
  

 

 

 

 

 

SHRI DHARMASTHALA MANJUNATHESHWARA 

UNIVERSITY, DHARWAD, KARNATAKA 

 

 

ASSESSMENT OF ROOF OF GLENOID FOSSA THICKNESS AND 

CONDYLAR MORPHOLOGY IN TMD PATIENTS BY USING CBCT 

 

 

 

MAY 2022                                                       VINAYAK MAHENDRAKAR 

DEPARTMENT OF ORAL MEDICINE AND RADIOLOGY 

S.D.M COLLEGE OF DENTAL SCIENCES & HOSPITAL 

DHARWAD 



  



  

 

ASSESSMENT OF ROOF OF GLENOID FOSSA THICKNESS AND 

CONDYLAR MORPHOLOGY IN TMD PATIENTS BY USING CBCT 

By 

 

DR. VINAYAK D MAHENDRAKAR  

Dissertation Submitted to the 

Shri Dharmasthala Manjunatheshwara University, Dharwad, Karnataka  

In partial fulfillment  

of the requirements for the degree of 

MASTER OF DENTAL SURGERY  

in 

ORAL MEDICINE AND RADIOLOGY 

 

Under the guidance of 

DR. VENKATESH G NAIKMASUR 

Professor 

Department of Oral Medicine and Radiology 

S.D.M College of Dental Sciences & Hospital 

Dharwad 

2022 

Shri Dharmasthala Manjunatheshwara University, Dharwad, Karnataka  

 















  

LIST OF ABBREVIATIONS USED 

 

AAOMR   -  The American Academy of Oral and Maxillofacial Radiology 

ADWR      -  Anterior disc displacement with reduction 

ADWOR   -  Anterior disc displacement without reduction 

ALARA    -  As Low As Reasonably Achievable 

CBCT        -  Cone-beam Computed Tomography 

CT             -   Computed Tomography 

DC/TMD -  Diagnostic Criteria for Temporomandibular Disorders 

DICOM     -   Digital imaging and communications in medicine 

FOV          -       Field Of View 

Gy             -  Gray 

ICRP         -  International Commission on Radiological Protection 

IOPA       -  Intraoral periapical radiography 

Kvp            -  Kilo voltage peak 

mA             -  mili Amperage 

MRI           -  Magnetic resonance imaging  

OA             -   Osteoarthritis  

OPG           -  Orthopantomography 

RDC/TMD -  Research Diagnostic Criteria for Temporomandibular Disorders 

RGF           -  Roof of glenoid fossa 

TMJ           -  Temporomandibular joint 

TMD          -  Temporomandibular disorder 

VIII 



  

ABSTRACT 

ASSESSMENT OF ROOF OF GLENOID FOSSA THICKNESS AND CONDYLAR 

MORPHOLOGY IN TMD PATIENTS BY USING CBCT. 

 

The RGF thickness and condylar morphology can be affected by various pathologic 

conditions of TMJ. Cone beam computed tomography is an appropriate imaging modality to 

assess minute bony changes as well as for linear measurements. The changes in RGF 

thickness and condylar morphology over CBCT in TMD patients could lead to accurate 

diagnosis and treatment.  

 

Objectives: To compare the RGF thickness and condylar morphology in TMD and non-TMD 

patients. 

 

Materials and Method:  The present study included 35 TMD patients in study group, and 35 

non-TMD patients in control group. In both the groups the RGF thickness and condylar 

morphology was assessed. All data sets were acquired using the KODAK 9600C 3D CBCT 

device (Care stream Health Inc., Rochester, NY).  

The mean RGF thickness value was calculated and compared between study and control 

groups by utilizing unpaired t- test, Pearson Chi-square test was done to find association 

between TMD and non-TMD patients for shape of the condyle. Inter examiner reliability was 

analyzed by interclass correlation coefficient and Kappa statistics. 

 

Results- The mean RGF thickness of TMD group was 1.23±0.060 mm and that in non TMD  
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group was 1.04±0.57 mm. Convex condylar shape was most commonly observed in TMD 

group (31.4%) and round condylar shape was observed in non-TMD group (47.1%). 

 

Conclusion- The mean RGF thickness was more in TMD patients when compared to non-

TMD patients; however there was no statistical significance between the two groups. Convex 

condylar shape was observed more commonly in TMD group and round shape was noted in 

Non-TMD group. No significant co-relation was found between the shape of the condylar 

head and the thickness of the roof of the glenoid fossa. 

 

Keywords: Roof of glenoid fossa, condylar morphology, temporomandibular disorder, cone 

beam computed tomography. 
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1. INTRODUCTION 

The topic of temporomandibular disorders has generated a plethora of literature, but confusion 

always exists as to the terminology, etiology and management of the TMJ conditions. 

Temporomandibular disorder (TMD) is a collective term used for clinical problems that 

involve TMJ and the masticatory muscle, and/or associated structures. It has plagued 

humanity throughout the history, and it’s treatment has been reported even during the time of 

the ancient Egyptians.1,2 

Temporomandibular disorder (TMD) is a significant public health problem affecting 

approximately 5% to 13% of the population. It is the second most common musculoskeletal 

condition (after chronic low back pain) resulting in pain and disability. Pain related TMD can 

impact the individual’s daily activities, psychological functioning, and quality of life.3 

 The incidence of female to male patient ratio is  4:1, where women requests treatment more 

often than men.2 Additionally TMD symptoms are less likely to resolve for women than for 

men. Many hypotheses attempt to account for the gender difference, but the underlying reason 

remains unclear.4,5,6,7 

TMD reported in individuals between the ages of 20 and 40 years and approximately 33% of 

the population has atleast one TMD symptom and 3.6 - 7% of the population has TMD with 

sufficient severity to cause patients to seek treatment.4,8  

TMD is influenced by local factors like malaligned dentition, surrounding structures of TMJ 

and masticatory muscles, periodontium, and systemic factors like genetic variations, abnormal 

metabolic, nutritional variations. A review of scientific literature shows local and systemic 

conditions like occlusion, trauma, emotional factors, deep pain and parafunctional habits play 

a major role in the TMDs.4,9,10  

TMDs represent clusters of symptoms like pain, usually localized or radiating, involving 
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preauricular area. TMJ sounds are most frequently described as clicking, popping, crepitus or 

grating.9 

Pain or dysfunction due to non musculoskeletal causes such as otolaryngologic, neurologic, 

vascular, neoplastic, or infectious disease in the orofacial region is not considered as a primary 

TMD even though secondary musculoskeletal pain may be present.5 

The Diagnostic Criteria for Temporomandibular Disorders (DC/TMD), by Schiffman et al, in 

the Journal of Oral & Facial Pain and Headache, 2014 is used in both clinical settings and 

applied research settings. Schiffman et al describe the rationale and methodology underlying 

the changes from the RDC/TMD to the DC/TMD. (Schiffman et al,2014).11 

This classification system was based on the biopsycosocial model of pain. Mainly it included 

an Axis I physical assessment, using reliable and well-operationalized diagnostic criteria, and 

an Axis II assessment of psychosocial status and pain related disability.12 

The clinical assessment included detailed questionnaires providing information on the 

patient’s health status, psychosocial dysfunction and onset, and duration and characteristics of 

pain as well as clinical examination assessing the presence and location of pain, the presence 

of joint sounds, and measurement of the range of mandibular motion.13 Subsequently, a 

multiple study showed that, the DCTMD criteria is considered as most reliable and accepted 

criteria in the research field to examine the TMD patients.12,13 

Radiographic examination and imaging play an important role in the diagnosis and 

management of temporomandibular joint (TMJ) disorders. Several techniques have been used 

for the examination of the TMJ, including Conventional tomography, Magnetic Resonance 

Imaging (MRI), Arthrography, Computed Tomography (CT), and recently Cone Beam 

Computed Tomography (CBCT).14,15 

Computed tomography (CT) provides optimal imaging of the osseous components of the TMJ 
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with 87.5% to 96% accuracy in detecting degenerative arthritis,9 but most of the CT scanners 

are large and expensive in nature and designed for full-body imaging and not readily designed 

for the complex head and neck region.16 

Cone-beam computed tomography (CBCT) scanners are based on volumetric tomography, a 

principle that uses a 2-dimensional detector and a 3- dimensional x-ray beam. This 

configuration helps in the rotation of the gantry to generate a scan covering the entire region 

of interest, inherently reducing time for volumetric data acquisition.17 CBCT is a reliable 

advanced new imaging modality for the examination of the osseous components of the TMJ 

with a major advantage of lower radiation dose compared to the conventional CT.18,19 

CBCT is a valuable imaging modality for the diagnosis of degenerative changes in the osseous 

components of the condyle and temporal fossa region. In moderate or severe osteoarthritis, 

osseous changes in the morphology of the condyle and altered thickness of mandibular fossa 

can be detected.21 

The progression and severity of osseous changes in the condylar head and mandibular fossa 

tend to increase with age.10,20 

Few researches around the world have evaluated bony component conditions using these 

modalities. These include the shape of the condyle, osteoarthritic changes in the condyle and 

the glenoid fossa changes.  

Hence the present study was designed to compare the morphological changes involving the 

head of the condyle and the thickness of glenoid fossa in TMD patients and non-TMD patients 

with the help of CBCT. 
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2. OBJECTIVES 

AIM AND OBJECTIVES OF THE STUDY:  

 To assess roof of glenoid fossa thickness and condylar morphology in TMD patients. 

 To assess roof of glenoid fossa thickness and condylar morphology in non-TMD 

patients. 

 To compare roof of glenoid fossa thickness and condylar morphology in TMD and 

non- TMD patients. 

 To assess the relationship between roof of glenoid fossa thickness and condylar 

morphology in TMD patients. 
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3. REVIEW OF LITERATURE 

1. The Embryology of the TMJ studied by Perry et al in 1985, examined 63 human fetuses, 

ranging in size from 4.5 to 255 mm crown-rump, to follow the embryological 

development of the TMJ. Sagittal, coronal, and transverse sections of the joint region 

were prepared from two distinct blastemas and stained by Milligan's trichrome or in 

hematoxylin and eosin. This study suggested that the lateral pterygoid muscle plays a 

pivotal role in the histodifferentiation of the TMJ. The lateral pterygoid muscle, with its 

fibrous insertions onto the condylar head, malleus, and temporal bone, directly 

contributes to the formation of the joint's disk, and also indirectly by the mechanical 

stimulation to the endochondral differentiation of the condyle and the formation of the 

inferior and superior joint cavities. The study also explained about  the early connection 

between the lateral pterygoid, condylar blastema, and Meckel's cartilage (figure 1) 

which persists throughout the development of the TMJ may serve a function other than 

simply reflecting a phylogenic past when the malleus served as part of the mandibular 

joint.22  

  

2. The masticatory system is the functional unit of the body and responsible for chewing, 

speaking, swallowing and also in tasting and breathing. The system is made up of bones, 

joints, ligaments, teeth, and muscles.TMJ is an one of the major component of the 

masticatory system situated bilaterally and considered as ginglymoarthrodial joint 

because each TMJ provides for both hinging or rotation movement in one plane (a 

criterion for a ginglymoid joint) and for gliding or translation movements (a criterion for 

an arthrodial joint). The TMJ is formed by the mandibular condyle fitting into the 
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mandibular fossa of the temporal bone (figure 2).23 

The condyle is the portion of the mandible that articulates with the cranium, around 

which movement occurs. The total mediolateral length of the condyle is between 18 and 

23mm, and the anteroposterior width is between 8 and 10 mm. The articulating surface 

of the condyle is quite convex anteroposteriorly and only slightly convex mediolaterally 

(figure 3).24  

The condyles seem to be slightly rotated such that an imaginary line drawn through the 

lateral and medial poles would extend medially and posteriorly toward the anterior 

border of the Foramen Magnum. So the proper access of the condylar morphology in 

coronal view will be slightly oblique radiographically (figure 4).25 

The base of the cranium with the squamous portion of the temporal bone made up of a 

concave mandibular fossa, also called glenoid fossa in which the condyle is situated. 

The squamo-tympanic fissure, that extends medio-laterally separates the petro-

squamous fissure anteriorly and the petro-tympanic fissure posteriorly. Anterior portion 

of squamo-tympanic fissure is called roof of the glenoid fossa (RGF).  The RGF is quite 

thin, indicating that this area of the temporal bone is not designed to sustain heavy 

forces. However, thick dense bone of the articular eminence is more likely to tolerate 

such forces (figure 5).23  

 

3. The term temporomandibular disorder(s) (TMD) used in this here is a collective term 

involving the number of clinical problems of masticatory muscles, the 

temporomandibular joints (TMJs) and associated structures, or both. TMDs encompass a 

group of musculoskeletal and neuromuscular conditions that involve the TMJs, the  
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Figure1: Sagittal section of the temporomandibular joint of a fetus, 4S mm C.R., 

showing the temporal (T) and condylar (C) blastemas. Note the band of mesenchymal 

cells (arrow) connecting the condylar blastema to Meckel's cartilage (M). The temporal 

blastema has started to calcify (green) in the center. Milligan's trichrome XS9.S.22   

 

Figure 2: Normal anatomy of the TMJ: AS- articular surface; IRL- inferior retrodiscal 

lamina; ACL- anterior capsular ligament; RT- retrodiscal tissues; SC and IC- superior 

and inferior joint cavities; SLP and ILP- superior and inferior lateral pterygoid 

muscles; SRL- superior retrodiscal lamina.23  
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Figure 3: Condylar head in Anterior(A) and Posterior view (B). A dotted line marks 

the border of the articular surface.23  

 

Figure 4: Base of the skull and mesiolateral direction of the condylar head.  

A black line showing the direction towards foramen magnum.25 

 

 

Figure 5: A, Bony structures of the temporomandibular joint (lateral view). B, 

Articular fossa (inferior view). AE, Articular eminence; MF, mandibular fossa; STF, 

squamo-tympanic fissure.23 
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masticatory muscles, and all associated tissues, and they have been identified as a 

major cause of non-dental pain in the orofacial region.28, 29 

TMD conditions such as myofascial pain and arthralgia have been associated with 

facial trauma, third molar removal, clenching, physical symptoms (somatization), and 

female sex. Cigarette smoking has been associated, with increased risk of TMDs in 

young adults, and higher levels of pain, psychosocial distress, and sleep disturbances 

are reported in TMD patients.30, 31 The Myofascial pain patients more commonly 

reported with severe headaches, fainting, dizziness, gastric acid reflux, fibromyalgia, 

anxiety, depression psychiatric treatments, phobias, frequent sore headaches, muscle 

soreness, and other body pains throats compared with arthralgia (both diagnoses based 

on the RDC/TMD).32 

4. Daniele Manfredini et al published an article in 2010 to evaluate the prevalence of 

different RDC/TMD diagnoses in a population of patients seeking for TMD treatment 

at Northern Italy; to evaluate the pattern of age distribution of RDC/TMD diagnoses 

and to compare data with those from similar studies in the literature in 243 TMD 

patients at Italy, during the period of 2008, underwent a RDC/ TMD axis I assessment. 

The results was 199 patients (female: male ratio 5:1, and mean age group 39.7 ±17.1 

years, range 18–80) satisfied the RDC/TMD criteria and categorized into muscle 

disorders, disc displacements, and arthritic disorders (arthralgia, osteoarthritis, and 

osteoarthrosis). The majority of patients (64.3%) received RDC/TMD diagnoses of 

more than one group. On the basis of the age distribution of a first group of patients 

showing disc displacement in the absence of degenerative disorders and a second 

group of patients with signs and symptoms of inflammatory-degenerative joint 

disorders. The former comprised 107 patients with a mean age of 32.7±14.5 years, 
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while the latter comprised 46 patients with a mean age of 54.2± 15.1 years, thus 

accounting for about 80% of the study population and being characterized by a 

significantly different age peak. So that the RDC/TMD diagnoses, which have been 

compared with other similar studies in the literature, the main findings of the present 

investigation were that atleast two distinct age peaks are identifiable within this 

population. These data might be useful to gather data on the specific epidemiologic 

features of each single RDC/TMD diagnoses. These findings have to be confirmed by 

means of multicenter studies involving many calibrated investigators.33 

5. E. Winocur et al in 2009 conducted a study to evaluate TMD Axis I and II among 

Israeli-Jewish patients using RDC/ TMD and to compare the results with Swedish, 

United States, Asian and Israeli-Arab populations. The study consisted of 298 Israeli-

born, Jewish patients (male to female ratio 3.5:1). Axis I diagnoses: 65% of the 

patients exhibited myofacial pain, 38% disc displacement and 18% arthralgia, 

osteoarthritis or osteoarthrosis. Axis II diagnoses: 20% of the patients scored severe 

depression and 35% scored somatization. Pain was reported in 82% of the patients. 

Patients had an average disability score of 30.0± 30.2. Chronic pain grade IV was 

present in 4% of the patients. TMD patients showed results similar to those reported 

for other countries, further supporting the use of the RDC ⁄TMD internationally as a 

reliable epidemiological tool. Globally, Axis I scores were similar, while Axis II 

scores were susceptible to geographic ⁄ ethnic differences. Gender can influence Axis I 

and Axis II as well as possible gender specific association with socio-economic status. 

In future comparison between men and women should be considered separately.34  

6. Warren et al hypothesized that women make up the majority of patients treated for 

TMD is extensively hypothesized and documented in numerous epidemiological 
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studies. Certain contradictory studies exist which propose that there are no statistically 

significant gender differences in the actual incidence of changes in joint morphology. 

Nonetheless, extensive literature suggests the disorder is 1.5–2 times more prevalent in 

women than in men, and that 80% of patients treated for TMD are women. The 

severity of symptoms is also related to the age of the patients. Pain onset tends to occur 

after puberty, and peaks in the reproductive years, with the highest prevalence 

occurring in women aged 20–40, and the lowest among children, adolescents, and the 

elderly. The gender and age distribution of TMD suggests a possible link between its 

pathogenesis and the female hormonal axis. In this review, we will use the hypothesis 

that the overwhelming majority of patients treated for temporomandibular disorders 

are women and use the available literature to examine the role of hormones in TMD.35 

7. Nicola Landi et al conducted a preliminary study in 2009 about the sexual hormone 

serum levels and TMDs in a young adult population, measuring 17β-estradiol and 

progesterone serum levels in TMD patients. The study involved 40 patients (20 males 

and 20 females) with RDC/TMD axis I group II diagnosis of disk displacement and/or 

group III diagnosis of arthralgia, osteoarthritis or osteoarhrosis, and 32 healthy 

controls. In female patients, blood samples were collected in follicular and luteal 

phases of the same menstrual cycle, while only one blood sample was drawn in male 

patients. Serum levels of estradiol and progesterone were determined using a 

radioimmunoassay and the comparison between the two groups was performed using 

‘t’ test. The estradiol results showed significantly higher serum levels in patients 

affected by TMD than in healthy controls, both in males (p < 0.01) and in the luteal 

phase of the menstrual cycle in females (p < 0.05), while no difference was found for 

progesterone serum levels. Considering the multifactorial etiology of TMD and the 
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hypothesis that some joint tissues (e.g., bone, cartilage, collagen, proteins) could be a 

target for sexual hormones, these data suggest that high serum estrogen levels might be 

implicated in the physiopathology of TMD.36 

8. A variety of symptoms may be linked to TMD. Pain, particularly in the chewing 

muscles and/or jaw joint, is the most common symptom (figure 6). Other likely 

symptoms include: limited movement or locking of the jaw, radiating pain in the face, 

neck or shoulders, Painful clicking, popping or grating sounds in the jaw joint when 

opening or closing the mouth. A sudden, major change in the way the upper and lower 

teeth fit together. Symptoms such as headaches, earaches, and dizziness and hearing 

problems may sometimes be related to TMD; however, that occasional discomfort in 

the jaw joint or chewing muscles is quite common and is generally not a cause for 

concern. (Researchers are working to clarify TMD symptoms, with the goal of 

developing easier and better methods of diagnosis and improved treatment.)37 

 

9. In 1966 Yale et al presented a paper of descriptive epidemiological assessment of 

mandibular condyle types and angles in the 1,560 skulls of the Terry collection in first 

pilot study, and classified entire condyle in coronal view into four types with the help 

of photography. They are type flat, convex, angled and round (Figure 7). About 97.1 

% condyles fit in to this category and which are not fit in these four categories was 

classified as others. In an axial view condyles were classified as concave, convex and 

flat. The four basic mandibular condyle types described in the pilot study constitute 

98.8 per cent of the total sample of 3,008 condyles, distributed as follows: Type A, flat 

(25.2 %) ;Type B convex (58.3 %) ;Type C angled (11.6%); Type D (3.0 %) ; (figure 

8) and Type E miscellaneous (1.9 %).39  
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Figure 6: diagram of direction of radiating pain from temporalis and masseteric 

muscles.38 
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Figure 7: Classification of mandibular condylar types by the photography in anterior 

view by Yale.39 

 

Figure 8: Schematic drawing showing different types of condylar shapes: A – flat, B – 

convex, C – angled, D - rounded.39 

 

Figure 9: Panoramic image (lateral pole condyle is superimposed within the head of 

the condyle, such that early condylar demineralization cannot be visualized. Similarly 

the articular eminence is obstructed by superimposition of the glenoid fossa over the 

condyle can be seen.)40 

 

10. A blinded observational cross-sectional, in-vitro study was conducted by Honey et al 

in 2007 to compare the diagnostic accuracy of observers viewing images made with 

CBCT, panoramic radiography, and linear tomography. The task was to detect cortical 

erosions affecting the mandibular condylar head in 37 TMJ articulations from 30 skulls 
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with either normal condylar morphology or erosion of the lateral pole. The 

articulations were imaged by using corrected angle linear tomography (TOMO), 

normal (Pan-N) and TMJ-specific (Pan-TM) panoramic radiography, and CBCT. 

 

Digital images were obtained with photostimulable phosphor plates for all modalities 

except CBCT. The CBCT detector used an amorphous silicon flat-panel array 

combined with cesium iodide. Images and 10 rereads were presented to 10 observers 

on a flat-panel display at a pixel-to-monitor ratio of 1:1. CBCT multi-planar images 

were presented both statically (CBCT-S) and interactively (CBCT-I) with the 

permitted to scroll through axial (0.4 mm) and para-sagittal (1 mm) sections and then 

independently rate their confidence about the presence or absence of cortical erosion. 

Intraobserver reliability was moderate in Pan-N, and CBCT-I. The CBCT-S reliability 

was significantly greater than TOMO. The diagnostic accuracy of CBCT-I (0.95± 

0.05) and CBCT-S (0.77±0.17) was significantly greater than all other modalities. 

CBCT-I was also more accurate than CBCT-S, and Pan-N was more accurate than 

Pan-TM and TOMO. Conclusions: CBCT images provide superior reliability and 

greater accuracy than TOMO and TMJ panoramic projections in the detection of 

condylar cortical erosion.41 

 

11. In 2004, Arail et al conducted a study to evaluate the usefulness of the limited CBCT 

(Morita Co., Japan) in measuring the thickness of RGF of the TMJ from 21 cadaveric 

skulls were investigated macroscopically using dissection and 3DX imaging. A 

Digimatic outside micrometer and a 3DX-image tool were used to measure the 

minimum thickness of RGF. Multiple measurements were made to identify the thinnest 
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area. Once the thinnest areas had been identified, three linear measurements were 

made and the average value was used for statistical analysis and found the average 

macroscopic examination measurement was 1.37 mm (range 0.55±3.6 mm) and the 

average CBCT image measurement was 1.22 mm (range: 0.51±3.0 mm). There was no 

significant difference between these two groups. The study was concluded that bony 

thickness measurements of the RGF by CBCT imaging were effective.42 

 

12. Hilger M L ea al published an article in 2005 to define CBCT multi-planar reformatted 

projections for temporomandibular joint (TMJ) examination and compare the accuracy 

of linear measurements of the TMJ and related structures from these projections with 

similar measurements made with conventional cephalograms and with the anatomic 

truth. Linear dimensions between 11 anatomical sites were measured with a digital 

caliper to assess the anatomic truth for 25 dry human skulls. The skulls were imaged 

with iCAT CBCT, and cephalograms were made in 3 orthogonal planes (lateral 

cephalometric, posteroanterior, and submentovertex) acquired with photostimulable 

phosphor plates. Linear measurements were made on 7 custom CBCT reconstructions 

and the digital cephalograms. Modality means and the natural log of the standard 

deviations were compared post hoc against the actual dimensions. The result was, all 

CBCT measurements were accurate; however, lateral cephalometric, posteroanterior, 

and submentovertex measurements varied significantly from the truth. Intraobserver 

CBCT measurements were highly reliable compared with anatomic truth and 

significantly more reliable than measurements made from LC, PA, and SMV images. 

So iCAT CBCT provide accurate and reliable linear measurements of mandibular and 

TMJ dimensions.43 
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13. Wiese et al. in 2008, studied to evaluate the impact of clinical TMJ diagnosis, gender, 

and age on the agreement between expected and actual radiographic findings in 204 

patients with TMJ symptoms were examined using the RDC/TMD. Corrected Lateral 

tomography radiographic findings were recorded. TMJ tomograms in closed and open 

mouth position were assessed for osseous changes and condyle position. Expected and 

actual findings were compared. Logistic regression analyses were performed with 

agreement on radiographic findings as the dependent variable and with clinical RDC/ 

TMD diagnoses, gender and age as the independent variables. The number of 

radiographic findings was mostly underestimated. A clinical diagnosis of osteoarthritis 

and age increased the chance of overestimating osseous changes. Disc displacement 

and age decreased the chance of agreement on certain condylar positions. This study 

revealed that it was not possible to select particular patient groups who would benefit 

more or less from a radiographic examination.44 

14. Yalcin and Ararat et al in 2019 conducted a study for the purpose to evaluate the 

condylar morphology by using CBCT imaging on coronal sections in a South-Eastern 

Anatolian population of 1820 joints in 910 subjects between the age group of 18 to 86 

years with a mean age of 42.31±15.74 in those 50.3% females and 49.7% males. The 

condylar morphology was examined on right and left sides of coronal sections and 

classified according to Yale’s classification and correlated condylar morphology with 

age, gender, edentulism, and Angle’s classification. Condylar morphologies were 

analyzed as convex (40.5%), angled (34.3%), flat (15.5%) and, round in 9.6% of the 

cases. Condylar shape was found statistically related to group age, gender, edentulism 

(P <0.05). It suggested that the mandibular condyle shape is associated with age, 

gender, and edentulism. CBCT may be considered as an appropriate imaging method 
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for the detection of condyle alterations of temporomandibular joints and it could 

provide early diagnosis of temporomandibular joint disorder.45 

 

15. This autopsy study investigated the minimum RGF thickness in grossly normal TMJ 

and correlates this to gender and age in Honda et al 2005. There were 49 TMJ 

specimens in those 26 male and 23 female cadavers whose mean age at death was 73.8 

years (range 50 to 96). No information was available about TMJ symptoms before 

death. A digital micrometer was used to measure the minimum thickness of the glenoid 

fossa. The mean value for the minimum RGF thickness of all joint specimens 

examined was 0.8 mm. Mean values for male and female specimens were 0.8 and 0.7 

mm, respectively, which were not significantly different. In addition, no age-related 

differences were observed. The average thickness was 0.7 mm for individuals in their 

fifties, 0.8 mm for those in their sixties and seventies, 0.6 mm for those in their 

eighties, and 0.8 mm for individuals in their nineties. Although these data indicate that 

the minimum thickness of the RGF is not significantly correlated with sex or age in 

patients 50 years of age and older, they nonetheless provide additional information 

about normal TMJ anatomy.46 

16. Larheim et al. conducted a study in 2001 to evaluate the RGF thickness of the TMJ in 

relationship to the stage of internal derangement from autopsy material. The minimum 

RGF thickness was measured with a caliper in 61 TMJ autopsy specimens. Based on 

macroscopic examination the joints were categorized as normal (30 joints), disk 

displacement (8 joints), disk displacement with osteoarthritis (12 joints), and 

osteoarthritis with perforation of the disk or posterior attachment (11 joints). The 

relationship between RGF thickness and the status of the joint was analyzed. The final 
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result was the RGF was on average 0.6 mm in normal joints, 1.1 mm in joints both 

with disk displacement and disk displacement with osteoarthritis, and 2.6 mm in joints 

with osteoarthritis and perforation. The difference between the normal joints and those 

with perforation was significant (P<0.01). It means progressive remodeling with RGF 

thickening seems to be associated with perforation of the disk or posterior 

attachment.47 

 

17. K Matsumoto et al in 2006 performed a study to clarify the relationship between the 

thickness of the RGF and disc displacement by both CBCT imaging and MRI findings 

respectively. Eighty seven TMD patients were included and categorized as normal, 

ADWR, and ADWOR joints. The joint disorders were also categorized into with 

osteoarthritis joints, without OA joints, with disc deformation joints, without disc 

deformation joints, with joint effusion (JE) joints and without JE joints. The average 

minimum RGF thickness was 0.85 mm for normal joints, 0.90 mm with ADWR, 0.93 

mm with ADWOR, 0.99 mm with OA, 0.87 mm without OA, 0.87 mm with disc 

deformation and 0.89 mm without disc deformation. There was no significant 

difference between these figures. There was a significant difference in the thickness of 

the RGF with (0.97 mm) and without (0.84 mm) JE. These results suggest that RGF 

thickness is influenced by JE, but is unaffected by disc position and configuration.48 

 

 

18. Kai et al was studied to evaluate the usefulness of MRI in measuring RGF thickness in 

59 TMD patients (95 TMJs) and compared on both sagittal-section MRI and CBCT. 

RGF thickness on MRI was also compared with MRI, CBCT, and arthrographic 

findings. Minimum RGF thickness was greater on MRI (1.46 mm) than on CBCT 
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(0.90 mm). Spearman’s correlation coefficient by rank for these 2 types of 

measurements was 0.63. RGF thickness on MRI differed significantly between those 

with and without degenerative joint changes (1.69 vs 1.32 mm; P≥0.01) and between 

those with and without disk displacement (1.58 vs 1.35 mm; P≥ .04), but showed no 

associations with disk deformity, joint effusion, or disk perforation. MRI is useful in 

measuring RGF thickness from diagnostic as well as radiation protection standpoints.49 

 

19. This research was conducted by Tsuruta et al. in 2003 for investigating the relationship 

between the RGF thickness in the TMJ and the existence and types of condylar 

changes. The study involved Helical CT to measure the RGF thickness at its thinnest 

part in 37 TMD patients. Condylar morphology was classified into no bone change 

joints; flattening; Osteophyte joints; and erosion joints. They found the RGF was 

significantly thicker in joints with bone change than in joints with no bone change. 

There was also a significant difference with the type of condylar bone change: the 

RGF thickness in the erosion group was significantly greater than in the no bone 

change (P <0:01); flattening (P < 0:05) and osteophyte formation (P < 0:05) groups. 

This study was compensative bone formation in the RGF might help to withstand the 

increased stress in the TMJ accompanying condylar bone change, especially erosion.50 

 

 

20. A retrospective observational study was conducted by Birur NP et al in 2016 to assess 

the condylar morphology by using CBCT in coronal and sagittal sections, to correlate 

this with three dimensional (3D) reconstructed images and clinical examination. CBCT 

images from radiology archives were analyzed for morphology of condyle in 32 TMD 

patients and evaluated second oral examination in all patients. Coronal and sagittal 
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sections of images were analyzed by two observers and classified. In coronal section, 

the most common morphology was angled. A different morphology i.e., a concave 

pattern was also found. In sagittal sections, the most common pattern was round, 

followed by flat, beaklike and erosion. The 3D reconstruction of the mandibular 

condyle was not found to be reliable.51 

 

21. The article from “The Scientific World Journal” in 2014 written by Dilhan Elgüy et al 

to examine the relationship between articular eminence inclination, height, and RGF 

thickness according to age and gender and to assess condyle morphology including 

(figure 10) incidental findings of osseous characteristics associated with osteoarthritis 

(OA) of the TMJ using CBCT imaging in 105 patients were evaluated retrospectively. 

Condylar morphology was categorized both in the sagittal and coronal plane and found 

there were significant differences in the RGF thickness in relation to sagittal view. 

Among the group of OA, the mean value of the RGF thickness for “OA-osteophyte” 

was the highest (1.59 mm), whereas the lowest RGF values were seen in the “OA-

flattening”. This value suggested that sagittal osteoarthritic changes may have an effect 

on RGF thickness by mechanical stimulation and changed stress distribution.52 

 

Figure 10: The coronal condylar morphology in CBCT imaging. (a) convex, (b) 

round, (c) flat and (d) angled52 
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22. The relationship between the RGF thickness and temporomandibular joint disorder 

(TMD) is not explicitly investigated. Considering the changes in RGF thickness, as a 

radiographic sign for TMD diagnosis, the phenomenon may necessitate specific 

treatment and may influence the treatment course and results. So Khojastepour L et al 

in 2019 conducted a study to examine the relationship between TMD and RGF 

thickness changes compared to non-TMD group. In this cross sectional analytic 

research CBCT images of 70 TMD patients (140 joints) and 70 non-TMD individuals 

(140 joints) as control group were evaluated for thickness of RGF and presence of 

discontinuity in RGF. The distance between superior and inferior cortex of glenoid 

fossa was measured as RGF thickness. Inability to follow the course of cortex in any 

given image was considered as discontinuity. The resultant mean thickness of RGF in 

our non-TMD samples was 1.12 mm. RGF thickness was significantly increased in 

TMD patients compared non-TMD group (p= 0.00). This value was also greater in 

males. On the other hand, TMD patient showed a higher incidence of discontinuity in 

RGF, in comparison with non-TMD patients (p= 0.006). So that the increased 

thickness of RGF can be considered as a sign of TMD, which may help in diagnosis of 

TMD. It seems that there is a direct relationship between TMD and discontinuity of 

RGF.53 

 

23. K Ejima et al in 2013 was examined the relationship between the RGF thickness and 

condyle morphology and the influence of the number of remaining teeth and age. 

CBCT data sets from 77 asymptomatic European patients analyzed retrospectively in 

this study. The thinnest area of RGF was identified among the sagittal and coronal 

slices on a computer screen; distance measurement software was used to measure the 
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thickness. Moreover, we applied a free digital imaging and communications in 

medicine viewer for classification of condyle head type. It was also used to analyzed 

any relation between RGF thickness and the number of remaining teeth. We performed 

a correlation analysis for RGF, age and missing teeth. Study revealed combining 

sagittal condyle morphological characterization with coronal condyle morphology in 

relation to the number of joints and RGF thickness and found no significant 

differences in RGF thickness among any of the coronal condyle head morphology 

groups (p.0.05). There were significant differences in the thinnest part of RGF in 

relation to the sagittal plane for condyle morphological characterization, because we 

observed increased RGF thickness in joints with osteoarthritis features. There is a non-

significant correlation between the thinnest part of the RGF and the number of 

remaining teeth. So that the RGF thickness is unaffected by the coronal condyle head 

morphology and the number of remaining teeth. Osteoarthritic changes (sagittal 

condyle morphology) have an effect on RGF.54 

24. N Kijima et al in 2006 done the clinical study to investigate the RGF thickness of the 

RGF of grossly normal temporomandibular joints (TMJ) and to correlate this with 

patient gender, age and the morphological classification of the mandibular head on 191 

TMJs from109 patients (25male and 84 female, age range 3–79 years, mean age 28.1 

years) who visited Nihon University Dental Hospital, Japan with suspected TMJ 

disorders. The patients underwent cone beam computed tomography (3DX CT) to 

enable observation of the morphological features of the mandibular head. The 

minimum thickness of the RGF was measured using frontal section images acquired by 

CT. The morphology of the mandibular heads was classified according to the method 

of Yale and colleagues. And found the average minimum thickness of the RGF was 
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0.79 mm. No significant difference in thickness was found between male and female 

patients fonud. In addition, no differences were recorded as a result of variation in age 

or mandibular head morphology. These results indicate that RGF thickness is not 

significantly correlated with gender, age, or mandibular head morphology, at least in 

this cohort of patients.55 

25. Rüya Sessiz Ak in 2021 studied to examine the distribution of condyle and articular 

fossa shapes in patients with temporomandibular joint dysfunction (TMD) and 

their relationship with each other using cone-beam computed tomography (CBCT) 

images of 134 patients (268 joints) with TMD were evaluated retrospectively. In the 

coronal and sagittal views, condyles were classified based on the following basic 

shapes: round, oval, flattened, and triangular. Shapes of the articular fossa were 

classified as oval, triangular, angled, and trapezoidal. The evaluation was made in the 

sagittal and coronal sections where the articular fossa and mandibular condyle were 

most clearly seen. Study found sagittal-oval and coronal-flattened condyles were seen 

more frequently than other shapes. Identical sagittal and coronal condyles were 

observed in 83 joints (30.97%). In sagittal sections, the shapes of the articular fossa 

were oval in 128 (47.8%), angular in 68 (25.4%), trapezoid in 50 (18.7%), and 

triangular in 22 (8.2%) patients. The most common fossa shape was oval in each shape 

of the condyles in sagittal and coronal sections. No relationship was found between 

gender or age groups and shapes of the articular fossa and condyle in all sections. So 

the study suggested that knowledge of condyle and fossa shapes may help clinicians 

understand morphological bone changes in patients with TMD. CBCT can be used as 

an accurate diagnostic tool when three-dimensional examinations of TMJ bone 

surfaces are necessary.59
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4. METHODOLOGY 

 This cross-sectional comparative CBCT imaging study comprised of study group 

comprising 35 TMD patients (70 joints) and a control group comprising 35 non-TMD 

patients (70 joints). All the patients were selected from the Department of Oral Medicine 

and Radiology. The patients in study group were diagnosed based on Diagnostic Criteria 

for Temporomandibular Disorder (DC/TMD) recommendations of the International 

RDC/TMD Consortium Network and Orofacial Pain 2014. The control group consisted of 

patients who have been advised CBCT for maxillary sinus pathologies and impacted 

maxillary 3rd molars. These patients were free from any TMJ complains. 

 

ETHICAL CLEARANCE: 

Before conducting the study, the study protocol was reviewed and ethical clearance was 

obtained from the institutional ethical committee review board (IRB No. 2019/P/OM/60). 

All the patients who participated in the study were explained about the study protocol. 

 

INCLUSION CRITERIA: 

 Patients reporting TMJ-related complaints were examined for TMD. 

 DC/TMD criteria was used for the purpose of diagnosis of TMD. 

 35 patients diagnosed of TMD were included in the study group. 

 35 non- TMD patients who were advised for CBCT imaging for paranasal sinus and 

impacted maxillary 3rd molar evaluation where TMJ region was incidentally covered in 

CBCT scan were included in the control group.  

 Patients above 18 years of age who satisfied all the above criteria and gave voluntary 

consent to participate in the study. 
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EXCLUSION CRITERIA 

 Subjects with a history of TMJ surgery or trauma, tumor of the jaws, presence of 

congenital abnormalities of TMJ, musculoskeletal or neurological disorders. 

 Pregnant women 

 Patients who do not agree to participate in the study. 

 Patients who are already under treatment for temporomandibular disorders. 

 

EXAMINATION PROCEDURE 

Detailed case history and thorough clinical examination of TMJ, muscles of mastication, 

and associated structures was performed and the diagnosis of TMD was based on 

Diagnostic Criteria for temporomandibular disorders (DC/TMD axis I). These patients 

were included in the TMD group and subjected to CBCT imaging. 

The patients in the Control group were non- TMD patients referred from the department of 

Orthodontics and Oral Surgery for CBCT evaluation of paranasal sinuses or maxillary 3rd 

molar where in TMJ region was also covered in the scan. All the subjects were elaborated 

regarding the study and were included after obtaining written consent from them. 

Patients underwent CBCT imaging using a 3D KODAK 9600C device (Care stream Health 

Inc., Rochester, NY) and the pre-set automatic exposure parameters which are based on the 

size of the patient selected during the exposure with a voxel size of 300 μm.  

A 16 x 6 cms and 16 x 12 cms Field of view were selected which was imaged in a single 

270 degree scan. The collected projection data with image reconstruction was done and 

evaluated using CS imaging 8.0.10 viewer software. 
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RADIOGRAPHIC INTERPRETATION 

 The linear measurements were made by two separate investigating radiologists blinded 

to each other (Figure12, 13). All the reconstructed images were evaluated with a standard 

thickness of 1.1 mm. 

 

THE ROOF OF THE GLENOID FOSSA EVALUATION  

 5–10 Images of the central equivalent region of the mandibular fossa in sagittal and 

coronal sections were used for the study. The central equivalent region connects the major 

axis of the mandibular fossa to the minor axis. The central equivalent region, defined as the 

thinnest area of the glenoid fossa, was identified from among the multiple slices on the 

monitor and the distance measurement tool that was part of the CS viewer program for 

making the measurements. The RGF thickness was measured as the distance between the 

superior and inferior cortex of the temporal bone of the glenoid fossa(Figure 12). 

 

CONDYLAR MORPHOLOGY EVALUATION  

 The Condylar morphology was assessed as per the study reported by Yale et al. The 

shape of mandibular heads on coronal sections were classified as flat, convex, angled, and 

round. All the observations were tabulated in the master chart and were subjected to 

Interobserver variations and statistics. 

Right and left condylar morphology was evaluated in corrected coronal section with the 

distance of medial pole to distal pole in axial section as shown in the figure 16. The 

condylar morphology was evaluated from the superior surface of the head of the condyle 

(figure 16-20).  
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METHOD OF STATISTICAL ANALYSIS 

 Descriptive statics was carried out with the help of mean standard deviations, numbers and 

percentages using SPSS (Statistical package for social sciences) 20.0.  

 Interferential statics included unpaired t- test, chi-square test, and ANOVA (analysis and 

variants). 

 Unpaired t- test was done to compare mean RGF thickness between TMD and NON-TMD 

patients, between male and female. 

 Analysis of variants has done to compare mean RGF thickness between different condyle 

shapes. 

 Pearson Chi-square test was done to find association between TMD and non-TMD groups 

for the shape of the condyle. 

 Inter examiner reliability was analyzed with the help of intraclass correlation coefficient 

and Kappa statistics. 

 ‘p’ value was ≤0.05 was considered as statistically significant for all comparison 

 

 

Figure 11: Measurement of RGF(R) in corrected frontal section along with diagram, which 
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demarcates the distance between the inferior cortex and the superior cortex.53 

 

Figure 12: cropped resultant image of the RGF thickness in corrected frontal section (A), and 

in sagittal section (B) which demarcates the distance between inferior cortex and the superior 

cortex 

 

FIGURE 13 

ARMAMENTARIAM 
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FIGURE 14 

Patient positioned in KODAK 9600C 3D CBCT device (Care stream Health Inc., Rochester, 

NY).  

 

 

FIGURE 15 

WORK STATION 
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               CBCT DEPICTING DEFFERENT CONDYLAR SHAPES 

FIGURE 16- FLAT CONDYLAR MORPHOLOGY 

 

 

 

 

FIGURE 17- CONVEX CONDYLAR MORPHOLOGY 
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FIGURE 18- ANGLED CONDYLAR MORPHOLOGY 

 

 

. 

 

FIGURE 20 – ROUND CONDYLAR MORPHOLOGY 
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5. RESULTS 

 The present prospective in-vivo study was conducted in the Department of Oral 

Medicine and Radiology, SDM College of Dental Sciences and Hospital, Dharwad. Patients 

with TMDs were diagnosed by DC/TMD criteria followed by CBCT scans of both the joints. 

The control group had non-TMD patients who had undergone CBCT scan for maxillary sinus 

pathology and impacted 3rd molars. 

 Condylar morphology was evaluated using Yale’s classification and the RGF thickness 

was assessed using criteria as described by Khojastepour L et al. The obtained data was 

tabulated in the master chart using Microsoft excel sheet and was subjected for the following 

statistical analysis.  

 Descriptive statistics 

 Quantitative data was analyzed using unpaired t-test, Chi-square test, and ANOVA test 

 Interobserver reliability was assessed using the Kappa correlation coefficient. 

The distribution of age and gender among participants is presented in Table 1and Table 2.   

 

Table 1: Age distribution in TMD and Non-TMD groups 

Groups  Mean age ± SD 

TMD group 30.11 ± 8.96 

Non-TMD group 32.65 ± 12.44 

Total  31.38 ± 10.83 
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Table 2 Gender distribution of study participants in TMD and Non-TMD 

groups 

Groups  Male  Female Total 

TMD group 12 (34.3%) 23 (65.7%) 35 (100%) 

Non-TMD group 12 (34.3%) 23 (65.7%) 35 (100%) 
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The mean RGF thickness and its correlation between TMD and non- TMD groups are given in 

Table 3.  

 

Table 3: Mean RGF thickness in TMD and non-TMD patients compared by 

unpaired t-test 

Groups  

N Mean 

Std. 

Deviation t p-value  

Mean 

difference 

with 95% 

Confidence 

interval  

TMD group 70 1.23 0.61 1.87 0.064 

Not 

significant  

0.19 (-0.01 to 

0.38) Non-TMD 

group 

70 1.04 0.57 

Interpretation: There was no significant difference between the two groups for the 

RGF thickness when compared by Un-paired t-test.  

 

 

Comparison between mean RGF thickness in TMD and non-TMD patients according to 
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Graph 3: Comparison between RGF thickness in TMD and 

non-TMD patients
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gender by using t- test (Table 4) revealed no significant association between gender and RGF 

thickness in TMD and non-TMD patients. 

There was no significant relationship between the gender with respect to mean RGF thickness 

in both TMD (p= 0.116) and Non-TMD patients. (p = 0.651). 

TABLE 4: Gender wise comparison of  mean RGF thickness in TMD and 

non-TMD patients using t- test  

GROUPS  GENDER JOINTS 

R&L 

MEAN  SD t - 

value 

p- value 

TMD  MALE (12) 

FEMALE (23) 

24 

46 

1.43 

1.12 

0.67 

0.45 

1.6 0.116 

NON 

TMD 

MALE (12) 

FEMALE (23) 

24 

46 

0.98 

1.07 

0.50 

0.58 

-0.48 0.651 

INTERPRETATION: There is no statistically significant association between 

gender and mean RGF thickness between TMD and non- TMD groups. 
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The condylar morphology categorized according to Yale’s classification in 140 joints was as 

follows: round (50 joints), convex (44 joints), flat (23 joints), angled (23 joints). The condylar 

morphology was compared between both the groups by using Chi-square test. (Table 5). 

  

Table 5: Comparison between TMD and NON-TMD groups for the shape of 

condyle using Chi-square test  

 

Shape of condyle  

Groups 

Total 

Chi-square test 

Group 1: 

TMD 

Group 2: 

Non-TMD 

Flat N 15 8 23   

Pearson Chi-

Square value 

10.772 

 

p-value 0.013, 

Significant  

% 21.4% 11.4% 16.4% 

Convex N 22 22 44 

% 31.4% 31.4% 31.4% 

Angled N 16 7 23 

% 22.9% 10.0% 16.4% 

Round N 17 33 50 

% 24.3% 47.1% 35.7% 

Total  N 70 70 140 

% 100.0% 100.0% 100.0% 

Interpretation: There was a significant association between the shape of condyle and 

the presence of TMD. TMD patients had significantly higher number of Convex 

condylar head( 31.4%)  and non-TMD patients had higher number of round condyle 

(47.1%). 
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Table 6: Comparison between mean RGF thickness and shape of the condyle in 

TMD and non-TMD patients 

 

Group  

Shape of 

condyle   

  

N Mean 

RGF 

thickness  

Std. 

Deviatio

n 

ANOVA 

F- 

ratio 

p-value and 

significance  

Overall Flat 23 1.01 0.43 1.57 p-value 0.2, Not 

significant  Convex 44 1.05 0.44 

Angled 23 1.33 0.67 

Round 50 1.18 0.72 

Total 140 1.14 0.59 

TMD Flat 15 0.95 0.26 2.63 0.079, Not 

significant  Convex 22 1.16 0.55 

Angled 16 1.50 0.72 

Round 17 1.30 0.71 

Total 70 1.23 0.61 

Non-TMD Flat 8 1.11 0.65 0.519 0.671, Not 

significant  Convex 22 0.94 0.26 

Angled 7 0.94 0.33 

Round 33 1.12 0.72 

Total 70 1.04 0.57 

Interpretation: There was no statistically significant correlation between mean RGF 

thickness and condylar morphology in TMD and non-TMD patients. 

 

The ANOVA test revealed no significant correlation RGF thickness and any of the condylar 

head morphology in TMD as well as non-TMD patients..  
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INTEROBSERVER VARIATION  

Out of 140 joints comparisons 70 joints are categorized by examiner 1 and examiner 2. 

The Kappa measurement of agreement is 0.615 and this is a substantial agreement. 

 

Table 7: Interobserver variations 

   Flat Convex Angle

d 

Roun

d 

Total  

 

 

 

Combined  

Condylar  

Shape  

Flat Count 9 4 2 0 15 

% within 

Combined 

Condylar shape 

 

60.0% 

 

26.7% 

 

13.3% 

 

0.0% 

 

100.0% 

Convex Count 3 17 1 1 22 

% within 

Combined 

Condylar shape 

 

13.6% 

 

77.3% 

 

4.5% 

 

4.5% 

 

100.0% 

Angled Count 0 2 13 1 16 

% within 

Combined 

Condylar shape 

 
0.0% 

 
12.5% 

 
81.3% 

 
6.3% 

 
100.0% 

Round Count 1 1 4 11 17 

% within 

Combined 

Condylar shape 

 
5.9% 

 
5.9% 

 
23.5% 

 
64.7% 

 
100.0% 

 Total  Count 13 24 20 13 70 

% within 

Combined 

Condylar shape 

 

18.6% 

 

34.3% 

 

28.6% 

 

18.6% 

 

100.0% 

Interpretation: Interobserver agreement for the angled condylar morphology was 

81.3%, 64.7% for round condylar morphology, and 60% for flat condylar head. 
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Comparison of RGF thickness between examiner 1 and examiner 2, shows intraclass 

correlation coefficient value of 0.938 which is categorized as excellent reliability.  

 

Most of the confusion between the examinations: 

Measurement disagreement can be seeing while categorized round (64%) agreement or 36% 

disagreement and flat (60%) agreement or 40% disagreement. 

 

Table 8: Reliability statics for RGF thickness & condylar shape  

 Measure of agreement Study  Value 

Shape of the condyle Kappa 0.615 

RGF Thickness Correlation coefficient 0.938 

Interpretation :  

The Kappa measurement of agreement shows substantial agreement. 

Intraclass correlation coefficient value shows excellent reliability.  
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4. DISCUSSION 

 The present study was aimed to assess the roof of glenoid fossa thickness and condylar 

morphology in TMD and non-TMD patients by using CBCT. The TMD patients were 

diagnosed by DC/TMD criteria. The non-TMD patients were those who had undergone CBCT 

for the purpose of sinus pathology or impacted maxillary molars whose TMJ was incidentally 

covered in the CBCT scan. The findings were subjected to appropriate statistical analysis. 

 A purposive random sampling method was used to include 35subjects in each group 

accounting for total of 70 subjects. The average age of the subjects included in the TMD 

group were 30 years and non-TMD ware 32 years. The mean age of subjects in TMD group 

was 30.11 ± 8.96 years and that of non- TMD group was 32.65 ± 12.44 years. Similar mean 

age was found in a study by Khojasteropur et al53 in 2019 for TMD patients. Al-koushab et 

al56 in 2015 also reported mean age of 30.5 years in TMD patients in their study. In contrast, 

Honda et al in 200442 reported mean age of 73 years. But this was the study that was 

conducted on cadavers. 

 The skeletal morphology of the joint shows significant differences in adults and young 

children. Age has substantial influence on temporomandibular joint because of the various 

reasons like hormone effect, joint mechanics, change in dentition, change in the loading force 

borne by the joint etc. However, in the present study no attempt to evaluate the age and its 

effect on joint morphology was assessed.  

 Numerous studies have tried to evaluate the bony joint components using different 

morphometric analysis which included numerous anatomical reference points in coronal 

sagittal and axial views. Condyle has been evaluated for anterio-posterior and mesio-distal 

measurements. Also, the condylar head height, shape, medial angulations, condylar diameter 

etc have been assessed along with different bony changes noted in the osteoarthritic diseases 
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affecting the condyle. The articulating components of the temporal bone namely the articular 

eminence and articular fossa have been studied morphometrically. The shape and size of the 

fossa in sagittal and coronal views, width and depth of the fossa, RGF thickness along with 

the shape of the eminence and the inclination of the eminence have been studied. 

 In the present study comparison of mean RGF thickness versus gender distribution was 

evaluated and there was no significant association between gender and mean RGF thickness 

between TMD and non- TMD groups had found (Graph - 4). Similarly the relationship 

between gender and RGF thickness was discussed by Honda et al,42,46 Ejima et al54, and 

Kijima et al,55 all of them concluded that there was no significant difference in RGF thickness 

between males and females, and this was also confirmed by the present study. 

 In the present study, the roof of the glenoid fossa thickness in TMD patients ranged 

from 0.5 to 2.5 mm with the mean of 1.23 ±0.60 mm. Similar findings were reported by 

Khojastepour L et al53 and Honda et al42 . The RGF thickness ranged from 0.44 to 3.3 mm in 

TMD patients in a study conducted by  Khojastepour L et al53. They reported a mean RGF 

thickness of 1.91±1.47. Even the cadaveric study done by Honda et al42 reported the RGF 

thickness in the range of 0.55 to 3.6mm with the mean of 1.22±0.63 mm.  

 In the present study, the thickness of RGF in non TMD patients ranged from 0.47 to 

1.61 mm with the mean of 1.04±0.57 mm. Similarly Khojastepour L et al53 in their study 

reported  RGF thickness in non-TMD patients ranging from 0.43 to 1.81 mm with the mean of 

1.12±0.69 and N.Kijima et al55 reported a range of RGF thickness from  0.37 to 1.58 mm with 

mean of 0.79±0.29 mm.  

In the present study, the mean roof of the glenoid fossa thickness in TMD patient’s was1.23 

±0.60 mm. and in non TMD patients was 1.04±0.57 mm., the results were statistically not 

significance between both the groups. This result was very much accordance with the study 
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done by Khojastepour L et al53, and Honda et al. 42 

 A few researchers divided TMD patient groups based on the pathological radiographic 

findings such as TMD without Osteo-arthritic changes and TMD with Osteo-arthritic changes. 

The mean thickness of the RGF for the groups without OA changes was 0.70 mm, 1.24mm 

and 0.97 mm as reported by Tsuruta et al,50 Ilgüy D et al52 and Ejima et al54 respectively. 

Meanwhile the RGF thickness in TMD group with osteo-arthritic changes was 1.01mm and 

1.06 mm as assessed by Tsuruta et al50 and Ejima et al52 respectively. However, in the present 

study TMD patients were not further classified into with or without osteo arthrititic changes.

  

 The present study evaluated the shape of the condyle both in TMD and non-TMD 

groups according to the classification given by Yale et al. Convex condylar head was observed 

in most of the cases in TMD patients followed by round, angled, and flat shapes. In non TMD 

group. round condylar shape was most commonly observed followed by convex, flat and 

angled shapes.  

 In the present study convex condylar morphology was most commonly seen in TMD 

patients, Similar findings were reported by Yalcin et al, 45 Saraswati et al,57 Yale et al,39 and 

Rawlani S et al58. However, Rüya Sessiz Ak,et al59 reported flat condyle in most of his study 

subjects (31.7%) and Yasin Yasa et al60 found oval condylar shape in 62.5% of TMD patients. 

Çağlayan F 61 et al reported round-shaped condyles (45.2%). This variation can be attributed 

to the factors like population diversity, sample selection criteria, occlusion status, and 

masticatory forces. 

 

In the present study, on correlating the RGF thickness to the condylar shape in TMD patients 

it was noted that flat condylar shape had thinnest mean RGF thickness of 0.94 mm and angle 

condylar shapes had thickest RGF thickness of 1.50 mm. However with the p value of 0.079, 
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these values were statically not significant. Similarly in non TMD group the thinnest mean 

RGF thickness of 0.94 mm was noted in both convex and angled condyle shaped subjects. The 

thickest mean RGF thickness of 1.12 mm was noted in round condylar shaped subjects. 

However with ‘p’ value of 0.67 the result was statistically not significant. Similar observations 

were reported by Khojastepour L et al53and Ejima et al.54 

 

Inter observer reliability: 

To check for the inter observer reliability in assessing condylar shape and RGF thickness, a 

total of 70 joints were assessed by both examiner 1 and examiner 2. There was substantial 

agreement between two observers in assessing condylar shape with the Kappa value of 0.615. 

There was intraclass correlation coefficient value of 0.938 for RGF thicknesses between 

examiner 1 and examiner 2, which is categorized as excellent reliability.  
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7. CONCLUSION 

 

 Roof of glenoid fossa thickness in TMD patients ranged from 0.6 to 1.8 mm with the mean 

of 1.23 ±0.60 mm. Convex condylar morphology was most commonly observed in TMD 

patients (31.4%). 

 Roof of glenoid fossa thickness in non TMD patients ranged from 0.47 to 1.6 mm with the 

mean of 1.04±0.57 mm. Round condylar morphology was most commonly observed in 

non-TMD patients (47.1%). 

  On correlating the RGF thickness to the condylar shape in TMD patients it was noted that 

flat condylar shape had lowest mean RGF thickness of 0.94 mm and angled condylar 

shapes had highest mean RGF thickness of 1.50 mm.  

 In non-TMD patients the lowest mean RGF thickness of 0.94 mm was noted in both 

convex and angled condylar shapes where as highest mean RGF thickness of 1.12 mm was 

noted in subjects with round shaped condyles.  
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8. SUMMARY 

The RGF thickness and condylar morphology can be affected by various pathologic 

conditions of TMJ. Presently cone beam computed tomography is considered as an 

appropriate imaging modality to assess minute bony changes as well as for linear 

measurements. The changes in RGF thickness and condylar morphology over CBCT as 

an initial sign for TMD could lead to early diagnosis, appropriate treatment and better 

results. The present cross sectional study was aimed to compare the RGF thickness and 

condylar morphology in TMD and non-TMD patients. Study included 35 TMD patients 

(70 joints) in study group, and 35 non-TMD patients (70 joints) in control group. RGF 

thickness was measured as per the method described by Khojastepour L et al, i.e. three 

linear measurements done at minimum distance of superior and inferior cortex of the roof 

of the glenoid fossa in both coronal and sagittal views. Condylar morphology was 

categorized as described by Yale et al in 1966 (convex, round, fiat, and angled). The most 

superior portion of the articular surface of the condyle considered and evaluated in 

coronal view. The mean RGF thickness value was calculated and compared between 

study and control groups by utilizing unpaired t- test, Pearson Chi-square test was done to 

find association between TMD and non-TMD patients for shape of the condyle. Inter 

examiner reliability was analyzed by interclass correlation coefficient and Kappa 

statistics. Interobserver reliability was assessed using the Kappa correlation coefficient. 

The mean age of 30.11 ± 8.96 was found in TMD group and 32.65 ± 12.44 in non-TMD 

group. The mean RGF thickness of TMD group was 1.23±0.060 mm; and mean of RGF 

thickness in non TMD group was 1.04±0.57 mm. Convex condylar head was observed 

31.4% of cases in TMD patients and round condylar shape was most commonly 47.1% 

observed in non-TMD group. The Kappa measurement of agreement was 0.615 with 
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intraclass correlation coefficient value of 0.938. The study suggested that the RGF 

thickness was more in TMD patients when compared to non-TMD group, however 

statistically no significant difference was observed between the groups. Convex condylar 

shape was observed more commonly in TMD group and round shape was noted in Non-

TMD group. No significant co-relation was found between the shape of the condyles and 

the RGF thickness. 
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10. ANNEXURES  

FIGURE 20- CONSENT FORM 
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21. PROFORMA 

 

 

 

 



59  

 

 

 

 

 

 

 

 

 

 

 



60  

 

 

 

 

 



61  

 

 

 

 

 



62  

MASTER CART 

TABLE 9: GROUP 1- TMD 

 

S.NO OPD NO SEX AGE/ Yr 

R 

condyle  

L 

condyle 

Right RGF 

(mm) 

Left RGF 

(mm) 

1 1052805 F 18 2 3 1 1.5 

2 1049588 F 27 4 4 0.9 1.1 

3 1053475 F 23 1 2 0.9 0.9 

4 1054969 F 23 2 2 0.7 1.3 

5 1055925 M 32 1 1 1.1 0.8 

6 1054166 M 30 1 2 1.5 0.9 

7 1072814 F 33 2 4 1 1.4 

8 1057933 M 32 3 2 2.4 2.5 

9 1062964 F 20 4 3 0.6 1.1 

10 1075319 M 25 2 4 0.7 1 

11 1056448 F 33 1 1 1 1.2 

12 1074711 M 21 3 4 3.3 2.4 

13 988168 F 31 4 4 0.7 1 

14 1076955 F 43 3 4 1.7 2.1 

15 1017845 F 41 4 3 0.6 1.1 

16 1082128 M 23 2 3 1.8 1.2 

17 1076674 M 30 3 2 0.8 0.6 

18 1062613 F 36 1 2 0.7 0.8 

19 1051313 F 21 1 1 0.9 1.1 

20 1068079 M 19 2 4 0.9 1.5 

21 1074924 F 26 2 2 0.7 0.7 

22 1056424 M 36 1 1 0.6 0.6 

23 1081177 F 27 2 3 1 1.5 

24 1047009 F 49 3 2 0.7 1.3 

25 1048627 F 32 4 4 0.8 1.1 

26 1083614 F 37 1 3 1.3 2.4 

27 1082731 M 61 2 2 0.7 2.5 

28 1090082 F 27 3 3 0.5 1.1 

29 1062346 F 21 4 4 0.7 0.9 

30 1091248 M 35 2 2 1.6 1.7 

31 1074057 F 21 4 4 2.8 2.5 

32 1097452 F 31 1 1 0.7 0.8 

33 1097678 F 27 1 2 1.1 1 

34 1091248 M 35 3 3 1.9 1.4 

35 1097247 F 28 2 3 1.3 1.4 
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TABLE 10- GROUP 2- NON TMD 

S.N0 OPD NO AGE SEX 

Right 

Condyle 

Left 

Condyle Right RGF Left RGF 

1 1099053 32 F 2 4 1.3 1.6 

2 1098718 20 F 4 1 1.4 1.1 

3 1092609 30 F 3 2 0.8 1.3 

4 1092148 20 F 4 4 1.1 1.2 

5 97418 36 M 4 4 0.7 0.7 

6 1092809 30 F 4 2 0.6 0.7 

7 1092959 35 M 2 2 0.8 0.7 

8 974189 22 F 4 1 0.7 0.8 

9 1093093 26 M 4 4 0.7 0.6 

10 1092565 43 M 2 2 0.9 0.9 

11 1088369 24 F 3 4 0.9 0.9 

12 1093021 36 F 4 2 1.5 1.3 

13 1092076 45 M 4 2 0.8 0.8 

14 1092990 41 F 2 4 1 1.3 

15 1092424 22 M 4 4 1.3 0.8 

16 1092678 28 F 2 2 0.9 1.6 

17 1093117 35 M 4 2 0.8 1 

18 1092983 22 F 4 4 3.2 3.6 

19 1092858 52 M 1 1 0.8 1.6 

20 1093052 44 F 4 4 1.2 1.6 

21 1092947 68 M 4 4 0.8 0.9 

22 1093107 65 F 2 2 0.8 1.3 

23 1091125 19 F 2 4 0.8 0.6 

24 1093009 19 M 3 3 0.7 0.8 

25 1069447 45 M 2 2 0.8 0.7 

26 974174 22 F 1 4 0.7 0.9 

27 1092903 38 M 1 4 2.5 2.5 

28 974181 24 F 2 4 0.9 0.6 

29 974182 25 F 2 4 0.7 0.8 

30 1088928 47 F 4 2 0.9 0.8 

31 974183 25 F 3 3 1.3 1.5 

32 974184 24 F 3 1 0.6 0.5 

33 97415 23 F 4 1 0.5 0.9 

34 1092809 30 F 4 2 0.6 0.7 

35 974167 26 F 4 4 0.7 0.7 
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TABLE 11- INTEROBSERVER VARIATION 

 

EXAMINER 1 EXAMINER 2 

R 

condyle  

L 

condyle 

Right 
RGF 

(mm) 

Left 
RGF 

(mm) 

R 

condyle  

L 

condyle 

Right RGF 

(mm) 

Left RGF 

(mm) 

2 3 1 1.5 2 3 1.1 1.5 

4 4 0.9 1.1 4 3 0.8 1.1 

1 2 0.9 0.9 1 1 0.9 0.9 

2 2 0.7 1.3 2 2 0.6 1.3 

1 1 1.1 0.8 1 1 1 0.5 

1 2 1.5 0.9 3 1 1.5 1.3 

2 4 1 1.4 2 3 1 1.3 

3 2 2.4 2.5 3 3 2.4 3.5 

4 3 0.6 1.1 3 4 0.6 1.2 

2 4 0.7 1 2 4 0.6 1.1 

1 1 1 1.2 1 1 1 1.2 

3 4 3.3 2.4 3 2 3.5 2.4 

4 4 0.7 1 4 4 0.7 1 

3 4 1.7 2.1 3 3 1.5 2.1 

4 3 0.6 1.1 1 3 0.6 1.2 

2 3 1.8 1.2 2 2 1.8 1.1 

3 2 0.8 0.6 3 2 0.7 0.6 

1 2 0.7 0.8 1 2 0.7 0.9 

1 1 0.9 1.1 2 2 0.9 1.5 

2 4 0.9 1.5 4 4 0.7 1.5 

2 2 0.7 0.7 2 2 0.6 0.7 

1 1 0.6 0.6 2 2 1 0.6 

2 3 1 1.5 2 2 1.1 1.5 

3 2 0.7 1.3 3 2 0.7 1.2 

4 4 0.8 1.1 4 4 1 1 

1 3 1.3 2.4 3 3 1.4 1.9 

2 2 0.7 2.5 2 2 0.6 2.9 

3 3 0.5 1.1 3 3 1.2 0.7 

4 4 0.7 0.9 4 4 0.8 0.6 

2 2 1.6 1.7 2 1 1.4 1.4 

4 4 2.8 2.5 4 4 2.9 2.6 

1 1 0.7 0.8 1 1 0.8 0.9 

1 2 1.1 1 1 2 1.1 1.1 

3 3 1.9 1.4 3 3 2 1 

2 3 1.3 1.4 2 3 1.5 1.1 
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17. Ethical/IRB Committee certificate 

 


