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Abstract
Context: The cranial base and variations in its morphology affect the anterior-posterior
positioning of jaws causing changes in the glenoid fossa and condylar position. Aims:
To evaluate the condylar position in patients with different skeletal sagittal malocclusion
patterns. Materials and Methods: Pretreatment lateral cephalometric radiographs of
112 subjects (both males and females) were categorized into three classes (Class I, Class
II, Class III) based on their ANB angulation and studied for N-S-Ar (saddle angle),
S-Ar-Go (articular angle), S-Ar (posterior cranial base length). Statistical Analysis:
Shapiro-Wilk test was done to check for normality of the distribution of values. Groups
were evaluated using parametric tests (one-way ANOVA). Significance for all tests was
predetermined as P < 0.05. Results: N-S-Ar and S-Ar-Go and also S-Ar did not vary
significantly in all the three classes. N-S-Ar and S-Ar-Go angles have shown a significant
negative correlation in all the three classes. Conclusions: There is no significant
difference in condylar position in different skeletal malocclusion patterns. N-S-Ar and
S-Ar-Go angles show a negative correlation in any skeletal malocclusion pattern.
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INTRODUCTION
The cranial base and the variations in its morphology
have always been assumed to affect the anterior-posterior
positioning of jaws. To study the relationship between
cranial base morphology and malocclusion has been of
keen interest to researchers, some of the early studies were
done by Huxley,[1] Young,[2] Renfroe[3] and Moss.[4] The
existence of a significant relationship between cranial base
morphology and jaw relationship was demonstrated first
by Bjork[5] using cephalometric radiographs and in later
times by Melsen.[6] The maxilla and mandible articulate
with different parts of the cranial base, hence variations in
growth and orientation of the cranial base region leads to
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differential movement of the maxilla and mandible causing
changes in glenoid fossa and condylar position. Droel and
Isaacson,[7] Baccetti et al.[8] have analyzed the position of the
glenoid fossa in subjects with differential sagittal and vertical
features, but very limited data is available on the significance
of condylar position in different sagittal malocclusion
patterns. This study aims at evaluating condylar position in
patients with different skeletal sagittal malocclusion patterns.

MATERIALS AND METHODS
Pretreatment lateral cephalometric radiographs of 112
subjects (both males and females) were selected. Each of
the lateral cephalograms were studied and categorized into
three classes (Class I, Class II, Class III) based on their
ANB angulation.
Skeletal sagittal relationships on the basis of the ANB
values:
(Class I = 2° < ANB <4°; Class II = ANB >4°; Class III =
ANB <2°) Ballard.[9]
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Three groups were formed; Class I (37), Class II (52),
Class III (23). All the subjects were normodivergent
and belonged to the age group between 15 and 30 years.
Patients with craniofacial growth disorders were excluded
from the study.

majority of the cephalometric variables were normally
distributed according to Shapiro-Wilk test [Table 1] hence
the differences between the groups were evaluated using

CEPHALOMETRIC ANALYSIS
The lateral cephalometric radiographs of each subject were
taken with (KODAK 9000C extraoral imaging). All subjects
were positioned in the cephalostat with the sagittal plane at a
right angle to the path of the X-rays, the Frankfort plane parallel
to the horizontal, the teeth in centric occlusion, and the lips
slightly closed. The radiographs were hand-traced and measured
by the same investigator. All tracings and measurements were
repeated in 1- weeks’ time to check for any error.
The following landmarks were used for cephalometric analysis:
Point A (A): It is the deepest point on the midline between
the anterior nasal spine and alveolar crest between the two
central incisors.

Figure 1: Saddle angle (degree) values for three
malocclusion classes

Point B (B): It is the deepest point between the alveolar
crest of the mandible and the mental process.
Articulare (Ar): Intersection of the posterior border of the
condyle and the posterior cranial base.
Sella (S): Centre of sella turcica.
Nasion (N): Most anterior point on frontonasal suture.
Gonion (Go): Lowermost point at the intersection of
mandibular and ramal planes.
The following measurements were used:

Figure 2: Articular angle (degree) values for three
malocclusion classes

Angular measurements for the assessment of sagittal growth
pattern

•

SNA, SNB, ANB.

Angular measurements for the assessment of cranial base
flexure:
•

N-S-Ar (Saddle angle), S-Ar-Go (Articular angle).

Linear measurements for the assessment of position of
condyle:
•

S-Ar (Posterior cranial base length).

Statistical analysis

The mean and standard deviations were estimated for each
cephalometric variable in each group [Figures 1-3]. The
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Figure 3: Posterior Cranial Base length
(millimetres) for three malocclusion classes
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parametric tests (One-way ANOVA). Significance for all
tests was predetermined as P < 0.05. All statistical analysis
was performed using Statistical Package for Social Sciences
software package (SPSS Base 10.0 for Windows User’s
Guide. SPSS Inc., Chicago, IL, USA).

RESULTS
The following results were deduced:
1. Saddle angle (N-S-Ar) and Articular angle (S-Ar-Go)
and also Posterior Cranial base length (S-Ar) did not
vary significantly in all the three classes [Table 2].
2. N-S-Ar and S-Ar-Go angles have shown a significant
correlation in all the three classes [Graph 1]. There
exists a negative correlation between the two angles
and the regression equation deduced is:
N-S-Ar = 185.949 − 0.418 × S-Ar-Go
Table 1: Tests of normality
Class
N-S-Ar
Class 1
Class 2
Class 3
S-Ar-Go
Class 1
Class 2
Class 3
Post cr l
Class 1
Class 2
Class 3

Shapiro-Wilk
Statistic

df

Sig.

.976
.979
.907

37
52
23

.609
.467
.036

.920
.986
.848

37
52
23

.011
.789
.002

.982
.981
.952

37
52
23

.787
.554
.324

DISCUSSION
The cause of orthodontic problems arising from anteroposterior malrelationship of jaws has been mainly attributed
to changes in its size form and position (Hopkin et al.).[10]
Scott[11] has stated three main factors that influence facial
prognathism: Opening of the cranial base angle, the
relative forward movement of components like maxilla
and mandible to the cranium, and the amount of surface
deposition along the facial profile between nasion and
menton. Changes in cranial base morphology has been put
forth as a possible indicator of skeletal malocclusion by
several researchers who have found a significant relationship
in between cranial base and antero-posterior jaw position
(Anderson and Popovitch,[12] Wihelm et al.,[13] Bacon et al.,[14]
Dibbets et al.[15] and Singh et al.[16]). Enlow[17] has shown that
growth of maxilla is under the influence of the cranial base
while the mandible acts in a more independent way, although
its articulation at the glenoid fossa does provide potential
for influence from the cranial base; hence variations in the
cranial base morphology may cause changes in the position
of glenoid fossa and the condyle. Numerous studies
have been carried out to check the correlation between
cranial base flexure and skeletal malocclusion, but with
contradicting conclusions, studies by Bjork,[5] Hopkin et
al.,[10] Dibbets et al.,[15] Bacon et al.[14] and Järvinen[18] have
proved a significant relationship between the two while
studies by Klocke and Nanda,[19] Polat and Kaya,[20] Lewis
and Roche,[21] Kasai et al.[22] and Dhopatkar et al.[23] have
proved otherwise. In a study done by Kerr and Adams[24]
it has been suggested that cranial base flexure influences
mandibular prognathism by determining the anteroposterior
position of the condyle relative to the facial profile. Baccetti
et al.[8] concluded that glenoid fossa is associated with a more
posterior position in class II when compared to class III
skeletal malrelation. No such studies have been carried out
to determine changes in condylar position.

Table 2: One-way ANOVA to test the significance
difference between different classes
Cephalometric parameter
N-S-Ar
Between groups
Within groups
Total
S-Ar-Go
Between groups
Within groups
Total
Post cr l
Between groups
Within groups
Total

Mean square

F

Sig.

3.157
20.546

.154

.858

10.675
49.263

.217

.806

34.458
13.518

2.549

.083

Since P values are all greater than 0.05 the classes do not diﬀer in all the three
measurement
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Graph 1: Graph shows negative correlation between S-Ar-Go and
N-S-Ar
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In the study three measurements, two angular (N-S-Ar and
S-Ar-Go) and one linear measurement (S-Ar) were used
as parameters to determine condylar position in Class I,
Class II and Class III malocclusion patterns using lateral
cephalograms. N-S-Ar (saddle angle) which is also known as
the cranial base flexure angle helps determine the changes
in the cranial base angulations. Posterior cranial base (SAr) was used to determine the distance of the condyle
from the S. In both cases Ar (articular) was used as the
posterior limit instead of the Ba (basion) point as it marks
the intersection of the condyle and the posterior cranial
base. There always has been disagreement whether the
posterior base should be measured from Ba or Ar. Bjork[5]
and Hopkin[10] have both advocated the use of Ar, rather
than basion, because of its ease of identification. Varjanne
and Koski[25] have discouraged the use of Ar because of its
remoteness from the cranial base and suggested basion as
the more appropriate choice. Similarly, Kerr and Adams[24]
used basion to measure the cranial base angle. Bhatia and
Leighton[26] who have published figures for N-S-Ba and
N-S-Art angles as well as the S-Ba and S-Ar distances found
the growth patterns as described by use of basion or Ar to
be similar. Seward[27] has also explained the use of Ar point
over basion point as a parameter for determining condylar
position. Point Ar is displaced backward and downward
during growth and it is affected by the direction of condylar
growth and of mandibular rotation (Björk;[28] Popovich and
Thompson,[29] Björk and Skieller).[30]
No significant difference was seen in any of the three
cephalometric variables in all the three classes (Cl I, Cl
II and Cl III) of sagittal malrelations. It should be noted
that the temporo-mandibular joint is positioned at the
lateral edges of the cranial base and is, in fact, considerably
separated spatially from the midsagittal plane on which
cephalometric analyses are based. It is likely, therefore,
that changes in the cranial base angle may not be directly
translated to the mandibular articulation (Dhopatkar
et al.).[23] The correlation analysis revealed a negative
relationship between the N-S-Ar and S-Ar-Go angles in
all the three classes.
Along with the parameters analyzed in the study it is
important for us to consider other factors such as role of
soft tissue a causative influence in development of different
malocclusion patterns, Solow and Kreiborg[31] stated that
factors inducing cranial extension, impairment of nasal
airflow influence craniofacial development. DAttilio et al.[32]
proved a statistically significant correlation with mandibular
position and length, overjet, and the mandibular plane angle
to the cervical curvature. Festa et al.[33] showed a significant
correlation between distal jaw position, sagittal mandibular
length, and increased cervical lordosis.
114

Hence, it can be concluded that the condylar position did
not significantly change in different antero-posterior jaw
malrelations and to further confirm the finding studies with
larger number of subjects and better imaging techniques
could be advocated.

CONCLUSION
1. There is no significant difference in condylar position
in different skeletal malocclusion patterns.
2. N-S-Ar and S-Ar-Go angles have shown a significant
negative correlation in all the three classes.
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