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Abstract

Objective:  To evaluate the prevalence of incidental tem-
poromandibular joint findings on brain and orbit magnetic 
resonance imaging scans and assess if these findings are as-
sociated with symptoms.

Methods: Our sample comprised 64 males (46.4%) and 
74 females (53.6%), mean age 54.75±17.45 (range: 18-87). 
Data collected from each temporomandibular joint included 
articular displacement, articular effusion, condyle flattering, 
condyle erosions, capsule enhancement, and bone marrow 
edema. Dichotomous data as to temporomandibular joint-
related symptoms such as headaches, earaches, dizziness, 
clicking or grating sound, pain or soreness of the joint, lim-
ited mouth opening, locking of the jaw, facial muscle pain, 
unexplained teeth pain, neck pain or stiffness and difficulty 
swallowing, were acquired during telephone interviews. 

Results: The most frequent finding was disc displacement 
(39.9% on the right side and 47.8% on the left), followed by 
condyle flattering (33.3% on the right side and 44.2% on the 
left). All findings, except bone marrow edema, were signifi-
cantly more frequent on the left side than the right. Signifi-
cant associations were found between incidental findings 
in the temporomandibular joint and earaches (odds ratio 
2.759, P=0.043), dizziness (odds ratio 2.325, P=0.031), a 
clicking or grating sound (odds ratio 6.492, P=0.002) and fa-
cial muscle pain (odds ratio 11.255, P=0.003). 

Conclusions: Incidental findings of temporomandibular 
joint degenerative features were commonly found on the 
brain and orbit magnetic resonance imaging. Incidental 
findings on the temporomandibular joint were associated 
with earaches, dizziness, a clicking or grating sound and fa-
cial muscle pain. 
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Introduction

Neuroradiology research and physicians in clinical practice 
have increasingly used magnetic resonance imaging (MRI) in 
diagnosing illnesses. The higher resolution of these images 
increases the detection of unexpected anomalies [1]. These 
anomalies are generally called incidental findings and usually 
do not have any explicit symptoms or pathology. However, 
some findings may require further clinical evaluation and/or 
treatment [2,3].

In our experience, numerous incidental findings are found 
in the Temporomandibular joint (TMJ) after the patient had 
undergone a standard brain and orbit MRI scan, especially the 
elderly. Bernhardt et al [4] assessed the prevalence of degen-
erative TMJ changes in males and females aged 20-49 by clinical 
examination and MRI and found a prevalence of 25%. A detailed 
evaluation of TMJ anatomy can be viewed on an MRI because 
of its inherent tissue contrast and high-resolution. A literature 
search revealed that no studies have reported the prevalence of 
these findings or their clinical relevance.

Aims

To evaluate the prevalence of incidental TMJ findings on 1.	
standard brain and orbit MRI scans. 

To assess if incidental TMJ findings on brain and orbit 2.	
MRIs are associated with symptoms.

Hypotheses

Incidental TMJ findings are prevalent in the brain and or-1.	
bit MRI scans.

Incidental TMJ findings are associated with TMJ-related 2.	
symptoms (pain, difficulties in mouth opening, etc.).

Methods

Design

Cross-sectional observational analytic study.

Setting

Department of Radiology, Barzilai Medical Center, Ashqelon, 
Israel.

Sample

Consecutive 138 patients referred to the brain and orbit MRI 
between 2017 and 2018. All MRI evaluations were performed 
due to vision-related complaints (diplopia, vision acuity disor-
ders, etc.). The uniqueness if our sample is that brain and orbit 
MRI tests of various indications were included, so our protocol 
included standard brain series, fat-suppressed series and the 
injection of contrast material. This allowed us to go beyond pre-
viously described findings such as a disc or joints degenerative 
changes, but also evaluate the edema of the bone marrow and 
contrast enhancement of the joint capsule, the findings attrib-
uted to active inflammation.

Inclusion Criteria

Males and females were divided into two groups: patients 
aged 18-40 and patients >40, who were referred to the Depart-
ment of Radiology, Barzilai Medical Center to undergo a brain 
and orbit MRI.

Exclusion Criteria

Facial or mandibular fractures known or detected on MRI, a 
previous TMJ operation, or an active rheumatic disease involv-
ing the TMJ. 

Ethical Considerations

Since MRI scans were collected from the Department of 
Radiology’s archives, no harm was caused to the patients. The 
study was approved by the Eths (Helsinki) Committee of the 
Barzilai Medical Center.

MRI parameters

An MRI was performed on all participants employing the 
same whole-body 1.5-T scanner (Ingenia, Philips, Nederland) 
with an NV 16-channel DS head coil, located at the Department 
of Radiology, Barzilai University Hospital, Ashqelon, Israel. All 
scans were conducted by a board-certified MRI technologist us-
ing our standard protocol for brain and orbit MRI. The acquisi-
tion protocol included T1-weighted spin-echo axial, T2-weight-
ed turbo spin-echo axial, three-dimensional (3D), T1-weighted 
turbo gradient echo fat-suppressed sagittal and 3D, FLAIR (fluid-
attenuated inversion recovery) and fat-suppressed turbo spin-
echo sagittal with an MPR multiplanar reconstruction sequence 
covering the entire brain after contrast media injection.

Acquisition parameters for the imaging sequences were as 
follows: 

T1-weighted spin-echo (SE) 2D used a repetition time (TR) 1.	
of 500 ms, echo time (TE) of 15 ms, an acquisition matrix 
of 272 × 179 and a slice thickness of 5 mm which included 
30 slices.

T2-weighted turbo spin-echo used a TR of 6045 ms, a TE 2.	
of 100 ms, an acquisition matrix of 384 × 246 and a slice 
thickness of 5 mm which included 30 slices.

 3D FLAIR turbo spin-echo used a resolution of 1.15 × 1.15 3.	
× 0.7 mm, a TR of 4800 ms, a TE of 328 ms, an inversion 
time (TI) of 1660 ms, an acquisition matrix of 252 × 250 
and a slice thickness of 0.7 mm which included 270 slic-
es.

T1-weighted 3D turbo gradient echo used an isotropic 4.	
resolution of 0.9 × 0.9 × 0.9 mm, a TR of 12.9 ms, a TE 
of 6.2 ms, an acquisition matrix of 252 × 250 and a slice 
thickness of 0.9 mm which included 190 slices. Fat sup-
pression was applied.

TMJ disorder evaluation

An experienced radiologist, blinded to the clinical informa-
tion and patient’s identity, performed all MRI evaluations of 
TMJs using previously described methods [5,6]. The data col-
lected included: 

Articular displacement1.	

Articular effusion 2.	

Condyle flattering3.	

Condyle erosions4.	

Capsule enhancement5.	

Bone marrow edema  6.	
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Reliability of MRI readings

LK, SK and AS read a batch of MRIs and developed a reading 
protocol for evaluating the studied parameters. Using this pro-
tocol, an SK read and re-read 20 MRIs, two weeks apart, blinded 
to the identity of the patient in order to assess the intra-rater 
reliability of the readings. The intra-observer reliability (κ) for 
detecting different TMJ incidental findings varied between 0.76 
and 0.94. This range of kappa statistics represents good to ex-
cellent reproducibility. 

Additional data collection

Demographic data (age, sex) were collected from medical 
records. Dichotomous data on TMJ-related symptoms were ob-
tained by a telephone interview. Phone interviews were per-
formed in a standardized way during the 2018 year. Some of the 
interviews were performed close to the date of MRI evaluation, 
but other interviews were up to one year after the evaluation. 
In cases when a long time passed since the MRI evaluation, sub-
jects were asked to describe the symptoms that were present at 
the time of evaluation. The data included signs and symptoms 
commonly associated with TMJ disorders: headaches, earaches 
(including stuffiness or ringing), dizziness (lightheadedness), a 
clicking or grating sound, pain or soreness of the TMJ, limited 
mouth opening, locking of the jaw (open or closed), facial mus-
cle (cheeks) pain, unexplained teeth pain, neck pain or stiffness 
and difficulty in swallowing (sore throat).

Statistical analysis

To characterize the sample, descriptive statistics were used. 
To evaluate the intra-rater reliability of the MRI evaluated vari-

ables, kappa coefficients were calculated. The prevalence of 
each type of incidental findings and TMJ associated disorders 
were calculated using frequency statistics. The Wilcoxon Signed 
Ranks Test was used to compare the frequencies of findings on 
both the left and right sides. 

We summed all incidental findings for each TMJ side and 
used these scores (Rt-IF for the right side and Lt-IF for the left 
side) in analyzing the association with age (Pearson correla-
tions). We then constructed a dichotomous variable of TMJ in-
cidental findings. If Rt-IF>1 or Lt-IF>1, they were considered as 
affected. If one or both joints were affected, the TMJ incidental 
finding (TMJ-IF) was considered positive. To estimate the asso-
ciation between clinical TMJ-related symptoms and TMJ-IF on a 
standard brain MRI, logistic regression analyses were used with 
TMJ-related symptoms as dependent variables and incidental 
findings (dichotomous variables), age and sex as predictors.

Results

The study sample comprised 64 males (46.4%) and 74 fe-
males (53.6%). The mean age of subjects was 54.75±17.45 
(range: 18-87). Frequencies of incidental findings in TMJs on a 
standard brain MRI are presented in Table 1. The most frequent 
finding was disc displacement (39.9% on the right side and 
47.8% on the left), followed by condyle flattering (33.3% on the 
right side and 44.2% on the left). All findings, except for bone 
marrow edema were significantly more frequent on the left side 
than on the right. Frequencies of TMJ-related symptoms in the 
studied sample are presented in Table 2. The highest frequency 
was found in headaches (55.1%), followed by dizziness (light-
headedness) (46.5%) and neck pain or stiffness (37.0%).  

Table 1: Frequencies of Incidental Findings in TMJs on Standard Brain MRI (n= 138).

Variables Right Left Comparison*

Disc displacement N=55 (39.9%) N=66 (47.8%) Z=-1.98, P=0.048

Articular effusion N=5 (3.6%) N=13 (9.4%) Z=-2.14, P=0.033

Condyle flattering N=46 (33.3%) N=61 (44.2%) Z=-2.89, P=0.004

Condyle erosion N=13 (9.4%) N=24 (17.4%) Z=-2.20, P=0.028

Capsule enhancement N=4 (2.9%) 13 (9.4%) Z=-2.50, P=0.013

Bone marrow edema N=11 (8%) N=16 (11.6%) Z=-1.51, P=0.132

*Results of Wilcoxon Signed Ranks Test; Significant differences (p<0.05) are marked in bold. 

Table 2: Frequencies of Incidental Findings in TMJs on Standard Brain MRI (n= 138).

Symptoms Frequency (N, valid percent)

Headache 70 (55.1%)

Earaches, stuffiness or ringing 26 (20.5%)

Dizziness, lightheadedness 59 (46.5%)

Clicking or grating sound in TMJ 26 (20.5%)

Pain or soreness of the TMJ 6 (4.7)

Limited mouth opening 0 (0.0%)

Locking jaw (open or closed) 0 (0.0%)

Pain in facial muscles (cheeks) 17 (13.4%)

Unexplained teeth pain 4 (3.1%)

Neck pain or stiffness 47 (37.0%)

Difficulty swallowing (sore throat) 12 (9.4%)
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Figure 1: Scatterplot of association between age and incidental 
findings in right and left TMJ. Solid line – Lt-IF, dot-line – Rt-IF.

Table 3: Association between Clinical TMJ Related Symptoms 
and TMJ-IF on Standard Brain MRI *

Symptoms B p-value Odds ratio

Headache 0.475 0.220 1.607

Earaches, stuffiness or ringing 1.015 0.043 2.759

Dizziness, lightheadedness 0.844 0.031 2.325

A clicking or grating sound 1.871 0.002 6.492

Pain or soreness of the TMJ 0.753 0.424 2.123

Pain in facial muscles (cheeks) 2.421 0.003 11.255

Unexplained teeth pain 1.736 0.169 5.676

Neck pain or stiffness 0.602 0.147 1.826

Difficulty swallowing (sore throat) 1.559 0.057 4.752

*Results of logistic regression analysis (d.f.=1) with the symptom as a 
dependent variable and TMJ-IF, age, and sex as independent predic-
tors.  A significant association (p<0.05) is marked in bold.

We found mild positive correlations between age and Rt-IF 
(r=0.30, p<0.001) and Lt-IF (r=0.37, p<0.001). The scatterplot 
of association is shown in Figure 1. The association between 
clinical TMJ-related symptoms and TMJ-IF on a standard brain 
MRI are shown in Table 3. A significant association was found 
between TMJ-IF and the following clinical TMJ-related symp-
toms: earaches (including stuffiness or ringing) (odds ratio 
2.759, P=0.043), dizziness (lightheadedness) (odds ratio 2.325, 
P=0.031), a clicking or grating sound (odds ratio 6.492, P=0.002) 
and facial muscle pain (cheeks) (odds ratio 11.255, P=0.003). 

Discussion

We studied the prevalence of specific types of incidental 
findings in TMJs found on brain MRI scans. The need to clarify 
the classification of normal versus abnormal findings has previ-
ously been raised [7] and remains an important topic for neuro-
radiologists to consider, as the use of brain MRI is continuously 
increasing among the elderly population.

In our study, we found a high prevalence of disc displace-
ment, condyle flattering and a moderate prevalence of condyle 
erosion and bone marrow lesions in a sample of individuals 

referred to a standard brain MRI. Despite the sensitivity and 
specificity of an MRI in detecting disc position, the clinical im-
plications of these findings must be interpreted with caution. 
For example, an anteriorly displaced disc can be seen in up to 
34% of asymptomatic patients and a normal disc position can 
be seen in up to 23% of symptomatic patients [8,9]. 

All findings, except for bone marrow edema, were more fre-
quent on the left rather than the right side. Mastication, per-
formed predominantly on one side of the dentition, is known 
as a chewing-side preference [10]. Although mastication may 
occur bilaterally, it has been reported that the majority of peo-
ple preferably chew on one side [10-12]. Some previous studies 
have shown no significant prevalence between a right- or left-
side preference of mastication [10,11], while others have re-
ported a predominance on the right-side [13-15]. We currently 
cannot explain why left side TMJs showed more degenerative 
changes than right-sided. It is possible that it is somehow as-
sociated with a chewing-side preference or that our findings are 
accidental. Additional studies are needed to clarify this point.  

Mild positive correlations between age and Rt-IF (r=0.30, 
p<0.001) and Lt-IF (r=0.37, p<0.001) were observed. Age was 
found to be a predisposing factor for degenerative changes in 
the TMJ [16] because both the frequency and severity of the 
changes increase with age, i.e. the calcium content of the TMJ 
disc progressively increases with age [17], thus the disc be-
comes stiffer and more fragile, reducing its capability to handle 
the overload. 

A significant association was found between TMJ-IF and the 
following clinical TMJ-related symptoms: earaches (including 
stuffiness or ringing), dizziness (lightheadedness), a clicking or 
grating sound and facial muscle pain (cheeks). Several previous 
studies have shown a significant correlation between TMJ clini-
cal signs and symptoms and MRI findings in patients with TMJ 
disorders [18-20] and in the non-patient population [21]. The 
impact of incidental findings on employment, health, quality of 
life and medical costs is currently unknown. Similar problems 
as to incidental findings in research using genetic and labora-
tory techniques are presently being recognized [3,22]. Future 
studies should focus on determining the medical and associated 
implications [23] including the treatment and outcome of inci-
dental findings of all ages [3].

Our study has several limitations. First, a number of subjects 
is relatedly limited. Second, the acquisition of patient com-
plaints/symptoms through a phone interview was performed 
sometimes months after the imaging. This can be a source of 
recall bias. We reminded the patient the time of MRI evaluation 
and asked to describe the symptoms that were present at the 
time of evaluation. Still, the data on symptoms should be car-
ried with caution. 

Conclusion

In summary, incidental findings of TMJ degenerative features 
are quite common in brain MRIs. These findings occur more fre-
quently on the left side of the TMJ and are significantly associ-
ated with age. Incidental findings on the TMJ were associated 
with earaches, dizziness, a clicking or grating sound and facial 
muscle pain. 

References

1.	 Vernooij MW, Ikram MA, Tanghe HL. Incidental findings on brain 
MRI in the general population. N Engl J Med. 2007; 357:1821-



1828.

2.	 Boutet C, Vassal F, Celle S, Schneider FC, Berthelemy JC. Inciden-
tal findings on brain magnetic resonance imaging in the elderly: 
the PROOF study. Brain Imaging Behav. 2017; 11: 293-299.  

3.	 Sandeman EM, Hernandez Mdel C, Morris Z, Bastin ME, Murray 
C. Incidental findings on brain MR imaging in older community-
dwelling subjects are common but serious medical consequenc-
es are rare: A cohort study. PloS One. 2013; 8: e71467.

4.	 Bernhardt O, Biffar R, Kocher T, Meyer G. Prevalence and clinical 
signs of degenerative temporomandibular joint changes validat-
ed by magnetic resonance imaging in a non-patient group. Ann 
Anat. 2007; 189: 342-346.

5.	 Larheim TA, Katzberg RW, Westesson PL, Tallents RH, Moss ME. 
MR evidence of temporomandibular joint fluid and condyle 
marrow alterations: occurrence in asymptomatic volunteers and 
symptomatic patients. Int J Oral Maxillofac Surg. 2001; 30: 113-
117. 

6.	 Westesson PL. Structural hard-tissue changes in temporoman-
dibular joints with internal derangement. Oral Surg Oral Med 
Oral Pathol. 1985; 59: 220-224. 

7.	 Gupta SN, Belay B. Intracranial incidental findings on brain MR 
images in a pediatric neurology practice: a retrospective study. J 
Neurol Sci. 2008; 264: 34-37. 

8.	 Kaplan PA, Tu HK, Williams SM, Lydiatt DD. The normal temporo-
mandibular joint: MR and arthrographic correlation. Radiology. 
1987; 165: 177-178.

9.	 Katzberg RW, Westesson PL, Tallents RH, Drake CM. Anatomic 
disorders of the temporomandibular joint disc in asymptomatic 
subjects. J Oral Maxillofac Surg. 1996; 54: 147-153.

10.	 Christensen LV, Radue JT. Lateral preference in mastication: a 
feasibility study. J Oral Rehabil. 1985; 12: 421-427. 

11.	 Pond LH, Barghi N, Barnwell GM. Occlusion and chewing side 
preference. J Prosthet Dent. 1986; 55: 498-500. 

12.	 Ratnasari A, Hasegawa K, Oki K, Kawakami S, Yanagi Y. Manifes-
tation of preferred chewing side for hard food on TMJ disc dis-
placement side. J Oral Rehabil. 2011; 38: 12-17.

13.	 Martinez-Gomis J, Lujan-Climent M, Palau S, Bizar J, Salsench J, 
et al. Relationship between chewing side preference and hand-
edness and lateral asymmetry of peripheral factors. Arch Oral 
Bio. 2009; 54: 101-107. 

5Annals of Dentistry and Oral Health

MedDocs Publishers

14.	 Rovira-Lastra B, Flores-Orozco EI, Ayuso-Montero R, Peraire M, 
Martinez-Gomis J. Peripheral, functional and postural asymme-
tries related to the preferred chewing side in adults with natural 
dentition. J Oral Rehabil. 2016; 43: 279-285.

15.	 Diernberger S, Bernhardt O, Schwahn C, Kordass B. Self-report-
ed chewing side preference and its associations with occlusal, 
temporomandibular and prosthodontic factors: results from the 
population-based Study of Health in Pomerania (SHIP-0). J Oral 
Rehabil. 2008; 35: 613-620.

16.	 Tanaka E, Detamore MS, Mercuri LG. Degenerative disorders 
of the temporomandibular joint: etiology, diagnosis, and treat-
ment. J Dent Res. 2008; 87: 296-307.

17.	 Jibiki M, Shimoda S, Nakagawa Y, Kawasaki K, Asada K, et al. 
Calcifications of the disc of the temporomandibular joint. J Oral 
Pathol Med 1999; 28:413-419

18.	 Emshoff R, Rudisch A. Validity of clinical diagnostic criteria for 
temporomandibular disorders: clinical versus magnetic reso-
nance imaging diagnosis of temporomandibular joint inter-
nal derangement and osteoarthrosis. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2001; 91: 50-55. 

19.	 Haley DP, Schiffman EL, Lindgren BR, Anderson Q, Andreasen K. 
The relationship between clinical and MRI findings in patients 
with unilateral temporomandibular joint pain. J Am Dent Assoc. 
2001; 132: 476-481.

20.	 Ohlmann B, Rammelsberg P, Henschel V, Kress B, Gabbert O, et 
al. Prediction of TMJ arthralgia according to clinical diagnosis 
and MRI findings. Int J Prosthodont. 2006; 19: 333-338. 

21.	 Schmitter M, Essig M, Seneadza V, Balke Z, Schroder J, et al. 
Prevalence of clinical and radiographic signs of osteoarthrosis 
of the temporomandibular joint in an older persons community. 
Dentomaxillofac Radiol. 2010; 39: 231-234.

22.	 Nuffield Council on Bioethics. Medical profiling and online medi-
cine: the ethics of ’personalised healthcare’ in a consumer age. 
London: 2010.

23.	 Stone JH. Incidentalomas--clinical correlation and translational 
science required. N Engl J Med. 2006; 354: 2748-2749.


