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Introduction
Introduction: magnetic resonance imaging is described
as the reference standard for the evaluation of temporomandibular joint soft tissues; however, the literature
shows conflicting results regarding the reproducibility
of this method. Objective: this study aimed to assess the
reproducibility of temporomandibular joint diagnoses
using magnetic resonance imaging at 0.5 and 1.5 Tesla.
Methods: a trained observer analyzed 212 temporomandibular joint images (134 at 0.5T and 78 at 1.5T) and
diagnosed the presence or absence of nine conditions.
Results: overall agreement was over 80% in both magnetic resonance units, with no significant differences
(P > 0.05). Images at 0.5T and 1.5T provided excellent
reproducibility for anterior disc displacement without
reduction (κ = 0.82 and 0.80, respectively), hypermobility (κ = 0.84 and 0.90), and hypomobility (κ = 0.80 and
0.95), while fair to moderate values were obtained for
anterior disc displacement with reduction (κ = 0.48 and
0.42) and disc shape changes (κ = 0.45 and 0.37). Conclusion: magnetic resonance imaging diagnoses at 0.5T
and 1.5T presented good agreement. However, the lowest reproducibility for anterior disc displacement with
reduction and disc shape change reveals the difficulty
to diagnose these disorders.
Keywords: Magnetic Resonance Imaging. Temporomandibular Joint. Temporomandibular Joint Disorders.
Reproducibility of results.

The clinical diagnosis of temporomandibular disorders (TMD) is highly complex and often requires
complementary imaging examinations to provide conclusive findings. Magnetic resonance imaging (MRI)
has been described as the method of choice to assess
temporomandibular joint (TMJ) soft tissues1-4. MRI
is also useful to examine cortical bone, producing results that can be compared in quality to computed tomography (CT) and cone beam computed tomography
(CBCT), allowing the examination of both hard and
soft TMJ tissues in one single image method5-7.
The TMJ conditions usually evaluated in MRI
are position and shape of the joint disc. Disc displacement is related to other degenerative disorders (e.g.; disc shape change, condyle change, joint
effusion, and condylar mobility), and the most severe changes are strongly linked to anterior disc
displacement without reduction (DDWR)8-15. Even
though MRI is considered appropriate to examine
the TMJ, research has reported discrepancies between MRI-based and clinical diagnoses1,16-22. Additionally, studies that evaluated the reproducibility
of this method indicate the occurrence of conflicting
values23-29. This may be due to two main factors:
image quality and observer skills. The first includes
technical specifications of the equipment used such
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as magnetic field strength, surface coil type, and
acquisition sequence adopted5,7,30-32. For Stehling et
al.32 (2007) and Schmid-Schwap et al.31 (2009), high
field MRI generates better quality images when
the aim is to examine cortical bone and assess joint
disc shape. The authors also maintain that these
images afford better diagnosis accuracy, which is
an essential factor in clinical decision-making. In
turn, Sarrat et al.7 (1999) and Karlo et al.5 (2012)
have concluded that MRI is useful to visualize TMJ
hard tissues, as long as an appropriate acquisition
sequence is used, while Ahmad et al.33 (2009) and
Alkhader et al.29 (2010) consider the method limited
when compared to CT and CBCT.
.The second main factor in diagnosis reliability
is related to observer performance. In this sense,
some authors have reported that training sessions
and the definition of clear diagnosis criteria increase MRI reproducibility24,26,34,35. Furthermore, lower
reproducibility values were detected in studies that
assessed the performance of observers from different clinical centers who had not been trained23,25.
For Nebbe et al.25 (2000), agreement ranged from
slight to substantial for the diagnosis of anterior
disc displacement with reduction (DDR) and normal disc position (κ ranging between 0.15 and
0.67), while the agreement for DDWR was excellent
(κ = 0.91). Butzke et al.23 (2010) found low intraand inter-observer reproducibility for most diagnoses (κ between 0.00 and 0.37), and the best
agreement was observed for DDWR (κ = 0.58).
Considering the discrepancies between agreement values reported in the literature and the lack
of research using MRI obtained at different magnetic field strengths, the present study assesses the
diagnostic reproducibility of temporomandibular
joint using MRI at 0.5 and 1.5 Tesla.

Materials and methods
Patient exams
The Research Ethics Committee of the Federal
University of Rio Grande do Sul (UFRGS), Brazil,
approved this study (protocol number 120.620).
The sample included all 236 MRI examinations of
the TMJ from the database of a radiology center
in Brazil performed in a 5-year period. From these
examinations, 152 were acquired using a 0.5T device (Gyroscan™ T5-NT, Philips, Amsterdam, The
Netherlands) and 84 were obtained using a 1.5T
device (Magnetom™ Avanto, Siemens, Erlangen,
Germany). Both devices used TMJ surface coils to
acquire images. Acquisition sequences comprised
T1 and T2 for 0.5T images, and T1, T2, and PD for
1.5T images. The inclusion criterion was the absence of motion artifacts. From the total number of exams selected initially, 24 (10.2%) were excluded (18
at 0.5T and six at 1.5T).
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Video preparations
All images used were saved as DICOM files and
processed in the eFilm Lite™ 1.5.2 software (Merge
Healthcare, eFilm, Milwaukee, USA), which creates videos for examination purposes. One video was
processed for each TMJ, resulting in 212 videos (134
at 0.5T and 78 at 1.5T). The 0.5T videos presented
the following visualization sequence: coronal slices
at T1 and T2 (closed-mouth) and sagittal slices at
T1 and T2 (closed and open-mouth). For images obtained at 1.5T, the video sequences were coronal slices at T1 and T2 (closed-mouth) and sagittal slices
at PD and T2 (closed and open-mouth).

Image evaluations
The videos were evaluated in a workstation by
a previously trained dentist specialized in Oral Radiology. Training consisted on the use of a digital
learning object that presented morphology concepts and TMJ changes, apart from exercises to assess knowledge. The images were evaluated at the
following two times: at first, 0.5T and 1.5T videos
were analyzed in a 10-day period. After a 15-day
interval, this process was repeated. Each TMJ was
evaluated for the presence or absence of nine conditions, according to the following criteria: 1. Normal
disc position - posterior band of the disc located
in the 11- to 12-o’clock range relative to the condyle
in the closed-mouth sagittal view, and the articular disc reaching the condyle top in the open-mouth
view (Figure 1A); 2. Anterior disc displacement
with reduction (DDR) - posterior band of the articular disc located in front of the 11- and 12-o’clock
range relative to the condyle in closed-mouth sagittal view (Figure 1B), and disc recapture observed in
open-mouth view when the articular disc reaches
the condyle top (Figure 1C); 3. Anterior disc displacement without reduction (DDWR) - posterior band of the articular disc located in front of
the 11- to 12-o’clock range relative to the condyle
in closed-mouth sagittal view, no recapture in open-mouth view (Figure 1D); 4. Medial or lateral
disc displacement (M/LD) - articular disc not
centered on the condyle, but medially or laterally
displaced in closed-mouth coronal view (Figure
1E); 5. Disc shape change - absent in biconcave
discs whose anterior and posterior bands were clearly defined and separated by a thin intermediate
zone. Biconvex, flat, and folded shapes characterize
disc change (Figure 1F); 6. Condyle change - manifested as flattening, osteophyte, erosion, subcortical sclerosis, and subcortical cyst (Figure 1G); 7.
Hypermobility - condyle center located anterior to
the articular eminence center in open-mouth sagittal view (Figure 1H); 8. Hypomobility - condyle
center located posterior to the articular eminence in
open-mouth sagittal view (Figure 1D); and 9. Joint
effusion - hypersignal due to the presence of synovial fluid in articular compartments observed in T2
images (Figure 1F).
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Statistical analyses
The reproducibility of exams carried out at both
times was evaluated using Cohen’s κ coefficient.
The chi-square test with continuity correction was

used to analyze percent agreement difference between 0.5T and 1.5T images. Statistical analyses
were conducted using the SPSS v.19 software (SPSS
Inc., Chicago, USA).

Figure 1 – Conditions evaluated in the study: A, Sagittal slice (T1) showing normal position and shape of the articular disc in closed-mouth view –
the posterior band of the articular disc is near the 12 o’clock position, relative to the condyle (white arrow); B, Sagittal slice (T1) showing
anterior disc displacement in closed-mouth view – the posterior band of the articular disc is far beyond the 11- to 12-o’clock range,
relative to the condyle (white arrow); C, Sagittal slice (T1) showing disc recapture in open mouth view, characterizing DDR; D, Sagittal
slice (T1), open-mouth view of a disc that remains anteriorly displaced, characterizing DDWR – notice the presence of condyle hypomobility and joint effusion (black arrow); E, Coronal slice (T1), closed-mouth view showing lateral disc displacement (black arrow); F,
Sagittal slice (T2), closed-mouth view showing the anteriorly displaced and folded disc (white arrow) and joint effusion (black arrow);
G, Sagittal slice (T1), closed-mouth view showing the condyle of changed shape and the presence of osteophyte (white arrow); H, Sagittal slice (T1), open-mouth view showing that the condyle exceeds the limits of the articular eminence, characterizing hypermobility
Fonte: elaboração dos autores

Results
Table 1 shows the percent agreement between initial and second observations of images. The
agreement in all conditions used as criteria between both observations was recorded for 90 (42.5%)
out of the 212 TMJs, wherein 54 (40.3%) were 0.5T
and 36 (46.2%) were 1.5T images, with no statistically significant differences (P > 0.05). When

disorders were considered individually, analyses
showed high agreement for all criteria in images
obtained at both field strengths. The highest value was observed for hypomobility in images acquired at 1.5T (97.4%), while the lowest was seen
for DDR in 0.5T images (80.6%). The chi-square
test with continuity correction indicated no statistically significant difference between field strengths (P > 0.05).

Table 1 – Percent agreement in the diagnosis of TMJ conditions by MRI acquired at 0.5T (N 134) and 1.5T (N 78) ─ χ²0.05:1 = 3.84

% Agreement (N)
Condition
Disc position

Disc shape change
Condyle change
Hypermobility
Hypomobility
Joint effusion

Normal
DDR
DDWR
M/LD

General
86.6(116)
80.6(108)
94.0(126)
92.5(124)
91.0(122)
85.1(114)
91.8(123)
91.8(123)
82.1(110)

0.5T
Positive
87.8(65)
58.8(20)
88.5(23)
82.1(23)
97.5(116)
76.3(29)
94.3(66)
82.5(33)
97.6(40)

Negative
85.0(51)
88.0(88)
95.4(103)
95.3(101)
40.0(6)
88.5(85)
89.1(57)
95.7(90)
75.3(70)

General
89.7(70)
83.3(65)
93.6(73)
93.6(73)
84.6(66)
83.3(65)
94.9(74)
97.4(76)
88.5(69)

1.5T
Positive
97.8(45)
43.8(7)
81.3(13)
62.5(5)
95.3(61)
61.1(11)
100.0(37)
100.0(28)
88.9(16)

Negative
78.1(25)
93.5(58)
96.8(60)
97.1(68)
35.7(5)
90.0(54)
90.2(37)
96.0(48)
88.3(53)

χ²

P

0.214
0.097
0.000
0.000
1.440
0.020
0.320
1.837
1.077

0.643
0.755
1.000
0.992
0.230
0.888
0.571
0.175
0.299

DDR: anterior disc displacement with reduction; DDWR: anterior disc displacement without reduction; M/LD: medial or lateral disc displacement.
Fonte: elaboração dos autores.
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The kappa coefficient was calculated for each
condition (Table 2). Moderate reproducibility was
observed for DDR in 0.5T and 1.5T images (κ = 0.48
and 0.42, respectively), while excellent results were
obtained for DDWR (κ = 0.82 and 0.80), hypermobility (κ = 0.84 and 0.90), and hypomobility (κ = 0.80
and 0.85). Substantial reproducibility was observed
for detection of normal disc position (κ = 0.73 and
0.78), M/LD (κ = 0.78 and 0.64), and joint effusion
(κ = 0.63 and 0.70). In turn, reproducibility of condyle change was substantial using images obtained
at 0.5T (κ = 0.64) and moderate at 1.5T (κ = 0.52).
Reproducibility of the detection of disc shape change was moderate (κ = 0.45) using 0.5T images and
fair (κ = 0.37) using 1.5T.
Table 2 – Reproducibility in the diagnosis of TMJ conditions by MRI
acquired at 0.5T (N 134) and 1.5T (N 78)
0.5T

Condition
Disc position

1.5T

kappa

(SE)

kappa

(SE)

Normal

0.73

0.060

0.78

0.072

DDR

0.48

0.088

0.42

0.131

DDWR

0.82

0.063

0.80

0.086

0.78

0.068

0.64

0.152

Disc shape change

M/LD

0.45

0.131

0.37

0.142

Condyle change

0.64

0.074

0.52

0.116

Hypermobility

0.84

0.048

0.90

0.050

Hypomobility

0.80

0.058

0.95

0.038

Joint effusion

0.63

0.064

0.70

0.091

DDR: anterior disc displacement with reduction; DDWR: anterior disc displacement without reduction; M/LD: medial or lateral disc displacement; SE:
standard error.
Fonte: elaboração dos autores.

Table 3 shows the position of the joint disc in
sagittal view observed in the first and second analyses using images obtained at 0.5T and 1.5T.
Table 3 – Classification of disc position in sagittal slices at the first
and second evaluations using MRI acquired at 0.5T (N
134) and 1.5T (N 78)
Second evaluation
Normal

DDR

DDWR

Total

First
evaluation

0.5T 1.5T 0.5T 1.5T 0.5T 1.5T 0.5T 1.5T
Normal

65

45

9

1

DDR

9

7

20

7

DDWR

0

0

3

3

74

52

32

11

28

Total

0

0

74

46

5

2

34

16

23

13

26

16

15

134

78

DDR: anterior disc displacement with reduction; DDWR: anterior disc displacement without reduction.
Fonte: elaboração dos autores.

Discussion
MRI is the method of choice to examine the
TMJ, although the literature warns about a wide
variation in diagnosis reproducibility. This varia384

tion may be influenced by issues associated with
the classification of the disorders evaluated and by
characteristics of the observer23-29,34,35. However, it is
known that other factors may also affect MRI quality and consequently interfere with reproducibility,
such as magnetic field strength31,32. In this sense,
this study assessed the reproducibility of the diagnosis of TMD using MRI at 0.5T and 1.5T.
As a rule, high agreement was observed for each
of the nine criteria, with percent values between
80.6% and 97.4%, similar to those previously described by Tasaki et al.27 (1993) and Ahmad et al.33
(2009) (between 82% and 99%). These high agreement values seem to suggest, at first, that MRI is
a reliable method. Nevertheless, these values may
not reflect the truth, due to either high or low prevalence numbers recorded for some conditions. For
example, the high overall agreement observed for
DDR using 0.5T and 1.5T images (80.6 and 83.3,
respectively) is more likely due to the absence of
positive findings than to confirmed occurrences, as
shown by high negative agreement (88.0 and 93.5)
and low positive agreement (58.8 and 43.8) (Table
1). The same may be said of the disc shape change
criterion; however, opposite to DDR, the high overall agreement for this disorder is explained by the
high positive agreement values (97.5 and 95.3), in
spite of the low negative agreement values (40.0
and 35.7) (Table 1). This is why the κ coefficient
was used, since it considers the asymmetry of positive and negative agreement in all criteria used.
In this sense, the κ values were remarkably lower
than percent agreement values (Table 2).
In the present study, high reproducibility was
observed for DDWR (κ = 0.82 for 0.5T and 0.80 for
1.5T images) compared with DDR (κ = 0.48 and
0.42, respectively). This observation is in accordance with previously published results23,25,33. No anomaly initially diagnosed as DDWR was diagnosed
as normal in the second examination, although the
disorders first diagnosed as DDR were diagnosed at
times as DDWR and at times as normal condition
in the second evaluation (Table 3). This is associated with the higher detection of anterior disc displacement in open-mouth views since the disorder
is inherently more easily detectable, which explains
the high reproducibility of its diagnosis. Oppositely, the diagnosis of DDR requires the observation
of the anteriorly displaced disc in the closed-mouth
view and its return to normal position in open-mouth view. The difficulty to identify displaced disc in
open-mouth views may lead the observer to mistake
this change for normal disc, while the absence of
a positive identification of disc recapture may erroneously lead to the conclusion that the condition
seen is DDWR. Therefore, the mere examination of
images does not suffice to reach conclusive diagnosis; in fact, in addition to imaging techniques, diagnostic accuracy requires the positive detection of
clinical signs of DDR18,20.
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Tasaki et al.27 (1993) and Orsini et al.26 (1997)
observed good intra-observer agreement to detect
joint disc shape change (κ = 0.65 and 0.79, respectively), but Butzke et al.23 (2010) did not report any
agreement for this disorder (κ = 0.03). The reproducibility values obtained for this disorder in the
present study were the lowest, with moderate agreement for 0.5T images (κ = 0.45) and fair agreement
for 1.5T images (κ = 0.37). This low reproducibility may be explained by the small number of cases
with no alteration and the lower repetition of these
diagnoses (Table 1). Another aspect that may have
contributed to the low accuracy in detecting this disorder was the difficulty to visualize the anatomic
outlines of the articular disc in both field strengths.
Substantial agreement was obtained in the
detection of condyle change using 0.5T images
(κ = 0.64), while 1.5T images provided average
agreement (κ = 0.52). These values were higher than
those obtained by Ahmad et al.33 (2009) (κ = 0.47)
and Butzke et al.23 (2010) (κ = 0.05), and lower than
the agreement reported by Tasaki et al.27 (1993)
(κ = 0.86 – 0.95) and Salé et al.28 (2014) (κ = 0.97).
These differences put to the test the actual usefulness of MRI to inspect TMJ hard tissue. While
some authors consider the technique appropriate
as long as a suitable T1 weighted acquisition sequence is used5,7, others believe that the method is
limited compared with CT, CBCT, and arthroscopy33,36. However, MRI does not use ionizing radiation and therefore should be preferable to CT, as
established by the ALARA (as low as reasonably
achievable) principle. According to this principle,
any exposure to radiation must be justified in relation to other diagnostic alternatives and the benefit
to the patient should be greater than the potential
harm that may be caused. Therefore, further studies should be carried out to test different protocols that may improve the interpretation of cortical
bone, confirming MRI as the best alternative to CT
and CBCT in cases requiring the examination of
bone surfaces.
Evidence of the association between joint effusion and anterior disc displacement have been described in the literature9-11. Hypersignal in articular
compartments, which indicates joint effusion, is relatively easy to detect in T2 weighted images. The
reproducibility of this disorder was hereby substantial (κ = 0.63 for 0.5T images, and 0.70 for 1.5T images), similar to the value obtained by Ahmad et al.33
(2009) (κ = 0.64), but lower than that reported by
Salé et al.28 (2014) (κ = 0.95) and Roh et al.10 (2012)
(κ = 0.85).
The hypo- and hypermobility criteria presented excellent reproducibility indices in both field
strengths, with κ between 0.80 and 0.95, respectively. These values are explained by the fact that the
relationship between the condyle and the articular
eminence is easily detectable (Figure 1D and 1H)
and the diagnosis criteria is well defined. However,
RFO, Passo Fundo, v. 21, n. 3, p. 381-387, set./dez. 2016

these results are not very relevant considering the
extent the condyle overlaps the articular eminence
does not always bear a good correspondence with
mouth opening, which is a clinically established criterion. For Kalaykova et al.37 (2006), the position of
the condyle alone is not a good predictor of functional signs of hypermobility. The authors believe that
condylar position associated with a particular line
of action of the masticatory muscles produces functional signs of hypermobility.
The present study did not detect significant differences between percent agreement values obtained using 0.5T and 1.5T images (P > 0.05). Stehling
et al.32 (2007) and Schmid-Schwap et al.31 (2009)
also compared agreement using images obtained
with different field strengths, although they used
1.5T and 3.0T images. In both studies, 3.0T images produced better qualitative findings. However,
in the first study the authors did not observe differences between 0.5T and 1.5T for disc position and
mobility, while the second study showed no statistically significant difference for agreement in the detection of disc shape (κ = 0.73 for 1.5T and 0.76 for
3.0T images).
Another important factor that influences reproducibility studies is observer performance. Previous
training and the adoption of a simplified classification of disorders improved reproducibility compared
with studies in which observers did not attend a review program or classification of disorders was excessively all-encompassing24,26-28,33-35. In the present
study, the observer went through training sessions
using a digital learning object and answered exercises to assess knowledge. Additionally, the nine conditions assessed were ranked dichotomically for the
presence or absence of a change, which improved
the agreement values obtained.
The limitations of this study include the fact
that two separate samples were used, one for each
MRI device, which makes it impossible to compare datasets. The percent agreement between units
is the only comparable outcome, while the κ index
must be analyzed individually.
Strengths of this study are the large sample
size. Most studies on the reproducibility of MRI to
detect TMJ disorders used small samples, between
24 and 14923-27,31,33. In the present study, the sample comprised all images stored in the database of
a private radiological center, taken in a 5-year period. This comparatively larger sample offered more
consistency, considering a total of 212 TMJs were
examined (134 0.5T images and 78 1.5T images).
Moreover, although there are MRI units with higher field strengths, 0.5T and 1.5T are the devices
most commonly found in Brazil and Latin America,
and exams performed with these units are still a
reality for these locations. In this sense, this study
contributes to show how reproducible MRI can be
and which disorders represent the greatest diagnostic challenge at these field strengths.
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Although the literature emphasizes the importance of diagnosing disc displacement and disc
shape change for the clinical decision-making, considering these are the main reasons for requesting
MRI, this study showed that precisely these disorders presented low reproducibility regardless of
field strength. Based on the results of this study,
it may be concluded that there was no significant
difference in percent agreement values using 0.5T
and 1.5T images. Both devices allowed reproducible
diagnosis of TMJ disorders like DDWR, M/LD, condyle mobility, and joint effusion. However, the lower
reproducibility found for DDR and disc shape change reveals that diagnosing these clinically relevant
disorders is difficult for both 0.5T and 1.5T MRI.

Resumo
Introdução: a imagem por ressonância magnética é
descrita como o exame de referência para a avaliação
dos tecidos moles da articulação temporomandibular,
entretanto, a literatura revela resultados conflitantes
quanto à reprodutibilidade desse método. Objetivo: o
objetivo do estudo foi avaliar a reprodutibilidade de
diagnósticos da articulação temporomandibular utilizando a imagem por ressonância magnética de 0,5 e
1,5 Tesla. Métodos: um observador treinado analisou
212 imagens da articulação temporomandibular (134
em 0,5T e 78 em 1,5T) e diagnosticou a presença ou
ausência de nove desordens. Resultados: a concordância geral foi superior a 80% em ambas as unidades de
ressonância magnética, sem diferença significativa (P >
0,05). As imagens em 0,5T e 1,5T obtiveram excelente
reprodutibilidade para deslocamento anterior de disco
sem redução (κ= 0,82 e 0,80 – respectivamente), hipermobilidade (κ = 0,84 e 0,90) e hipomobilidade (κ
= 0,80 e 0,95), enquanto valores médios a moderados
foram alcançados para deslocamento anterior de disco
com redução (κ = 0,48 e 0,42) e alteração de forma
do disco (κ = 0,45 e 0,37). Conclusão: os diagnósticos
de imagem por ressonância magnética de 0,5T e 1,5T
apresentaram boa concordância, entretanto, a menor
reprodutibilidade para deslocamento anterior de disco
com redução e alteração de forma do disco revela a
dificuldade do diagnóstico dessas desordens.
Palavras-chave: Imagem por ressonância magnética.
Articulação temporomandibular. Transtornos da articulação temporomandibular. Reprodutibilidade dos
testes.
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