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Abstract

Background: The aim of this study was to establish the condylar position in a group of patients with normal occlu-
sion, compared to Class II Div 1, Class II Div 2 and Class III malocclusions using CBCT imaging.

Material and Methods: Retrospective case-control study carried out by analyzing CBCT images of 80 patients. The
sample was divided into 4 different groups with 20 patients each (40 TMJ). All patients were positioned using the
Frankfurt plane, parallel to the floor and in maximum intercuspation. The control group included asymptomatic
patients with normal occlusion (Less than 2mm of tooth size-arch length discrepancy, positive or negative, 0-2mm
overjet, 2-4mm overbite, less than 150 rotations, without facial asymmetries, no previous orthodontic or occlusal
treatment, without muscular or articular signs or symptoms in both TMJs) and the experimental group with (class
11/1, 11/2 and I1I) malocclusions.

Results: The group with normal occlusion had the condyles centrally positioned within the glenoid fossa. The
values obtained in this group were considered as optimal and when compared with the other groups with malocclu-
sions. The results established that the position of the condyle was more posterior in class II/2 and more superior in
class III patients than the asymptomatic normal occlusion group.

Conclusions: The data obtained in the asymptomatic group with normal occlusion could be used as a reference for
future studies. The comparison of these values with those obtained from analyzing the different sagittal malocclu-
sions show significant differences that could be valuable when establishing the diagnosis and the objectives of the
treatment plan in orthodontics.

Key words: Condylar position, CBCT, dental malocclusion and condylar concentricity.
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Introduction

The role of the condylar position in the correct functio-
ning of the stomatognathic system has been the center
of study and controversy throughout the history of den-
tistry.

The published literature includes several articles that fo-
cus on determining if the condylar concentricity could
be the optimum position and whether an eccentricity
could be a determining factor in the development of
temporomandibular joint (TMJ) disorders.

The scientific discussion is inevitably linked to the use
of different diagnostic techniques. In the past, the limi-
tations of the diagnostic techniques that were available
made it difficult to study the TMJ, as they only allowed
the use of two-dimensional images with a large radiation
dose.

The radiographic techniques used to study the TMJ im-
proved greatly thanks to researchers such as Pordes (1),
Updegrave (2), Grewcock or Lindblom (3). The deve-
lopment of the cephalometry of Broadbent (4) in 1931,
which was later used by several authors such as Gillis
(5) or Reisner (6), allowed the measurement of the chan-
ges that occur in the mandible in comparison to the rest
of the cranium. The use of the laminography by authors
such as Brader (7) or Ricketts (8-10), led to improve-
ments in the analysis of the mandibular growth.

The advent of three-dimensional diagnostic techniques
allowed us to obtain much more precise images. Howe-
ver, the most precise images were obtained when the
cone beam computerized tomography (CBCT) became
available, which gave high resolution three dimensional
images that allowed the assessment and quantification
of the facial osseous tissues in real dimensions (1:1 pro-
portion) with no significant magnification or distortion
(11), and therefore giving greater anatomical precision
(12). It also implied lower cost, lower radiation dose and
lower acquisition time than conventional computerized
tomography (CT) (13,14).

Despite magnetic resonance imaging (MRI) being con-
sidered the gold standard technique to compare soft tis-
sues and visualize complex movements of the disc in
multiple views (15-18), CBTC obviously provides some
advantages in comparison. Its greater availability, lower
cost and higher precision in demonstrating hard tissue
components have made the CBCT an acceptable ima-
ging technique to assess the TMJ. Therefore, it provides
unique characteristics to daily orthodontic practice (19).
When reviewing some of the most outstanding stu-
dies on this topic, authors such as Farrar and Mc Carty
(20,12) or Lindblom (22) linked the eccentricity of the
condyle with the presence of TMJ disorders. Similarly,
authors such as Rokni (23) or Weinberg (24) suggested
that the condylar concentricity was the ideal position.
Pullinger (25) studied asymptomatic subjects and con-
cluded that, despite 50-65% of the condyles being in

Vasoconstrictor, anxiety and cardiodynamic constants

concentric position, there were also patients without
concentric condyles that did not suffer from TMJ disor-
ders.

In 1982, After reviewing the literature, the American
Dental Association (ADA) concluded that there was in-
sufficient scientific evidence to relate an eccentricity and
the presence of TMJ disorders (26).

However, in the following years several studies, such as
Cholasueka et al. (27) or Incesu et al. (28), linked a pos-
teriorly positioned condyle with joint disorders.
Rodrigues et al. (29,30), described how the functional
load applied to the TMJ can influence its morphology.
This load can vary depending on the dento-facial mor-
phology of the subject. Therefore, it can be suggested
that both condyle and mandibular fossa will vary in sha-
pe in patients with different malocclusions.

The aim of this study was to further investigate the three
dimensional condyle position in the glenoid fossa of pa-
tients with normal occlusion in comparison to patients
that suffer from different types of malocclusion.

Material and Methods

A non-experimental cross-sectional study was carried
out with case-control methodology, which included 4
groups with 20 patients each (40 joints). The control
group included asymptomatic patients with normal oc-
clusion and the other three groups included patients with
different malocclusions (class 1I/1, class 1I/2 and class
III). In total, 80 patients were included in the sample,
with a total of 160 TMJ (since both joints were analyzed,
right and left). The inclusion and exclusion criteria are
shown in Tables 1 and 2.

The program that has been used to perform the measure-
ments is In Vivo Anatomage®, allows obtaining highly
accurate quantitative measurements. All CBCTs have
been analyzed by the author of the work, previously
trained. In addition, to provide internal validity to the
measurements taken, we have carried out the intraclass
relationship coefficient (ICC). A result of 0.82 was ob-
tained, indicating agreement.

To reach a confidence level of 95% and a statistical
power of 80% in the analysis of independent groups, it is
necessary a sample of 20 individuals in each group. For
intragroup analysis and to achieve the same confidence
and power levels, only 12 individuals were required per
group.

Hence, we select a sample of 20 individuals per group to
cover both scenarios.

CBCT scans were not carried out for the purpose of this
study. They were obtained in previous orthodontic or
multidisciplinary consultations in a private orthodontic
practice. All CBCT scans were performed in the same
radiographic center using a Kodak 9500 machine and
using the S3D Imaging Software.

All patients were positioned using the Frankfurt plane,
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Table 1: Inclusion criteria.
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INCLUSION CRITERIA

NORMAL OCCLUSION GROUP

MALOCCLUSION GROUPS (CLASS 11/1, 11/2 AND III)

Age: 16 years or older.
Bilateral Angle Class I, both molar and canine.
Wits Appraisal matching a class |
Less than 2mm of tooth size-arch length discrepancy,
positive or negative.
0-2mm overjet.
2-4mm overbite.
Less than 15°rotations.
Without facial asymmetries.
No previous orthodontic or occlusal treatment.
Without muscular or articular signs or symptoms in both
TMIs.

Previous CBCT image available

Dental and skeletal malocclusion that matches the maloc-

clusion group it belongs to, following both Angle and Wits

No previous history of orthodontic treatment.

Age: 16 years or older.

Appraisal criteria

Previous CBCT image available.

Table 2: Exclusion criteria.

EXCLUSION CRITERIA

NORMAL OCCLUSION GROUP

MALOCCLUSION GROUPS
(CLASS 11/1, 11/2 AND III)

Under 16 years old.
Previous orthodontic or occlusal treatment.
Without a CBCT image.
Without Angle Class I molar and canine.

Anterior or posterior crossbite.
Presence of articular signs or symptoms.
Overjet greater than 2mm or smaller than Omm.

Overbite greater than 4mm or smaller than 2mm.

More than 2mm of tooth size-arch length discrepancy.

Under 16 years old.
Previous orthodontic treatment.
Without an initial or final CBCT image.
Cross bites (except for group 3)

Rotations of more than 15°.

parallel to the floor and in maximum intercuspation. All
CBCT images were exported as Dicom files and digitali-
zed using In Vivo Dental Anatomage 5 Software, which
allows the identification of reference points with great
precision and the selection of the view point; it also pro-
vides very precise quantitative measurements.

The obtained data was incorporated in an Excel file that
was created and codified specifically for the purpose of
this study, and that was transformed into a SAV file for
statistical interpretation using the software SPSS 24. Sta-
tistical hypothesis testing involved an initial normality
test of the quantitative variables using the Kolmogorov
Smirnov and Shapiro Wilks tests. Since the variables fo-
llowed a normal distribution, parametric tests were used.
Quantitative variables were compared using the Pearson
correlation coefficient for normalized variables.

The mean of variables that were both quantitative and
categorical were compared using Student’s T Test if the-
re were only 2 means, or the ANOVA test if there were
more than 2 means.

The study sample included 57 women (71.3%) and 23
men (28.7%). The only group that included more male
than female patients was the one with class III subjects.
The mean age of the sample was 30.15 years with a stan-
dard deviation of £10.93 years.

When analyzing the intraclass correlation coefficient,
the intra-observer variability was 0.82, which shows a
good level of conformity (31).

All the CBCT images that were analyzed required esta-
blishing the Frankfurt plane and reorienting it parallel
to the floor. The J point was also determined in the axial
plane (union point between the vomer and sphenoid bo-
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nes) (11), as well as the midpoint of the condyle in both
axial and coronal planes (Figs. 1,2). Once the midpoint
of the condyle had been established, the sagittal measu-
rements were registered ((Fig. 3, Tables 3,4). Finally, the
condylar concentricity was analyzed using the formula
described by Pullinger and Hollenger (25), (Fig. 4).

Vasoconstrictor, anxiety and cardiodynamic constants

Posterior interarticular distance - anterior interarticular distance
x100%

Posterior interarticular distance + anterior interarticular distance

Fig. 4: Formula used to obtain the condylar concentricity. Pullin-
ger AG, Hollender L et al.A. A tomographic study of mandibular
condyle position in an asymptomatic population. J Prosthet Dent.
1985;53(5):706-13.

Fig. 1: Frankfurt plane parallel to the floor and determination of the J point.

Fig. 3: Points, lines and planes analyzed.
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Table 3: Points and lines analyzed. Taken from de Arieta-Miranda JM et al. Spatial analysis of condyle position according to sagittal
skeletal relationship, assessed by cone beam computed tomography. Prog Orthod. 2013;14(1):36.

Vasoconstrictor, anxiety and cardiodynamic constants

Reference points, lines and planes

Cs. The highest point of the condyle in the sagittal view.

Gl. Most concave point in the glenoid fossa.

Cp. Most convex point of the posterior face of the condyle.

Ca. Point on the anterior wall of the condyle that is closest to the posterior wall of the articular eminence.

El. Point on the posterior wall of the articular eminence that is closest to the anterior wall of the condyle.

PI. Line perpendicular to the Frankfurt plane passing through the midpoint of the sagittal diameter of the external

auditory canal on its sagittal diameter.

E-E'. Line tangential to the posterior wall of the articular eminence.

Fh. Line parallel to the Frankfurt plane passing through the lower edge of the articular eminence.

Table 4: Analyzed measurements. Taken from Arieta-Miranda JM et al. Spatial analysis of condyle position according to sagittal
skeletal relationship, assessed by cone beam computed tomography. Prog Orthod. 2013;14(1):36.

Measurements registered

Anterior distance (AD): measurement from the most anterior point of the condyle (Ca) to the closest point on the
posterior wall of the articular eminence (El).

Posterior distance to the glenoid fossa (PDGF): measurement from the most posterior point of the condyle to the

closest point on the anterior wall of the glenoid fossa._

Posterior distance (PD): most posterior point of the condyle to the PI line (line perpendicular to the Frankfurt plane

passing through the midpoint of the saggital plane of the external auditory canal).

Upper distance (UD): measurement from the highest point of the condyle (Cs) to the deepest point of the glenoid
fossa (GI).

Height of the glenoid fossa (GI-Fh): distance from the deepest point of the glenoid fossa and the plane parallel to the
Frankfurt plane passing through the lowest point of the articular eminence.

Angulation of the articular eminence (EE’Fh): angle formed by a tangential line to the posterior wall of the articu-

lar eminence (E-E") and the parallel plane to the Frankfurt plane passing through the lowest point of the articular

eminence (Fh).

Results

Table 5 shows the results obtained for the variables stu-
died on each group. It should be noted that all the values
are given in millimeters except for the angulation of the
glenoid cavity (EE’Fh) that was registered in degrees.
-Descriptive analysis of the condylar concentricity

For the purpose of this study, a condyle is considered
to have absolute concentricity if the formula described
by Pullinger (32) equals to 0. In order to increase the
concentricity range, the above author and other authors
afterwards, such as Song ef al. (33) and Krisjane ef al.
(34), established as concentric those condyles that had a
value between 0 and 12% using the same formula.
Therefore, a value smaller than -12 reflects a posterior
position of the condyle, meanwhile a value greater than
+12 indicates an anterior position of the condyle.

In the normal occlusion group, despite that no one in
the study sample presented absolute concentricity, 55%
had both condyles concentric (values ranging between 0

e1220

and £12), and 12,5% had only one condyle concentric.
Therefore, 67.5% or the group with normal occlusion
had condylar concentricity in at least one of the two
condyles, (Table 6). Only 10% of the sample in groups I
(class II/1) and II (class 11/2) presented concentricity in
both condyles (table 3). In class II/1 most condyles are
positioned anteriorly in the fossa. On the other hand,
class II/2 is the group that presented more condyles po-
sitioned posteriorly, (Table 7).

After analyzing the results, in the control group (normal
occlusion) no statistically significant differences were
found for both condyles in 5 out of 6 values analyzed.
The only measurement that gave statistically significant
differences was the Posterior Distance (PD).

To clarify this difference, two different posterior distan-
ces where analyzed: the posterior distance (PD) and the
posterior distance to the glenoid fossa (PDGF). The p
value for the posterior distance was 0.029, which is con-
sidered statistically significant (»<0.05). However, the p
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Table 5: Description of the values and results analyzed.

Vasoconstrictor, anxiety and cardiodynamic constants

Descriptive statistics
GROUP 0 GROUP 1 GROUP 2 GROUP 3 TOTAL
X(+DE) X(+DE) X(+DE) X(+DE) X(+DE)
RIGHT | LEFT | RIGHT | LEFT | RIGHT | LEFT | RIGHT LEFT RIGHT LEFT
AD 2.24 2.34 1.92 2.06 278 2.49 1.94 1.93 2.22 2.20
(#0.58) | (0.59) | (*0.69) | (*0.57) | (*1.02) | *0.72) | (*0,79) | (£0,74) | (+£0,85) | (£0,68)
SD 2.97 2.82 2.68 2.50 2.45 2.74 2.19 2.02 2.57 2.52
(#0.93) | (£0.72) | (£0.86) | (+0.84) | (+0.87) | (£0.85) | (%1.15) (+1.08) (+£0.99) (+0.92)
PD 8.28 7.41 8.00 7.80 6.94 6.71 8.77 8.27 8.00 7.55
(#1.18) | (x1.24) | (1.38) | (*1.88) | (*1.52) | (*+1.29) | (*1.49) (#1.71) (#1.53) (#1.63)
PDGF 2.28 2.10 2.71 2.68 1.73 1.78 2.03 2.23 2.19 2,20
(#0.61) | 0.65) | (£0.75) | (*0.83) | (+0.42) | (£0.54) | (£0.82) | (*0.84) | (*0.75) (=0.78)
GI-Fh 7.30 7.23 7.13 6.93 6.60 7.16 6.71 6.81 6.94 7.03
(*#1.14) | *1.40) | (*1.12) | (£0.96) | (£1.15) [ (£1.30) | (£1.35) (#1.17) (#1.21) (£1.21)
E-E’Fi’ | 37.06 35.72 44.27 43.26 39.41 37.61 41.07 41.43 40.45 39.50
(#4.49) | (+8.64) | (£7.86) | (£5.87) | (*5.61) | (9.23) | (*6.71) (£5.56) (£6.71) (£7.95)

Table 6: Analysis of the condylar concentricity in the normal occlusion group.
The values highlighted in red show that the condyle is concentric.

Condylar concentricity in the normal occlusion group
LEFT CONDYLE RIGHT CONDYLE
7.44 17.01
5.04 3.48
-0.8 274
6.0 6.9
-52 -20.61

13.08 5.7
-17.7 -30.43
5.1 7
30 333
-4.1 35
-16 4.8
-1.7 9.7
1.3 -1.1
-60 -19.69
2.7 11.8
6.5 2.09
1.2 =17
10.9 6.4
4.5 -12.5
3.1 -2.46
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Table 7: Analysis of the condylar concentricity in the groups with malocclusion.

Condylar concentricity
GROUP I GROUP II GROUP III
CLASS 11/1 CLASS 11/2 CLASS III
LEFT RIGHT LEFT RIGHT LEFT RIGHT
CONDYLE | CONDYLE CONDYLE | CONDYLE | CONDYLE | CONDYLE
24.19 -16.68 -15.64 -47.72 30.60 6.80
-33.33 -37.52 13.44 -27.93 51.65 33.33
56.2 49.75 -13.37 15.24 -32.56 10.90
44.98 33.85 -35.78 -37.11 -26.25 -32.95
0 22.80 -16.49 -57.35 0.30 -13.86
19.53 7.29 19.23 8.09 -9.20 -24
0 35.85 -33.62 211 3.70 -2.66
23.46 26.17 -5.88 4.46 -6.99 -15.18
-23.85 -23.34 -8.27 -5.60 3.86 -24.92
2491 23.10 -11.07 -28.94 41.74 38.29
0 7.64 14.86 -7.98 -15.44 -25.70
12 17.21 -23.40 -31.19 6.64 14.47
33.47 23.53 -42.96 -12.71 -2.32 8.79
8.22 15.81 -29.33 -14.85 8.85 3.05
-1.44 44.35 -41.40 -55.38 0 0.33
15.22 23.17 -59.82 -23.67 45.53 20.99
12.80 39.45 -16.39 -8.12 4.32 3.08
-11.87 23.85 20.81 7.08 7.85 32.92
34.07 16.48 -11.11 -36.12 24.38 22.48
297 5.41 -22.90 -42.75 1.67 -14.08

value for the posterior distance to the glenoid fossa was
2.10 for the left condyle and 2.28 for the right one, and it
was established that there was no statistically significant
difference between both condyles (p>0.05), (Table 8).
Afterwards, the values obtained for each variable in
each malocclusion group were analyzed. Statistically
significant differences were found between the different
groups when analyzing the Anterior Distance (AD); the-
se differences were on the right condyle, (Table 9).

Like in the normal occlusion group, two different mea-
surements were analyzed to determine the posterior dis-
tance of the condile. Statistically significant measure-
ments can be found between some of the groups (Tables
10, 11) in both measurements.

The analysis of the superior distance and the depth of
the fossa are the two measurements that where less sta-
tistically significant differences have been found (Tables
12,13).

Finally, in the analysis of the angulation of the glenoid
fossa (Table 14) both groups 0 and 1 seem to be statisti-
cally significant with the same value for both condyles
and on the same when comparing groups 0 and 1.

Discussion

The position of the condyle within the glenoid fossa is
still controversial, despite the improvements in the diag-
nostic methods. After reviewing the existing literature,
it could be said that many researchers associate the lack
of concentricity with internal temporomandibular disor-
ders.

As described by Kurusu et al. (35), occlusal forces can
modify condylar morphology. Therefore, it is important
to know the morphology and the condyle-fossa rela-
tionship in the asymptomatic group with an ideal occlu-
sion, as it can be used as a guideline for future diagnosis
and treatment planning in patients with malocclusion.
When analyzing the asymptomatic control group with
normal occlusion, no significant differences were found
between both condyles in five out of six measurements
taken; only the posterior distance was significantly di-
fferent.

As explained in the article written by Miranda et al. (11),
the posterior distance that uses as reference a perpendi-
cular line to the Frankfurt plane that goes through the
midpoint of the external auditory canal, could lead to
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Table 8: Quantitative analysis of the control group with normal occlusion.

Vasoconstrictor, anxiety and cardiodynamic constants

Control group or normal occlusion

RIGHT LEFT STATISTICS
CONDYLE CONDYLE (t) PVALUE
DA 2.23mm 2.34mm 0.58 0.560
DS 2.96mm 2.82mm -0.55 0.584
DP 8.27mm 7.40mm -2.26 0.029
PDGF 2.28mm 2.10mm -0.89 0.374
GLFH 7.30mm 7.22mm -0.18 0.856
EEFH 37.05° 35720 -0.61 0.545

Table 9: Comparison of the results obtained for each group for the
anterior distance. Reference value *p<0.05, **p<0.005.

Table 11: Comparison of the results obtained in the posterior dis-

tance to the glenoid fossa. Reference value *p<0.05, **p<0.005.

Anterior distance Posterior distance to the glenoid fossa
RIGHT LEFT RIGHT LEFT
P VALUE P VALUE P VALUE P VALUE

GROUP 0 GROUP 1 1.000 1.000 GROUPO | GROUP 1 0.289 0.084
GROUP 2 0.199 1.000 GROUP 2 0.064 1.000

GROUP 3 1.000 0.311 GROUP 3 1.000 1.000

GROUP 1 GROUP 0 1.000 1.000 GROUP 1 GROUP 0 0.289 0.084
GROUP 2 0.006* 0.263 GROUP 2 0.000™ 0.001™

GROUP 3 1.000 1.000 GROUP 3 0.012 0.317

GROUP 2 GROUP 0 0.199 1.000 GROUP 2 GROUP 0 0.064 1.000
GROUP 1 0.006** 0.263 GROUP 1 0.000™ 0.001™

GROUP 3 0.007* 0.059 GROUP 3 0.967 0.317

GROUP 3 GROUP 0 1.000 0.311 GROUP 3 GROUP 0 1.000 1.000
GROUP 1 1.000 1.000 GROUP 1 0.012° 0.317

GROUP 2 0.007* 0.059 GROUP 2 0.967 0.317

Table 10: Comparison of the different results obtained for the poste-
rior distance. Reference value *p<0.05, **p<0.005.

Table 12: Comparison of the obtained results in the superior dis-

tance. Reference value *p<0,05, **p<0,005.

Posterior distance Upper distance
RIGHT LEFT RIGHT LEFT
P VALUE P VALUE P VALUE P VALUE

GROUP 0 GROUP 1 1.000 1.000 GROUPO | GROUP 1 1.000 1.000
GROUP 2 0.021° 0.948 GROUP 2 0.544 1.000

GROUP 3 1.000 0.498 GROUP 3 0.073 0.031

GROUP 1 GROUP 0 1.000 1.000 GROUP 1 GROUP 0 1.000 1.000
GROUP 2 0.112 0.178 GROUP 2 1.000 1.000

GROUP 3 0.527 1.000 GROUP 3 0.655 0.527

GROUP 2 GROUP 0 0.021" 0.948 GROUP 2 GROUP 0 0.544 1.000
GROUP 1| 0.112 0.178 GROUP 1 1.000 1.000

GROUP 3 0.001™ 0.013" GROUP 3 1.000 0.070

GROUP 3 GROUP 0 1.000 0.498 GROUP 3 GROUP 0 0.073 0.031"
GROUP 1 0.527 1.000 GROUP 1 0.655 0.527

GROUP 2 0.001™ 0.013" GROUP 2 1.000 0.070
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Table 13: Comparison of the results obtained in the depth of the gle-
noid fossa. Reference value *p<0.05, **p<0.005.clusion.

Glenoid fossa depth
RIGHT LEFT
P VALUE P VALUE

GROUP 0 GROUP 1 1.000 1.000
GROUP 2 0.409 1.000

GROUP 3 0.730 1.000

GROUP 1 GROUP 0 1.000 1.000
GROUP 2 0.996 1.000

GROUP 3 1.000 1.000

GROUP 2 GROUP 0 0.409 1.000
GROUP 1 0.996 1.000

GROUP 3 1.000 1.000

GROUP 3 GROUP 0 0.730 1.000
GROUP 1 1.000 1.000

GROUP 2 1.000 1.000

Table 14: Comparison of the results obtained in the angulation of the
glenoid fossa. Reference value *p<0.05, **p<0.005.

Angulation of the glenoid fossa
RIGHT LEFT
P VALUE P VALUE

GROUP 0 GROUP 1 0.003™ 0.013"
GROUP 2 1.000 1.000

GROUP 3 0.281 0.111

GROUP 1 GROUP 0 0.003™ 0.013"
GROUP 2 0.102 0.119

GROUP 3 0.675 1..000

GROUP 2 GROUP 0 1.000 1.000
GROUP 1 0.102 0.119

GROUP 3 1.000 0.667

GROUP 3 GROUP 0 0.281 0.111
GROUP 1 0.675 1.000

GROUP 2 1.000 0.667

error due to its morphology and position. To solve this
possible error, the current study incorporates the poste-
rior distance to the glenoid fossa.

Five reference measurements were found on this study
for which no significant differences were found between
both joints. These results match the ones provided by
Wang et al. (36) when analyzing healthy adults. The-
se values were established as a reference point when
analyzing the different sagittal malocclusions.

The greater differences compared to other studies were
found when analyzing the depth of the fossa. The results
of this study are similar to those described by Miranda
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et al. (11), which is not surprising as it uses the same
measuring protocol. However, the results of this study
do differ from those of authors such as Vitral ef al. (37),
Song et al. (33) or Ganugapanta et al. (38), which may
be related to the use of a different measuring protocol.
With regards to the condylar concentricity analyzed
using the formula described by Pullinger and Hollender,
the normal occlusion group is the one with the largest
number of concentric condyles. When studying asymp-
tomatic patients25, these authors described between 50
and 65% of concentric condyles, results that are similar
to those obtained in the present study, which were 67.5%
concentricity.

Therefore, an association can be made between the high
percentage of concentricity of the asymptomatic group
with a normal occlusion and a normal function of the
TMJ. This theory is supported by authors such as Wein-
berg (24) y Gerber (35), who have previously linked
the condylar concentricity and a normal function of the
T™I.

To determine the spatial relation of the condyle within
the glenoid fossa on a sagittal level, the first step was to
compare the anterior and posterior distance between the
different groups. As exhibited on the results, class 11/1
and class III groups have smaller values for the anterior
distance, reflecting a more anterior position of the cond-
yle; meanwhile, the class 1I/2 group has the condyle in
a more posterior position. The normal occlusion group
displayed intermediate values.

The analysis of the Posterior Distance values provided
significant differences between the normal occlusion
group and class 11/2, and between class 11/2 and class
M1 groups. These results agree with those found for the
Anterior Distance.

Class III group has an anterior distance similar to Class
1I/1 group; no statistically significant differences were
found, although the posterior distance is greater in class
111 patients. These results may be linked with the cond-
yle size or the morphology of the glenoid fossa.

These findings back the theory initially described by
Thompson (2) in the 80s. He described a posterior dis-
placement in the condylar position in classes 11/2 due to
a lack of overjet. More recent studies such as Katsavrias
y Halazonetis (39) or Zhou et al. (40) have observed a
more posterior position in the class 11/2 group.

On the contrary, authors such as Gianelly and Cohlmia
et al. (39) found concentric condyles in class 1I/2 pa-
tients. None of these studies could have used CBCT te-
chnology due to the date they were carried out on.
Similar results to the ones of this study were found by
Song et al. (33), where class I, 1I/1 and I1I subjects were
found to have a mainly anterior and concentric position
of the condyle. Class 11/2 had a mainly posterior and
concentric position of the condyle. Merigue et al. (42)
and Uzel et al. (43) also described a larger number of
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condyles anteriorly positioned in the class 11/1 groups
they studied. Krisjane et al. (34) also described anterior
and concentric positions for class 11/1 y III groups.

To complete the sagittal analysis of the condylar posi-
tion, the obtained values were added using the condylar
concentricity analysis formula described by Pullinger
and Hollender (34). Similarly, to Cohlmia et al. (44), no
patients were found to have both condyles in absolute
concentricity, but there were multiple condyles within
the range considered as concentric.

Class 11/1 and class 11/2 groups have 27,5% of concentric
condyles; this percentage was 45% in class III group.
The percentage of condyles that did not present concen-
tricity seemed to be positioned anteriorly in the glenoid
fossa for class II/1 and class IlI, with this fact being
more noticeable in class II/1 group. The group with ma-
locclusion 11/2 seemed to have more condyles posterior-
ly positioned in the fossa.

The Upper Distance was analyzed to determine the
condylar position on a vertical level in all groups, and
the results were compared. Class III group had higher
condyle position within the fossa. However, when com-
pared to the other groups, significant differences were
only found compared to the normal occlusion group.
These results agree with those of authors such as Kaur et
al. and Song et al. (33), who described a higher condyle
position in class III patients.

Katsavrias and Halazonetis (40), which, as previously
said, described a more posterior position in class I1/2 pa-
tients, also established a more anterior position for class
1I/1 and a higher position in class III. All of their results
back the results of this study.

With regards to the morphology of the fossa, its depth
and angulation was analyzed following the procedure of
Katsavrias and Halazonetis (40). No statistically signifi-
cant differences were found between any of the studied
groups for the studied values to determine the depth of
the glenoid fossa. These results do not match those of
authors such as Miranda et al. (11), Song et al. (33) y
Katsavrias y Halazonetis (40), as they described a sma-
ller fossa depth in class III patients.

The results obtained when analyzing the angulation of
the fossa showed statistically significant differences
only between the normal occlusion group and the class
1I/1 group, with classes II/1 displaying a larger angle.

Conclusions

1. The normal malocclusion group has a more inter-
mediate position of the condyle within the fossa and a
greater percentage of condylar concentricity. The initial
hypothesis of this study is supported by this: the optimal
position of the condyle would be an intermediate and
concentric position within the glenoid fossa.

2. Despite not all of the comparisons between the mea-
surements being statistically significant, they did all su-
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pport this conclusion: class 1I/1 and class III malocclu-
sion groups have a more anteriorly positioned condyle
compared to class 11/2 group, where the condyle is in a
more posterior position.

3. Although it was only statistically significant when
comparing the normal occlusion and the class I1I groups:
class III patients have the higher condyles position wi-
thin the glenoid fossa.

4. With regards to the glenoid fossa morphology, no sta-
tistically significant differences were found in the depth
of the fossa between any of the studied malocclusions. In
terms of the angulation of the fossa, Class I1/1 presented
a greater angle (these results were statistically significant
when compared to the normal occlusion control group).
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