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Abstract 
Objectives: Purpose of present study was to assess the validity of Orthopantomograph (OPG), limited volume Cone Beam 

Computed Tomography (CBCT) and Computed Tomography (CT) in evaluating the simulated lesions over the mandibular 

condyles. 

Materials and Method: 15 dry human mandibles (30 mandibular condyles) with intact mandibular condyles were used in this 

study. Total of 46 lesions were created randomly on anterosuperior (AS), superior (S) and posterosuperior (PS) surfaces of the 

condyle with 1mm surgical bur. Subsequently all the mandibles were subjected to OPG, CBCT and CT for assessing artificially 

created lesions. Two observers assessed the images for presence or absence of the lesions, number and surface of the lesions in 

each condyle. 

Results: Statistically good agreement was obtained between 2 observers in assessment of the lesions with all the three imaging 

modalities. With CBCT 100% sensitivity and specificity was obtained. CT produced 96.67% sensitivity and 100% specificity. 

Sensitivity obtained with OPG was 24.14% and specificity was 100%. Good agreement was obtained between CT and CBCT in 

detecting the lesions and it was found to be 96.67%.  

Conclusion: Accuracy of CBCT was found to be 100% and it was superior to CT (96.67%) in detecting the lesions over the 

mandibular condyle and OPG produced least accuracy (24.14%). Owing to the facts like high radiation dose and high cost of CT, 

we suggest CBCT as a better imaging modality for incipient bony changes of TMJ. However further studies with more samples are 

required to confirm these results.  
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Introduction 
Temporomandibular joint disorders (TMD) include 

a heterogeneous group of pathologies affecting the 

articular disk and associated ligaments and muscles, 

growth or developmental abnormalities, joint arthritides 

and neoplasms. It is the most common jaw disorder, with 

28% to 86% of adults and adolescents showing one or 

more clinical signs or symptoms.(1,2) The TMJ can suffer 

modifications caused by internal degeneration, fractures, 

neoplasms and inflammatory processes.(3) TMDs are 

frequently associated with degenerative bony changes of 

the TMJ such as flattening, erosion, osteophytes, 

subchondral bone sclerosis and pseudocysts.(4) Osseous 

changes of TMJ have been radiographically observed in 

14 - 44% of TMD patients using two-dimensional 

imaging.(5) More accurate diagnosis is critical for 

understanding the pathophysiology and designing 

treatment plans for these TMJ diseases.  

Panoramic radiography (Orthopantomography), 

conventional linear or complex motion tomography and 

CT are most commonly used to assess the osseous 

components of the joints, whereas magnetic resonance 

imaging (MRI) is used to assess the soft tissue 

components.(6,7) Panoramic projection serves as a 

screening projection to identify odontogenic diseases 

and other disorders that may be the source of TMJ 

symptoms and in evaluating gross TMJ osseous 

pathology.(1) Although Orthopantomography is simple 

and relatively inexpensive, these radiographs do not 

show the entire articular surfaces of the TMJ, structures 

here are distorted and often there is superimposition from 

the zygomatic process. These radiographs have a poor 

reliability and low sensitivity for detecting TMJ osseous 

changes.(8,9)  

CT provides excellent visualization of broad 

spectrum of osseous pathological changes. Studies on 

autopsy specimens found CT to have a sensitivity of 75% 

and a specificity of 100% for detecting bony changes.(10) 

However the high cost, difficult access to the equipment 

and relatively high radiation dose have limited 

widespread use of CT for TMJ evaluation.  

Cone Beam Computed Tomography (CBCT) also 

called as digital volume tomography (DVT) is a recent 

technology which provides high definition three 

dimensional (3D) digital data on precise anatomical 

location of all oral and maxillofacial structures. In 

addition to the lower cost and better access to equipment, 

CBCT offers several advantages over medical CT like 

lower radiation dose and higher spatial resolution and it 

also allows for 3D reconstruction of the image. The 

diagnostic efficacy of CBCT is as good as conventional 

CT and is superior to that of panoramic radiography and 

linear tomography.(11-13)  
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TMJ imaging is very challenging because the bony 

components are small and superimpositions from the 

base of the skull often result in a lack of clear delineation 

of the joint. Each TMJ imaging modality has its own 

advantages and disadvantages. Practically it is not viable 

to assess condylar changes in patients with TMD with 

multiple imaging modalities owing to the high radiation 

exposure, time and high imaging costs. Present study 

aimed to assess the validity of OPG, CBCT and CT in 

evaluating the simulated lesions over the mandibular 

condyles.  

 

Materials and Method 
This was a blinded observational, in-vitro study 

which was conducted after obtaining the Ethical and 

Institutional Board clearance. A total of 15 dry human 

mandibles (30 mandibular condyles) were used in this 

study. No demographic data were available on them; 

they were not identified by age, sex or ethnicity. 

Anatomical specimens of human mandible with intact 

mandibular condyles bilaterally were included and 

mandibular specimens with severed condyles were 

excluded from the study. 

Each mandibular condyle was divided into three 

surfaces: anterosuperior (AS), superior (S) and 

posterosuperior (PS). Using a NSK high-speed hand 

piece (NSK EX6, Made in Japan) and a carbide bur with 

1mm head diameter (MANI Carbide burs, Prime Dental 

Products PVT LTD), lesions were made randomly in one 

or more above mentioned surfaces of condyles to 

simulate bone lesions. Individual lesions were created 

till it reached the medullary bone. Subsequently all the 

mandibles were subjected to three imaging modalities 

i.e. OPG, CBCT and CT for assessing artificially created 

lesions. 

KODAK 9000C 3D Extraoral imaging system (Care 

stream Health, Inc. 150 Verona Street Rochester New 

York - USA 14608) was used for obtaining OPG and 

DVT images. SOMATOM Definition AS (SIEMENS 

AG, Wittelsbacherplatz 2, DE – 80333, Muenchen, 

Germany) was utilized for CT imaging. The mandible 

was positioned in the machine by using a custom made 

thermocol base for all three imaging methods that was 

representative of an average mandibular position in the 

machine. The symphyseal region of the each mandible 

was positioned in the chin holder of imaging system both 

for OPG and CBCT. Vertical and horizontal laser 

reference beams were utilized to position the mandible.  

KODAK 9000C 3D Extraoral imaging system with 

a reconstruction volume of 50x37mm and a 

reconstructed matrix voxel of 76.5x76.5x76.5µm was 

used to obtain the CBCT images. As the field of view 

was small i.e. 50x37mm, two CBCT images were taken 

for each mandible, one for each condyle. The equipment 

has Complementary metal–oxide–

semiconductor (CMOS) sensor technology with a gray 

scale of 16384 – 14 bits. Condyles were assessed by the 

3D volumetric image and 76μm tomographic sections in 

sagittal, axial and coronal planes.  

CT scans were obtained with a Multislice (128 slice) 

helical CT machine using helical (spiral) scanning mode 

with 0.55 pitch in bony window settings. The mandibles 

were scanned in the normal anatomical position of the 

mandible (supine position). Laser beams were adjusted 

for the axial and midsagittal planes. Axial slices of 

0.6mm were obtained from the ascending ramus to 2mm 

above the head of the condyle. Multiplanar reconstructed 

images of coronal and sagittal sections and 3D 

reconstruction were derived from axial sections using 

Syngo software (Siemens) on a personal computer. They 

were performed with Recon matrix of 512x512 pixel size 

with 0.6mm slice thickness and 0.6mm image interval. 

The CT images were then copied to a compact disc and 

labeled with its unique code same as that of OPG and 

CBCT. In CBCT and CT minimum slice thickness 

available in the respective machines were chosen for 

imaging the condyles. Hence slice thickness in CBCT 

and CT were 0.076mm and 0.6mm respectively.  

Each condylar head was assessed for presence or 

absence of the lesions and number of lesions on above 

mentioned surfaces in each imaging modalities. The 

assessment was done by two observers who were blinded 

to each other as well as to lesions on each condyle. Both 

observers independently assessed all three imaging 

modalities for osseous defects. Observers were allowed 

to scroll through the images in all three planes, i.e. axial, 

coronal and sagittal and also to view 3D reconstructed 

images.  

Statistical Analysis: Obtained data were subjected to 

statistical analysis and compared with the gold standard. 

Sensitivity, specificity and validity tests were used to 

compare the accuracy of different imaging modalities in 

detecting condylar lesions. Kappa statistics was used to 

evaluate the agreement among the imaging modalities 

and interobserver variations.  

 

Results 
Total of 46 lesions were created on above mentioned 

surfaces of right and left condyles (Fig. 1). Table 1 shows 

the number of lesions and surfaces on which the lesions 

were created (gold standard). On applying Kappa 

statistics good agreement was obtained between 2 

observers in assessement of the lesions with all the three 

imaging modalities (Table 2).  
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Fig. 1:  Artificially created lesion on anterosuperirior surface of right mandibular condyle (gold standard) 

 

Table 1: Number of lesions on different surfaces of the condyle (gold standard) 

Surface of the condyle Number of lesions 

Anterosuperior  22 

Superior  14 

Posterosuperior 10 

Total  46 

 

Table 2: Interobserver agreement in different imaging modalities 

Imaging 

modality 

Percentage of 

agreement 

Kappa value Standard 

error 

Z- value 

 

P-value 

OPG 80.00% 0.37 0.17 2.12 0.0169* 

CT 92.22% 0.61 0.14 4.25 0.00001* 

CBCT 100.00% 1.00 0.14 6.72 0.00001* 

*p˂0.05 

OPG-orthopantomograph, CT-computed tomography, CBCT- cone beam computed tomography 

 

With CBCT all 46 lesions and with CT 44 lesions out of 46 were correctly identified when compared to gold 

standard. However only 7 lesions were correctly identified with OPG. Average percentage of agreement, in relation 

to the gold standard in saying presence or absence of lesions with CBCT, CT and OPG when considered all regions 

of the condyles were 100%, 96.67% and 31.81% respectively (Table 3).  

 

Table 3: Average comparison of agreements in detecting the number of lesions when compared to the gold 

standard 

Imaging 

modality 

Percentage of 

agreement 

Kappa 

value 

Standard 

error 

Z- value p-value 

OPG 31.81 % 0.0118 0.0211 0.5600 0.2874 

CT 96.67% 0.8421 0.1462 5.7600 0.00001* 

CBCT 100.00% 1.0000 0.1487 6.7200 0.00001* 

*p˂0.05 

 

CBCT produced 100% sensitivity and specificity. 

Sensitivity obtained was least with OPG i.e. 24.14% 

however specificity was 100%. CT produced 96.67% 

and 100% of sensitivity and specificity respectively. 

Validity (accuracy) which was given by Youden’s J 

index (sensitivity + specificity - 100) was also calculated 

for each modality (Table 4). Good agreement (Table 5) 

was obtained between CT and CBCT in detecting the 

lesions and it was found to be 96.67% (p-value = 

0.00001*).  

 

Table 4: Accuracy of different imaging modalities in 

identification of simulated lesions over the 

mandibular condyle 

Accuracy OPG CT CBCT 

Sensitivity % 24.14 96.67 100 

Specificity % 100 100 100 

Validity % 24.14 96.67 100 
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Table 5: Agreement among three imaging modalities 

in detecting the number of lesions 

 OPG vs 

CT 

OPG vs 

CBCT 

CBCT vs 

CT 

Agreement 60.00% 60.00% 96.67% 

Kappa value 0. 0128 0. 0128 0.8421 

Standard 

error 

0.0228 0.0228 0.1462 

Z value 0.5600 0.5600 5.7600 

 

When compared to gold standard with CBCT all the 

lesions on all three surfaces were accurately identified by 

both the observers. With CT four lesions on the superior 

surface and two lesions on the posterosuperior surface 

were not identified by the first observer. Observer 2 did 

not identify two lesions on the superior surface of the 

condyle with CT images. Only five lesions by the first 

observer and seven by the second observer were 

identified on the anterosuperior surface with OPG but 

none on the superior and posterosuperior surfaces (Fig. 

2 - 4). Hence in accordance with the surface involved 

CBCT produced 100% sensitivity and specificity in 

detecting the lesions. With CT for anterosuperior and 

posterosuperior surface sensitivity and specificity were 

100%, for superior surface sensitivity was 87.5%, 

however specificity was again 100%. With OPG 59.45% 

sensitivity was obtained for anerosuperior surface. 

 

 
Fig. 2: OPG of the same mandible – lesion is not 

detected on the right condyle 

 

 
Fig. 3: Cropped CT images of the same condyle 

demonstrating the lesion on anterosuperior surface 

in axial (a), coronal (c) and sagittal (s) sections 

(arrows) 

 

 
Fig. 4: CBCT images of the same condyle 

demonstrating the lesion on anterosuperior surface 

in axial (a), coronal (c), sagittal (s) sections and 3D 

reconstruction (arrows) 

 

Discussion 
Radiography is an important adjunct to clinical 

examination that can suggest presence or absence of 

bony pathology.(14,15) Thus, a combination of clinical and 

radiographic examinations of the TMJ is important for 

detection of TMJ disorders.(14,16) Staging osseous 

changes associated with degenerative joint disease of the 

TMJ is potentially helpful in diagnosis of disease 

progression.(17) The goal of radiographic examination is 

to obtain the necessary diagnostic information without 
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unnecessary expense or radiation exposure to the patient. 

Hence most appropriate imaging modalities which 

provide new information that will influence patient care 

should be chosen.  

The present study was aimed at comparing OPG, 

MDCT and CBCT for detecting the artificially created 

lesions over the mandibular condyle. 

CT and CBCT produced higher accuracy than OPG. 

Low sensitivity of OPG (24.14%) could be because of 

the fact that it does not resolve minor alterations or 

defects in the jaw and the lesions were up to 1mm in 

diameter in the present study. Present study was similar 

to that of study by Masood et al regarding OPG findings 

of TMJ where four different sized pyramidal shaped 

bone chips were positioned at different aspects of the 

anterior surface of the condyle to simulate osteophytic 

changes. On the panoramic views even the largest chip 

size (2.0mm) was not well visualized. With digital-

subtraction techniques, lesions at all locations were 

detected with greater accuracy (P = 0.01). Lesions 

located at the central and medial locations were detected 

with greater diagnostic accuracy with these imaging 

modalities than lesions at the lateral location in their 

study.(18) Even in the present study all lesions detected in 

OPG were present in the center of anteriosuperior 

surface of the condyle.  

Honey OB et al(19) compared the accuracy of CBCT 

with OPG and linear tomography in detection of cortical 

erosions affecting the mandibular condyle. They 

obtained significant differences between three 

modalities (p = 0.024) with CBCT being more accurate 

and they suggested that CBCT is more reliable than 

corrected angle linear tomography and OPG in the 

detection of condylar cortical erosion. Even we found 

very poor agreement between OPG and CBCT reading 

(p = 0.2874) in detecting the simulated lesions and 

CBCT produced 100% accuracy. 

A comparison of digital OPG and CT was made in 

assessing rheumatoid arthritis of TMJ by Delantoni A et 

al.(20) Statistically significant differences were present 

between CT scans and OPG only for bony changes of the 

condylar head. In the present study though there was no 

superimposition of adjacent structures (we used only the 

dry mandible), we were not able to detect many of the 

erosive lesions on the condyle in OPG. It could be 

because the lesions that were present eccentrically 

(either towards lateral or medial pole of the condyle) 

were superimposed by the rest of the normal condyle. 

Similar to above mentioned studies many research 

studies have shown that OPG, have limited accuracy in 

the imaging of TMJ.(7,21,22) 

Higher accuracy of CBCT and CT was obtained in 

the present study in detecting the simulated lesions over 

the condyles. Results of our study are comparative to 

many previous studies. Cara ACB et al found the highest 

accuracy with axial-associated multiplanar reconstructed 

images of multislice CT in comparison to single slice 

CT.(23) They speculated that MDCT allows high image 

quality from thinner slices (0.5mm) than with single-

slice CT. This difference can be explained by the fact 

that the lesions with a depth of less than 1 mm were 

better detected with thinner slices. We used CT images 

of 0.6mm slice thickness to assess 1mm sized lesions and 

obtained better results (sensitivity - 97.17% and 

specificity - 100%) when compared to Cara et al’s study 

(sensitivity - 93.1% and specificity -100%). 

The diagnostic accuracy of CBCT and CT for 

detection of condylar bone defects over autopsy material 

were compared by Honda et al. They obtained 80% and 

70% sensitivity with accuracy of 90% and 86% for 

CBCT and CT respectively in detecting the osseous 

changes. The specificity was 100% for both the 

techniques.(13) Results of the present study were similar 

and in fact sensitivity and specificity of both CBCT 

(100%) and CT (96.67% and 100%S) were higher. 

Specificity of 85.48% - 88.71% for MDCT and 

83.87% - 90.32% for CBCT was obtained with two 

observers in Zain-Alabdeen EH et al’s study which was 

conducted to observe the surface osseous changes of the 

condylar head in four anatomical sites.(24) Good 

correlation was obtained between CT and CBCT. Our 

results are in concordance with the above mentioned 

study. Though the correlation between CT and CBCT 

was good in their study, the sensitivity rates with CT and 

CBCT were much less (50% for CT and 39% for CBCT) 

as compared to the present study (96.67% for CT and 

100% for CBCT). It could be because of much thinner 

tomographic sections used in our study (CT - 0.6mm and 

CBCT - 76μm). 

Similar slice thickness for CT (0.6mm) was used in 

a study which compared the accuracy of MDCT with 

CBCT in assessment of erosions of the condyle.(25) 

Agreement for CT (0.84) in present study was within the 

range of Shooshtari’s study (0.11 - 0.93). With CBCT 

very good agreement was obtained (1.0) when compared 

to gold standard. In their study sensitivity of CBCT was 

minimum at the lateral surface (27%) and maximum at 

the superior, posterior and anterior surfaces (100%). 

Also they found minimum specificity of CBCT for the 

medial and lateral surfaces (94%) and maximum for the 

superior, posterior and anterior surfaces (100%). In the 

present study sensitivity and specificity for all the 

surfaces were 100% in CBCT. In their study sensitivity 

of helical CT was minimum for the medial surface (22%) 

and maximum for the superior surface (88%), the 

specificity was minimum for the medial surface (88%) 

and maximum for the superior and posterior surfaces 

(100%). In the present study sensitivity of CT was 

minimum for superior surface (87.5%) and maximum for 

anterosuperior and posterosuperior surfaces (100%). 

However specificity was 100% for all the surfaces.  

Present study was conducted under in-vitro 

conditions without soft tissue simulation and hence 

probably provided greater accuracy. But lower accuracy 

and specificity values are expected in the clinical setting 

where bones are surrounded by the soft tissue. However 
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both CT and CBCT are influenced by this factor. Also, 

using a bur for making lesions produces more well-

defined border compared to those in clinical situation 

where the lesions are more diffuse. Hence this has to be 

considered while assessing the pathology in reality. One 

of the limitations of the present study was that we 

examined only the erosions without including other bony 

changes which appear on the radiographs. Another 

limitation was, the lesions were of similar size (1mm) on 

all the condyles. If we would have included lesions of 

different size, lesion size-specific sensitivity and 

specificity would have been calculated. Further research 

into this issue is recommended with a larger sample. 

Even with high resolution imaging modalities like 

computed tomography, smaller the bone lesion, the more 

difficult is its identification.(26,27) And in previous studies 

it was found that there was no significant difference in 

evaluation of erosions of condyle with CBCT and CT. 

Evidence also shows that CBCT with low exposure dose 

(compared to CT) and high resolution can provide high 

sensitivity, specificity and diagnostic accuracy for the 

assessment of condylar erosions compared to CT.(25) Few 

investigators suggested that CBCT should be used 

instead of CT because of radiation dose to which the 

patient is exposed is much lower. Furthermore, CBCT is 

superior to CT for visualizing bony changes in the TMJ, 

analysing lateral slices in isolation and combining 

coronal and lateral slices.(19,27,28)  

 

Conclusion 
CT and CBCT produced higher accuracy than OPG 

in detecting the simulated lesions over the mandibular 

condyle. Accuracies of CT and CBCT were comparable 

and no statistical significant difference was obtained 

between these two modalities. However CBCT produced 

higher accuracy (100%) than CT (96.67%). As CBCT is 

significantly cheaper and it uses a considerably lower 

radiation dose than CT we suggest use of CBCT as a cost 

and dose-effective diagnostic imaging modality to detect 

osseous changes in temporomandibular disorders.  
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