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Abstract

Objective: The objective of present study is to assess the age and gender related changes in articular eminence
inclination by best fit line method and top roof line method in right and left side of temporomandibular joint.
This study is also implemented to predict the age of subjects on the basis of inclination angle by best fit line
method and top roof line method. Material and Methods: The CBCT scan of 150 children were used in present
study. The cone beam images (Scans) were obtained from Carestream 9000cc (USA) CBCT machine at 90 Kvp,4
maA for 6.3 seconds at FOV 17x6 and voxel size of 200.The TM] was definedon 0.5 mm-thick axial slices. One of
the axial views on which the condylar processes were seen with their widest mediolateral extent was used as
areference view for secondary reconstruction. The lateral slices of the TM] were performed perpendicular to
the long axis of the condylar process with ITmm thickness and the coronal slices were performed parallel to the
long axis of the condylar process with Tmm thickness on the selected axial image. Results: The articular
eminence inclination was statistically non significant in males (P value>.05) and females (P value>.05) in both
best fit line method and top roof line method. The co-relation between age groups and articular eminence
inclination by Best fit line method (right side and left side) and by Top roof line method (right side and left side)
was stastically significant (p value<.001). Conclusion: Age plays an important role in articular eminence
inclination by top roof line method and best fit line method. The age of an individual can be predicted if
eminence inclination angle is known.

Keywords: Temporomandibular Joint; Best Fit Line Method; Top Roof Line Method; CBCT.

Introduction varies among people and it dictates the path of
condylar movement as well as the degree of rotation
of the disc over the condyle [1,2]. Many methods are
used to examine the inclination of articular eminence
such as measurements on dry skulls [3,4,5]
conventional radiography [6] and tomography
[1,7], MRI [8,9,10,11] and CT [12,13,14]. However CT
machines have limitations in dentistry because of
their high cost, large footprint and high radiation
exposure. Cone beam CT has recently been developed
as an alternative to conventional CT for dental and
maxillofacial diagnostic osseous tasks. CBCT which

The temporomandibular joint (IM]) is a complex
articular system which is located between the
mandible and the temporal bone. It achieves the
mandibular functions with a dynamic balance
mechanism and has the ability to move within the
three planes of space. The glenoid fossa creates the
superior bone part and the mandibular condylar
process creates the inferior bone part of the joint. The
articular eminence is a part of the temporal bone on

which the condylar process slides during mandibular
movements. The inclination of articular eminence
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was also used in the present study allows the use of a
shorter scanning time while the radiation dose is
lower than with conventional CT scans [15].
Radiographs can provide additional details about
the health of the temporomandibular joints by
revealing information about the morphology of the
condyle and the fossa and the relationship between
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them. Various radiographic techniques have been
used for the evaluation of the temporomandibular
joint [16-23]. Because of the superimposition of
anatomic structures, accurate and repeatable
visualization of temporomandibularjoint disorders
was difficult. This problem was solved with
tomography. Tomograms are taken with special
equipment that is capable of making a radiographic
“slice” through an anatomic partat a predetermined
level [23-26]. For many years the human
temporomandibular joint and its parts have been the
subject of extensive investigation and controversy [27].

The articular eminence is that part of the temporal
fossa over which the condyle-disk complex slides
during the various mandibular movements. It is often
confused with the articular tubercle which is an
entirely different structure. The articular tubercle
[28,29] is the small bony projection at the lateral part
of the articular eminence that serves as the origin of
the temporomandibular ligament. The articular
eminence inclination is defined as the angle formed
by the articular eminence and the Frankfort
horizontal (FH) plane or any other horizontal plane
such as the occlusal or palatal plane. It can be
measured by two methods [29,30]. One method is to
measure the angle between the bestfit line on the slope
of the eminence and the FH plane (Figure 1) hereafter
referred as method 1, the other method is to measure
the angle between the FH plane and a line connecting
the roof of the fossa with the highest point of eminence
(Figure 2) hereafter referred as method 2. It must be
stressed that although both angles represent the
articular eminence inclination, the first angle (best fit
line- FH) focuses primarily on the posterior surface
of the eminence whereas the other angle (fossa roof-
eminence top, FH) focuses on the location of the
eminence crest relative to the fossa roof. The normal
value of this angle in adults has been reported to be
30°-60° [31]. Articular eminences having inclination
values smaller than 30°have been characterized as
flat whereas those having values greater than 60°have
been characterized as steep. However this distinction
has not been universally accepted by Ichikawa,
Laskin [32] and Granda [33].

Based on subjective criteria Ichikawa, Laskin [32]
and Granda [33] divided articular eminence
inclinations into flat, moderate and protuberant types.
The flatness or steepness of the articular eminences
dictates the path of condylar movement as well as the
degree of rotation of the disk over the condyle. The
steeper the articular eminence, the more the condyle
is forced to move inferiorly as it shifts anteriorly. This
results in greater vertical movement of the condyle,
mandible and mandibular arch upon opening [34].

Fig. 1: The articular eminence inclination presented as the best
Fit line (Method 1)

Fig. 2: The articular eminence inclination presented as the roof
fossa and eminence-top line (Method 2)

Materials and Methods

Patients

This study was carried out in the Department of
Oral medicine and Radiology, King George’s Medical
University, Lucknow, India. The measurements were
performed prospectively on CBCT scan of 150
patients with 300 TM] Joints. The exclusion criteria
includes the congenital/Hereditary craniofacial
abnormalities, systemic diseases affecting joint
morphology such as rheumatoid arthritis,
Hyperparathyroidism etc.
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Imaging

The cone beam images were performed using
Carestream 9000cc (USA) CBCT machine. The patient
was placed in a position so that the Frankfort
horizontal plane was perpendicular to the head to
obtain a consistent orientation of sagittal images. The
CBCT images were obtained at 90 Kvp, 4mA for 6.3
seconds at FOV(17x6) voxel size of 200. After the
completion of raw data, the patient left the
examination room and the clinician was able to
perform the primary reconstruction. The TM] was
defined on 0.5 mm-thick axial slices. One of the axial
views on which the condylar processes were seen
with their widest mediolateral extent was used as a
reference view for secondary reconstruction. The
lateral slices of the TM] were performed perpendicular
to the long axis of the condylar process with Imm
thickness and the coronal slices were performed
parallel to the long axis of the condylar process with
Imm thickness on the selected axial image.

Measurements

The measurements belonging to the articular
eminence were performed on the slices defined above.
The Trophy Dicom Ink software program was used
for measurements of lines and angles used in the
study.Using these planes, the eminence inclination
was measured in two ways. The first was the best-fit
line method that was the angle between best fit line
and Frankfort horizontal plane (Figure 1), the second
was the top-roof line method that was the angle
between top-roof line and Frankfort horizontal plane

(Figure 2).

Statistical Analysis

Categorical variables will be presented in number
and percentage (%) and continuous variables will be
presented as mean and SD. Quantitative variables
will be compared using Unpaired t-test between two
groups and ANOVA test between three groups.
Pearson correlation coefficients were used to

determine the relationship between two scale
parameters while correlation was defined as a
measure of the strength of a linear relationship
between two variables. A p value of <0.05 will be
considered statistically significant. The data will be
entered in MS EXCEL spreadsheet and analysis will
be done using Statistical Package for Social Sciences
(SPSS) version 21.0.

Results

The patients were selected randomly.The
demographic data shows that the study population
consists of 150 study subjects having age range
between 6 to 17 years with a mean age of
12.3+3.27years (Table 1). The females (56%) have
dominated the study population than Males (44%)
(Table 2). The majority of patients belonged to 10-12
years of age (Table 3). The unpaired t-test was
performed to evaluate the comparison between
articular eminence inclination by best fit line method
(right and left side) and top roof line method (right
and left side) in both males and females. The articular
eminence inclination was statistically non significant
in males (P value>.05) and females (P value>.05) in
both best fit line method and top roof line method
(Table.4).

By using ANOVA test, the articular eminence was
compared in study population, age group wise by
best fit line methods and top roof line method. By Best
fit line method, it was found that highest right
articular eminence inclination was 52.33+12.98° in
age group 15-17 years of age. It was lowest
34.63+9.97° in age group 10-12 years of age. However
in left side, the highest articular eminence inclination
was 48.12414.08%in age group 15-17 years of age. It
was lowest 36.38112.62° in 6-7 years of age group.
The co-relation between age groups and articular
eminence inclination by Best fit line method (right
side and left side) was stastically significant
(p value<.001). It was concluded that age plays an
important role in articular eminence inclination by

Table 1:
N Range Minimum Maximum Mean Std. Deviation
Age 150 11.00 6.00 17.00 12.3133 3.27516
Left BFL 150 67 11 78 42.38 14.661
Left TRL 150 46 10 56 29.45 9.038
Right BFL 150 59 17 76 41.90 14.599
Right TRL 150 39 13 52 28.23 8.744
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Table 1:
N Range Minimum Maximum Mean Std. Deviation
Age 150 11.00 6.00 17.00 12.3133 3.27516
Left BFL 150 67 11 78 4238 14.661
Left TRL 150 46 10 56 2945 9.038
Right BFL 150 59 17 76 41.90 14.599
Right TRL 150 39 13 52 28.23 8.744
Table 2:
Gender Frequency Percent
Male 66 44.0
Female 84 56.0
Total 150 100.0
Table 3:
Age Intervals Frequency Percent
6to 9 yrs 32 21.3
10to 12 yrs 43 28.7
13 to 14 yrs 33 22.0
15to 17 yrs 42 28.0
Total 150 100.0
Table 4:
Gender N Mean Std. Deviation P value
Left BFL Male 66 44.79 14.959 0.074
Female 84 40.49 14.226
Left TRL Male 66 30.21 8.845 0.364
Female 84 28.86 9.196
Right BFL Male 66 4252 14.354 0.649
Female 84 41.42 14.857
Right TRL Male 66 28.77 9.320 0.500
Female 84 27.80 8.295
Applied unpaired t test for significance
Table 5:
N Mean Std. Deviation P value
Left BFL 6 to 9yrs 32 36.38 12.623
10to 12 yrs 43 39.58 12.879
13 to 14 yrs 33 44.55 16.732 0.002*
15to 17 yrs 42 48.12 14.084
Total 150 42.38 14.661
Left TRL 6 to 9 yrs 32 23.47 7.148
10to 12 yrs 43 28.74 7.622
13 to 14 yrs 33 32.27 10.072 <0.001*
15to 17 yrs 42 32.52 8.660
Total 150 29.45 9.038
Right BFL 6 to 9 yrs 32 35.72 14.907
10to 12 yrs 43 34.63 9.979
13 to 14 yrs 33 44.09 13.166 <0.001*
15 to 17 yrs 42 52.33 12.985
Total 150 41.90 14.599
Right TRL 6 to 9 yrs 32 23.44 7.616
10to 12 yrs 43 24.86 5.846
13 to 14 yrs 33 28.21 6.941 <0.001*
15 to 17 yrs 42 35.33 8.938
Total 150 28.23 8.744

Applied one way ANOVA for significance. *Significant
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Table 6:
Gender N Mean Std. Deviation P value
Total BFL Male 66 87.3030 26.50339 0.222
Female 84 81.9048 26.95852
Total TRL Male 66 58.9848 16.32411 0.379
Female 84 56.6548 15.86957
Table 7:
N Mean Std. Deviation P value
Total BFL 6to9yrs 32 72.0938 24.90156
10to 12 yrs 43 74.2093 19.79365
13 to 14 yrs 33 88.6364 27.92492 <0.001*
15 to 17 yrs 42 1.0045E2 25.03676
Total 150 84.2800 26.80482
Total TRL 6to9yrs 32 46.9062 13.15996
10 to 12 yrs 43 53.6047 11.57612
13 to 14 yrs 33 60.4848 15.91603 <0.001*
15 to 17 yrs 42 67.8571 15.83693
Total 150 57.6800 16.05875
Table 8:
Pearson correlation coefficients (r) P value Mathematical Equations derived from linear regression analysis
Left BFL 0.259 <0.001 Age =9.858+0.058*( Left BFL) (Graph.1)
Left TRL 0.329 <0.001 Age=8.798+0.119%( Left TRL) (Graph.2)
Right BFL 0.410 <0.001 Age=8.457+0.092*( Right BFL) (Graph.3)
Right TRL 0.469 <0.001 Age=7.352+0.176*( Right TRL) ~ (Graph.4)
Total_BFL 0.365 <0.001 Age=8.552+0.045*(Total BFL) (Graph.5)
Total TRL 0.441 <0.001 Age=7.127+0.090*(Total TRL) (Graph.6)

best fit line method (Table 5).

By Top roof line method, it was found that the
articular eminence inclination in left side was highest
(32.5248.66") in 15-17 years of age group and lowest
(23.4747.148) in 6-7 years of age however in the right
side, the articular eminence inclination was highest
(35.3318.93°% in 15-17 years of age and lowest in
(23.44+7.61°% in 6-7 years of age.

The relation between age groups and articular
eminence inclination by top roof line method was
(right side and left side) stastically significant
(p value<.001).

It was concluded that age plays an important role
in articular eminence inclination by top roof line
method (Table 5).

The articular eminence inclination was statistically
non significant in males (P value>.05) and females (P
value>.05) for both Total(right side + left side) best fit
line method and total (right side+left side)top roof
line method (Table 6).

By Best fit line method, it was found that highest
total (right side + left side) articular eminence
inclination was 88.63+27.92° in age group 13-14 years

of age. It was lowest 72.09+£24.90° in age group 6-7
years of age. The relation between age groups and
articular eminence inclination by total Best fit line
method was stastically significant (p value<.001).

By Top roof line method, it was found that
total(right side + left side) articular eminence
inclination was highest (67.85+15.83") in 15-17 years
of age group and lowest (46.90+13.15) in 6-7 years of
age.

The relation between age groups and articular
eminence inclination by total top roof line method
was stastically significant (p value<.001) (Table 7).

The pearson corelation corfficient (r) shows that
Best fit line method, top roof line method of rightand
left side temporomandibular joint is directly
associated with age and demonstrate a highly
significant positive relation (Table 8).

The linear regression analysis have been performed
to predict the age of patients on the basis of articular
eminence inclination angle. It can be concluded that
if articular eminence inclination of any individual is
known, the age can be predicted (Table 8) (Graph
1,2,3,4,5,6).
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Fig. 1a: The measurement of right articular eminence inclination angle with the best-fit line method
(BFL Rt)

Fig. 1b: The measurement of left articular eminence inclination angle with the best-fit line method
(BFL Lt)
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Fig. 2a: The measurement of right articular eminence inclination angle with the top-roof
line method(TRL Rt)

Fig. 2b: The measurement of left articular eminence inclination with the top-roof line method (TRL Lt)
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Discussion

The articular eminence is a small bone part which
is situated in front of the glenoid fossa Although itis
an anatomical structure belonging to the functional
load arising from chewing forces with other structures
within the TM] and these loads influence the
morphological shape of it [35].

Various methods have been used in previous
studies to measure the inclination of the posterior slope
of the articular eminence. Itis very important to choose
an appropriate method for true measurement of
eminence inclination. The direct measurements of
eminence inclination on dry skulls or cadaver
specimens as well as radiographic examination of
tomograms demonstrated differences in inclination of
thearticular eminence. Consequently it has been noted
that studies performed with only a single slice or with
transcranial or panoramic radiographic examinations
where no slices are made may not depict a true
measurement of eminence inclination [36]. The view of
the eminence in the central slice is the steepest part of the
eminence and it gives the best representation of eminence
inclination [37] which is why we chose the central
sagittalslice of the condylar process for measurements.

The TMJ is difficult to view with conventional
techniques because of superimposition of the adjacent
dense temporal bone. In particular panoramic
imaging and conventional tomography may yield
disappointing results. CT has been used since its
development for evaluation of orofacial bone
structures. However CT machines have limitations
for dentistry as previously mentioned. CBCT
addresses these issues and provides many
advantages in dentistry. It was mentioned that CBCT
offered a dose and cost effective alternative to
conventional CT for the diagnostic evaluation of
osseous abnormalities of the TM]J [38,39,40].

Sumbullu MA et al [41] stated that mean * SD of
eminence inclination in males by best fit line method
is estimated as 58.46+8.13° and for females is 56.13 +
13.95° and by top roof line method,Mean + SD of
eminence inclination in males is 38.67+5.12° and in
females is 37.30 + 7.71°. Jasinevicious et al [42] found
that there were no differences in eminence inclination
by gender. Gilboa et al [43] stated thatthe eminence
inclination values usually vary from 21°to 64°.
Zoghby et al [44] found a mean value of 47.46° using
the method of mechanical axiography on participants.
Ilguy et al [45] suggested that mean +SD of eminence
inclination in males by best fit line method is estimated
as 49.66x 6.88" and for females is 47.58+6.75°. By top
roof line method, Mean + SD of eminence inclination
in males is 40.19+6.58° and in females is 37.99 + 6.00°

which is slightly higher than our results. Paknahad
M etal [46]used top roof line method and found that
Mean + SD of eminence inclination in males was 34.56
1 6.21° and for females it was 38.10 + 7.01°where as
in our study mean + SD of eminence inclination in
males by best fit line method was 53.37%and for
females 48.8°and by top roof line method,Mean + SD
of eminence inclination in males is 33.77° and in
females is 30.58°. Katsavrias and Dibbets [47] et al
mentioned that the articular eminence inclination
completed approximately 45% of its development
with the completion of primary dentition reaching
70-72% of its adult value around the age of 10 years
and by the age of 20 years it was 90-94% complete.

Nickel et al [48] reported an adult value of eminence
inclination was 45°. Moffet et al [49] showed that a
gradual increase in size of eminence occurs until the
age of 40. Sumbullu MA et al [41]stated that the value
of eminence inclination was lower in patients aged
16-20years reached its highest value in patients aged
21-30 years and decreased in patients aged over 30
years in the control group. Whereas in our study by
Best fit line method, it was found that highest right
articular eminence inclination was 52.33£12.98° in
age group 15-17 years of age. It was lowest
34.63+9.97° in age group 10-12 years of age. However
in left side, the highest articular eminence inclination
was 48.12+14.08%in age group 15-17 years of age. It
was lowest 36.38+12.62° in 6-7 years of age group.The
co-relation between age groups and articular
eminence inclination by Best fit line method (right
side and left side) was stastically significant (p
value<.001). By Top roof line method, it was found
that the articular eminence inclination in left side was
highest (32.5248.66°) in 15-17 years of age group and
lowest (23.47+7.148) in 6-7 years of age however in
the right side, the articular eminence inclination was
highest (35.3318.93°) in 15-17 years of age and lowest
in (23.4417.61° in 6-7 years of age. The relation
between age groups and articular eminence
inclination by top roof line method was (right side
and left side) stastically significant (p value<.001).
Chaurasia et al concluded that in comparison to adult
articular eminince inclination, the articular eminence
inclination in paediatric population is stastically
significant (p value<.001) by both Best fit line method
and Top roof line method.

Conclusion

Determination of age by morphological assessment
has been one of the oldest approaches in forensic
anthropology and medico-legal examinations. Age
plays an important role in articular eminence
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inclination by top roof line method and best fit line
method. The age of an individual can be predicted if
articular eminence inclination angle is known.

References

1. Pandis N, Karpac J, Trevino R, Williams B. A
radiographic study of condyle position at various
depths of cut in dry skulls with axially corrected
lateral tomograms. Am ] Orthod Dentofacial
Orthop 1991;100:116-122.

2. Katsavrias EG. Changes in articular eminence
inclination during the craniofacial growth period.
Angle Orthod 2002;72:258-264.

3. Jasinevicius TR, Pyle MA, Nelson S, Lalumandier
JA, Kohrs K], Sawyer DR. Relationship of degenerative
changes of the temporomandibular joint (TM]) with
the angle of eminentia. ] Oral Rehabil 2006;33:638-645.

4. Jasinevicius TR, Pyle MA, Lalumandier JA, Nelson
S, Kohrs K], Tiirp JC, etal. Asymmetry of the articular
eminence in dentate and partially edentulous
populations. Cranio 2006;24:85-94.

5. Jasinevicius TR, Pyle MA, Lalumandier JA, Nelson
S, Kohrs KJ, Sawyer DR. The angle of the articular
eminence in modern dentate African-Americans and
European-Americans. Cranio 2005;23:249-25.

6. Baccetti T, Antonini A, Franchi L, Tonti M, Tollaro
L Glenoid fossa position in different facial types: a
cephalometric study. Br ] Orthod 1997,24:55-59.

7. Katsavrias EG. The effect of mandibular protrusive
(activator) appliances on articular eminence
morphology. Angle Orthod 2003;73:647-653.

8. Gokalp H, Tiirkkahraman H, Bzeizi N. Correlation
between eminence steepness and condyle disc
movements in temporomandibular joints with
internal derangements on magnetic resonance
imaging. Eur ] Orthod 2001;23:579-584.

9. Kurita H, Ohtsuka A, Kobayashi H, Kurashina K. Is
the morphology of the articular eminence of the
temporomandibular joint a predisposing factor for
disc displacement? Dentomaxillofac Radiol 2000;
29:159-162.

10. Kurita H, Ohtsuka A, Kobayashi H, Kurashina
K. Flattening of the articular eminence correlates
with progressive internal derangement of the
temporman dibular joint. Dentomaxillofac Radiol
2000;29:277-279.

11. Sulin T, Cemgil T, Duc JM, Rammelsberg P, Jager L,
Gernet W. Morphology of the mandibular fossa and
inclination of the articular eminence in patients with
internal derangement and in symptom-free
volunteers. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2001,;92:98-107.

12. Yamada K, Tsuruta A, Hanada K, Hayashi
T. Morphology of the articular eminence in

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

temporomandibular joints and condylar bone
change. ] Oral Rehabil 2004;31:438-444.

Kikuchi K, Takeuchi S, Tanaka E, Shibaguchi T, Tanne
K. Association between condylar position, joint
morphology and craniofacial morphology in
orthodontic patients without temporomandibular
joint disorders.] Oral Rehabil 2003;30:1070-1075.

Estomaguio GA, Yamada K, Ochi K, Hayashi T,
Hanada K. Craniofacial morphology and inclination
of the posterior slope of the articular eminence in
female patients with and without condylar bone
change. Cranio 2005;23:257-263.

Hintze H, Wiese M, Wenzel A. Cone beam CT and
conventional tomography for the detection of
morphological temporomandibular joint changes.
Dentomaxillofac Radiol 2007;36:192-197.

Berry DC, Chick AO. Temporomandibular joint:
interpretation of radiographs. Dent Pract 1956;7:18-24.

Blair GS, Chalmers IM. Radiology of the temporo-
mandibular joint: a comparison of circular tom~raphy
with ortbopantomography and lateral transcranial
oblique radiography. ] Dent 1973;1:69-76.

Eckerdal O, Lundbergh M. The structural situation
in temporomandibular joints: a comparison between
conventional oblique transcranial radiographs,
tomograms, and histologic sections. Dentomaxillofac
Radiol 1979;8:42-9.

Eckerdal O, Lundbergb M. Temporomandibular joint
relations as revealed by conventional 1'adiographic
techniques: a comparison with the morphology and
tomographic images. Dentomaxillofac Radiol
1979;8:65-70.

Faivovich G, Omnell KA. Axial tomography of the
temporomandibular joint using hypocycloidal
movement of tube and film. Dentomaxillofac Radiol
1977,6:7-16.

Weinberg LA. What we really see in a TM]
radiograph. ] Prosthet Dent 1973;30:893-913.

Yale SH, Rosenberg HM, Ceballos M, Hauptfuehrer
JD. Laminographic cephalometry in the analysis of
mandibular condyle morphology. Oral Surg Oral
Med Oral Pathol 1961;14:793.

Yale SH, Rosenberg HM, Ceballos M, Hauptfuehrer
JD. Laminographic cephalometry in the analysis of
mandibular condyle morphology. Oral Surg Oral
Med Oral Pathol 1961;14:793.

Klein IE, Blatterfein L, Miglino JC. Comparison of
the fidelity of radiographs of mandibular condyles
made by different techniques. ] Prosthet Dent
1970;24:419-52.

Blashke DD. Radiology of the temporomandibular
joint: current status of transcranial, tomographic, and
arthrographic procedures. In: Laskin D, Greenfield
W, Gale E, et al., eds. The president’s conference on
the examination, diagnosis and management of TM]
disorders. Chicago: Amer Dent Assoc, 1982:64- 74.

Indian Journal of Forensic Odontology / Volume 10 Number 2 / July - December 2017



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Akhilanand Chaurasia et. al. / Morphometric Analysis of Articular Eminence of

103

Temporomandibular Joint in Indian Paediatric Population: A CBCT Study

Mongini F. The importance of radiography in the
diagnosis of TM] dysfunctions: a comparative
evaluation of transcranial radiographs and serial
tomograpby. ] Prosthet Dent 1981;45:186- 98. ! I.
Pullinger A, Hollender L. Assessment of man
dibularcondyle position: a comparison of transcranial
radiographs and linear tomograms. Oral Surg Oral
Meal Oral Pathol 1985;60:329-34.

Richards LC.Temporomandibular joint morphology
in two Australian aboriginal populations.Journal
of Dental Research 1987;66(10):1602-7.

Katsavrias E, Doukoudakis A. The Normal
Temporomandibular Joint. Athens, 2001 [in Greek].

Katsavrias E. Changes of Articular Eminence
Inclination During Craniofacial Growth Period [in
Greek]. Research monograph,Athens, Greece,
University of Athens: 1997.

Hinton R]J. Changes in articular eminence
morphology with dental function. Am ] Phys
Anthropol. 1981;54:439-455.

Bell WE. Clinical Management of Temporoman-
dibular Disorders. Year Book Medical Publishers,
Chicago, IL; 1982:37-80.

Ichikawa W, Laskin DM. Anatomic study of the
angulation of the lateral and midpointinclined planes
of the articular eminence. Cranio. 1989;7:22-26.

Granda FM. A Craniometric Study of the Articular
Tubercle of the Temporal Bone [master’s thesis]. San
Antonio, Tex: Universityof Texas; 1981.

Okeson JP. Management of Temporomandibular
Disorders and Occlusion. 4th ed. St Louis, Mo: Mosby-
Year Book; 1998:127-146.

O’'Ryan F, Epker BN. Temporomandibular joint
function and morphology: observations on the
spectra of normalcy. Oral Surg Oral Med Oral Pathol
1984;58:272-279.

Siiliin T, Cemgil T, Duc JM, Rammelsberg P, Jdger L,
Gernet W. Morphology of the mandibular fossa and
inclination of the articular eminence in patients with
internal derangement and in symptomfree
volunteers. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2001;92:98-107.

Ichikawa J, Hara T, Tamatsu Y, Ide Y. Morphological
changes in the internal structure of the articular
eminence of the temporal bone during growth from
deciduous to early mixed dentition. ] Biomech
2007;40:3541-3547.

Hintze H, Wiese M, Wenzel A. Cone beam CT and
conventional tomography for the detection of
morphological temporomandibular joint changes.
Dentomaxillofac Radiol 2007;36:192-197.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

White SC. Cone beam imaging in dentistry. Health
Phys 2008;95:628-637.

Ludlow JB, DaviesLudlow LE, Brooks SL, Howerton
WB. Dosimetry of 3 CBCT devices for oral and
maxillofacial radiology: CB Mercuray, NewTom 3G
and iCAT Dentomaxillofac Radiol 2006;35:219-226.

Stumbillii, M. A., Caglayan, F., Akgii, H. M., &
Yilmaz, A. B. (2012). Radiological examination of
the articular eminence morphology using cone beam
CT. Dentomaxillofacial Radiology, 2012;41(3), 234-
240.

Jasinevicius TR, Pyle MA, Lalumandier JA, Nelson
S, Kohrs KJ, Sawyer DR. The angle of the articular
eminence in modern dentate African Americans and
European Americans. Cranio 2005;23:249-256.

Gilboa I, Cardash HS, Kaffe I, Gross MD. Condylar
guidance: correlation between articular morphology
and panoramic radiographic images in dry human
skulls. Journal of Prosthetic Dentistry 2008;99:477-8.

Zoghby AE, Re JP, Perez C. Functional harmony
between the sagittal condylar path inclination and
the anterior guidance inclination. Journal of
Stomatology Occlusion Medicine.

ligiiy, D., llgiiy, M., Fi’ekgioglu, E., Délekoglu, S., &
Ersan, N. Articular eminence inclination, height, and
condyle morphology on cone beam computed
tomography. The Scientific World Journal, 2014.
https://doi.org/10.1155/2014/761714.

Paknahad, M., Shahidi, S., Akhlaghian, M.,
Abolvardi, M., & Sh, S. Is Mandibular Fossa
Morphology and Articular Eminence Inclination
Associated with Temporomandibular Dysfunction?
J Dent Shiraz Univ Med Sci. ] Dent Shiraz Univ Med
Sci, 2016;17(172),134-141.

Katsavrias EG, Dibbets JM. The growth of articular
eminence height during craniofacial growth period.
Cranio 2001;19:13-20.

Nickel JC, McLachlan KR, Smith DM. Eminence
development of the postnatal human temporoman
dibular joint. ] Dent Res.1988;67:896-902.

Moffett B. The morphogenesis of the temporoman
dibular joint. Am J Orthod. 1966;52:401-415.

Akhilanand Chaurasia, Gaurav Katheriya, Ranjitkumar
Patil. Morphometric analysis of articular eminence
of temporomandibular joint in Indian Ethinicity- A
cone beam computed tomography study. Journal of
Oral Medicine, Oral Surgery, Oral Pathology and
Oral Radiology, 2016;2(4):196-202.

Indian Journal of Forensic Odontology / Volume 10 Number 2 / July - December 2017



