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ABSTRACT
Introduction: Condylar surface of mandible has varied 
curved shapes and its assessment is important clinically 
for better management of Temporomandibular (TMJ) 
pathologies. Multidetector Computed Tomography 
(MDCT) is the modality of choice for curvature analysis of 
mandibular condyle. 

Aim: To assess the curvature types of mandibular condyle 
by MDCT. Symmetry of condylar curvature was also 
analysed in the present study.

Materials and Methods: This retrospective descriptive 
analysis of bilateral TMJ was done in 500 adult cases. 
Curvature analysis of bilateral mandibular condyles was 
done by MDCT in coronal reformatted images. 

Statistical Analysis: Statistical Analysis was done using 
SPSS version 20 for frequency of each curvature type and 
their symmetry.

Results: Type D was most common (bilateral TMJ 
considered) with 335 cases (33.50%) among the total 
number (n=1000) of TMJ studies. On right TMJ studies 
(n=500) Type D was most common with 172 cases (34.40%) 
and on left TMJ studies (n=500) type D was again most 
common with 163 cases (32.60%). Of the total 257 cases 
that showed symmetry, Type D was most common with 90 
cases (35%) and also to be the most common type seen 
in males with 50 cases (30.8 %) and females with 40 cases 
(42%).

Conclusion: Curvature analysis is done to know the 
morphological types of mandibular condyles. Type D is 
most common type of curvature seen and is symmetrical. 
Condylar curvature is an important determinant factor for 
various TMJ pathologies with MDCT offering an excellent 
non invasive imaging modality for curvature analysis.
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InTROduCTIOn
TMJ is a complex ginglymo-diarthroidal joint consisting of 
condylar process of mandible, glenoid fossa of squamous 
temporal bone and articular disc which is enclosed in a 
fibrous capsule and stabilized by Temporomandibular and 
sphenomandibular ligaments [1]. TMJ is an important and 
unique joint in the body that, besides functioning as a joint, it 
also acts as a site for regional adaptive growth [2]. Condylar 
process of human condyle is unique with its ability to remodel 
and giving rise to variety of morphological types [3]. Condylar 
morphology is very important for TMJ to carry out various 
movements like opening, closing, lateral or translational 
movements of the jaw. Condylar morphology varies with age, 
gender, laterality, facial types and functional load over the 
joint [4]. Curvature analysis of TMJ is very essential, so as 
to differentiate a normal variant from that of abnormal variant 
which helps in better management of various TM abnormalities 
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[5]. MDCT provides a most effective non invasive imaging 
modality for assessment of curvature of bilateral mandibular 
condyles because of its faster scanning ability, high resolution 
imaging and excellent multiplanar reconstructions.

MATeRIAlS And MeTHOdS
A retrospective descriptive study was undertaken in the 
Department of Radiology, JSS Medical College and Hospital, 
Mysuru, Karnataka, India over a period of three months 
starting from April 2016 till June 2016. A total of 523 cases 
underwent MDCT scan involving both TMJ, out of which 
500 cases satisfying inclusion criteria were included in the 
study. All patients above 18 years of age of both sexes 
who underwent MDCT scans involving bilateral TMJ were 
included in the study. Post traumatic/inflammatory/neoplastic 
lesions with erosion/distortion of curvature of either or both 
mandibular condyles. Axial images involving bilateral TMJ 
were acquired with Philips Ingenuity core 128 slice MDCT 
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(Netherland). Patient is positioned supine with head first and 
axial sections were acquired with helical type of scan, by fixing 
the tube current at 120kVp and 350 mA/sec. High resolution 
images were obtained with scan parameters of collimation 64 
x 0.625, Pitch of 0.39, FOV of 160mm, filter at Y-sharp (YC), 
slice thickness of 1mm, window cenetring at 200 and window 
width of 2000. Multiplanar reconstruction was done from 
axial images in a dedicated work station to obtain coronal 
reformatted images without any loss of volume data. Images 
were stored in hospital PACS system and the images were 
retrieved from hospital data base system. Reporting was 
done by a single radiologist by visual and analytical methods 
for condylar curvature in coronal reformatted image and their 
symmetry was compared. All the images were examined in 
coronal reformatted plane. Curvature analysis was done by 
both visual and analytical methods and categorised into five 
types based on the following methodology. A horizontal line 
was drawn at the base of curvature. Highest peak point was 
marked on the curvature of mandibular condyle and another 
vertical line drawn connecting the highest point and the 
horizontal line. Flat surface (Type A), [Table/Fig-1a,b] did not 
show any curvature or highest peak point, Round surface 
(Type B), [Table/Fig-1c,d] has uniform curvature and showed 
three peak points with longer vertical line, Angled surface 
(Type C), [Table/Fig-1e,f] has uneven curvature with a single 
highest peak point, Convex surface (Type D), [Table/Fig-1g,h] 

has a uniform curvature with single highest point and short 
vertical line and concave shaped (Type E), [Table/Fig-1i,j] has 
inverted curvature to varying depths.

[Table/Fig-1a-b]: Coronal reformatted CT and graphical image 
showing  flat curvature (Type A).

[Table/Fig-1c-d]: Type B with round curvature on coronal CT and 
graphic image.

[Table/Fig-1e-f]: Angle shaped curvature on coronal CT and 
graphic image (Type C).

[Table/Fig-1g-h]: Coronal CT and graphic image showing convex 
curvature (Type D).

[Table/Fig-1i-j]: Mandibular condyle showing concave shaped 
curvature on CT and graphic image (Type E).

STATISTICAl AnAlySIS
All the data was entered in Microsoft excel sheet for analysis. 
Categorical variables were reported as proportions. Analysis 
was done using Microsoft Excel 2013, SPSS version 20. 
Frequency of individual curvature type was calculated and 
symmetry among each type was recorded.
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ReSulTS
Out of 500 MDCT studies involving bilateral TMJ, age group in 
our study ranged from 18 to 83 years. The different curvature 
types involving each side are shown in [Table/Fig-2]. Type D 
was most common (both TMJ considered) with 335 cases 
(33.50%) among the total number (n=1000) of TMJ studies 
and also the most commonest type in right TMJ with 172 
cases (34.4%)(n=500) and in left TMJ with 163 cases (32.06%)
(n=500). A total of 257 cases among the total 500 cases 
showed symmetrical condyles. Different curvature types 
showing symmetry are shown in [Table/Fig-3]. Distribution of 

symmetrical condyles among different age groups is shown 
in [Table/Fig-4]. Type D was most common in most of the 
age groups ranging from 21 to 70 years .Among the total 
257 symmetrical cases, 162 (63%) were males and 95(37%) 
females Type D was most common in both sexes showing 
symmetry with 30.8% in males and 42.1% [Table/Fig-5]. 
Asymmetrical cases were seen most commonly in < 20 years 
and >80 year age groups.

dISCuSSIOn
Condylar morphology varies in shape and size among different 
population depending upon their age, gender, laterality, 
facial type and occlusal force. Mandibular condyle is also 
one of the main site for facial growth that occurs in upward 
and backward direction contributing to its shape obtained 
[6]. Normally condylar head should have convex surface 

Curvature  
types of 
Condylar 
Process

Right Percent-
age (%)

Left Percent-
age (%)

total

Type- A (Flat ) 111 22.20% 90 18.00% 201 20.1%

Type- B 
(Round)

65 13.00% 76 15.20% 141 14.1%

Type- C 
(Angled)

120 24.00% 137 27.40% 257 25.70%

Type- D 
(Convex)

172 34.40% 163 32.60% 335 33.5%

Type- E 
(Concave)

32 06.40% 34 06.80% 66 6.6%

Total 500 100% 500 100% 1000 100%

[Table/Fig-2]: *Curvature types of bilateral condylar process of 
mandible with frequency and percentages.

Curvature  types of 
Condylar Process

total number Cases
(n=257)

Percentage %

Type- A 60 23.34%

Type- B 41 15.95%

Type- C 48 18.67%

Type- D 90 35.01%

Type- E 18 7.00%

Total 257 100%

[Table/Fig-3]: *Curvature types of mandibular condyles showing 
symmetry.

age 
groups 

(in years)

type a type B type C type D type E total

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

<20 7 16.6% 14 33.33% 9 21.42% 9 21.42% 3 7.14% 42.00

21-30 11 27.50% 8 20.00% 7 17.50% 14 35.00% 0 0.00% 40.00

31-40 10 23.25% 3 6.97% 8 18.60% 20 46.51% 2 4.65% 43.00

41-50 6 16.66% 6 16.66% 4 11.11% 12 33.33% 8 22.22% 36.00

51-60 8 16.66% 8 16.66% 9 18.75% 21 43.75% 2 4.16% 48.00

61-70 6 23.07% 2 7.69% 5 19.23% 10 38.46% 3 11.53% 26.00

71-80 10 62.50% 0 0.00% 2 12.50% 4 25.00% 0 0.00% 16.00

>81 2 33.33% 0 0.00% 4 66.66% 0 0.00% 0 0.00% 6.00

Total 60 41 48 90 18 257.00

[Table/Fig-4]: Symmetry of curvature types of mandibular condyle among different age groups.

Sex type a type B type C type D type E total

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

number 
of Cases

Percent-
age (%)

Male 38 23.45% 25 15.43% 39 24.07% 50 30.86% 10 6.17% 162

Female 21 22.10% 16 16.84% 10 10.52% 40 42.10% 8 8.42% 95

Total 59 41 49 90 18 257

[Table/Fig-5]: *Symmetry of curvature types of mandibular condyle among males and females.
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throughout and symmetrical bilaterally to carry out smooth 
functioning of TMJ. It measures 15 to 20 mm side to side and 
8 to 10 mm from anterior to posterior [7]. Morphologic changes 
of mandibular condyle can occur due to bone remodeling, 
developmental variations, trauma, endocrine disturbances, 
hormonal abnormality, various disease pathologies and 
following radiation therapy. The different morphologies and 
the curvature shapes play an important role clinically so as to 
understand the pathophysiology of joint diseases and for their 
appropriate management. Various studies have been carried 
out to study condylar morphology and its curvature, Yale et al., 
being the first one. In his study based on the superior view of 
condyle he described four types: convex (58.3%), flat (52.5%), 
angled (11.6%), rounded (3.1%) and unclassified (1.9%) with 
increasing age, there was increase in flat type and decrease 
in convex type of condylar morphology [8]. However, in our 
study there was not much change in the type of curvature with 
increasing age. He also stated that flat type is more common 
in females compared to convex type in males and overall 
convex type being common in all age groups [8]. In our study 
also, convex surface (Type D) was most common in all age 
groups and symmetrical type D being common in both males 
and females. In another study by Cimen et al., the following 
percentages were seen, flat (17.4%), convex (33.7%), angled 
(37.8%), round (9.3%) and unclassified in (1.8%) [9]. According 
to Emmering et al., bilateral asymmetry (24%) in mandibular 
condyles constituted, Flat type on one side and convex type 
on the other side [10]. However, a greater proportion of cases 
(51.4%) in our study showed symmetry of mandibular condyles 
and asymmetry was noticed in the rest 48.6% cases.

Many radiological methods are available for assessing condylar 
morphology like CT-scan [3], cone beam CT [11], OPG, lateral 
cephalogram and MRI. First study on TMJ using CT was 
done by Christiansen et al., in coronal plane to demonstrate 
condylar morphology. Flat type was seen in 34%, convex in 
43%, angled in 19% and rounded in 9% of cases [12] in his 
study. Later Raustia & Pyhtinen standardised condyle shapes 
on coronal CT plane and divided into A1 shape (rounded 
or slightly convex), A2 (extensively flat - straight), A3 (peak 
shape - inverted V) and A4 (other shapes) [13]. Ueda et al., in 
their study of condylar morphology using high resolution CT, 
classified them as flat, round, convex, concave and angled. 
Most common variant was convex type followed by angled, 
concave and round [14]. In our study we used 128 slice high 
resolution MDCT for curvature analysis of mandibular condyle 
and convex curvature (Type D) being most common type 
followed by flat surface (Type A).

Well balanced position of condylar process and 
proper morphological adaptation to glenoid fossa is 
essential for coordinated masticator functioning of TMJ. 
Temporomandibular joint derangements are common when 

this proper morphological or curvature adaptation is lost [15]. 
Curvature analyses of mandibular condyle are very informative 
for analysis of various biomechanical abnormalities involving 
TMJ. Curvature of mandibular condyle is depicted effectively by 
CT and may be used an effective non-invasive imaging tool for 
condyle morphometric analysis. Multiplanar reformation with 
MDCT has made the curvature analysis of bilateral mandibular 
condyles very easy in all planes compared to other imaging 
or non imaging modalities available for curvature analysis. 
Although, it has risk of radiation, MDCT can be used as a very 
usefull imaging modality to assess condylar morphology and 
to evaluate various biomechanical abnormalities that affect 
TMJ like abnormality in elevation, depression, translational 
and rotational movements of jaw.

lIMITATIOnS
Computer based graphic condyle models were not used in 
our study for curvature analysis.

COnCluSIOn
Curvature analysis is done to know the morphological types 
of mandibular condyles. Type D (convex curvature) is most 
common type of curvature seen and is often symmetrical. 
Condylar curvature is an important determinant factor for 
various TMJ pathologies with MDCT offering an excellent 
noninvasive imaging modality for curvature analysis. MDCT 
analysis of curvature is easy and provides effective non-
invasive imaging tool for in vivo assessment of condylar 
morphology.
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