters 1.8 mm, 2.3 mm, and 4.5 mm length were
used to drill holes on anterior, posterior, lateral, medial, and superior surfaces of the
condyles. Panoramic and CBCT images were obtained and evaluated by two observers
to detect lesions. Interobserver variability was obtained by the application of Cohen’s
kappa coefficient statistical measure.
Results: On panoramic images, kappa value showed fair (0.324), moderate (0.537),
and substantial agreement (0.667) for small, shallow, and deeper lesion on condyle,
respectively. 16.6% of small, 43.3% of shallow, and 46.3% of deeper lesions were visualized
on panoramic images compared to CBCT images. These lesions were predominantly on
the superior surface of the condyle.
Conclusion: Panoramic radiography can be used to detect lesions on the superior surface
of the condyle of more than 2.3 mm diameter or more than 4.5 mm depth. Additional
imaging modality such as CBCT is recommended for TMJ degenerative disorders.

Introduction
Temporomandibular disorders (TMD) refer to a set of
conditions that affect the masticatory muscles and/or the
temporomandibular joint (TMJ). It constitutes a complex
set of specific entities with a reported prevalence of 5–12%.[1]
Degenerative TMJ disease is characterized by destruction of the
articular surface of mandibular condyle. As the disease gradually
progresses, subarticular and cortical bone layers are resorbed,
resulting in erosion and radiographic signs such as osteophyte
formation, deformity, and marginal proliferation.[1]
The primary assessment of TMD is based on a clinical
examination of the masticatory system. However, clinical
examination alone is insufficient to fully assess the osseous and
soft tissue components of the TMJ, and thus, imaging is used
to augment the diagnostic process.[2] Consequently, several
imaging modalities are used to verify the clinical findings.[3]

Cone-beam computed tomography (CBCT) is considered
as imaging technique of choice for TMJ pathology and to
detect mandibular condylar changes such as erosion, flattening,
osteophytes, resorption, hypoplasia, and sclerosis.[4] CBCT
images provide superior reliability and greater accuracy than
corrected angle linear tomography and TMJ panoramic
projections in the detection of condylar cortical erosion.
Hussain et al. concluded that CBCT can provide high sensitivity,
specificity, and diagnostic accuracy for the assessment of
mandibular condyle.[5]
Panoramic radiographs are an excellent screening tool to
detect bony degenerative changes and are useful in evaluating
gross TMJ osseous pathology. The technique is simple and
relatively inexpensive. Extensive erosions and large osteophytes
in the TMJ can be identified with panoramic imaging. However,
panoramic radiographs suffer from significant superimposition
of the overlying structures, which compromise their ability to
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detect pathological TMJ changes. Despite their limitations
and controversy in assessment of TMJ, they are considered
appropriate for initial diagnosis.[6]
The present study was conducted to assess the size of smallest
lesion on mandibular condyle that can be detected on panoramic
radiograph.
Materials and Methods
The objective of the study was to evaluate and compare simulated
lesions on dry human mandibular condyles that can be detected
on panoramic radiograph and CBCT images. Ethical clearance
was obtained to conduct the in vitro, cross-sectional study, from
the institutional ethics committee. 25 dry human mandibles,
which were unbroken, intact, and complete, were included in
the study. Damaged, mutilated, and deformed mandibles were
excluded from the study.
Materials used

Each dry human mandible was numbered by direct inspection.
Surgical carbide drill bits (SS White 06, SS White 08, and SS
White 702), micromotor, and handpiece were used to drill holes
onto the surface of the mandibular condyle to simulate erosive
lesions. The surface of mandibular condyle was divided into
superior, anterior, posterior, medial, and lateral poles. 10 sites of
each surface were chosen in a random manner.
Methods

Using small round drill bit (#06, diameter of bur: 1.8 mm), small
holes were drilled onto specified mandibular condylar surface, to
create simulated lesion, after which the mandible was submitted
for panoramic radiography followed by CBCT. The first set of
panoramic and CBCT images was obtained (set 1). Existing
hole on the same condyle surface was enlarged, using round
drill bit of diameter 2.3 mm (#08) and submitted for panoramic
radiography followed by CBCT to obtain the second set of
images (set 2). Cylindrical drill bit of length 4.5 mm (#702)
was used to drill deeper into the existing hole, and the condyles
were submitted for panoramic radiography followed by CBCT
again to obtain the third set of images (set 3). The same holes
were enlarged in subsequent steps to eliminate any chance of
superimposition of different lesions on panoramic radiography.
The purpose of using three different sized drill bits was to
determine whether small (drill bit #06), wider (drill bit #08),
or deeper (drill bit #702) lesion can be detected on panoramic
radiography in comparison to CBCT images.
Image acquisition protocol

Kodak 9300 unit machine was used to produce panoramic and
CBCT images. Kodak Document Imaging software was used to
obtain panoramic radiographs. The image acquisition protocol
was 50 kVp, 2 mA current, and exposure time 16 s. The images
were stored in the JPEG format. CBCT acquisition protocol that
was used was multiplanar reformation (MPR) - axial, coronal,
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and sagittal slices, with 1 mm slice thickness, voxel thickness of
180 µ, field of view 10 cm × 8 cm, 4 mA current, 60 kVp, and
exposure time of 16 s. The software used for viewing CBCT
images was CS 3D Imaging Software.
Images obtained

For every condylar surface, three panoramic radiographs
and three CBCT images were taken. A total of 75
panoramic radiographs and 75 CBCT images were obtained
(25 mandibles × 3 panoramic/CBCT imaging). These
radiographic data were evaluated by two maxillofacial
radiologists for any detectable lesion on the mandibular condyles
on panoramic radiographs and CBCT images. The panoramic
images were viewed in JPEG format. The CBCT images were
viewed using CS 3D imaging software for CBCT images.
Assessment of the images

The images were observed by the two observers individually.
The observers were blinded as to which surface of the condyles
had the simulated lesion; however, they were not blinded for
the three consecutive set of images (set 1, set 2, and set 3). The
observers were provided with laptop mouse while viewing CBCT
images and were free to scroll through the images in all planes.
The observers recorded as “Yes” if there was any detectable lesion
on the condyles and recorded “No” if there was no detectable
lesion on the condyle. The observations for panoramic image
were recorded for the right and left condyle [Figure 1], and for
the CBCT images, observations were recorded for each surface
of the condyle (anterior, posterior, medial, lateral, and superior)
and for each plane of the image (axial, coronal, and sagittal)
[Figures 2 and 3].
Statistical analysis

Statistical evaluation of interobserver variability, by application
of Cohen’s kappa coefficient statistical measure, was done to
evaluate the percentage of agreement and degree of accuracy of
panoramic radiographs in detecting mandibular condylar lesions
by observer’s examination.
Results
On panoramic images, observations of kappa value show fair
(0.324), moderate (0.537), and substantial agreement (0.667)
for set 1, set 2, and set 3, respectively. The interobserver
agreeability was statistically significant for the set 2 (P = 0.003)
and set 3 (P < 0.001) panoramic images [Table 1].
The interobserver agreeability was statistically significant
in all the three sets of CBCT images of condyles (P < 0.001)
[Table 2]. The highest agreement was found on axial and sagittal
sections for lesions on anterior and posterior surfaces; axial and
coronal surfaces for lesions on medial and lateral surfaces; and on
sagittal and coronal surfaces for lesions on the superior surface.
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Discussion
The craniomandibular articulation is a complex synovial system
composed of two TMJ together with their articular ligaments and
masticatory muscles. It is structurally the most complex synovial
system in the body. In conventional radiographs, TMJ imaging
is very challenging because the bony components are small and
superimposition from the base of the skull often results in a lack
of clear delineation of the joint.[1,7]
The appearance of mandibular condyle varies greatly among
different age groups and individuals. Mandibular condyle may
be categorized into five basic types, flattened, convex, angled,
rounded, and concave. Morphological changes of condyle occur
due to developmental variations, remodeling, various diseases,
trauma, endocrine disturbances, and radiation therapy.[8,9]
TMD is an umbrella term under which multiple disorders are
grouped. TMD has an estimated prevalence of 5–12%. Most of
the patients with TMD are young adults aged between 20 and
40 years, and more commonly, females.[10] Early intervention
can reduce the severity of disease. TMJ osteoarthritis represents
a destructive process in which the bony surfaces of condyle and
fossa become altered. Osseous changes involving the condyle and
temporal bone occur as sequel of disk displacement, frequently

with long-standing disk displacement without reduction.[11]
Rheumatoid arthritis is an inflammation of synovial membranes,
leading to several osseous changes. It can cause painful symptoms
of joint and surrounding structures and cause destruction of
the temporomandibular articular surfaces if not evaluated and
treated in time.[7]
The primary assessment of TMD is based on a clinical
examination of the TMJ and masticatory system. However,
clinical diagnoses are unreliable with respect to the status of
the TMJ. Panoramic radiography has been proposed for the
initial assessment of TMJ. Although usefulness of panoramic
radiograph in the assessment of the TMJ is controversial, it is
useful in evaluating gross TMJ osseous pathology.[1]
In the TMJ, the presence of erosion is a radiographic clue that
an active degenerative disease process may be occurring, whereas
the presence of osteophytes is an indication that the condyle is
adapting, or has adapted, to degenerative changes produced in
the past.[12] To be able to clearly identify the presence of erosion

Table 1: Interobserver agreement on panoramic images

a

Set OPG‑observer 1 OPG‑observer 2 Total Kappa value P value
Yes
No
Set 1 Yes
2
11
13
−0.324
0.064
No

18

18

37

Total

20

30

50

Set 2 Yes

19

3

22

No

8

20

28

Total

27

23

50

20

5

25

No

3

22

25

Total

23

27

50

Set 3 Yes

b
0.537

0.003

0.667

<0.001

c

Figure 1: Panoramic radiograph of mandible having lesions on
anterior surface on the right side and lateral surface of the left side.
(a) Set 1, (b) Set 2, and (c) Set 3

Table 2: Interobserver agreement on different sections of CBCT
Simulated lesion
Posterior surface
Anterior surface
Medial surface
Lateral surface
Superior surface

Plane
Kappa

Axial
1.000

Set 1
Coronal
0.667

Sagittal
0.841

Axial
1.000

Set 2
Coronal
0.842

Sagittal
1.000

Axial
1.000

Set 3
Coronal
0.754

Sagittal
1.000

P value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Kappa

1.000

0.918

1.000

1.000

0.918

0.923

1.000

0.842

1.000

P value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Kappa

0.842

0.923

0.471

1.000

0.923

0.842

0.923

1.000

0.923

P value

<0.001

<0.001

0.002

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Kappa

1.000

1.000

0.842

0.923

1.000

0.923

1.000

1.000

0.918

P value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Kappa

0.923

0.923

1.000

1.000

1.000

1.000

0.923

1.000

0.918

P value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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a

c

b

Figure 2: Cone-beam computed tomographic images of a condyle showing simulated lesions on the posterior surface on sagittal sections.
(a) Set 1, (b) Set 2, and (c) Set 3

a

b

c

Figure 3: Cone-beam computed tomographic images of a condyle showing simulated lesions on the lateral surface on coronal sections.
(a) Set 1, (b) Set 2, and (c) Set 3

and osteophytes and accurately diagnose osseous morphology
in patients with TMD, an unobstructed image of the joint and
surrounding structures is required.[12]
The most commonly involved condylar surface in TMJ
osteoarthritis is the anterior aspect. Osteoarthritic change is
more frequently observed in area of anterosuperior part of
the mandibular condyle which can be attributed to the close
relationship between condylar surface and loading during joint
function. Osteophytes are mainly seen on the medial aspect of
the condyles. In patients with rheumatoid arthritis, the superior
aspect of condyle shows radiological involvement more often.[9]
The technique of panoramic radiography is simple and relatively
inexpensive; however, it has several limitations that minimize its
value for TMJ assessment. The condylar head and the interarticular
space are not depicted clearly due to superimposition of surrounding
structures and the oblique projection of the joint.[13] Masood et al.
suggested that only extensive erosions and large osteophytes in the
TMJ can be identified with panoramic imaging.[2]
As the structures on CBCT images can be viewed in
multiplanar sections such as anatomic sagittal, coronal, and axial
planes, TMJ visualization is easier. The image volume can be
reconstructed in planes parallel and perpendicular to the long
axis of the condyle instead of true anatomic coronal and sagittal
planes. These reconstructed sections allow better evaluation of
the condyle within the glenoid fossa.[12]
We simulated osseous erosive lesions on the condyles by
drilling holes on different surfaces of the condyle in a random
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manner, ensuring 10 surfaces for each drill bit. This pattern
was to simulate small (bur diameter of 1.8 mm), shallow (bur
diameter of 2.3 mm), and deeper (bur length of 4.5 mm) lesions
of the condyles. We planned to visualize lesions on all surfaces
to determine accuracy of panoramic images in comparison with
CBCT.
In our study, the observation of panoramic images by both
observers showed fair (kappa value of 0.324), moderate (kappa
value of 0.537), and substantial agreement (kappa value of 0.667)
for set 1, set 2, and set 3, respectively, between the two observers.
The interobserver agreeability is statistically significant for the set
2 (P = 0.003) and set 3 (P < 0.001) panoramic images. It implies
that visibility of deeper lesions was more easy to interpret when
compared to small or shallow lesions. The observers identified
very few panoramic images that had condylar lesions in the set
1 image. This implies that small and shallow erosive lesions
<1.8 mm in diameter are difficult to visualize on panoramic
radiographs.
In the set 2 and set 3 panoramic images, more number of
lesions were identified on the superior surface of the condyle.
This implies that condylar lesions that affect the superior surface
can be visualized on panoramic radiographs. The erosive changes
on the superior condylar surface more than 2.3 mm diameter
or more than 4.5 mm depth can be visualized on panoramic
radiographs.
A few studies have compared the diagnostic accuracy of
panoramic and CBCT images. The studies concluded that
Journal of Advanced Clinical & Research Insights ● Vol. 5:5 ● Sep-Oct 2018
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CBCT images provided superior reliability and greater accuracy
than panoramic radiographs in the detection of condyle height
or condylar cortical erosion, which is similar to the findings of
the present study.[4,14,15]
CBCT may be considered a valuable imaging tool for the
identification of simulated bone lesions. The cross-sectional
slices and axial or MPR images are highly accurate in the
identification of simulated mandibular bone lesions proving to
be useful for bone lesion assessment. The accuracy, sensitivity,
and specificity of CBCT are greater than other studied
methods in the detection of simulated defects with different
sizes.[16]
In our study, nearly 16.6% of the set 1 simulated lesions,
43.3% of set 2 simulated lesions, and 46.3% of set 3 simulated
lesions were visualized on panoramic images, in comparison
to CBCT images. This implies that panoramic radiographs are
fairly reliable in the detection of broad, shallow erosive lesions
and also deeper osteolytic lesions. However, small erosions of
<1.8 mm diameter may be difficult to detect.
Simulated osteophytic lesions with bone chips and drilled
erosions of the condyles show well-defined margins and sharper
edges than would normally be observed in clinical situations.
Since the simulated lesions are not an exact representation of the
actual disease pathosis, the diagnostic accuracy of the imaging
modalities in certain in vitro studies and may be somewhat
higher compared with an in vivo assessment.[2] This could be
one of the limitations of our study. Simulated bone lesions have
been widely used to compare radiological techniques for bone
observation. In these in vitro experiments, water was added to
produce an environment closer to bone in vivo and to attenuate
the X-ray beam. Since the X-rays were not attenuated in our
study, it could have resulted in more accurate identification of
the defects. This could potentially be another limitation of our
study.[16]
Conclusion
The aim of the study was to detect smallest simulated mandibular
condylar lesion on panoramic images in comparison with CBCT
images. We conclude that the detection of simulated lesions on
CBCT images is substantially better than on panoramic images.
Panoramic radiography can be used to detect lesions on the
superior surface of the condyle of more than 2.3 mm diameter
or >4.5 mm depth.
The present study was an in vitro, cross-sectional study,
conducted on dry human mandibles with simulated lesions
on condyles. Future research should be conducted on patients
with signs and symptoms of TMD with larger sample size, to
emphasize the diagnostic accuracy of panoramic images of TMJ
in comparison with CBCT images.
Clinical significance

Panoramic radiographs can be used as the initial imaging
modality for TMJ osteoarthritis. Additional imaging modality
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such as CBCT is recommended for TMJ degenerative disorders
as it has statistically significant superiority than panoramic
imaging in the detection of erosive lesions with smaller sizes.
References
1. Palconet G, Ludlow JB, Tyndall DA, Lim PF. Correlating
cone beam CT results with temporomandibular joint pain of
osteoarthritic origin. Dentomaxillofac Radiol 2012;41:126-30.
2. Masood F, Katz JO, Hardman PK, Glaros AG, Spencer P.
Comparison of panoramic radiography and panoramic
digital subtraction radiography in the detection of simulated
osteophytic lesions of the mandibular condyle. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2002;93:626-31.
3. Tsiklakis K, Syriopoulos K, Stamatakis HC. Radiographic
examination of the temporomandibular joint using cone
beam computed tomography. Dentomaxillofac Radiol
2004;33:196-201.
4. Honey OB, Scarfe WC, Hilgers MJ, Klueber K, Silveira AM,
Haskell BS, et al. Accuracy of cone-beam computed tomography
imaging of the temporomandibular joint: Comparisons with
panoramic radiology and linear tomography. Am J Orthod
Dentofacial Orthop 2007;132:429-38.
5. Hussain AM, Packota G, Major PW, Flores-Mir C. Role of different
imaging modalities in assessment of temporomandibular joint
erosions and osteophytes: A systematic review. Dentomaxillofac
Radiol 2008;37:63-71.
6. Ludlow JB, Davies KL, Tyndall DA. Temporomandibular
joint imaging: A comparative study of diagnostic accuracy for
the detection of bone change with biplanar multidirectional
tomography and panoramic images. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1995;80:735-43.
7. Deoghare A, Degwekar S. Clinical and CT scan evaluation of
temporomandibular joints with osteoarthritis and rheumatoid
arthritis. J Indian Acad Oral Med Radiol 2010;22:1-5.
8. Barghan S, Tetradis S, Mallya S. Application of cone beam
computed tomography for assessment of the temporomandibular
joints. Aust Dent J 2012;57 Suppl 1:109-18.
9. Schmitter M, Gabbert O, Ohlmann B, Hassel A, Wolff D,
Rammelsberg P, et al. Assessment of the reliability and validity
of panoramic imaging for assessment of mandibular condyle
morphology using both MRI and clinical examination as the
gold standard. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2006;102:220-4.
10. Mello VV, Barbosa AC, Morais MP, Gomes SG, Vasconcelos MM,
Caldas Júnior Ade F, et al. Temporomandibular disorders in
a sample population of the Brazilian Northeast. Braz Dent J
2014;25:442-6.
11. Marques AP, Perrella A, Arita ES, Pereira MF, Cavalcanti
Mde G. Assessment of simulated mandibular condyle bone
lesions by cone beam computed tomography. Braz Oral Res
2010;24:467-74.
12. Antigone D. Rheumatoid arthritis of the temporomandibular
joint; Comparison of digital panoramic radiographs taken using
the joint limitation program [JLA View] and CT scans. Open J
Rheumatol Autoimmune Dis 2012;2:59-63.
13. Shahriar S, Nafiseh N, Maryam G, Amin G, Sanaz S. Diagnostic
accuracy of cone beam computed tomography in detection
of simulated mandibular condyle erosions. Dent Hypotheses

Journal of Advanced Clinical & Research Insights ● Vol. 5:5 ● Sep-Oct 2018149

Mani, et al.

Simulated condylar lesions on panoramic radiography and cone-beam computed tomography

2015;6:1-7.
14. Salemi F, Shokri A, Mortazavi H, Baharvand M. Diagnosis of
simulated condylar bone defects using panoramic radiography,
spiral tomography and cone-beam computed tomography:
A comparison study. J Clin Exp Dent 2015;7:e34-9.
15. Arvonen P, Naujokaityte J, Arvonen M, Niinimaki J, Vahasalo P,
Pirttiniemi P. CBCT versus orthopantomogram detecting TMJ
alteration in JIA. Pediatr Rheumatol 2013;11:1-7.
16. Gaia BF, Sales MA, Perrella A, Fenyo-Pereira M, Cavalcanti MG.

Comparison between cone-beam and multislice computed
tomography for identification of simulated bone lesions. Braz
Oral Res 2011;25:362-8.

How to cite this article: Mani S, Raghavan S, Birur P,
Gurudath S, Keerthi G. Accuracy of the detection of simulated
condylar lesions on panoramic radiography and cone-beam
computed tomography. J Adv Clin Res Insights 2018;5:145-150.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article are
included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the Creative
Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/ © Mani S, Raghavan S, Birur P, Gurudath S, Keerthi G. 2018

150

Journal of Advanced Clinical & Research Insights ● Vol. 5:5 ● Sep-Oct 2018

