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Relationship between 
the condyle morphology 
and clinical findings in 
terms of gender, age, 
and remaining teeth on 
cone beam computed 
tomography images
Shiva Daneshmehr1,* , Tahmineh Razi2 , Sedigheh Razi2

Aim: This study aimed to evaluate the relationship between 
clinical findings and some factors such as age, gender, and 
remaining teeth on the anatomy of the temporomandibular joint 
in order to diagnose normal variations from abnormal cases. 
Methods: In this cross-sectional study, cone-beam computed 
tomography (CBCT) images of 144 patients referring to Tabriz 
Dental School for various reasons were selected and evaluated. 
The different aspects of the clinical parameters and the 
morphology of the condyle were evaluated on coronal, axial, and 
sagittal views. The CBCT prepared using the axial cross-sections 
had been 0.5 mm in thickness. The sagittal cross-sections 
had been evaluated perpendicular to the lengthy axis of the 
condyle at a thickness of 1 mm and the coronal cross-sections 
had been evaluated parallel to the lengthy axis of the condyle 
at a thickness of 1 mm. Data were analyzed with descriptive 
statistical methods and t-test, chi-squared test, using SPSS 20. 
The significance level of the study was p < 0.05. Results: There 
was a significant relationship between the condyle morphology, 
number of the teeth, and mastication side (p = 0.040). There were 
significant relationships between the condyle morphology, age 
between 20-40, and occlusion class I on the all the three views 
(coronal, axial, sagittal) (p = 0.04), (p = 0.006), (p = 0.006). Also, 
significant relationships were found in the condyle morphology 
and location of pain according to age, the number of remaining 
teeth, and gender. (p = 0.046) (p = 0.027) (p = 0.035). Conclusion: 
There are significant relationships between the clinical 
symptoms and condyle morphology based on age, gender, and 
the number of remaining teeth. The clinical finding that has the 
most significant relationship between the condyle morphology, 
remaining teeth (9-16 teeth), all of the age range (20-80 year), 
and gender was mastication side.
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Introduction

The temporomandibular joint (TMJ) is one of the sophisticated structures in the body 
that allows the mandible to move in several directions1. Mastication patterns have a 
crucial role in preserving the functional balance of the TMJ2. Forces exerted on the 
craniomandibular joint might affect the bony components, which might change the 
thickness and shape of these parts. Excessive loads are considered abnormal, thus 
some patients require to eliminate the causative agent3-5. The degenerative disorders 
have a great importance in temporomandibular joint remodeling. In the TMJ, degen-
erative joint disease might be defined as a local condition or be a part of a systemic 
disease6. One of the other factors that affect mandibular condyle structure is tooth 
loss. Posterior crossbite and tooth loss might be associated with mandibular condyle 
structural alterations7. The other factor is age rising. Radiographic changes in the 
condylar morphology have increased with age. In addition, gender is one of the fac-
tors that will help to reproduce the appropriate TMJ structure8. All in all, several fac-
tors, including age, gender, number of remaining teeth, mastication patterns, etc, were 
found to affect TMJ morphology9,10. Therefore, we need paraclinical examinations to 
evaluate the variation of condylar morphology.

It is difficult to carry out thorough radiographic evaluations of the maxillofacial region 
due to its complex anatomy and superimposition of the images of adjacent struc-
tures11. Because of the complexity of maxillofacial anatomy and superimposition of 
the images of adjacent structures, radiographic images do not precisely replicate the 
anatomy that is being assessed. Therefore, different imaging techniques are used 
to evaluate the craniofacial defects. Recent research has indicated that cone-beam 
computed tomography (CBCT) is an efficient imaging technique for determining frac-
tures in the facial and skull bones12,13.

CBCT imaging technique has been introduced for imaging of the hard tissues of the 
maxillofacial region. The technique evaluates the structure of the bones, the articular 
spaces, and the dynamic performance in all three spatial dimensions without super-
imposition and deformity. Although CBCT is a suitable technique for the evaluation of 
osteoarthritic changes of the temporomandibular joint (TMJ), it is not a proper tool for 
the evaluation of articular disk displacement. In addition, soft tissue tumors cannot 
be properly evaluated on CBCT images. One of the disadvantages of the CBCT tech-
nique, compared to the MRI technique, is the poor contrast of soft tissues14,15.

Although clinical examinations usually are adequate to reach an accurate diagno-
sis of TMJ disorders, supplementary imaging examinations should be considered to 
diagnose and determine the origin of TMJ disorders and structural alterations and 
functional disorders. Thus, it is recommendable to use a combination of clinical and 
radiographic examinations to reach a definite diagnosis16,17. 

In recent years, several studies have evaluated the morphology of the TMJ and con-
dyle. These studies have investigated the morphology of the TMJ in subjects with 
malocclusion, the overall shape of the condyle head in different individuals, the rela-
tionship between age and morphologic changes in the condyle bone, the prevalence 
of TMJ changes in asymptomatic cases, etc18-20. Considering the paucity of studies 
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on the morphology of the condyle with the CBCT technique, the purpose of this study 
was to investigate the relationship between the condyle morphology and clinical find-
ings in terms of gender, age, and remaining teeth on CBCT images. 

Materials and Methods

Study type and the subjects

A total of 144 patients referring to the Department of Maxillofacial Radiology, Fac-
ulty of Dentistry, Tabriz University of Medical Sciences (Iran) between 2019 and 
2020, were included in the present cross-sectional study. The Ethics Committee of 
Tabriz University of Medical Sciences approved the protocol of the study under the 
code IR.TBZMED.REC.1396.310. The patients had been referred to the radiology 
department for CBCT examinations for various reasons and were 20–80 years of 
age. All the radiographic examinations were carried out for other diagnostic pur-
poses, including implant placement. The inclusion criteria consisted of no history 
of surgery, fracture and congenital anomalies of the TMJ, and no pathologic lesions 
of the jaws. Subjects with faulty restorations, complete and partial dentures, eden-
tulous patients, patients with a history of systemic diseases or use of medications 
affecting the joints, and subjects with a history of trauma, surgery, and jaw lesions 
were excluded from the study.

Procedural steps

The CBCT images were taken with a NewTom VGi CBCT unit (NewTom, Verona, 
Italy) in the Department of Oral and Maxillofacial Radiology. This CBCT unit has a 
cone-shaped x-ray beam, a flat panel detector, a pixel of 1536×1920, a pixel size of 
127×127 µm2, a pixel depth of 14 bits, a rotation of 360º, a scan time of 18 s, and kVp 
of 110. NNT viewer (Version 2.17) software was used for the initial and final recon-
struction of images. The exposure conditions were set to “automatic.” The CBCT 
images were viewed by two oral and maxillofacial radiologists and a dental student. 
The kappa correlation coefficient for the inter-examiner agreement was excellent for 
the two radiologists in 20 samples; therefore, only one radiologist proceeded with 
the evaluations. The results of all the clinical and radiographic examinations were 
recorded on a research-made checklist, which consisted of three sections: clinical 
findings, radiographic findings, and possible findings. The different aspects of the 
clinical parameters consisted of the following: parafunctional habits, mastication 
side, deviation of the jaw during mouth opening and closing, the type of occlusion, 
and the history of pain and tenderness to palpation. The radiographic parameters 
consisted of the shape of the condyle on coronal, sagittal, and axial views. Any pos-
sible findings were recorded in the three categories of joint erosion, osteophytes, and 
articular mouse. 

The remaining teeth were reconstructed by panoramic radiographic images. To pre-
pare the CBCT images, 0.5 mm axial sections were used.

Based on our previous study, the morphology of the condyle is classified into six 
groups on the coronal view: convex, round, flat with on effect on the glenoid fossa, flat 
with no effect on the glenoid fossa, angled, and heart-shaped (Figure 1)21.
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Figure 1. Different shapes of the condyle on the coronal view from the left to right: convex, round, flat with 
on effect on the glenoid fossa, flat with no effect on the glenoid fossa, angled, and heart-shaped.

On the sagittal view, the morphology of the condyle was classified into four groups: 
round, intermediate (between round and flat), flat with an effect on the glenoid fossa, 
and flat with no effect on the glenoid fossa (Figure 2)21.

l b
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Figure 2. Different shapes of the condyle on the sagittal view from the right to left: round, intermediate 
(between round and flat), flat with an effect on the glenoid fossa, and flat with no effect on the  
glenoid fossa.
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On the axial view, the morphology of the condyle was classified into three groups: 
oval, bean-shaped, and conical (Figure 3)21.

Figure 3. Different shapes of the condyle on the axial view from the left to night: oval, bean-shaped  
and conical.

Statistical Analysis

Data were analyzed with descriptive statistics, and t-test, chi-squared test, correla-
tion test, one-way ANOVA, and multi-variate ANOVA, using SPSS 20. The SPSS sta-
tistics package program (IBM SPSS for Windows, ver.25, Armonk, NY) was used for 
statistical analysis. Statistical significance was set at p < 0.05.

Results
In the present study, 144 subjects were evaluated, with 71 males (49.3%) and 
73 females (50.7%); respectively, with an age range of 20–80 years. Table 1 presents 
the correlation between the condyle morphology and mastication side, based on age 
and the number of remaining teeth and gender.

Table 1. Correlation among the condyle morphology and mastication side, based on age and the number 
of remaining teeth and gender.

Variable Cross-section Condyle shape Mastication side P-value

9-16 remaining teeth Axial Bean-shaped Right side 0.040

Age range: 20-40 Axial Bean-shaped Anterior 0.044

Age range: 20-40 Sagittal Flat with no effect on the 
glenoid fossa Bilateral 0.013

Age range: 41-60 Sagittal Flat with no effect on the 
glenoid fossa Bilateral 0.045

Age range: 61-80 Sagittal Flat affecting the
glenoid fossa Bilateral 0.002

Male Coronal Heart-shaped Posterior 0.023

Female Axial Bean-shaped Anterior 0.037
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There was a significant relationship between the condyle morphology, 9-16 remaining 
teeth, and mastication side in the axial view on the right side (p = 0.040). Also, there 
was a significant relationship between the condyle morphology, age range 20-40, and 
mastication side in the axial view on the anterior side (p = 0.044). There was a sig-
nificant relationship among the condyle morphology, age range 20-40, 41-60, 61-80, 
and mastication side in the sagittal view on the bilateral side (p = 0.013), (p = 0.045), 
(p = 0.002). In addition, a significant relationship was found between the condyle mor-
phology, female, and mastication side in the axial view on the anterior side (p = 0.037). 
In males, there was a significant relationship between the condyle morphology and 
mastication side in the coronal view on the posterior side (p = 0.023).

Table 2 presents the relationships among the condyle morphology and occlusion, 
based on age and the number of remaining teeth and gender.

Table 2. Relationships among the condyle morphology and occlusion, based on age and the number of 
remaining teeth and gender.

Variable Cross-section Condyle shape Occlusion P-value

Age range: 20-40 Coronal Convex Class I 0.04

Age range: 20-40 Sagittal Flat with no effect on the 
glenoid fossa Class I 0.006

Age range: 20-40 Axial Oval Class I 0.006

9-16 remaining teeth Coronal Convex Class I <0.001

25-32 remaining teeth Axial Oval Class I 0.031

Male Axial Oval Class I 0.034

There were significant relationships among the condyle morphology, age between 
20-40, and occlusion class 1 in the axial, sagittal and coronal view (p = 0.006), 
(p = 0.006), (p = 0.04). In addition, there was a significant relationship between the 
condylar morphology, 9-16 remaining teeth, and occlusion class 1 in the coronal view. 
Both variation include of male and 25-32 remaining teeth have significant relationship 
with occlusion class 1 in the axial view (p = 0.031), (p = 0.034).

Table 3 presents the correlation among the condyle morphology and location of pain, 
based on age and the number of remaining teeth and gender.

Table 3. Correlation among the condyle morphology and location of pain, based on age and the number 
of remaining teeth and gender.

Variable Cross-section Condyle shape Location of pain P-value

9-16 remaining teeth Coronal Flat with an effect on 
the glenoid fossa The right side 0.027

Age range: 61-80 Coronal Flat with no effect on 
the glenoid fossa The left side 0.046

Male Coronal Heart-shaped The right side 0.035
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All of the variables in table 3 have significant relationships between the condyle mor-
phology and the location of pain in the coronal view. There was a significant relation-
ship between the condyle morphology, location of pain, and 9-16 remaining teeth  and 
male in the coronal view on the right side (p = 0.027), (p = 0.035). Also, a significant 
relationship was found between the condyle morphology, location of pain, and age 
range 61-80 in the coronal view on the left side. (p = 0.046). 

In our study, there was no significant relationship between the condyle morphology, 
parafunctional habits, the number of remaining teeth, age, and gender (p > 0.05). 
In addition, no significant relationship was found between the mandibular deviation 
during mouth opening and closing and the condyle morphology based on the number 
of remaining teeth, age and gender (p > 0.05). 

Discussion
Morphologic changes because of the effects of estrogen, testosterone, and met-
abolic activity during adulthood result in differences between male and female22. 

Tecco et al.23 and Al-koshab et al.24 evaluated the morphology of the mandibular con-
dyle and reported that the condyle is larger in men compared to women, irrespective 
of the clinical signs and symptoms. 

Tabatabaian evaluated the prevalence of temporomandibular disorders and did not 
report any significant relationship between temporomandibular disorders and gen-
der25. In addition, Razi did not report a significant relationship between the thickness 
of the glenoid fossa roof and gender on the left and right sides which is similar to the 
present study21. In the present study, the morphology of the condyle was evaluated 
solely by classification of the condyle shapes at different cross-sections. The find-
ings in this study suggest that the males might be associated with the morphological 
alterations of the mandibular condyle and clinical findings more than females.

Shahidi did not report any significant relationships between the articular eminence 
slope and joint disorders26, which is different from the results of the present study. 
This discrepancy between the results might be attributed to the smaller sample size 
in the study above and the differences in research methodologies.

Few studies have assessed the relationship between tooth loss and condyle morphol-
ogy. People with single missing teeth might have a decreased articular eminence incli-
nation angle and the unipartite missing teeth may reduce the craniocervical angle9,27.

Ejima et al.28 evaluated the relationship between the thickness of the glenoid fossa 
and the shape of the condyle and did not report any significant relationship between 
the two variables in terms of the number of remaining teeth in asymptomatic patients. 
Zabarović et al.29 showed that loss of teeth has no statistically significant correlation 
with the eminence inclination.

In the present study, 9-16 remaining teeth seems to be associated with condyle 
morphology and clinical findings more than the categories with a higher number of 
remaining teeth.

A study was conducted by Alhammadi et al.30 in which the TMJ joint of 90 patients 
aged 18 to 25 years with class I occlusion was measured and analyzed by using a 
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three-dimensional CBCT image. The position, slope, and width of the glenoid fossa 
and the articular height of the eminence, the position and the slope and dimensions 
of the condyle and the measurement of the joint space and how the joint was placed 
in the glenoid fossa were evaluated and finally the left and right joints of each patient 
were compared. In this study, there was no difference in the depth of the left and right 
glenoid fossa30. The results of this study are different from the results of the present 
study. This discrepancy between the results might be attributed to the smaller sam-
ple size in the study above and the differences in research methodologies.

In addition, one of the factors affecting the morphology of the condyle is aging; 
articular degenerative changes have been recorded in older subjects31. Katsavrias32 
evaluated the condyle morphology at a young age with a small sample size, similar 
to the study by Merigue et al.2, and reported that the size of the condyle reaches its 
maximum at a young age, with the oval shape being the most prevalent shape in the 
anteroposterior dimension32. In the present study, we found out that the patients in 
the age range 20-40 have the most meaningful relationship with condylar morphol-
ogy and clinical findings. Nevertheless, this study had certain limitations. Therefore, 
additional studies are needed to investigate more detail in this regard.

Based on the results, there were significant relationships between the condyle mor-
phology and the clinical findings based on age, gender and the number of remaining 
teeth. Of all the results concerning the relationship between the clinical symptoms and 
condyle morphology based on age, gender, and the number of remaining teeth, the 
most significant relationship was detected on the mastication side especially on the 
bilateral side. There were no significant relationships between parafunctional habits 
and the condyle morphology based on number of remaining teeth, age, and gender.

Data availability
Datasets related to this article will be available upon request to the corresponding author.

Conflict of Interests
None.

Author Contribution
Conceptualization: Shiva Daneshmehr. Methodology: Sedigheh Razi, Formal analy-
sis: Tahmineh Razi. Investigation: Shiva Daneshmehr. Resources: Shiva Daneshmehr. 
Data curation: Tahmineh Razi. Writing—original draft preparation: Shiva Daneshmehr.  
Writing—review and editing: Shiva Daneshmehr. Visualization: Shiva Daneshmehr. 
Supervision: Tahmineh Razi. Project administration: Tahmineh Razi. Funding acquisi-
tion: none. All authors have read and agreed to the published version of the manuscript.

References

1. Bordoni B, Varacallo M. Anatomy, head and neck, temporomandibular joint. In: StatPearls. 
Treasure Island (FL): StatPearls Publishing; 2021 Jul 26 [cited 2021 Nov 5]. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK538486.



9

Daneshmehr et al.

Braz J Oral Sci. 2022;21:e226611

2. Merigue LF, Conti AC, Oltramari-Navarro PV, Navarro RL, Almeida MR. Tomographic evaluation of 
the temporomandibular joint in malocclusion subjects: condylar morphology and position. Braz Oral 
Res. 2016;30:S1806-83242016000100222. doi: 10.1590/1807-3107BOR-2016.vol30.0017.

3. Embree M.C, Iwaoka G.M, Kong D,  Martin BN, Patel RK, Lee AH, et al. Soft tissue ossification and 
condylar cartilage degeneration following TMJ disc perforation in a rabbit pilot study. Osteoarthritis 
Cartilage. 2015 Apr;23(4):629-39. doi: 10.1016/j.joca.2014.12.015.

4. Cisewski SE, Zhang L, Kuo J, Wright GJ, Wu Y, Kern MJ, et al. The effects of oxygen level and glucose 
concentration on the metabolism of porcine TMJ disc cells. Osteoarthritis Cartilage.  
2015 Oct;23(10):1790-6. doi: 10.1016/j.joca.2015.05.021.

5. Shi C, Wright GJ, Ex-Lubeskie CL, Bradshaw AD, Yao H. Relationship between anisotropic  
diffusion properties and tissue morphology in porcine TMJ disc. Osteoarthritis Cartilage.  
2013 Apr;21(4):625-33. doi: 10.1016/j.joca.2013.01.010.

6. Pantoja LLQ, de Toledo IP, Pupo YM, Porporatti AL, De Luca Canto G, Zwir LF, et al. Prevalence of 
degenerative joint disease of the temporomandibular joint: a systematic review. Clin Oral Investig. 
2019 May;23(5):2475-88. doi: 10.1007/s00784-018-2664-y.

7. Rodrigues VP, Freitas BV, de Oliveira ICV, Dos Santos PCF, de Melo HVF, Bosio J. Tooth loss and 
craniofacial factors associated with changes in mandibular condylar morphology. Cranio.  
2019 Sep;37(5):310-6. doi: 10.1080/08869634.2018.1431591.

8. Yun JM, Choi YJ, Woo SH, Lee UL. Temporomandibular joint morphology in Korean using 
cone-beam computed tomography: influence of age and gender. Maxillofac Plast Reconstr Surg. 
2021 Jul;43(1):21. doi: 10.1186/s40902-021-00307-5.

9. Fang TH, Chiang MT, Hsieh MC, Kung LY, Chiu KC. Effects of unilateral posterior missing-teeth on the 
temporomandibular joint and the alignment of cervical atlas. PLoS One. 2020 Dec;15(12):e0242717. 
doi: 10.1371/journal.pone.0242717.

10. Ishibashi H, Takenoshita Y, Ishibashi K, Oka M. Age-related changes in the human mandibular 
condyle: a morphologic, radiologic, and histologic study. J Oral Maxillofac Surg. 1995 
Sep;53(9):1016-23; discussion 1023-4. doi: 10.1016/0278-2391(95)90117-5.

11. Exadaktylos AK, Sclabas GM, Smolka K, Rahal A, Andres RH, Zimmermann H, Iizuka T. The value of 
computed tomographic scanning in the diagnosis and management of orbital fractures associated 
with head trauma: a prospective, consecutive study at a level I trauma center. J Trauma.  
2005 Feb;58(2):336-41. doi: 10.1097/01.ta.0000141874.73520.a6.

12. Scarfe WC. Imaging of maxillofacial trauma: evolutions and emerging revolutions. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2005 Aug;100(2 Suppl):S75-96. doi: 10.1016/j.tripleo.2005.05.057.

13. Shintaku WH, Venturin JS, Azevedo B, Noujeim M. Applications of cone-beam computed 
tomography in fractures of the maxillofacial complex. Dent Traumatol. 2009 Aug;25(4):358-66. 
doi: 10.1111/j.1600-9657.2009.00795.x.

14. Barghan S, Tetradis S, Mallya S. Application of cone beam computed tomography for 
assessment of the temporomandibular joints. Aust Dent J. 2012 Mar;57 Suppl 1:109-18. 
doi: 10.1111/j.1834-7819.2011.01663.x.

15. Brooks SL, Brand JW, Gibbs SJ, Hollender L, Lurie AG, Omnell KA, et al. Imaging of the temporomandibular 
joint: a position paper of the American Academy of Oral and Maxillofacial Radiology. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 1997 May;83(5):609-18. doi: 10.1016/s1079-2104(97)90128-1.

16. de Senna BR, dos Santos Silva VK, França JP, Marques LS, Pereira LJ. Imaging diagnosis of 
the temporomandibular joint: critical review of indications and new perspectives. Oral Radiol. 
2009;25(2):86-98. doi:10.1007/s11282-009-0025-x.

17. Ferreira LA, Grossmann E, Januzzi E, de Paula MV, Carvalho AC. Diagnosis of temporomandibular 
joint disorders: indication of imaging exams. Braz J Otorhinolaryngol. 2016 May-Jun;82(3):341-52. 
doi: 10.1016/j.bjorl.2015.06.010.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Embree MC%5BAuthor%5D&cauthor=true&cauthor_uid=25573797
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwaoka GM%5BAuthor%5D&cauthor=true&cauthor_uid=25573797
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kong D%5BAuthor%5D&cauthor=true&cauthor_uid=25573797


10

Daneshmehr et al.

Braz J Oral Sci. 2022;21:e226611

18. Ayyıldız E, Orhan M, Bahşi İ, Yalçin ED. Morphometric evaluation of the temporomandibular 
joint on cone-beam computed tomography. Surg Radiol Anat. 2021 Jun;43(6):975-96. 
doi: 10.1007/s00276-020-02617-1.

19. Yalcin ED, Ararat E. Cone-beam computed tomography study of mandibular condylar morphology.  
J Craniofac Surg. 2019 Nov-Dec;30(8):2621-4. doi: 10.1097/SCS.0000000000005699.

20. Sa SC, Melo SL, Melo DP, Freitas DQ, Campos PS. Relationship between articular eminence 
inclination and alterations of the mandibular condyle: a CBCT study. Braz Oral Res. 2017 Mar 
30;31:e25. doi: 10.1590/1807-3107BOR-2017.vol31.0025.

21. Razi T, Razi S. Association between the morphology and thickness of bony components of the 
temporomandibular joint and gender, age and remaining teeth on cone-beam CT images. Dent Med 
Probl. 2018 Jul-Sep;55(3):299-304. doi: 10.17219/dmp/93727.

22. Kerstens HC, Tuinzing DB, Golding RP, Van der Kwast WA. Inclination of the temporomandibular 
joint eminence and anterior disc displacement. Int J Oral Maxillofac Surg. 1989 Aug;18(4):228-32. 
doi: 10.1016/s0901-5027(89)80059-1.

23. Tecco S, Saccucci M, Nucera R, Polimeni A, Pagnoni M, Cordasco G, et al. Condylar volume 
and surface in Caucasian young adult subjects. BMC Med Imaging. 2010 Dec;10:28. 
doi: 10.1186/1471-2342-10-28.

24. Al-koshab M, Nambiar P, John J. Assessment of condyle and glenoid fossa morphology using CBCT 
in South-East Asians. PLoS One. 2015 Mar;10(3):e0121682. doi: 10.1371/journal.pone.0121682.

25. Tabatabaian F, Saboury A, Ghane HK. The prevalence of temporomandibular disorders in patients 
referred to the Prosthodontics Department of Shahid Beheshti Dental School in fall 2010. J Dent Sch. 
2013 Jan;30(5):311-8. doi:10.22037/jds.v31i1.28678.

26. Shahidi S, Vojdani M, Paknahad M. Correlation between articular eminence steepness measured 
with cone-beam computed tomography and clinical dysfunction index in patients with 
temporomandibular joint dysfunction. Oral Surg Oral Med Oral Pathol Oral Radiol.  
2013 Jul;116(1):91-7. doi: 10.1016/j.oooo.2013.04.001.

27. Jasinevicius TR, Pyle MA, Lalumandier JA, Nelson S, Kohrs KJ, Türp JC, et al. Asymmetry of the 
articular eminence in dentate and partially edentulous populations. Cranio. 2006 Apr;24(2):85-94. 
doi: 10.1179/crn.2006.014.  

28. Ejima K, Schulze D, Stippig A, Matsumoto K, Rottke D, Honda K. Relationship between the thickness 
of the roof of glenoid fossa, condyle morphology and remaining teeth in asymptomatic European 
patients based on cone beam CT data sets. Dentomaxillofac Radiol. 2013;42(3):90929410. 
doi: 10.1259/dmfr/90929410.

29. Zabarović D, Jerolimov V, Carek V, Vojvodić D, Zabarović K, Buković D Jr. The effect of tooth loss on 
the TM-joint articular eminence inclination. Coll Antropol. 2000 Jul;24 Suppl 1:37-42. 

30. Alhammadi MS, Shafey AS, Fayed MS, Mostafa YA. Temporomandibular joint measurements in 
normal occlusion: a three-dimensional cone beam computed tomography analysis. J World Fed 
Orthod. 2014;3(4):155-62. doi: 10.1016/j.ejwf.2014.08.005.

31. Siriwat PP, Jarabak JR. Malocclusion and facial morphology is there a 
relationship? An epidemiologic study. Angle Orthod. 1985 Apr;55(2):127-38. 
doi: 10.1043/0003-3219(1985)055<0127:MAFMIT>2.0.CO;2.

32. Katsavrias EG. Morphology of the temporomandibular joint in subjects with Class II 
Division 2 malocclusions. Am J Orthod Dentofacial Orthop. 2006 Apr;129(4):470-8. 
doi: 10.1016/j.ajodo.2005.01.018.


