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ABSTRACT 

BACKGROUND AND OBJECTIVE: Investigation of the relationship between joint sounds and 

radiographic findings could be helpful in selecting a suitable treatment for internal temporomandibular joint 

disorder (TMJD). This study aimed to evaluate degenerative changes, condyle position and joint effusion in 

patients with TMJD using magnetic resonance imaging (MRI) as a gold standard procedure. 

METHODS: This cross-sectional study was conducted on 34 patients diagnosed with TMJD via MRI. MRI 

images were obtained from the sagittal plane of the subjects using 5.0 Tesla Magnetic Resonance Scanner with 

open and closed mouth. Click sounds were divided into three categories based on the origin of the sound while 

opening the mouth: premature (<15 mm), intermediate (16-30 mm), and delayed (>31 mm). In addition, 

effusion volume, condyle-fossa relationship, swelling of the joints and degenerative changes were evaluated in 

the patients. 

FINDINGS: Regarding the condyle position in the fossa, 32 of the examined joints (47.1%) were in central 

position, 30 (44.1%) were in posterior position, and 6 joints (8.8%) were in the upper position. Moreover, 34 

joints (70.8%) had clicks, and 14 joints (70%) had no clicks or symptoms of osteoarthritis. Following that, 

grade-zero and grade-one effusions accounted for the highest number of examined joints, and there was no 

significant relationship between effusion volume and type of clicking. In the study group with clicking joints, 

10 cases (14.7%) had premature clicks, 20 (29.4%) had intermediate clicks, and 18 joints (26.5%) had delayed 

clicks. 

CONCLUSION: According to the results of this study, presence or absence of premature, intermediate and 

delayed clicks have no effects on condylar position in the fossa, effusion volume and occurrence of 

osteoarthritis in MRI. 
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Introduction 
Temporomandibular joint (TMJ) is a joint 

with the ability to move in different directions due 

to the positioning of the mandibular condyle in the 

glenoid fossa of the temporal bone (1).  

TMJ is associated with three common 

disorders, including internal, muscular and 

inflammatory disorders (2, 3), which affect the 

functionality of the joints (1). Internal disorders 

occur due to the position of condyle and its 

incorporating factors, such as disc, or any 

disturbance in the accordance of these two, such as 

degenerative changes, which could lead to joint 

dysfunction. Joint dysfunction is manifested 

through click sounds and loss of ability to fully 

open the mouth (1, 4-7). Clinical examinations may 

not provide complete information about the 

position and disorders of the joints; in this regard, it 

is more efficient to evaluate radiographic images 

after clinical examinations (8).  

Various radiographic techniques are used for 

the assessment of condyle position in the glenoid 

fossa; for instance, computed tomography (CT), 

arthrography, magnetic resonance imaging (MRI), 

cone-beam (CB) CT, and panoramic ultrasound (9-

11). Among these techniques, MRI is the most 

reliable diagnostic method for the detection of 

internal disorders and is considered as a “gold 

standard” procedure for TMJ imaging (11). MRI 

provides information about different parameters, 

including disc condition (12), shape and position of 

condyle, synovial fluid, joint effusions and changes 

in the bone marrow and bone structure, without 

exposing patients to any radioactive waves (1, 4, 8, 

13-15).  

Major joint changes are disc movements, and 

degenerative and inflammatory (effusion) changes 

in the hard and soft tissues of TMJ (16). 

Degenerative changes of TMJ are detected in MRI 

pictures in the presence of factors such as erosions 

(lack or absence of cortical continuity), sclerosis 

(significant increase of bone density), flattening 

(lack of round contour) and osteophytes (marginal 

hypertrophic bone formation) (4,10,15). When 

more than one of these changes appear in MRI, it is 

interpreted as the presence of degenerative or 

osteoarthritis changes in the joint (12). In one 

study, Dos Anjos Pontual et al. reported that 

flattening and osteoarthritis are the most frequent 

bone changes occurring with age (17). In this 

regard, one hypothesis declares that osteoarthritis of 

TMJ is the advanced mode of disc displacement, 

especially in the irreversible type (4). Furthermore, 

several researchers have confirmed that 

degenerative bone changes occur frequently in 

joints with irreversible disc displacement (4,18,19). 

However, the relationship between these two 

conditions remains unclear (4), and there is no 

agreement on the clinical significance of condyle 

position in the fossa. Despite the fact that posterior 

condylar position has been reported to be more 

common among patients with joint disorders, no 

evident relationship has been confirmed between 

the position of condyle in the fossa and 

radiographic and clinical symptoms of these 

patients (20). Joint effusion is defined as the 

presence of high volumes of fluids in the joint 

space, which normally leads to painful joints and 

swelling (10, 15).  

Today, MRI is the primary option for the 

detection of TMJ effusions (19). These effusions 

are detected in MRI pictures of patients with 

internal disorders of the joints. In their research, 

Larheim et al. indicated that presence of joint fluids 

is predominantly associated with disc 

displacement(21).  

Conversely, Koh et al. concluded that 

reversible or irreversible disc dislocation is not 

related to radiographic findings regarding the 

presence of joint effusions (22). This study aimed 

to evaluate the relationship between different types 

of joint click sounds and degenerative changes, 

condyle position and joint effusions by 

investigating the MRI results of patients with 

temporomandibular joint disorder (TMJD) referring 

to the occlusion section of Mashhad Dental School, 

Iran. 

 

 

Methods  

In this cross-sectional study, 34 patients 

presented with joint clicks were consecutively 

examined at the occlusion section of Mashhad 

Dental School, Iran. Firstly, patients were examined 

by prosthodontics specialists, and those diagnosed 

with class I occlusion with posterior dental support 

were enrolled in the study.  

All the patients had click sounds atleast in 

one of the temporomandibular joints. In addition, 

20 patients had one-sided clicks, and 14 had dual 
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clicks. Types of click sounds based on the place of 

hearing while opening the mouth are as follows: 

premature (<15 mm), intermediate (16-30 mm), and 

delayed (>31 mm) (23). Exclusion criteria of the 

study were as follows: 1) history of acute trauma; 

2) systematic diseases such as scleroderma and 

rheumatoid arthritis; 3) dental coatings containing 

iron and cobalt compounds; 4) pregnancy; 5) 

having heart pacemakers and 6) presence of 

claustrophobia. In order to evaluate the soft tissues 

of TMJ disc and condyle position, MRI was used as 

the gold standard procedure.  

Informed consent was obtained from all the 

patients prior to MRI, and all the images were 

provided using GE Signa Contour device (GE 

Medical System, Milwaukee, WI MRI) with 0.5 

Tesla and specific surface ring for TMJ. During 

MRI, patients were lying down, and images were 

obtained from the sagittal planes with open and 

closed mouth. We used T1 pictures with TE=17 and 

TR=500, and T2 pictures with TE=90 and TR=300 in 

the MRI of the patients. Thickness of each cutting 

block was allocated to each series of 3-mm images 

without any space in between, which resulted in 11-

12 images in each series. Field of vision for each 

coronal image was 12 cm, and 12-16 cm for sagittal 

images.  

Each image series was prepared in an 

approximate time of 4.5 minutes. Images were 

evaluated by radiologists specialized in jaw and 

mouth and MRI, and the results were interpreted 

based on Westesson’s criteria for the status of  

TMJ (24).  

If an area had high signals in the upper or lower 

joint spaces, effusions were confirmed in the joint. 

Criteria proposed by Roh et al. were used to 

determine the volume of joint effusion in MRI at 

four main grades (13), as follows: no areas detected 

with high effusions (grade zero), one point or line 

on joint surface with high intensity of signals 

(grade one) (fig 1), bond of high intensity signals 

(grade 2) (fig 2), and signals with high intensity in a 

set of articular components (grade 3) (fig 3). 

Furthermore, criteria offered by Incesu et al. were 

used to determine the condyle position in the fossa 

of TMJ in MRI pictures (11), so that the positioning 

of condyle was determined by the difference in the 

narrowest gap between the articular anterior (A) 

and the articular posterior (P) in the MRI pictures 

of the mid-sagittal planes (fig4). 

 

 

 

 

 

 

 

 

Figure 1. Grade 1 Temporomandibular Joint 

(TMJ) Effusion in MRI 

 

 

 

 

 

 

 

 

 

 

Figure 2. Grade 2 TMJ Effusion in MRI 

 

 

 

 

 

 

 

 

 

 

Figure 3. Grade 3 TMJ Effusion in MRI 

 

 

 

 

 

 

 

 

 

Figure 4. Evaluation of Condylar Position 

 

When the anterior distance was greater than the 

posterior distance (P<A), the condyle was located 

in the posterior position of the fossa, and when 

these two distances were equal (A=P), the condyle 

was positioned at the center of the fossa (fig 5). On 

the other hand, when the posterior distance was 

greater than the anterior (P>A), the condyle was in 



16                                                                                                 Evaluation of Degenerative Changes …; A.S. Madani, et al 

 

the anterior position (fig 6). Osteoarthritis and 

degenerative changes of the TMJ in MRI images 

were determined based on the criteria of Roh et al., 

as well as and the presence of factors such as 

erosions (lack or absence of cortical continuity), 

sclerosis (significant increase of bone density), 

flattening (lack of round contour), and osteophytes 

(marginal hypertrophic bone formation) (fig 7) 

(13). Data analysis was performed using SPSS, 

Fisher’s exact test and Chi-square for evaluating the 

condyle position in MRI and its relationship with 

the types of click sounds. Moreover, the Kruskal-

Wallis test was used to assess the relationship 

between osteoarthritis and type of joint clicks. Also, 

Kendall's Tau correlation coefficient was used to 

evaluate the relationship between effusion volumes 

and clinical symptoms, and p<0.05 was considered 

significant.    

 

 

 

 

 

 

 

 

 

 

Figure 5. Normal Position of Disc and Condyle 

in Sagittal MRI 

 

 

 

 

 

 

 

 

 

 

Figure 6. Posterior Condylar Position in TMJ of 

Fossa in MRI 

 

 

 

 

 

 

 

 

Figure 7. Osteoarthritis in TMJ in MRI 

 

Results 

In this study, patients were within the age range 

of 16-46 years (mean age: 24.4±8.25), including 27 

women and 7 men. Out of 68 examined joints (34 

patients), 48 joints (70.6%) had click sounds, and 

20 joints (29.4%) had no click sounds (table 1). In 

the study group with clicking joints, 10 cases 

(14.7%) had premature clicks, 20 (29.4%) had 

intermediate clicks, and 18 cases (26.5%) had 

delayed clicks. In total, 9 joints (13.2%) had 

singular click sounds, while 39 joints (57.4%) had 

reciprocal clicks (table 2). Position of condyle in 

MRI images was central in 32 joints (47.1%), 

posterior in 30 joints (44.1%), and in 6 cases 

(8.8%), the condyle was located in the upper 

position, which had the lowest rate. There was no 

significant difference in the condylar position in 

MRI and type of clicking sounds. In the evaluation 

of osteoarthritis in MRI images, there was no 

statistically significant difference between 

osteoarthritis and joint clicks (table 2). 

Accordingly, out of 48 clicking joints, 34 cases 

(70.8%) had osteoarthritis symptoms, while out of 

20 joints without clicks, 14 cases (70%) had 

osteoarthritis symptoms. In joints with effusions, 20 

cases (29.4%) had grade-one effusion, 6 joints 

(8.8%) had grade-two effusion, and one case 

(1.5%) had grade-three effusion. Additionally, 41 

joints (60.3%) had no effusions (grade zero). No 

statistically significant difference was observed 

between the type of joint clicks and grade of 

effusions (table 2).  

 

Table 1. Frequency of examined joints based on Condylar position and presence of clicks in MRI images 

Condylar Position 

Click 
Central 

N(%) 

Posterior 

N(%) 

Upper 

N(%) 

Total 

N(%) 

Without click 10(50) 7(35) 3(15) 20(100) 

With click 22(45.8) 23(47.9) 3(6.3) 48(100) 

Total 22(47.1) 30(44.1) 6(8.8) 68(100) 
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Table 2. Frequency of examined joints based on clicking types and condylar position, presence or absence 

of osteoarthritis and the level of effusion in MRI images 

Clicking 

Type 

Condylar Position Osteoarthritis Range of Effusion 

Central 

N(%) 

Posterior 

N(%) 

Upper 

N(%) 

Presence 

N(%) 

Absence 

N(%) 

Absence 

N(%) 

+ 

N(%) 

++ 

N(%) 

+++ 

N(%) 

Without clicks 10(50) 7(35) 3(15) 6(30) 14(70) 11(55) 9(45) 0 0 

Premature 2(20) 7(70) 1(10) 2(20) 8(80) 7(70) 2(20) 0 1(10) 

Intermediate 8(40) 11(55) 1(5) 7(35) 13(65) 12(60) 6(30) 2(10) 0 

Delayed 12(66.7) 5(27.8) 1(5.6) 5(27.8) 13(72.2) 11(61.1) 3(16.7) 4(22.2) 0 

Total 32(47.1) 30(44.1) 6(8.8) 20(29.4) 48(70.6) 41(60.3) 20(29.4) 6(8.8) 1(1.5) 

 

Discussion  

In total, 68 joints were examined in the present 

study, and the condyle was in the posterior position 

in 70% of the cases with premature clicks and 55% 

of those with intermediate clicks in MRI images. 

As for cases with delayed clicks or no clicking, the 

condyle was more often in a central position, rather 

than posterior or upper positions. However, there 

was no statistically significant difference between 

condylar position in MRI pictures and joint clicks 

with various grades of ability to open the mouth. 

Consequently, the position of condyle could not be 

clearly realized based on the type of clicking. Since 

abnormal condyle shape was more frequent in cases 

without joint clicks and those of various types, we 

could not determine the shape of condyle based on 

the type of clicking.  According to the literature, 

although TMJ effusion is mostly accompanied with 

clinical symptoms, evidence is scarce to confirm 

the relationship between MRI findings and clinical 

symptoms of joints (12-14).  

This is in line with the findings of the present 

study since effusion in the joints without clicking 

was positive in 45% of our cases, and in case of 

joints with clicking sounds, only 37.5% had 

effusions. Furthermore, out of 68 examined joints 

in our study, only one had grade-3 effusion, which 

was of the premature type, while two and four cases 

of grade-2 effusions were of the intermediate and 

delayed clicking types, respectively. In cases 

without clicks, grade 2 and 3 effusions were not 

detected; however, this finding was not statistically 

significant and cannot be generalized.In a study 

conducted by Galhardo et al., out of 67 patients, 44 

cases had clinical TMJD, while this diagnosis could 

not be confirmed in 21 patients via MRI (25). In 

another study, Manfredini et al. stated that joint 

sounds could not accurately determine the position 

of disc and condyle, and a combination of clinical  

 

and radiographic methods is necessary for this 

purpose (26). In their research, Bernhardt et al. 

reported that clinical examination alone cannot 

determine the degenerative disorders of joints, and 

MRI is a necessary complementary method for the 

accurate diagnosis of such disorders (27). In the 

current study, out of 20 joints without clicking, 14 

cases (70%) had osteoarthritis, while in 35% of the 

intermediate clicks, there were no signs of 

osteoarthritis.  

This finding highlights the importance of MRI 

in the evaluation of joint disorders. Although the 

presence of joint clicks do not indicate a need for 

treatment, joints with clicking sounds may not 

function properly, which reveals the pivotal role of 

diagnostic imaging (8). In their study, Compos et 

al. emphasized the importance of MRI in the 

evaluation of the correlation between joint pain and 

occurrence of degenerative changes, since 46.5% of 

the studied patients with degenerative changes were 

observed to have no joint pain (4).  

Several studies have confirmed the significance 

of degenerative changes of the joints as the major 

mechanisms involved in pain and functional TMJD 

(28-30). For instance, Milam et al. indicated that 

individual risk factors associated with genetics, age, 

gender and systematic diseases play a key role in 

the occurrence of degenerative changes of joints 

(31). Although osteoarthritis is one of the most 

common degenerative diseases of the synovial 

joints (32), the results obtained by Emshoff et al. 

denoted the controversy over the impact of 

osteoarthritis on the onset, progression and 

termination of TMJ clinical symptoms (33). 

Findings regarding the identification of a 

significant correlation between degenerative 

changes of osteoarthritis in joint structures and 

related clinical symptoms (e.g., pain and clicks) are 



18                                                                                                 Evaluation of Degenerative Changes …; A.S. Madani, et al 

 

variable in different studies. This is due to the 

differences in the prevalence of osteoarthritis 

symptoms in radiographic images of TMJ without 

clinical symptoms, which has been reported to be 

50-90% in various researches (34-36). The findings 

of the current study indicated that hearing clicking 

sounds is not a proper indicator of degenerative 

changes in TMJ, and degenerative changes without 

clicks are also detectable in MRI. 

Considering the differences in the reported 

prevalence of osteoarthritis, as well as the lack of 

clinical and imaging criteria specific to the 

diagnosis of joint osteoarthritis, further research is 

required as to invent special clinical and 

radiographic criteria for evaluating osteoarthritis. 

Moreover, it is recommended that future studies be 

conducted on MRI devices with higher power and 

larger sample sizes. In conclusion, the results of the 

present study indicated that hearing clicking sounds 

is not a proper indicator of degenerative changes in 

TMJ, and these changes are also detectable in MRI 

without joint clicks. On the other hand, it is 

possible to identify clicking sounds in cases 

presented with substantial degenerative and 

inflammatory changes, such as high effusion rates, 

while it may not be statistically significant. In 

addition, premature, intermediate and delayed joint 

clicks could not be an accurate indicator of the 

condylar position in the fossa, effusions and their 

grade, and the presence of osteoarthritis in TMJD 

patients. 
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