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Sažetak
Uspoređeni su klinički i radiološki nalazi bolesni-

ka s osteoartritisom temporomandularnog zgloba s ili bez 
pomaka diska te asimptomatskih dobrovoljaca. Istraživa-
nje je obuhvatilo 30 bolesnika s osteoartritisom tempo-
romandibularnog zgloba (prosječne dobi 52,6 godina). 
Svi bolesnici pregledani su klinički manualnom funkcij-
skom analizom i uporabom magnetske rezonancije. Kri-
terij kojim su obuhvaćeni bolesnici bili su: bol vezan za 
temporomandibularni zglob i/ili krepitacija u istom zglo-

bu. Drugu skupinu činilo je 20 asimptomatskih studenata 
dentalne medicine (prosjek dobi 23,5 godina). Postoja-
la je statistički značajna razlika između degenerativnih 
promjena kondila zglobova bolesnika s i bez znakova 
osteoartritisa (p=0,009). U 28% osteoartritičnih zglobo-
va bila je deplanacije zglobnih površina kondila, kao i 
u 17,4% zglobova bez kliničkih znakova osteoartritisa. 
Osteofi tične tvorbe pronađene su u 8% asimptomatskih 
i 25,7% osteoartritičnih zglobova bolesnika. Postojala je 

Clinical and radiological fi ndings were compared 
between the patients with osteoarthritis (OA) of temporo-
mandibular joint (TMJ) with or without disc displacement 
(DD), and asymptomatic volunteers. This study included 
30 patients with OA of TMJs (mean age 52.6). All the 
patients were examined clinically by manual functional 
analysis and using magnetic resonance imaging. The in-
clusion criteria for patients comprised: pain referred to 
the TMJ and/or crepitation in the TMJ. A second group 
consisted of 20 asymptomatic dental school students 
(mean age 23.5). There is a statistically signifi cant dif-
ference between degenerative changes of the condyle of 
TMJs with and without clinical signs of OA of patients 

(p=0.009). In 28% of osteoarthritic joints, fl attening of 
condylar joint surfaces was observed and 17.4% of the 
joints were without clinical signs of OA. Osteophyte for-
mations were found in 8% of asymptomatic and 25.7% 
of osteoarthritic patients’ joints. There is a statistically 
signifi cant difference between patients’ TMJs with and 
without OA (p=0.0003): pronounced shape loss and se-
vere sclerosation of the articular eminence were found in 
12% of the joints without OA, and 42.9% of joints with 
OA. There is no difference between students’ joints and 
patients’ TMJs without OA (p=0.804). The most com-
mon imaging fi ndings of osteoarthritic TMJs were scle-
rosis of the condyle and osteophyte formation.
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statistički značajna razlika među zglobovima bolesnika s 
i bez osteoartritisa (p=0,0003): izraženi gubitak kontura 
i izražena sklerozacija zglobne kvržice nađeni su u 12% 
zglobova bez osteoartritisa i 42,9% zglobova s osteo-

artritisom. Nije bilo razlike između zglobova studenata 
i zglobova bolesnika bez osteoartritisa (p=0,804). Naj-
češći nalaz na snimkama osteoartritičnih zglobova bile 
su skleroza kondila i osteofi tične tvorbe.

Ključne riječi
osteoartritis, temporomandibularni zglob, magnetska rezonancija

Introduction
Osteoarthritis (OA) and disc displacement (DD) 

of temporomandibular joint (TMJ) belong to the arth-
rogenic group of temporomandibular disorders (TMD), 
which are the most common cause of orofacial muscu-
loskeletal pain. Multifactorial etiologic theory of TMD 
was described under various physical and psychologi-
cal factors, which could be potentially signifi cant in de-
velopment of TMD forms (1,2).

Osteoarthritis is a low-infl ammatory arthritic con-
dition that results in various degenerative joint chang-
es clinically manifested as joint noises (crepitation), ar-
thralgia, and limited opening of the mouth (3).

Radiologically supported studies emphasized a 
controversy with respect to the relationship with: DD 
without reduction (4-8), clinically and radiologically 
confi rmed signs of OA of TMJ (6,7,9,10), degenera-
tive changes of TMJs in asymptomatic volunteers (10-

13), and relation to the younger patients part of popu-
lation (14).

Manual functional analysis (MFA) according Bu-
mann and Groot Landeweer (15) is a collection of man-
ual techniques for clinical diagnostics of origin of pain 
related to TMD, and includes differentiation between 
myogenic and arthrogenic (for example, DD and OA) 
subgroups of TMD. In the TMJ diagnostics magnetic res-
onance imaging (MRI) is a gold standard compared to 
clinical diagnostics or other radiological methods (pan-
oramic radiography). MRI is predominant in soft tissue 
diagnostics and computed tomography (CT) can be ad-
ditionally useful in detecting hard tissue changes (16).

The aim of this study was to compare clinical and 
radiological fi ndings in patients with unilateral or bilat-
eral OA of TMJ with or without DD, and asymptomat-
ic volunteers without DD.

Materials and methods
This study included 30 patients with OA of TM-

Js (median age 53, mean age 52.57±17.10 with range: 
19-82; 83% women) from a group of 140 TMD patients 
(17). All the patients were consecutively examined be-
tween January 2001 and December 2008 during clini-
cal examination using MFA (15) and Research Diag-
nostic Criteria (RDC) for TMD (18) at the Department 
of Prosthodontics. Defi nite selection was performed on 
the basis of diagnostics by MRI for all subjects of this 
study. The patients’ joints with OA or without OA were 
compared with a group of asymptomatic volunteers con-
sisting of 20 selected dental school students (median age 
23, mean age 23.45±1.47 with range: 21-27; 70% wom-
en) without any clinical signs or history of DD or any 
kind of degenerative joint disease confi rmed by MRI 
(19). Asymptomatic volunteers were not undergoing 
orthodontic or prosthodontic treatments at the time and 
there were no prior data on orofacial trauma or rheu-
matoid disease.

The inclusion criteria for patients comprised two 
conditions: pain referred to the TMJ and/or crepitation-
‘gravel’-like or ‘cracking’ effect in the TMJ. Clinical di-
agnostics using MFA (15) included the dynamic com-
pressions in cranial direction during which the patient 
performed protrusive movements and mouth opening. 
Pain, pathologic noise and additional limited mouth 

opening were noticed upon dynamic compressions. Pas-
sive compressions were used by the therapist to move 
the condyles and in such a way to examine the painful 
sensation in the retrodiscal tissue. Pain intensity was rat-
ed on a visual-analogue scale (VAS 0-10, 0 means no 
pain, 10 means the strongest pain) (20).

Active movement of the maximal mouth opening 
was measured by a gauge in millimeters, between mark-
ings on the labial surface of the lower central incisor in 
the plane of the upper central incisor overbite.

All participants of this research were personal-
ly informed about the aims and examination methods 
and gave their written consent to participate according 
to the protocol approved by the Ethics Committee of 
the School of Dental Medicine, University of Zagreb. 
Apart from the gathering of personal data, the consent 
referred to the use of MRI as the gold standard as well 
as other techniques of radiologic examinations of TM-
Js. The patients underwent conventional radiography of 
TMJ prior to visiting the Department of Prosthodontics, 
which was used as an additional confi rmation of OA di-
agnosis within this study, whereas CT, with the patients’ 
consent, was used as a comparative diagnostic method 
with respect to the positive MRI fi nding.

MRI and panoramic imaging were used for all 
subjects in this study. CT and conventional radiography 
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of TMJ were also used on 56.6% of the patients’ sample. 
The scans were interpreted using the criteria for OA di-
agnosis on every selected parasagittal slice of TMJ; with 
presence or absence of the following degenerative bone 
changes. For articular eminence: no osteoarthritic signs 
(normal shape and density), moderate shape loss/severe 
sclerosation, pronounced shape loss/severe sclerosation. 
For condyle bone: no osteoarthritic signs (normal shape 
and density), deplaned shape, moderately sclerosed ar-
eas, pronounced sclerosed areas, and osteophyte forma-
tion and pronounced sclerosed areas (subchondral pseu-
docyst). Degenerative bone changes were also observed 
in TMJs of asymptomatic patients (that is, patients with-
out clinical signs of OA).

Physiological disc position was confi rmed in pa-
tients’ TMJs with OA using the following criteria: the 
intermedial part of the disc was positioned within the 
shortest span of the osseous contours of the ventrocra-
nial part of the condyle and the articular eminence.

The MRI diagnostics of both TMJs of all the sub-
jects was performed by T1 weighted (TR 450/TE 12; ma-
trix 256 x 192; 160 x 160 fi eld of view) and T2 weight-
ed images (TR 3000/TE 66; matrix 389 x 512; 190 x 
190 fi eld of view), and seven slices of images with a 3 
mm thickness) using the magnet on a “Harmony” (Sie-
mens, Erlangen, Germany), at magnetic fi eld magnitude 
of 1T. Bilateral MR images of the TMJs were obtained 
simultaneously on the individually established coronal 

and parasagittal planes of the images on the basis of a 
previously performed axial scout.

The statistical data analysis was performed with 
the STATISTICA and SAS programs. The left and the 
right TMJs of each person were presented as two sepa-
rate entities within the data analysis. Three subgroups of 
joints were formed with respect to the fi nding of degener-
ative changes: patients’ joints with clinical signs of OA, 
patients’ joints without clinical signs of OA, and asymp-
tomatic volunteers’ joints. Data were analyzed by t-test 
(mouth opening measurement), chi-squared test (com-
parison of all subgroups of joints and patients regarding 
degenerative changes of articular eminence; comparison 
within the subgroups of patients’ TMJs with and with-
out OA and asymptomatic volunteers for degenerative 
changes of articular eminence) or Fischer’s exact test 
(subgroups of patients’ joints with and without clinical 
signs of OA for degenerative changes of condyle; sub-
groups of asymptomatic volunteers’ joints and patients’ 
TMJs without OA for degenerative changes of articu-
lar eminence). The reliability of MRI interpretation was 
tested for all subjects on the basis of two researchers’ (a 
radiologist D. Z. and a dentist T. B.) inspection, which 
was conducted independently of each other and of the 
patient’s clinical signs in TMJs, and it was evaluated by 
Cohen kappa index (κ=0.80-1.0). Cohen kappa index for 
matching of the clinical diagnosis of OA and defi nitive 
diagnosis based on a radiological fi nding was 0.72.

Results
OA was diagnosed in 35 (58.3%) of all TMJs, and 

it was present bilaterally in 5 patients (16.6%). Anteri-
or DD was an additional fi nding which was determined 
in 13 patients (43.33%) whereas the other 17 patients 
(56.67%) had physiological disc position. Out of all pa-
tients with DD, only one had DD with reduction, while 
the others had DD without reduction.

The most frequent symptoms reported by the pa-
tients were pain (95%) and crepitation (80%) in TMJ. 
Average value of temporomandibular pain intensity 
rated on VAS was 6.56±2.03 (range 3.0-10.0). Average 
pain duration from the onset of pain until the examina-
tion within this study was 13.72±17.95 months (range 
1-84 month). 18% of the patients had acute pain (dura-
tion ≤3 months), 38% had subacute pain (≥4 months ≤12 
months) and 44% of the patients experienced chronic 
pain (>12 months). This symptomatology, particularly 
of pain, did not include numerous previous symptoms 
(pathological noise) which were not considered relevant 
by the patients and therefore, only the recent symptoms 
for which the patients sought help at our Department 
were included. There was a signifi cant difference (t-test 
3.549318 (df=48), p=0.00088) between active opening 
of patients (average 42.57±9.87 mm with range: 15-62 

mm) and students (average 52.13±5.52 mm with range: 
42-62 mm).

There were no degenerative changes of the condyle 
in TMJs of asymptomatic volunteers, including fl attening 
of condylar head. Various degenerative changes of con-
dyle in both subgroups of patients’ joints (with and with-
out clinical signs of OA) were found (table 1) with a sta-
tistically signifi cant difference between them (Fischer’s 
exact test, p=0.009). In 28% of osteoarthritic joints, fl at-
tening of condylar joint surfaces was observed (fi gures 1 
and 2) and 17.4% of the joints were without clinical signs 
of OA. Moderate sclerosis of the condyle was found in 
12% of patients’ joints without OA. Moderate sclerosis 
was found in 11.4% of osteoarthritic patients’ joints and 
in 22.9%, pronounced sclerosis was found. Osteophyte 
formations in were found in 8% of asymptomatic joints 
and osteophyte formations with subchondral cysts were 
found in 25.7% of patients’ joints with OA.

Changes of the articular eminence were found 
in all subgroups of joints, including the asymptomat-
ic volunteers (table 2). Moderate shape loss and severe 
sclerosation of the articular eminence were observed in 
two students’ TMJs bilaterally. A comparison of the pa-
tients’ and asymptomatic volunteers’ joints showed a sta-
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Table 1. Comparison between the subgroups of patients’ temporomandibular joints with and without OA diagnosis
Tablica 1. Usporedba između podgrupa temporomandibularnih zglobova bolesnika s i bez dijagnoze OA
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Patients - without OA 13 (52.00%) 7 (28.00%) 3 (12.00%) 2  (8.00%) 25 (100%)
Patients - with OA 8 (22.86%) 6 (17.14%) 4 (11.43%) 8 (22.86%) 9 (25.71%) 35 (100%)

Table 2. Comparison between the subgroups of patients’ temporomandibular joints with and without OA diagnosis 
and the asymptomatic volunteers (physiological joints without OA)

Tablica 2. Usporedba između podgrupa temporomandibularnih zglobova bolesnika s i bez dijagnoze OA 
te asimptomatskih dobrovoljaca (fi ziološki zglobovi bez OA)
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Patients - without OA 12 (48.0%) 10 (40.0%) 3 (12.0%) 25 (100%)
Patients - with OA 2  (5.7%) 18 (51.4%) 15 (42.9%) 35 (100%)
Asymptomatic volunteers 24 (60.0%) 12 (30.0%) 4 (10.0%) 40 (100%)

Figure 1. Osteoarthritic TMJ in sagittal plane 
by CT of a 68-year-old female patient

Slika 1. Osteoartritički TMZ u sagitalnoj ravnini 
prikazan pomoću CT-a u 68-godišnje bolesnice

1 - fl attening with sclerosis of condylar joint surfaces
2 - external auditory meatus

3 - osteophyte formation

Figure 2. Osteoarthritic TMJ in sagittal plane 
by MRI of a 54-year-old female patient

Slika 2. Osteoartritički TMZ u sagitalnoj ravnini 
prikazan pomoću MR-a u 54-godišnje bolesnice

1 - deplaned condyle 2 - external auditory meatus
3 - sclerosis of the articular eminence

arrows - physiological position of articular disc

tistically signifi cant difference (chi-square test 28.1716 
(df=4), p<0.0001). Differences between the subgroups 
of asymptomatic volunteers’ joints and patients’ TMJs 
without OA were specially analyzed and they did not 
reveal any statistically signifi cant data (Fisher’s exact 
test, p= 0.8038). However, a comparison between the 

subgroups of patients’ joints (patients’ TMJs with and 
without OA) revealed a statistically signifi cant differ-
ence (chi-square test 16.2122 (df=2), p=0.0003): pro-
nounced shape loss and severe sclerosation of the artic-
ular eminence were found in 12% of joints without OA, 
and 42.9% of joints with OA.

Discussion
Osteoarthritis a major public-health issue and 

has been especially prominent in the recent decade 
which the World Health Organization (WHO) dedi-
cated to musculoskeletal diseases. Symptomatology, 
clinical and radiological diagnostics as well as cre-

ating the most effective treatment methods and re-
habilitation of other joints in the body have been re-
searched more and given a lot of attention compared 
to the specialized fi eld of the stomatognathic system 
and TMDs (21-24).
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In the general sample, TMD patients are most-
ly women of reproductive age (according to Mafredini 
et al. (83.4%) between 20 and 40 years old (25). The 
average age is somewhat lower in patients with DD of 
TMJ and it is about 35 years (4,26). Although, in gen-
eral, OA of TMJ is considered to be related to increase 
in age (3), it was only partially determined in our sam-
ple. Our study included somewhat older subjects (me-
dian age 53), but the age range was large, starting with 
adolescents.

In a study on the use of various treatment modali-
ties of OA of TMJ, Machon et al. (27) examined patients 
of the same age (median age 52.8 years) and 76.25% of 
the patients’ group were female. Campos et al. (9) ret-
rospectively reviewed patients with degenerative chang-
es of the TMJ and had a sample with mean age of 40.8 
years, range of age between 15-76 and 86% females. In 
their retrospective study, Zhao et al. (14) showed that 
OA of TMJ is a common fi nding in individuals between 
11 and 30 years of age: prevalence was 14.6% in a sam-
ple of 4883 patients, out of them, 68% of patients with 
OA were female. The results are limited by the domi-
nant use of TMJ x-ray and panoramic radiography. Our 
study had 83% of female patients.

Long-lasting TMJ symptoms, as long as 20 years 
prior to seeking professional help, are related to general 
functioning of the stomatognathic system and to the fact 
that patients recognize certain symptoms, such as click-
ing in the TMJ, as those which require consultation and 
treatment (28,29). In our study, there were cases with up 
to 7 years from the onset of pain until the patient visited 
a dentist due to OA.

In their respective studies, Arslan et al. (4) and 
Sylvester et al. (7) collected MRIs of patients with DD 
and they found a signifi cant correlation with accompa-
nying arthritic changes. Although Rammlesberg (8) does 
not directly relate DD without reduction to osteoarthrit-
ic changes, Arslan et al. (4) found apparent signifi cance 
(15.2% of joints), but they were also present in joints 
with DD with reduction (4.9%). Since the sample in our 
study was smaller and we were more focused on patients 
with clinical and radiological fi ndings of OA, it can be 
argued that there is a connection to DD without reduc-
tion, but in our study, OA was also found in joints with 
physiological DD.

Similarly, Campos et al. (9) principally demon-
strated the relationship of osteoarthritic TMJs with DD 
without reduction. In comparison with our study, Cam-

pos et al. (9) found absence of degenerative bone chang-
es in 36% of joints, and osteophytes with or without 
erosions in 50% of joints, including 0.5% of joints ad-
ditionally with subchondral cyst. In our study, 25.71% 
of joints had osteophytes with subchondral cyst forma-
tions. Absence of degenerative bone changes in TMJs 
without OA was 80% with including fl attening of con-
dyle, and in 88% with including moderate sclerosation 
of articular tuberculum.

In an MRI study of the correlation of osteoarthritic 
changes and DD of TMJs with mean 7 years of follow-up, 
Kurita et al. (5) found that after the initial examination, 
osteoarthritic changes predominantly occurred in joints 
with DD without reduction. In our study, patients with OA 
were collected from the total sample which also included 
patients with clinically and radiologically diagnosed DD. 
In our sample of patients, OA of TMJ was found in 43.33% 
of joints. However, during a follow-up period, Kurita et 
al. (6) concluded that further development of radiological 
signs of OA did not correspond to the state of resolved or 
reduced TMJ clinical symptoms and signs.

Bernhardt et al. (13) showed that in the epide-
miological study by MRI, on the basis of several good 
defi nite criteria of functional disturbances addressed to 
TMJs, such as pain during palpation of the TMJs and 
at limitation of mouth opening less than 40 mm, OA 
changes were found in 25% of all subjects, unilaterally 
or bilaterally. However, Alkhader et al. (30) concluded 
that the value of MRI for the detection of TMJ osseous 
abnormalities is considered to be limited.

Brooks et al. (11) and Wiberg and Wänman (12) 
found high prevalence of radiographic signs of OA in 
asymptomatic TMJs in the case of 50 to 90%. Campos 
et al. (9) reported that fl attening of the condyle is not 
related to degenerative bone changes; they came to that 
conclusion after examining the patients’ sample with de-
generative changes of TMJs. Our study shows that there 
is no statistically signifi cant difference between chang-
es of articular eminence between patients’ TMJ without 
OA and non-patients’ joints.

In the validation of MRI fi nding of OA it is pos-
sible to explain mild degenerative bone changes as false 
positive results (31). However, there is some limitation 
in using various radiological techniques - invasive and/
or x-ray techniques are unacceptable for non-patient 
subjects. We may assume it is the reason why in 30% of 
joints of asymptomatic volunteers from our study mod-
erate sclerosation was found.

Conclusion
In conclusion, OA of TMJ was associated with 

DD without reduction (in our study 43.33% of patients’ 
joints had OA in comorbidity with DD without reduc-
tion), but OA may develop in joints with physiological 

disc position. In the patients’ sample, 41.7% of joints 
were without OA diagnosis.

Absence of degenerative changes on articular tu-
berculum was established in 48% of joints and on con-
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dyle in 52% of joints. In the group of healthy, asymp-
tomatic volunteers only minimal deplaned condyle and/

or articular eminence was found, which was considered 
physiological.
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