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Resumo
Objetivo: A articulação temporomandibular (ATM) 
é uma das articulações mais complexas do corpo e 
seu funcionamento harmonioso é muito importante 
para manter um sistema mastigatório. As alterações 
morfológicas e a posição assimétrica das estruturas da 
ATM podem levar os vários sinais e sintomas clínicos. A 
morfologia da articulação temporomandibular pode ser 
influenciada pelo gênero dos pacientes, fatores ambientais 
e também hábitos alimentaresdiversos. Objetivo: Avaliar 
a morfologia da articulação temporomandibular usando 
tomografia computadorizada, a fim de determinar a 
forma do côndilo, o espaço articular, e a espessura do 
teto da fossa glenóide. Material e Métodos: Cento e seis 
pacientes saudáveis (212 ATMs) que foram a um hospital 
privado (ou Hospital da Universidade) para tomografia 
computadorizada de cérebro foram incluídos na amostra 
deste estudo transversal. Os pacientes tinham entre 20 e 50 
anos com uma idade média de 35,46 anos. Todas as imagens 
foram tiradas com os pacientes posicionados em decúbito 
dorsal com 120kvp, 50mA, 2,33minutos de exposição com 
espessura de 0.7mm nas três projeções: Axial, Coronal e 
Saggital. Resultados: Para todas as variáveis, a média e 
desvio padrão foram calculados, com base no sexo e nos 
lados da ATM. O teste t pareado foi usado e P <0,05 foi 
considerado significativo. Conclusão: O presente estudo 
mostrou que há evidências positivas de envolvimento da 
articulação temporomandibular nos pacientesmais velhos. 
Mudança na morfologia e posição da cabeça condilar com 
a espessura do teto da fossa glenóide é uma das causas 
mais comuns de doenças degenerativas.

ABsTRACT
The temporomandibular joint (TMJ) is one of the 
most complex joints in the body and its harmonious 
functioning is very important to maintain a normal 
masticatory system. The morphologic alterations and the 
asymmetrical position of the TMJ structures may lead 
the various clinicalsigns & symptoms. Morphology of the 
temporomandibular joint may be influenced by gender 
of patients, environmental factor and also food habits at 
various places. Objective: To evaluate the morphology 
of the temporomandibular joint using computed 
tomography, in order to determine the condyle shape, 
joint space and glenoid fossa roof thickness. Material and 
Methods: One hundred and six healthy patients (212 
TMJs) who visited a private hospital (or the University’s 
Hospital) for CT brain scan were included to this cross-
sectional study sample.The patients were aged between 
20–50 years with an average age of 35.46 years. All the 
images were taken by positioning patients in supine 
position with 120kvp , 50ma,2.33minute exposure with 
0.7mm thick slicesby computed topography machine in 
all three projection that is Axial, Coronal and Saggital 
view. Results: For all variables, the mean and standard 
deviation were calculated, based on gender, and TMJ sides. 
The Paired t-test was used and P<0.05 will be considered 
to be significant. Conclusion: Present study showed that 
thereis positive evidence of temporomandibular joint 
involvement in elderly patients. Change in morphology 
and position of condylar head with glenoid fossa and 
roof thickness are one of the most common cause of 
degenerative diseases.
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INTRoDuCTIoN

The tempromandibular joint is a ginglymo-
diarthroidal  type of  joint which consists 

of the glenoid fossa, articular eminances, the 
mandibular condyle and the articular disc 
which are enclosed within a fibrous capsule 
and the joint is stabilized by the extracapsular 
tempromandibular and sphenomandibular 
ligament.[1]The TMJ is capable of producing 
a variety of movements like opening, closing, 
lateral and translatory movements. This is 
possible due to the coordination between the 
various muscles, ligaments and the associated 
movements of the condyle. The human condyle 
has a capacity for remodeling. [2] which are 
influenced by a variety of factors which can 
result in morphological diversity and variations 
in shape. Several studies have dealt with the 
position of the condyle but not much emphasis 
has been laid on the shape of the condyle.[3].

The temporomandibular joint (TMJ) is 
one of the most complex joints in the body and 
its harmonious functioning is very important 
to maintain a normal masticatory system. The 
morphologic alterations and the asymmetrical 
position of the TMJ structures may be influenced 
by different factors, such as dental absence, 
abrasion, premature contacts, parafunction, 
unilateral crossbite and dentoskeletal         
asymmetries. [4-6]

Although there are studies showing how 
joint characteristics relate to facial morphology, 
[5,7] data are sparse and most studies focus 
mainly on the position of the condyle in 
the mandibular fossa, without mentioning 
its morphology. Conversely, several studies 
have evaluated condylar concentricity on 
tomographic scans, by using both symptomatic 
and/or asymptomatic samples,[8-11] normal 
occlusion,[12]or different modalities of 
malocclusion.[4,13-16] Despite the numerous 
studies, the condylar position in the population 
remains a controversial topic.

Temporomandibular Joint is one of 
the most important and unique joints in the 
body(TMJ). TMJ is a freely movable articulation 
between the condyle of the mandible and 
squamous portion of the temporal bone at the 
base of the skull. [17]

The shape and size of the mandibular 
condyle varies greatly among different age 
groups and individuals. Morphologic changes 
may occur on the basis of simple developmental 
variability as well as remodeling of condyle 
to accommodate developmental variations, 
malocclusion, trauma and other developmental 
abnormalities and diseases.[18-20] 

Mandibular condyle varies considerably 
both in size and shape. When viewed from 
above, the condyle is roughly ovoid in outline. 
It is 15 to 20 mm side to side and 8 to 10 mm 
from front to back. [19]There is great variation 
in the size and shape of the components of the 
temporomandibular joint, and its relationship 
to each other. In most of the study conducted 
on morphology of condylar head found that 
the normal condylar head must have a convex 
configuration throughout and that symmetry 
should exist between contra-lateral sides in 
the same individual.TMJ morphology has been 
studied on dry and autopsy human skulls, 
histology, radiographic exams, magnetic 
resonance, computed tomography and Cone-
Beam Computed Tomography (CBCT) methods.
[21]

In 1960s and 1970s studies were performed 
mainly on dry skulls and autopsy materials. [22-
24]These studies used macroscopic observations, 
radiological cephalometry and tomography. In 
1961, Yale et al. was the first one to report about 
the different shapes of mandibular condyle.[22] 
Initially Yale classified condylar head based 
on superior view into three categories namely 
concave, convex and flat, however later on he 
simplified it into four categories namely convex, 
flattened, angled and rounded.[22,23,25]
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A study in 1980’s on mandibular condyle 
morphology in relation to malocclusion in 
children revealed that the condylar size in 
males was greater than in females and midline 
discrepancy significantly altered the increase in 
condylar size during growth[26,27].

The ideal position of the mandibular 
condyle in the glenoid fossa with an established 
occlusion has been a source of interest and 
controversy over the years.[28] Some studies 
have shown a significant correlation between 
these variables,[29-33] whereas others reported 
no relationship between them in different 
kinds of malocclusion and suggested that the 
asymmetric position of the condyles could be a 
characteristic of the normal population.[33,35]

The glenoid fossa, located at the inferior 
aspect of the squamous part of temporal bone, 
is composed of the glenoid fossa and articular 
eminence of the temporal bone. It is sometimes 
described as the temporal component of the TMJ. 
The articular eminence forms the anterior limit 
of the glenoid fossa and is convex in shape. [36]
The articular eminence is a part of the temporal 
bone onwhich the condylar process slides 
during mandibular movements. The inclination 
of articular eminence varies among people and 
it dictates the path of condylar movement as 
well as the degree of rotation of the disc over 
the condyle.[37,38]

The thickness of the roof of the glenoid 
fossa (RGF) of the TMJ was assessed in previous 
studies related to gender, age, and condyle 
morphology.[39-41]Tsuruta et al. suggested 
that compensative bone formation in the RGF 
might help to withstand the increased stress 
in the TMJ accompanying condylar bone 
change, especially erosion.[42] The changes of 
osteoarthritis seen in the TMJ, such as erosion, 
articular surface remodelling and flattening, 
and osteophytes, are identical to those seen in 
other affected joints.

The temporomandibularjoint  is located 

between the mandibular condyle and the 
temporal bone.[43,44] The radiographic 
joint space is a radiolucent area between the 
mandibular condyle andthe temporal bone.[45] 
Joint space measurements were introduced by 
Ricketts to describe condylar position.[46] 

The clinical significance of condyle-fossa 
relationships in the temporomandibular joint is 
a matter of controversy.[47]Some studies have 
suggested an association between eccentric 
condylar position and temporomandibular 
disorder.[48-51] These studies have suggested 
therapeutic procedures to optimize the condylar 
position in some patients.[48,51,52] However, 
other studies failed to demonstrate significant 
association between the condylar positioning 
and the incidence of TMD.[54,55]

In 1960s and 1970s studies were performed 
mainly on dry skulls and autopsy materials.[22-
24]These studies used macroscopic observations, 
radiological cephalometry and tomography. 
In 1961, Yale.S.H et al. was the first one to 
report about the different shapes of mandibular 
condyle,futher he classified condylar head based 
on superior view into three categories namely 
concave, convex and flat, however later on he 
simplified it into four categories namely convex, 
flattened, angled and rounded.[22]

A study conducted by Tadej G et.al.in 
1987 on mandibular condyle morphology in 
relation to malocclusion  in children revealed 
that the condylar size in males was greater than 
in females and midline discrepancy significantly 
altered the increase in condylar size during 
growth.[26]

Most of the study conducted on 
morphological evaluation of TMJ are conducted 
on oversee population and not included all 
morpho-metric measurements of condylar head, 
very few study conducted on Indian population. 
Considering all these things we consider present 
study for morphological evaluation of TMJ in 
Indian population.
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meThoDs AND mATeRIAls

After obtaining the approval from ethics 
committee approval and informed consent 
from the patients, Total of 106 healthy patients 
(212joints) who visited to our hospital for 
CT Brain were included in the present cross-
sectional study. All CT images were taken 
following a standardized protocol for patient 
positioning and exposure parameter setting. 

The patients were aged between 20–50 
years with an average age of 35.46 years. For 
each patient, both the right and left side images 
were taken, therefore the total number of TMJ 
images studied was 212.

The study was designed to analyze metrically 
the morphology of the condyle and glenoid fossa, 
which included the condylar size (length, width 
and height), thickness of the glenoid fossa roof, 
position of the condyle. The methodology used in 
this study to measure the size of the condyle was 
described by Hilgers ML. [56]

All the images were taken by putting 
patients in supine position with120kvp, 
50ma,2.33minute exposure with 0.7mm thick 
slices multi-dictator computed topography 
machine. Area is view from vertex to base of 
skull by using all three projection that is Axial, 
Coronal and Saggital view.

A two-dimensional sagittal slice was 
selected in which the condyle and glenoid fossa 
were clearly noticed. From this slice the condylar 
length was measured. (Figure 1) The condylar 
length was measured from the line extending 
from the posterior mandibular condyle point 
(PCo) to the anterior mandibular condyle point 
(ACo). Both these points are located 4 mm 
inferior to the superior mandible condyle (SCo) 
on either side of the condyle.

Condylar height was measured as a 
perpendicular linear distance from superior 
mandible condyle (SCo) to a line constructed 
between the most inferior point of the sigmoid 

notch (InfSig) perpendicular to the tangent of the 
posterior surface of the ramus in the sagittal plane 
(Figure 2). Condylar width that is linear distance 
between the medial and lateral poles of mandible, 
was measured in the coronal plane (Figure 3)

The thinnest bone forming the roof of the 
glenoid fossa (RGF) was identified and measured 
in the sagittal plane as per the protocol defined 
by Hegde S, in 2013. [57], (Figure 2). Joint space 
is used to determine the position of the condyle 
in glenoid fossa. The landmarks and linear 
measurements of the space between the condyle 
and the glenoid fossa were determined by using 
the parameter defined by Ikeda K, Kawamura 
A. in 2009. [9] The true horizontal line (THL) 
which is tangential to the roof of the glenoid fossa 
was used as the reference plane. The superior 
space (SS) was measured as a distance from the 
superior condyle (SCo) (most superior condyle 
point) to the superior fossa (Figure 4)

In order to measure the anterior and 
posterior spaces, the line tangent to the most 
prominent anterior and posterior aspects of the 
condyle was drawn from the SF. The distance from 
the anterior condyle (AC) to the corresponding 
glenoid fossa bone was measured as the anterior 
space (AS) and from the posterior condyle (PC) 
to the corresponding glenoid fossa bone was 
measured as the posterior space (PS) (Figure 4).

Figure 1 - CT. Saggital view showing Condylar length and 
superior joint space.
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Figure 2 - CT. Saggital view showing Roof Thickness and 
condylar Height measurement.

Figure 3 - CT. Coronal view showing Condylar width 
measurement.

Figure 4 - CT. Saggital view showing Joint Space 
measurements

Inclusion Criteria:

Patients who have came for CT Imaging 
of Brain.

Patients who are willing to participate 

Age group 20 to 50 years.

Exclusion Criteria:

Patients with past history of trauma

Patients not willing to participate 

Patients already receiving treatment for 
TMJ disorders

Patients below 20 yrs of age and above 50 
yrs of age

Statistical Analysis:

The measurements were processed and 
analyzed using SPSS 20.0. For all variables, the 
mean and standard deviation were calculated, 
based on gender, and TMJ sides .The distribution 
of quantitative variables (condylar size, condylar 
volume, thickness of RGF, AS, PS, and SS) was 
examined for normality using the Shapiro-Wilk 
test before analysis. The Independent t-test 
was used where appropriate to examine the 
difference in mean between gender (male and 
female). 

The Paired t-test was used where 
appropriate to examine the difference between 
the right and left sides. P<0.05 will be considered 
to be significant.

Results & Observations:

Total 106 patients (212 joints) were 
included in present study.Outoff 106 patients 
53 male & 53 were female with mean age for 
male was as 36.04 ± 10.95 years and for female 
mean age was as 34.89 ± 1104. (Table 1)

There was no significant difference 
between genders when anterior joint space 
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(AS), superior joint space (SS), and posterior 
joint space (PS) of right TMJ were compared but 
when left TMJ was compared between gender 
only superior joint space show significant 
difference with p value of 0.039 (Table 2).  

  There was no significant difference 
between males and females when condylar 
length, height and roof thickness of right TMJ 
was compared. In addition, the mean values of 
condylar length, height and roof thickness in males 
were higher compared to females. But there was 
significant difference between males and females 
when condylar width of right TMJ was compared 
with left TMJ (P=0.038). (Table 3)

There was no significant difference 
between males and females when condylar 
length, height and roof thickness of left TMJ was 
compared. he mean values of condylar length 
and height in males were higher compared to 
females. But there was significant difference 
between males and females when condylar width 
and roof thickness of left TMJ was compared 
with p-value of 0.024 and 0.040 respectively. 
(Table 3)

Posterior joint space show significant 
differences between the right and left side with 
p-value of 0.04 but at the same time anterior 
and superior joint spaces show no significant 
difference between the right and left sides. 
(Table 4)

There was no significant difference 
between right and left TMJ when condylar 
width and roof thickness was compared. But 
there was significant difference between right 
and left TMJ.Condylar length and height was 
more on right sidethat is (0.89cm & 1.77cm) 
respectively than that of left side (0.80cm & 
1.70cm) showing significant difference with 
p-value of 0.03 & 0.01 respectively (Table 5).

On the other hand, when anterior and 
posterior joint space were compared for right and 
left TMJ it was found that there was significant 
difference in anterior and posterior joint space 

of left TMJ with p-value of0.015. (Table 6)

In present study when shape of condyle 
was recorded it was observed that 3.8% shows 
round, 67.% convex and 29.2% had flat shape. 
(Table 7)

Table 1 - Description of the experimental design, techniques 
specifications of the materials used and treatment time

Table 2 - Comparison of joint space between the genders

Table 3 - Comparison of joint space between the genders

Gender N Mean Std. Deviation

Male 53 36.04 10.95

Female 53 34.89 11.04

Total 106 35.46 10.95

Joint space N
Male Female

p-
value

Mean Std.  
Deviation Mean Std.  

Deviation

Right

Superiorly 53 0.30 0.05 0.28 0.03 0.758

Anteriorly 53 0.24 0.03 0.23 0.04 0.549

Posteriorly 53 0.25 0.05 0.22 0.04 0.997

Left

Superiorly 53 0.29 0.01 0.28 0.08 0.039

Anteriorly 53 0.24 0.03 0.23 0.03 0.488

Poste-
riorly 53 0.24 0.03 0.22 0.03 0.714

N
Male Female

p-
value

Mean Std.  
Deviation Mean Std.  

Deviation

Right

Length 53 0.91 0.10 0.87 0.10 0.163

Width 53 1.50 0.18 1.44 0.22 0.038

Height 53 1.83 0.21 1.70 0.20 0.881

Root 
thickness 53 0.23 0.05 0.21 0.04 0.177

Left

Length 53 0.90 0.10 0.87 0.09 0.927

Width 53 1.47 0.17 1.44 0.24 0.024

Height 53 1.82 0.21 1.73 0.17 0.147

Root 
thickness 53 0.23 0.04 0.21 0.03 0.040



Morphological evaluation of  
temporo-mandibular joint in indian population

Rawlani S et al.

Braz Dent Sci 2018 Jan/Mar;21(1)50

Table 4 - Comparison of Joint Space Between Right &Left side

Table 5 - Comparison of Joint Morphology between the right 
and left side

Table 6 - Comparison of Anterior and Posterior joint space 
between the right and left side

Table 7 - Distribution of shapes between the right and left side

Joint space N
Right Left

p-value
Mean Std.  

Deviation Mean Std.  
Deviation

Superiorly 106 0.24 0.06 0.27 0.02 0.078

Anteriorly 106 0.20 0.01 0.23 0.04 0.069

Posteriorly 106 0.16 0.05 0.21 0.01 0.04

N
Right Left

p-value
Mean Std.  

Deviation Mean Std.  
Deviation

Length 106 0.89 0.10 0.80 0.05 0.03

Width 106 1.47 0.20 1.42 0.15 0.077

Height 106 1.77 0.21 1.70 0.16 0.01

Root thickness 106 0.22 0.04 0.17 0.01 0.096

Shape
Right Left

Frequency Percent Frequency Percent

Round 4 3.8 4 3.8

Convex 71 67.0 71 67.0

Flat 31 29.2 31 29.2

Total 106 100.0 106 100.0

N Mean Std. Deviation p-value

Right
Anteriorly 106 0.24 0.01

0.081
Posteriorly 106 0.16 0.04

Left
Anteriorly 106 0.23 0.25

0.015
Posteriorly 106 0.20 0.03

DIsCussIoN

The mandibular condyle is one of the main 
sites of facial growth, which is expressed in an 
upward and backward direction. The appearance 
of mandibular condyle varies greatly among 

different age groups and individuals. In present 
study 36.8% changes are seen with condylar 
morphology in 40 to 50 years of age group ,32% 
changes seen in 20 to 29 years of age group 28% 
changes are seen in 30 to 39 years of age group, 
which conformed the finding obtained by others. 
Human mandibular condyles may be categorized 
into five basic types: flattened, convex, angled, 
rounded and concave. Thus variability in the 
shapes and sizes of condyles should be an 
important factor in diagnosing the disorders of 
temporomandibular joint. [58]

 Among various imaging modalities used 
for TMJ imaging, CT images are highly accurate 
for osseous abnormality. Cone-beam computed 
tomography images are superior over others for 
the bony morphology of mandibular condyles. 

Our study had showed the most common 
shape of condyle 67% followed by flat 29.2% and 
only 2.8% found to be round. These observations 
were in contradictory to the studies conducted 
by Ribeiro EC et al. [59], Choudhary S et al. and 
Oliveira C et al. pertaining to the Brazilian and 
East Indian population respectively had shown 
that round/oval shape to be common. [60,61]

The relationship between gender and RGF 
thickness was discussed by Honda K, Ejima K, 
and Kijima N, all of them found that there was no 
significant difference in RGF thickness between 
males and females, but in present study there was 
a significant difference between roof thickness 
of males and females showing p-value of 0.040. 
[40,62,63]  In our study, the value of superior joint 
space(SS) was the greatest in both sexes, followed 
by posterior joint space (PS) and anterior joint 
space(AS) respectively. This result is in agreement 
with the results of Ikeda K& Kawamura A [9] , 
Dalili Z, [64], and  Kinniburgh RD. [65] results 
agree with the results of our study that males 
have larger joint spaces than females especially 
the SS and PS. These larger joint spaces in males 
could possibly be explained by a greater soft tissue 
thickness. Condylar volume, width and height in 
males are larger than in females. [64,65]
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Tadej G reported that overall size of the 
condyle in males was significantly larger than in 
females, probably due to the difference in overall 
sizeof the condyle between males and females 
in general, this might me because of masticatory 
habit. [26]

In this study, Roof thickness of glenoid fossa 
was more on right side (0.22cm) as compaired to 
left side (0.17cm) with no significant difference. 
This asymmetry could be related to normal cranial 
base asymmetries. The relationship between sides 
(right and left) and joint spaces (AS, SS and PS) 
was discussed by Wang R. [66] and Rodrigues AF. 
[67] They agreed that there was no significant 
difference between left and right sides .In present 
study we found that for AS and SS there was no 
significant difference between left and right sides 
but when PS was compared for right and left side 
there was  significant difference  with p-value 
of 0.04. Cohlmia JT. [34] suggested that the 
position of the condyle is asymmetric in a normal 
population.Blaschke DD& Blaschke TJ. [68] found 
that there was a variation in condyle position in 
normal joints. 

Condylar height, length, width and thickness 
of the roof of the glenoid fossa were significantly 
larger on the right side; there was no significant 
difference between left and right sides of condylar 
width and thickness of the roof of the glenoid 
fossa. Condylar length and hight shows significant 
difference between left  and right sides ( p-value of 
0.03 and 0.01). The condyle asymmetry between 
the right and left sides observed in the presence 
study could possibly be explained by the presence 
of a preferred side for mastication in subjects with 
malocclusion. [34]

CoNClusIoN

The position of the condyle, thickness of 
RGF and the condyle size can be an indicator for 
variousTMJ joint diseases. Changes in morphology 
& position of condylar head with glenoidfossa  & 
roof thickness are one of the most common cause 
for degenerative joint disease, disc perforation, 

disc displacement . It was observed that males 
exhibited a larger condyle size & volume than 
females. In the assessment of symmetries between 
the condyles, they are asymmetrical and therefore 
eachcondyle must be evaluated separately. 
This information can be clinically useful in 
establishingthe diagnostic criteria for condylar 
size and position among the Indian population. 
A careful assessment of morphological changes 
of condylar head with CT cross-sectional imaging 
may serve this purpose.

In present study condylar width, height 
and roof thickness were different for Rt& Left 
side. Shape of codyle was 67% convex, 29.2% 
flat & 3.8%round condyle .Total 33% shows 
morphological changes which is responsible for 
initiation of the internal derangement. Small 
asymmetries between left and right condyles seem 
to be common, but with no statistical significance.

Early diagnosis of morphological changes 
and bony changes help in proper treatment 
planning for TMD and prevent further damage to 
Temporomandibular joint.
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