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Purpose. The objective of this study was to evaluate the computational reconstruction of the articular eminence of the
temporomandibular joint (TMJ) based on magnetic resonance imaging (MRI) and semiautomatic volumetric segmentation
techniques formorphological classification of the TMJ structure.Materials andMethods. A total of 36MRI scans of TMJ individuals
were selected and formatted by using the ITK-SNAP software, consisting of MRI segmentation and generation of 3D models. The
TMJ articular eminences were also classified according to themorphology analysis of the articular eminence in 3D reconstructions.
Two independent trained and calibrated investigators performed the image analysis, which was repeated after thirty days. Results.
There was no association between sex and eminence shape (𝑝 = 0.456). Fisher’s test revealed no statistically significant association
between disc classification and eminence shape on both sides (𝑝 = 0.629). Chi-square test showed a significant statistically
association between disc classification and disc displacement (𝑝 = 0.000). Intra- and interrater correlation coefficients showed
excellent reproducibility values. Conclusions. Anatomical variability of the sample investigated was found, with predominantly
round shape and presence of correlation between this shape and normal disc position. The correlation of flattened and convex
shapes with disc position reduction indicated that type of disc derangement is more prevalent.

1. Introduction

The temporomandibular joint (TMJ) has a disc located
between two bones composed of mandibular fossa and
articular eminences of the temporal bone and mandibular
condyle [1]. The complexity of TMJ, with anatomic and
biomechanical involvement, increases its susceptibility to
pathological changes [2].

The articular eminence has an important role in the
biomechanics of the TMJ [3–5], with some authors suggesting
that its morphology may be a factor in the etiology of
temporomandibular disorders (TMD). Also, the eminence
shape has an effect on determiningwhether a displaced disc is
reducible; it may be reducible when it returns spontaneously
to the glenoid cavity, or nonreducible when the disc remains
dislocated [3, 6–11].

The morphological evaluation of TMJ bony structures is
object of interest in the improvement of the image quality
in CT and especially MRI for a reliable diagnosis of TMD
[12]. The TMD diagnosis may pose a challenge to the
dentist/radiologist, especially when considering the size and
degree of involvement of the joint [13]. Moreover, there
are overlapping findings with other joint changes, especially
degenerative processes. Magnetic resonance imaging (MRI)
has been the preferred method to aid in the diagnosis of
various TMJ pathologies [14–17]. This is due in part to
the wealth of details provided by MRI compared to other
imaging methods, including the fact that this technique is
not limited to produce images of cross-sections and there is
nonionizing radiation [18], as is the casewith othermodalities
such as CT [12]. However, the spatial resolution of MRI
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is not sufficient for accurate images of the entire TMJ due
to contrast variation, resulting in inconspicuous or invisible
images of the anatomy and thus leading to misdiagnosis [19],
mainly in the bone tissue [20, 21].

Three-dimensional (3D) reconstruction model based on
MRI can play an important role in the TMD diagnosis
[19, 21, 22] by revealing the morphological features of TMJ
with simplicity, speed, accuracy, and limited user interaction
[23], thus being a powerful tool for characterizing different
patterns of TMJ pathologies [24].

The purpose of this article is to demonstrate the use of 3D
model to classify the morphology of the articular eminence
by correlating signs and symptoms of TMD to articular disc
displacement on MRI images.

2. Material and Methods

2.1. Image Data. This study has been conducted in accor-
dance with universally accepted rules and precepts for
research involving human subjects, being approved by the
local research ethics committee of the University of São Paulo
City.

From an initial sample of 60 individuals, we have selected
a set of images from 36 individuals (28women, withmean age
of 37.79 ± 15.68, and 8 men, with mean age of 37.63 ± 1.42)
attending the Clinic Hospital of the University of Campinas
(UNICAMP). Images showing the region of interest not
clearly enoughwere discarded.The imageswere acquired on a
commercially available 2 Tesla scanner (Elcint Prestige,Haifa,
Israel) with bilateral surface coils of 40mm in diameter dedi-
cated to TMJ imaging, according to the following parameters:
T1-weighted sagittal images (TR = 650msec, TE = 22msec,
matrix = 316 × 240.160, flip angle, thickness of 1.5mm, field of
view = 10 cm × 10 cm, NEX 1, voxel size 0.29mm × 0.29mm
× 0.3mm voxel) were acquired at spin-echo sequence with
mouth closed.

2.2. MRI Segmentation and Generation of 3D Models.
The MRIcro software (http://www.mricro.com) was used
to convert the original Digital Imaging and Communica-
tion in Medicine (DICOM) format into ANALYZE for-
mat. After format conversion, the ITK-SNAP software [25]
(http://www.itksnap.org/download/snap) was used for seg-
mentation.This software can provide semiautomatic segmen-
tation using level set methods, as well as manual delineation
and image navigation [26, 27]. A 3D model of the target
structure was generated after segmentation, thus allowing us
to see the object from any view point by zooming, rotating,
and panning [27] (Figure 1). The 3D-graphical model of
the right and left articular eminences was generated by
the software, in which the cortical bone was delineated
with semiautomatic discrimination of the structures to allow
for manual editing and slice-by-slice review in all three
planes.

Two independent trained researchers used semiauto-
matic segmentation to delineate the articular eminence edge
and to define image voxels and boundary [25]. The segmen-
tation resulted in a 3D model of the bone.

Figure 1: Software interface showing delimitation of the articular
eminence in the sagittal plane on MRI.

2.3. Morphological Assessment of the Joint. Each evaluator
performed the morphological analysis of the articular emi-
nence in the 3D reconstructions (Figure 2), classifying them
into four types according to criteria by Kurita et al. [10]:

(a) Box
(b) Sigmoid
(c) Flattened
(d) Deformed

In assessing 3D models, the evaluator could visualize the
articular eminence from any view point. The evaluation was
repeated by each examiner within an interval of 30 days.

2.4. Statistical Analysis. All the information obtained was
analysed by using the SAS 9.4 and Minitab 16 statistical
software, with concordance analysis being performed in two
moments for eminence classification. First, the agreement
between both evaluations of the eminence classifications was
analysed on the left side, and then the same analysis was
performed for evacuations on the right side. Repetition agree-
ment and inter- and intrarater reliability analysis were per-
formed by using Fleiss’ kappa, Cohen’s kappa, and Kendall’s
coefficients. All analyses were conducted at confidence level
of 95%.

3. Results

Table 1 shows that no significant statistical difference was
observed between age groups (𝑝 = 0.978), regardless of sex.
Our results showed that age was not a determining factor for
TMJ disc shape. For analysis of the eminence classification on
the left side, the results showed Fleiss’ kappa value = 0.79877,
Cohen’s kappa value = 0.79955, andKendall’s coefficient value
= 0.793050. For evaluations on the right side, the results
showed Fleiss’ kappa value = 0.88060, Cohen’s kappa value
= 0.88119, and Kendall’s coefficient value = 0.839011.

http://www.mricro.com
http://www.itksnap.org/download/snap
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(a) (b)

(c) (d)

Figure 2: 3D reconstruction of the articular eminence characterizing it as (a) box, (b) sigmoid, (c) flattened, and (d) deformed.
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Figure 3: Distribution of the sample according to sex.

Figure 3 shows that there was a significant difference
between sexes, since women corresponded to 78% of the
sample. Figure 4 shows the results of Fisher’s exact test
performed with Freeman-Halton extension. Our intention
was to verify whether sex has any association with the
articular eminence shape. The shapes observed on the left
and right sides of men and women were added. There was
no association between sex and eminence shape (𝑝 = 0.456).

Figures 5 and 6 show the results of Fisher’s exact test
performed with Freeman-Halton extension. There was no
statistically significant association between disc classification
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Figure 4: Distribution of the sample according to sex and articular
eminence morphology.

Table 1: Analysis of the comparison between sexes.

Sex 𝑛 Age (years) Groups∗ 𝑝 value
Female 28 37.79 ± 15.68 A 0.978
Male 8 37.63 ± 13.42 A
∗Equal letters represent statistical similarity at the significance level of 5% by
Student’s t-test.

and eminence shape on the left side (𝑝 = 0.629) as well as on
the right side (𝑝 = 0.629).
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Figure 5: Association between the morphology of the left articular
eminence with the disk classification on the left side.
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Figure 6: Association between the morphology of the articular
eminence and disk classification on the right side.

Figures 7 and 8 show the results of Chi-square test (𝜒2)
in which a significant association was found between disc
classification and disc displacement classification on the right
side (𝑝 = 0.000) as well as on the left side (𝑝 = 0.000).

4. Discussion

It is important to correctly identify bone abnormalities in
the TMJ because there are anatomical variations depending
on both patient and influences of clinical factors. MRI is
a widely used tool for diagnosis of TMDs, but because of
the lack of contrast between different tissues, it may not
be precise enough for analysis of structures [19], especially
in bone tissues [20]. It has been reported that the three-
dimensional (3D) reconstruction model based on MRI can
play an important role in TMD diagnosis [19, 21, 22] by
revealing morphological features of TMJ [23], thus being a
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Figure 7: Association between disk classification and disc classifi-
cation on the right side.
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Figure 8: Association between disc classification and classification
of disc displacement on the left side.

powerful tool for characterizing different patterns of TMJ
pathologies [24]. Therefore, the present study aimed to
demonstrate the use of 3D model to classify the morphology
of the articular eminence by correlating signs and symptoms
of TMD to articular disc displacement on MRI images and
clarify whether 3D reconstruction can be used safely and
reliably.

Hirata et al. (2007) showed in their study that some
alterations in the morphology of both articular eminence
and disc may influence the occurrence of nonreducing disc
displacement on the affected side. Changes in occlusion
(i.e., missing teeth, orthognathic surgery, and orthodon-
tics), parafunctional habits, and positioning changes between
articular disc and mandibular condyle can contribute to the
remodeling of the joint structures in the TMJ [1, 6]. The
authors defined that the main mechanical factors causing
changes in the TMJ structure are occlusal therapy, parafunc-
tion, macrotrauma, and unstable occlusion. For the authors,
these factors can occur alone or interconnectedly. When two
or more than 11 factors are present, it is more likely that
morphological changes occur, or if the patient has limited
bone adaptation capacity, condylar changes will be more
pronounced. Based on our results, it can be observed that of
a total of 36 patients studied, 71.4% had articular eminence in
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the form of box, 50% had flattened articular eminence, 43.9%
had sigmoid articular eminence, and 25% had deformed
articular eminences, all presenting alterations in the shape of
the articular disc. Dental occlusion plays an important role as
a predisposing factor, since it changes the masticatory system
enough to increase the risk of developing TMJ dysfunction
[9]. Parafunctional habits and dentalmalocclusion induce the
production of microtraumas in TMJ by causing degenerative
lesions in the condyle and articular disc, which in turn tend
to be thickened to compensate for the resulting damage
[7].

Our results have shown that no association was found
between gender and eminence shape based on the eminence
classification (𝑝 value = 0.456). According to Figure 4, it was
noticed that the shape variation happens in a similar way in
both genders, although alterations occurred more in women
than in men (as expected), a finding corroborated by Hirata
(2007) and Kurita (2000).

The results of intrarater variation with Cohen’s kappa
statistics suggest that reproducibility was very good, having
a high standard of agreement.

We agree that 3D models are valuable for improving the
visualization of anatomical structures [22, 25, 26].The exper-
imental results revealed that 3D reconstruction approach can
generate an accurate 3D model and thus can assist the dental
radiologist in the diagnosis of articular eminence. Although
dental radiologists are trained to interpret MRI scans, they
often find difficulty to analyse them [24].

5. Conclusions

According to the methodology used, it can be concluded that
there is a relationship between the presence of changes in the
articular discs and shape of their articular eminence. Thus,
a higher incidence of deformations in articular eminences
was classified as being of box shape. We emphasize the
relevance of our findings and the importance of carrying out
complementary studies into this field so that our findings can
be replicated in larger samples.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

All the authors have made significant contributions to this
work, with all coauthors approving the final version of this
article and agreeing with its submission for publication.

References

[1] A. Ikai, M. Sugisaki, K. Young-Sung, and H. Tanabe, “Morpho-
logic study of the mandibular fossa and the eminence of the
temporomandibular joint in relation to the facial structures,”
American Journal of Orthodontics and Dentofacial Orthopedics,
vol. 112, no. 6, pp. 634–638, 1997.

[2] S. L. P. C. Lopes, A. L. F. Costa, A. D. Cruz, L. M. Li,
and S. M. De Almeida, “Clinical and MRI investigation of

temporomandibular joint in major depressed patients,” Den-
tomaxillofacial Radiology, vol. 41, no. 4, pp. 316–322, 2012.

[3] F. H. Hirata, A. S. Guimaraes, J. X. de Oliveira, C. R. Moreira,
E. T. T. Ferreira, and M. G. P. Cavalcanti, “Evaluation of TMJ
articular eminence morphology and disc patterns in patients
with disc displacement in MRI,” Brazilian Oral Research, vol.
21, no. 3, pp. 265–271, 2007.

[4] J. Kranjcic, D. Vojvodic, D. Zabarovic et al., “Differences in
articular–eminence inclination between medieval and contem-
porary human populations,”Archives of Oral Biology, vol. 57, no.
8, pp. 1147–1152, 2012.

[5] S. Sato, H. Kawamura, K. Motegi, and K. Takahashi, “Mor-
phology of the mandibular fossa and the articular eminence
in temporomandibular joints with anterior disk displacement,”
International Journal of Oral and Maxillofacial Surgery, vol. 25,
no. 3, pp. 236–238, 1996.

[6] R. D. Kinniburgh, P. W. Major, B. Nebbe, K. West, and K. E.
Glover, “Osseous morphology and spatial relationships of the
temporomandibular joint: comparisons of normal and anterior
disc positions,” Angle Orthodontist, vol. 70, no. 1, pp. 70–80,
2000.

[7] H. Kurita, A. Ohtsuka, H. Kobayashi, and K. Kurashina,
“Flattening of the articular eminence correlateswith progressive
internal derangement of the temporomandibular joint,” Den-
tomaxillofacial Radiology, vol. 29, no. 5, pp. 277–279, 2000.

[8] A. Ozkan, H. A. Altug, M. Sencimen, and B. Senel, “Evaluation
of articular eminence morphology and inclination in TMJ
internal derangement patients with MRI,” International Journal
of Morphology, vol. 30, no. 2, pp. 740–744, 2012.

[9] S. Shahidi,M. Vojdani, andM. Paknahad, “Correlation between
articular eminence steepness measured with cone–beam com-
puted tomography and clinical dysfunction index in patients
with temporomandibular joint dysfunction,”Oral Surgery, Oral
Medicine, Oral Pathology and Oral Radiology, vol. 116, no. 1, pp.
91–97, 2013.

[10] H. Kurita, A. Ohtsuka, H. Kobayashi, and K. Kurashina, “Is
the morphology of the articular eminence of the temporo-
mandibular joint a predisposing factor for disc displacement?”
Dentomaxillofacial Radiology, vol. 29, no. 3, pp. 159–162, 2000.

[11] T. Sulun, T. Cemgil, J. P. Duc, P. Rammelsberg, L. Jager, and W.
Gernet, “Morphology of the mandibular fossa and inclination
of the articular eminence in patients with internal derangement
and in symptom–free volunteers,” Oral Surgery, Oral Medicine,
Oral Pathology, Oral Radiology, and Endodontology, vol. 92, no.
1, pp. 98–107, 2001.

[12] J. C. Vilanova, J. Barcelo, J. Puig, S. Remollo, C. Nicolau, and C.
Bru, “Diagnostic imaging: magnetic resonance imaging, com-
puted tomography, and ultrasound,” Seminars in Ultrasound,
CT and MRI, vol. 28, no. 3, pp. 184–191, 2007.

[13] J. M. Petscavage-Thomas and E. A. Walker, “Unlocking the jaw:
advanced imaging of the temporomandibular joint,” American
Journal of Roentgenology, vol. 203, no. 5, pp. 1047–1058, 2014.

[14] T. A. Larheim, “Role of magnetic resonance imaging in the
clinical diagnosis of the temporomandibular joint,”Cells Tissues
Organs, vol. 180, no. 1, pp. 6–21, 2005.

[15] X. Tomas, J. Pomes, J. Berenguer et al., “MR imaging of tem-
poromandibular joint dysfunction: a pictorial review,” Radio-
graphics, vol. 26, no. 3, pp. 765–781, 2006.

[16] F. Molinari, P. F. Manicone, L. Raffaelli et al., “Temporo-
mandibular Joint Soft–Tissue Pathology, I: disc abnormalities,”
Seminars in Ultrasound, CT andMRI, vol. 28, no. 3, pp. 192–204,
2007.



6 International Journal of Dentistry

[17] T. Sano, M. Otonari-Yamamoto, T. Otonari, and A. Yajima,
“Osseous abnormalities related to the temporomandibular
joint,” Seminars in Ultrasound, CT and MRI, vol. 28, no. 3, pp.
213–221, 2007.

[18] T. Sano, M. Yamamoto, and T. Okano, “Temporomandibular
joint:MR imaging,”Neuroimaging Clinics of North America, vol.
13, no. 3, pp. 583–595, 2003.

[19] N. Kitai, L. Eriksson, S. Kreiborg, A. Wagner, and K. Takada,
“Three–imensional reconstruction of TMJ MR images: a tech-
nical note and case report,”Cranio, vol. 22, no. 1, pp. 77–81, 2004.

[20] V. Milano, A. Desiate, R. Bellino, and T. Garofalo, “Magnetic
resonance imaging of temporomandibular disorders: classifica-
tion, prevalence and interpretation of disc displacement and
deformation,” Dentomaxillofacial Radiology, vol. 29, no. 6, pp.
352–361, 2000.

[21] Y. Hayakawa, C. Kober, M. Otonari-Yamamoto, T. Otonari, M.
Wakoh, and T. Sano, “An approach for three–dimensional visu-
alization using high–resolutionMRI of the temporomandibular
joint,” Dentomaxillofacial Radiology, vol. 36, no. 6, pp. 341–347,
2007.

[22] R. A. Chirani, J.-J. Jacq, P. Meriot, and C. Roux, “Tem-
poromandibular joint: a methodology of magnetic resonance
imaging 3-D reconstruction,”Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontics, vol. 97, no. 6, pp.
756–761, 2004.

[23] P. Cascone, F. Rinaldi, M. Pagnoni, T. M. Marianetti, and M.
Tedaldi, “Three-dimensional temporomandibular joint model-
ing and animation,” Journal of Craniofacial Surgery, vol. 19, no.
6, pp. 1526–1531, 2008.

[24] A. L. F. Costa, C. L. Yasuda, S. Appenzeller, S. L. P. C. Lopes,
and F. Cendes, “Comparison of conventional MRI and 3D
reconstruction model for evaluation of temporomandibular
joint,” Surgical and Radiologic Anatomy, vol. 30, no. 8, pp. 663–
667, 2008.

[25] P. A. Yushkevich, J. Piven, H. C. Hazlett et al., “User—guided
3D active contour segmentation of anatomical structures: sig-
nificantly improved efficiency and reliability,” NeuroImage, vol.
31, no. 3, pp. 1116–1128, 2006.

[26] C. L. Yasuda, A. L. F. Costa, M. Franca Jr. et al., “Postcraniotomy
temporalis muscle atrophy: a clinical, magnetic resonance
imaging volumetry and electromyographic investigation.,” Jour-
nal of orofacial pain, vol. 24, no. 4, pp. 391–397, 2010.

[27] L. H. S. Cevidanes, L. J. Bailey, G. R. Tucker Jr. et al., “Superim-
position of 3D cone–beam CT models of orthognathic surgery
patients,” Dentomaxillofacial Radiology, vol. 34, no. 6, pp. 369–
375, 2005.



Submit your manuscripts at
https://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oral Oncology
Journal of

Dentistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Case Reports in 
Dentistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oral Implants
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anesthesiology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Radiology 
Research and Practice

Environmental and 
Public Health

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Dental Surgery
Journal of

Drug Delivery
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oral Diseases
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Pain
Research and Treatment
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Preventive Medicine
Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Orthopedics
Advances in


