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Abstract

Ozet

Objective: The aim of this paper was to evaluate and compare the signal
intensity of Temporomandibular Joint (TMJ) disc and mandibular
condyle bone marrow by digital analysis of magnetic resonance (MR)
images in bruxism and non-bruxism patients with TMJ disorders.

Material and Methods: This study involved 72 TMJs in 36 patients who referred
for evaluation of their condition about TMJ to Giilhane Military Medical
Academy. Twenty of the patients with TMD symptoms and signs have
bruxing behavior while 16 of them did not have such a behavior. All
patients underwent bilateral MR imaging. DICOM 3.0 formatted MR
images were sent to the DICOM server and downloaded to a personal
computer where the evaluation and measurement were made. Firstly, TMJs
were divided into Normal, Anterior Disc Displacement with Reduction
(ADDwR), Anterior Disc Displacement without Reduction (ADDwoR)
groups based on MR images. Secondly, the signal intensity of disk and
mandibular condyle were measured via drawing circular region of interests
(ROIs) on TI1, T2, and proton-weighted MR images using with a special
software package (Osiris 4.09, University Hospital of Geneva, Geneva,
Switzerland). The signal intensity of the TMJ disk were measured both from
anterior and posterior band TMJ disc. The correlations among the groups of
TMIJs with-without bruxing behavior and signal intensities were statistically
analyzed by using Bonferroni/Dunn multi-comparison method test.

Results: The classification of the TMJs with the help of MRI, in patients with
bruxing behavior was; 18 were Normal, 9 exhibited ADDWR, 13
ADDwoR whereas the TMJs of the patients without bruxing behavior
showed 11 Normal, 10 ADDwR, 11 ADDwoR. There were no statistical
difference between signal intensity of the posterior and anterior bands,
and in the patient groups of with and without bruxism (p> 0.05). There
was a statistical difference between the bruxing and non-bruxing groups
related to signal intensity of mandibular condyle bone marrow (p< 0.05).

Conclusions: It was demonstrated that the signal intensity of mandibular condyle
bone marrow in patients with bruxing behavior was found to be higher than
in patients without bruxing behavior. It can be also conclude that bruxism
can constitute bone marrow alterations in mandibular condyle.

Key Words: Temporomandibular joint, magnetic resonance
imaging, internal derangement, parafunctional habits,
computer assisted analysis

Turkiye Klinikleri J Dental Sci 2006, 12:31-36

Amag¢: Bu g¢aligmanin amaci, Temporomandibular eklem (TME) disk ve
mandibular kondil kemik iligi sinyal intensitelerinin manyetik rezonans
(MR) goriintiilerde dijital analiz yoluyla bozukluguna sahip bruksizm go-
riilen veya goriilmeyen hastalarda karsilastirilmasi incelenmesi ve karsi-
lagtirilmasidir.

Gereg ve Yontemler: Bu galismaya, TME eklem sikayeti ile Giilhane Askeri Tip
Akademisine bagvuran 36 hastanin 72 TME’i dahil edildi. Otuz alt1 hastanin
20’sinde bruksizm aligkanlig: var iken 16’sinda bu aligkanlik tespit edilme-
di. Biitiin hastalardan g¢ift tarafli MR goriintiiler elde edildi. Elde edilen
DICOM 3.0 formatinda ki bu goriintiiler DICOM server’a gonderildi ve ta-
kiben kisisel bir bilgisayara aktarilds. ilk olarak, eklemler MR goriintiilerine
gore; normal, rediiksiyonlu anterior disk deplasmani (ADDwR), rediiksi-
yonsuz anterior disk deplasmani (ADDwoR) olarak smiflandirildi. fkinci
olarak, disk ve mandibular kondilin kemik iligi sinyal intensiteleri T1, T2 ve
proton-agirlikli MR goriintiilerde, 6zel bir yazilim yardimiyla (Osiris 4.09,
University Hospital of Geneva, Geneva, Switzerland) sirkiiler ilgi alanlar
cizilerek (ROIs) 6lgiildii. TME disk sinyal intensiteleri hem anterior hem de
posterior bandimn ikisi de olacak sekilde olgiildii. Bruksizm aliskanligi olan
ve olmayan bireylerden elde edilen sonuglarin istatistiksel degerlendirmesi
i¢in Bonferroni/Dunn ¢oklu-karsilagtirman testi kullanildi.

Bulgular: Bruksizm aligkanligi olan hastalarin eklemlerinde yapilan siniflama-
da; 18’1 normal, 9°’unda ADDwR iken 13’ii ADDwoR idi. Bruksizm alig-
kanlig1 olmayanlarda ise; 11°i normal, 10°u ADDwR, 11°’i ADDwoR idi.
TME diskin anterior ve posterior band sinyal intensiteleri arasinda her iki
grupta fark yok iken (p> 0.05), bruksizm aligkanlig1 olan ve olmayan has-
talarin mandibular kemik iligi sinyal intensiteleri arasinda anlamli bir
fark bulundu (p< 0.05).

Sonug¢: Bu galisma sonucunda, bruksizm aliskanligi olan hastalarda mandibular
kemik iligi sinyal intensiteleri, bu aligkanlik olmayan hastalara gore daha
fazla oldugu gozlenmistir. Bu ¢aligma ile ayrica bruksizm aligkanliginin
mandibular kondil kemik iliginde degisimler olusturdugu sonucuna va-
rilmustir.
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emporomandibular joint (TMJ) internal
derangement describes an abnormal posi-
tional relationship between the articular
disc and the mandibular condyle and the articular
eminence.'™ The disorder has been associated with
characteristics clinical findings such as pain, joint
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sounds, and irregular or deviating jaw function.””
There are numerous factors that can contribute to
TMJ internal derangement. Factors that increase
the risk of internal derangement are called predis-
posing factors, factors that cause the onset of inter-
nal derangement called initiating factors, and fac-
tors that interfere with healing or enhance the pro-
gression of internal derangement are called per-
petuating factors. Trauma, abnormal functional
loading and degenerative joint disease are the main
causes (initiating factors) of internal derangement.
Along this, changes in the activities of masticatory
system can be initiating and perpetuating factors
which are called as parafunctional activities which
include clenching, bruxism and various oral habits.”

Magnetic resonance imaging (MRI) has been
used to obtain information regarding articular disc
position within the TMJ in patients.* It provides a
direct form of soft tissue visualization with excellent
spatial and contrast resolution on sagittal and cor-
onal MR images of the TMJ.%’ 1t also offers the
advantages of being non-invasive, painless, of mi-
nimal risk potential, and free of ionizing-radiation
exposure. In addition, MRI of the TMJ can also
provide essential information about position®, mor-
phology'™"’ and signal intensity characteristics of
the TMJ structures**'> There has been increasing
interest in MR signal intensity alterations that may
be found in the joint compartments and in the
condylar bony changes of both asymptomatic and
symptomatic TMJs.'>” However, there is lack of
information about the effect of bruxism on TMJ
disk and mandibular condyle bone marrow.

Hence, the aim of this paper was to evaluate
and classify TMJ internal derangements in symp-
tomatic TMJ patients and compare the signal in-
tensity of TMJ disc and mandibular condyle bone
marrow by digital analysis of magnetic resonance
images in bruxism and non-bruxism patients with
TMJ internal derangements.

Material and Methods
This study was based on MR images of 72
joints from 36 patients having signs and symptoms
of internal derangement, which were referred to
Giilhane Military Medical Academy due to TMJ
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complaints. Twenty-four females (mean age 38.7
years) and 12 males (mean age 35.3 years) were
included in this study group. The clinical inclusion
criteria were one or more of the following com-
plaints; pain in the TMJ region; limitation or devia-
tion in mandibular range of motion; and bruxism.
Exclusion criteria for the study group were sys-
temic diseases, dentofacial deformity, jaw trauma,
previous TMJ surgery and previous steroid injec-
tion in the TMJ. Of all patients, 20 of them have
bruxing behavior while 16 of them did not have
such a behavior. Signs of bruxism were diagnosed
clinically as abrasion of the incisor and occlusal
surfaces of the teeth and obtained from the pa-
tients’ history given on their first visit including
clenching, bracing, gnashing, and grinding of the
teeth. The duration of the bruxism also obtained
from the patient’s history and the patient who had
bruxism at least one-year or more included the
study.

All joints were studied with a 1.5-T Magnet
(Gyroscan Intera, Philips Medical Systems, Wash-
ington,USA) using a dual phased array surface coil
(6x8cm). All patients underwent imaging in axial,
coronal and sagittal planes using fast-spin echo
sequences (FSE). Imaging parameters were as in
Table 1. DICOM 3.0 formatted MR images were
sent to the DICOM server and downloaded to a
personal computer (MS Windows XP, PIV 2.0
Ghz). The images were evaluated with a special
software package for interactive display and ma-
nipulation of medical images using density func-
tions (Osiris 4.09, University Hospital of Geneva,
Geneva, Switzerland). A radiologist without
knowledge of the prevailing clinical conditions
evaluated all images and twice the operator inter-
preted these images after 1-month later. If the as-
sessments were different, the final diagnosis was
obtained by repeating the evaluation. The TMlJs
were classified according to the following MR
criteria in Table 2.

The SI of the posterior band and anterior band
of TMJ disc were measured with an circular region
of interest (ROI) on T1, T2, and proton-weighted
images MR images. ROIs were selected as follows;
first the outlines of the articular disc, then the mid-
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Table 1. Scanning parameters for MR imaging.

Image

Axial localizer

TR/TE: 300 msec/16 msec/
NEX:0.5

FOV:18cm
Thickness:3mm
Matrix:256x128

Scanning time
25 sec

Sagittal, closed mouth

TR/TE: :2000 msec/19-80 msec
NEX:0,5

FOV:10-12cm

Thickness:3 mm

Matrix: 256x128

Sagittal, open mouth 3 min
TR/TE: :1500 msec/19-80 msec

NEX:0,75

FOV:10-12cm

Thickness:3 mm

Matrix: 256x128

Coronal, close mouth

TR/TE: :2000 msec/19-80 msec
NEX:0,5-0,75

FOV:10-12cm

Thickness:3 mm

Matrix: 256x128

3 min, 15 sec

4 min, 10 sec

Table 2. Criteria for classification of the status of
the TMJ with respect to the articular disc position.

Normal superior disc position (Normal)

Disc located with its posterior band superior to the condyle
The inferior aspect of the central thin zone of the articular disc
Articulates against the anterior prominence of the condyle
Normal condyle/disc relationship on open mouth images

No evidence of medial or lateral displacement

Anterior Disc displacement with reduction (ADDwR)

Disc located anterior, medial, or lateral to the normal position on
top of the condyle in the closed-mouth position Normal
condyle/disc relationship on open mouth images

Anterior Disc displacement without reduction (ADDwoR)

Disc located anterior, medial, or lateral to the normal
position on top of the condyle during all mandibular
movements

point on the most anterior bulge of the anterior
band, and finally the midpoint on the most poste-
rior bulge of the posterior band were defined.
Three lines were then drawn; one vertical line
through the center of the head of the condyle (L1)
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and others from the center point to the midpoint on
the most bulging points of the posterior band (L2)
and anterior band (L3) of the disc. Similar methods
from previous studies were used for the assessment
of the disc position."'* After these, we drew circu-
lar ROIs 3 mm in diameter, tangent to the lines of
the posterior (L2) and anterior bands (L3), and
these ROIs were localized inside the anterior and
posterior band of the discs (Figure 1). Meanwhile
ROI from the center of the mandibular condyle
was also drawn and measured. The center of the
circular coil and the center of the head of the
condyle was the same. As mentioned above 3mm
ROIs was also drawn for this region (Figure 2).
The correlations among the groups of TMJs with-
without bruxing behavior and SI were statistically
analyzed by wusing Bonferroni/Dunn multi-

Figurel. The ROI measurement of posterior and anterior
bands of TMJ disc.

Figure2. The ROI measurement of mandibular condyle.
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Table 3. The distribution of TMJs according to
bruxism and non-bruxism patients groups.

With bruxism  Without bruxism Total

Normal 18 11 29
ADDwR 9 10 19
ADDwoR 13 11 24
Total 40 32 72

comparison method test with a probability of less
than 0,05 was considered statistically significant.

Results

Of all the joints with bruxing behavior studied
with the help of MRI, 18 were Normal, 9 exhibited
ADDwR, 13 ADDwoR. The patients without brux-
ing behavior showed 11 Normal, 10 ADDwR, 11
ADDwoR. (Table 3). The measured signal intensity
of the posterior and anterior bands in the groups of
with and without bruxism showed no statistical
significance. There was a statistical significant dif-
ference between groups of with and without brux-
ism about mandibular condyle bone marrow SI (p<
0,05). Below in the Figures the average values of SI
of anterior band and posterior band can be seen.
There is no statistical significance both anterior and
posterior band of the discs in patients with-without
bruxing behavior groups (Figure 3, 4). The SI of the
mandibular condyle bone marrow also investigated
according to TMJ disc displacements. The signal
intensities of the mandibular condyle bone marrow
was as follows; normal with bruxism- 1.003, normal
without bruxism-1.115, ADDwR with bruxism-
2,720, ADDwR without bruxism-1.476, ADDwoR
with bruxism-2.811, ADDwoR without bruxism-
1.483.

The results showed that the average SI of the
ADDwWR group mandibular condyle bone marrow
is higher in patients with bruxing behavior than the
ADDwWR group mandibular condyle bone marrow
SI in patients without bruxing behavior (Figure 5).
In addition to these SI of the ADDwoR group are
lower in patients with bruxing behavior than the
ADDwWR group mandibular condyle bone marrow
SI in patients without bruxing behavior (Figure 6).
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Anterior band

0,92

0,916

p=0,514
0,91

0,9 4

Sl values

0,892

0,89

0,88

w ith bruxism w ithout bruxism

Figure 3. The comparison of anterior band signal intensity
between with and without bruxism patients.

Posterior band

1,65
p=0811

1,606

1,594

Sl values
BN
(o]

1,55

with bruxism without bruxism

Figure 4. The comparison of posterior band signal intensiy
between with and without bruxism patients.

ADDwR

3,000

2,720

2,500 -

P<0,05
2,000
1,476
1,500 -

Sl values

1,000

0,500 -

0,000

with Bruxism without bruxism

FigureS. The comparison of mandibular condyle bone marrow
signal intensity between with and without bruxism patients in
ADDwWR.

Discussion
MR imaging of TMJ and TMJ disorders has
been fully discussed. These structures have a de-
gree of hydration that is easily seen with MR imag-
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ADDwoR

2,811

P<0,05

1,483

Sl values
[9)]
|

with Bruxism without bruxism

Figure 6. The comparison of mandibular condyle bone
marrow signal intensity between with and without bruxism
patients in ADDwoR.

ing. Besides visualization of TMJ structures, it can
also examine the signal intensity characteristics.**
"> Throughout this study we examined signal inten-
sity characteristic of TMJ disc and mandibular
condyle in patients with and without bruxing be-
havior. Since this is a preliminary study, no at-
tempt was done in order to correlate between brux-
ism and internal derangement but effort to corre-
late SI of the TMJ structures and bruxism. We
know from the previous studies that both in
ADDwR and ADDwoR, condylar changes occur
for the patients with bruxism.’ Furthermore an
investigator named Capurso® examined degenera-
tive changes of the TMJ in 19.6% of 406 patients.
He detected in the cases, bruxism played a part in
its multifactorial etiology.

Previous studies indicated that increased pain
associated with bone marrow alterations such as
bone marrow edema, and osteonecrosis is well
established for other joints such as femoral head,
knee, wrist, and shoulder.’** Abnormalities of the
mandibular condyle similar in appearance to os-
teonecrosis in the femoral head have now been
described in a number of MRI studies. This has led
to the assumption that osteonecrosis can also affect
the mandibular condyle.”** It was concluded in a
recent study intense pain in the TMJ may indicate
marrow edema in the mandibular condyle, and that
this condition itself may be precursor condition for
osteonecrosis.”> The results of MR imaging and
measurement of SI in the present study showed
that there is no significant change for anterior and
posterior bands of TMJ disc in patients with and

Turkiye Klinikleri J Dental Sci 2006, 12

Kaan ORHAN et al

without bruxism. From another word, bands of the
TMI disc is affected as same as for both with and
without bruxing behavior. It was found that man-
dibular condyle bone marrow SI increased signifi-
cantly with the progress of internal derangement in
the following order; normal, ADDwR, ADDwoR
both in patients with bruxism and non-bruxism
patients. It was also revealed that for all groups of
TMIs, the signal intensity of condyle bone marrow
in patient with bruxism are higher than the SI val-
ues of with bruxism patients which shows de-
creased signal on T1 and proton-weighted images
but increased signal on T2-weigted images. The
results mean that in patients with bruxism bone
marrow alteration such as bone marrow edema of
the mandibular condyle occurs which can be seen
as high intensity areas in T2-weighted and proton-
weighted images.

In conclusion, It was found that there were no
difference for signal intensity of TMJ disc between
in patients with-without bruxing behavior groups
whereas the signal intensity of mandibular condyle
bone marrow in patients with bruxing behavior
was found to be higher than in patients without
bruxing behavior. It can be conclude that bruxism
effect condyle instead of disc and can constitute
bone marrow alterations in mandibular condyle.
Further studies have to be done with the inclusion
of clinical data such as pain and clicking to clarify
this connection.
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