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Evaluation of relationship between cranial base angle
and maxillofacial morphology in Indian population:

A cephalometric study

Amit Bhattacharya, Amarjitsingh Bhatia', Dolly Patel’, Nishit Mehta’, Harshik Parekh and Rahul Trivedi

INTRODUCTION

ABSTRACT

Objective: To investigate the role played by the cranial base flexure in influencing the sagittal and
vertical position of the jaws in Indian population.

Materials and Methods: Lateral cephalograms of 108 subjects were divided into three
categories (Group A: NSAr > 125°, Group B: NSAr-120°-125°, Group C: NSAr < 120°) according to
value of NSAr. Measurement of eight angular (SNA, SNB, NPg-FH, ANB, NAPg, SN-GoGn, Y-Axis,
ArGo-SN) and seven linear (N-S, S-Ar, Ar-N, Ar—Pt A, Ar-Gn, Wits appraisal, N- Pt A) variables
were taken.

Results: Pearson correlation coefficient test was used to individually correlate angular and
linear variables with NSAr for the whole sample as well as in individual group. Unpaired t-test
was used to analyze the difference in the means of all the variables between the three groups.
Significance was determined only when the confidence level was P < 0.05. Several parameters
(SNB, NAPg, ANB, Y-Axis, GoGn-SN) showed significant positive correlation while others showed
negative correlation (SNA, NPg-FH, N-S) with NSAr.

Conclusions: This study show cranial base angle has a determinant role in influencing the mandibular
position and it also affects both the mandibular plane angle and y-axis. Flattening of the cranial base
angle caused a clockwise rotation of the mandible. The jaw relation tends to change from class Ill
to class Il, with progressive flattening of the cranial base and vice-versa.

Key words: Cranial base angle, lateral cephalogram, maxilla-mandibular relationship, skeletal
pattern, treatment planning

consensus of different authors such as Renfroe,”! Bjork,®
Coben,® Moss,!" and Hopkin!""! proved that the cranial base

The cranial base area of the craniofacial complex has
long been of interest to orthodontists and craniofacial
anthropologists. Young,!" as early as 1916, recognized
relationship between cranial base morphology and
prognathism of the jaws. After the birth of a child, cranial
base angle has a tendency to reduce with age. In their
study Moss and Greenberg,? Scott,® Stramrud,“ Melson,®
Ohtsukhi et al.¥l they have found that the measure of cranial
base angle stabilizes between 5 and 7 years and there
after any change is hardly noticed in its value. The maxilla
appears to be attached to the anterior segment and the
mandible to the posterior segment of the cranial base. The
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morphology has considerable influence upon the position of
maxilla and mandible, thus determining the skeletal pattern of
an individual. The increase in the flexion of the cranial base
would increase Class-Ill tendency, while the reduction in the
flexion of the cranial base would increase Class-Il tendency.
Thus, it should be of great help for an orthodontist to predict
the future skeletal pattern of a child from the value of cranial
base angle at an early age.

However, it is noticed that most of the workers had collected and
grouped their samples according to the skeletal jaw relationship
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and then had tried to assess and compare the values of cranial
base angle of each skeletal group. Very few studies are carried
out to assess the skeletal jaw pattern of individuals having
different values for their saddle angle.

Thus in view of above facts, a cephalometric study is conducted
with following aims and objectives to explore the relationship
between the cranial base angle and the maxillofacial
morphology.

1. To estimate the values of different craniofacial skeletal
parameters for individuals having varied range of cranial
base angle

2. To compare and correlate the value of cranial base angle
with eight angular and seven linear parameters in different
groups

3. To compare and correlate the value of cranial base angle
with eight angular and seven linear parameters for overall
data

4. To find the difference in the values of all the parameters
between groups having varied range of cranial base angle.

MATERIALS AND METHODS

Materials

For this study, sample consisting of 108 lateral cephalograms

are collected from the records of the patients reported at the

Department of Orthodontics, Government Dental College and

Hospital, Ahmedabad, on the basis of following criteria:

1. None of the subjects had undergone orthodontic treatment
in the past

2. The age range of the subject was between 12 and 16 years

3. There was no facial disharmony whatsoever due to
any systemic problem or any major accident in the past
affecting the bones of the facial skeleton.

Methods

Once the lateral cephalograms are collected, estimation of the
values of cranial base angle is done for each case. On the basis
of their values, the total sample is divided into three categories:
e Group A: NSAr > 125° (n = 33)

e Group B: NSAr-120°-125° (n = 30)

*  Group C: NSAr < 120° (n = 45)

In this study, for the purpose of estimating the degree of flexure
of the cranial base angle (NSAr), point “Articulare” rather than
“Basion” has been used to represent the posterior extent of
the cranial base. It is proved by Bhatia and Leighton!'? that
the growth patterns studied by use of Basion or Articulare, are
very similar.

Further cephalometric points [Table 1] are plotted, lines
[Table 2] and angles [Table 3] are drawn. Eight angular (SNA,
SNB, NPg-FH, ANB, NAPg, SN-GoGn, Y-axis, ArGo-SN) and
seven linear (N-S, S-Ar, Ar-N, Ar-Pt A, Ar-Gn, Wits appraisal,

N-Pt A) parameters are recorded for carrying out necessary
statistical analysis. The above measurements are selected
primarily to investigate the role played by the cranial base
flexure in influencing the sagittal and vertical position of the
jaws.

Table 1: Points

Points Location

Sella (S) The centre of the shadow of the pituitary
fossa (sella turcica)

Nasion (N) The deepest point of the frontonasal suture

Articulare (Ar) It is the point of intersection of the images of the
posterior border of the mandible and the inferior

border of the basilar part of occipital bone

Gonion (Go) The point formed by the intersection of the
mandibular plane and the posterior border of
the ascending ramus of the mandible. It is a
constructed point

Gnathion (Gn) A point formed by the intersection of the

mandibular plane with the facial plane. Itis a
constructed point

The deepest midline point on the pre maxilla
between anterior nasal spine and the crest of the
maxillary alveolar process

The deepest midline point on the mandible

Subspinale or
Point A

Supramentale

or Point B between the pogonion and the crest of the
mandibular alveolar process

Pogonion (Pg) The most anterior point on the bony chin in the
median plane

Porion (Po) The superior point of the external acoustic meatus

ANS Anterior nasal spine; this is the tip of the bony
anterior nasal spine

PNS Posterior nasal spine; the intersection of

a continuation of the anterior wall of the
pterygopoalatine fossa and the floor of the nose
marking the dorsal limit of the maxilla

The most inferior midline point on the mandibular
symphysis (unilateral)

The lowest point on the inferior margin of the orbit

Menton (Me)

Orbitale (Or)

Table 2: Lines

Planes Connecting points

S-N plane Line formed by connecting point S and point N.
This represents the anterior cranial base

S-Ar line Line formed by connecting sella and articulare.
This represents posterior cranial base length

Ar-N line Line formed by joining point articulare and nasion.
This represents the total cranial base length

Ar-Go IINE Line formed by joining point articulare with the
constructed point gonion. It represents the length
of the vertical ramus of the mandible

Mandibular Plane formed by connecting gonion with gnathion

plane

Facial plane Plane formed by connecting nasion with pogonion

S-Gn line Line formed by connecting sell with constructed
point gnathion

Frankfort Line formed by joining porion and orbitale

horizontal plane

N-A line Line joining nasion with point A

A-Pg line Line joining point A with pogonion

N-B line Line joining nasion with point B
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Statistical Analysis

We performed statistical analysis using the Microsoft Office
Excel 2007 and IBM SPSS version 22 software. Various
angular and linear variables were measured and their mean
and standard deviations were calculated in all the three groups
as shown in Table 4.

All the variables were then individually correlated with NSAr for
the whole sample as well as in individual group using Pearson
correlation co-efficient test. Unpaired t-test was then used to
analyze the difference in the means of all the variables between
the three groups.

Table 3: Angles and measurements

Angles Connecting points

NSAr angle Is the angle formed between nasion, sella and

(saddle angle) articulare. It represents the crania base flexure

SNA Angle formed between the lines SN and NA

SNB Angle formed between the lines SN and NB

ANB Angle formed between the lines NA and NB

NA Pg Angle formed between the lines NA and APg

NPg-FH Angle formed between the facial plane NPg and
FH plane

SN-GoGn Angle between the SN plane and the mandibular
plane, represents the mandibular plane angle

Y-axis Angle formed between the S Gn line and FH plane

ArGo-SN Angle formed between Ar-Go and SN plane

N-S Linear distance between nasion and sella

S-Ar Linear distance between sella and articulare

Ar-N Linear distance between articulare and nasion

Ar-Pt A Linear distance between articulare and point A

Ar-Gn Linear distance between articulare and gnathion

Wits Linear distance between points A and B reflected
on to the occlusal plane

Linear distance of point A from a perpendicular to
the FH plane dropped from nasion

N-Pt A

Table 4: Mean and SD of all parameters in three groups

Type of Variables Group A Group B Group C
variable Mean SD Mean SD Mean SD
Angular (°) NSAr 130.9 456 122.73 1.95 116.63 3.1
SNA 80.18 424 81 3.56 82.73 4.73
SNB 75.02 433 775 3.47 8243 4.2
ANB 516 2.08 3.17 193 0.3 3.82
N-A-Pg 816 42 503 36 -0.67 7.38
FH-NPg 8752 3.72 884 3.86 9043 282
SN-GoGn 30.67 6.32 28.73 6.97 294 5.47
Y-axis 59.2 5.08 57.33 4.29 56.53 3.08
SN-ArGo 87.64 4.68 88.13 4.52 85.7 4.81
Linear (mm) Wits 269 178 168 295 -5 4.68
N-S 7115 276 72.63 3.87 726 3.93
S-Ar 36.38 3.59 37.03 4.69 36.27 4.93
Ar-N 98.33 4.1 97.5 537 94.83 6.03
Ar-PtA 89.48 5.05 87.67 474 856 6.45
Ar-Gn 106.82 6.9 107.5 5.24 109.63 10.74

N-PtA 183 332 163 354 067 3.84

SD - Standard deviation
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RESULTS

Table 5 shows the frequency of observations for each values
of angle NSAr in the total sample and corresponding mean
values of angle SNA. The co-efficient correlation value
for their comparison reveals a highly significant negative
correlation between the two angles (r=-0.3667/P < 0.001).
When similar comparison is carried out group wise, as
shown in Table 6, a negative correlation is seen in all the
groups, however it is statistically significant for Groups A
(r=-0.2907/P = 0.023) and C (r = -0.5590/P = 0.001), but
not for Group B (r = -0.1641/P = 0.386). Table 5 shows
co-efficient correlation value for comparison between angles
SNB and angle NSAr in the overall data. It shows a highly
significant negative correlation between the two angles
(r=-0.6483/P < 0.001). The cranial base angle seemed to
influence the mandible more than the maxilla as revealed by
a stronger negative correlation between angle SNB and NSAr
than with angle SNA in the overall sample. Table 6 which is
showing comparison between the two angles in individual
groups, show a significant negative correlation in Groups A
(r = -0.3803/P = 0.003) and C (r = -0.4196/P = 0.022)
but not in Group B (r = -0.1903/P = 0.314), which might
be due to the small range of angle NSAr for this group.
A correlation of greater significance level, between the two
angles, is seen in Group A. Table 6 suggests significant
negative correlation between NPg-FH and NSAr in the
overall data (r = —-0.308/P = 0.001). However, comparison
between the individual groups revealed a nonsignificant
negative correlation between the two angles as shown
in Table 6. From Table 5, (correlating angle ANB with
angle NSAr), Table 5 (correlating angle NAPg with angle
NSAr) and Table 5 (correlating Wits appraisal with angle
NSAr); each reveals highly significant positive correlation
of each of these parameters when compared with angle
NSAr for the overall sample (r = -0.308/P = 0.001),
(r=0.5059/P < 0.001), (r=0.5430/P < 0.001). From Table 6
one can assess the behavior of individual parameters
within the different groups when compared to angle NSAr.
It shows significant positive correlation between angle
NSAr and these three parameters, suggesting sagittal
positioning of the jaws in Group B only (r=0.4785/P = 0.006),
(r=0.3885/P=0.011), (r=0.4574/P = 0.002). In this study as
shown in Table 5, the mandibular plane angle as well as Y-axis
angle shows a positive correlation with angle NSAr in the
overall sample (r=0.1863/P=0.041), (r=0.2713/P=0.003),
however the level of significance of correlation is much
higher for Y-axis angle than for GoGn-SN angle. The same
relationship when assessed in between the groups, as shown
from Table 6, no significant correlation is found at any level.
However when values of Y-axis angle and GoGn-SN angle
were compared for different groups by t-test, no differences
are found when Group B is compared with Groups A and C,
but when compared to Group A, Group C differs significantly
for Y-axis only. The anterior cranial base (N-S) shows a
negative nonsignificant correlation with angle NSAr in the
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Table 5: Reltionship between NSAr and other parameters in total sample

NSAr Frequencyof SNA SNB NPg ANB NAPg WITTS SN- Y-axis N-S S-Ar Ar-N Ar-Pt A NPtA Ar ArGn
observations FH GoGn Gn SN
110 4 89 855 913 3.5 6 -2.5 26 56.3 748 37 93.7 89.5 45 111 85.3
115 3 83 87.6 92 -46 -8.33 -10.3 30.3 55 72 33.3 90.6 82.3 0 112 81
116 3 84 83 90.3 1.33 1.33 -36 317 573 746 373 96.6 86.7 -1 112 86.3
117 4 83 825 913 1.25 -1 -3.7 24 543 70.8 36.5 93.2 84.3 3 106 86.5
118 7 81 80 89 1 0.85 -4 32 58.1 733 36.7 96.7 86.3 0.14 110 871
120 12 80.6 80 89.1 0.41 -1.41 -4 29.8 583 728 382 975 85.9 05 109 86.1
121 6 8167 783 885 3.33 4.5 2 30 573 725 352 95 86.5 1.16 108 87.8
122 6 83.33 80 90 3.33 6 216 293 575 71 392 98 89.2 35 109 87
124 6 7983 76.2 87.7 3.66 6.66 1.08 253 56.3 745 365 99 89 1.83 106 88
125 12 80.67 772 895 354 4.81 2.63 288 557 72 35 96 87.1 1.9 114 886
126 6 8366 77.8 885 583 8.33 2.5 322 587 705 386 96.1 89 2.66 107 86.8
127 5 82.4 762 874 6.2 6.2 3.2 26.4 58.8 71 39.4 100 89.8 0.8 107 85
128 6 79.6 752 875 4.5 8.33 1 288 56.8 726 333 95 872 0.66 104 85
129 4 76.5 725 85.8 4 5.5 3 34 593 715 37 99 86.5 -25 104 885
130 4 81.5 77 88.8 4.5 6.25 4.5 275 573 723 375 100 92 2.75 111 925
131 9 85 751 86.9 4.55 9 1.7 29.1 623 716 37 100 89.4 1.27 107 84.6
132 3 83.6 76.6 87 5.33 10 2.3 26.7 57 70.7 37 98.6 94.7 6 111 87
133 4 77.5 71.8 88 4.75 6.75 25 31.8 61.8 68.8 353 96.5 87.3 2 110 93.3
134 4 8255 725 86.7 575 8.5 325 36.3 57 72.3 34.3 98.5 89.3 275 106 90
Co-efficient corelation () -0.37 -0.65 -0.31 0.53 0.51 054 019 0.27 -0.23 -0.1 0.27 0.29 0.07 0.15 0.17
P value <0.001* <0.001* 0.001* <0.001* <0.001* <0.001* 0.04 0.003* 0.11 0.29 0.003* 0.002* 0.46 0.09 0.06
*Significant at P<0.05
overall sample as well as when compared in individual group DISCUSSION

[Tables 5 and 6]. Similar are the finding for the posterior
cranial base (S-Ar) [Tables 5 and 6]. Furthermore, differences
in the values of the above parameters between groups are
not significant as per t-test [Table 7]. However as shown from,
Table 5, the total cranial base length (Ar-N) have significant
positive correlation with angle NSAr in the overall sample
(r=0.268/P =0.003). Furthermore, Table 6 shows significant
positive correlation between the two parameters in Group A,
(r=0.3749/P = 0.004). When mean values for length Ar-N is
compared by t-test, [Table 7], significant difference is found
between Groups A and C. As shown in Table 5, Maxillary
length showed a significant positive correlation with cranial
base angle in the overall sample (r=0.2853/P = 0.002). The
maxillary length progressively increases with an increase
in the cranial base angle [Table 4] thus compensating for
increase in its value. This increase in the maxillary length
was significant between the Groups A and C, [Table 7]. Now
when the maxillary position is evaluated by the method
suggested by McNamara (measuring the linear distance
of point A, from a perpendicular dropped from nasion to
FH plane) and is correlated with NSAr, then no significant
correlation is established [Tables 5 and 6]. Thus changes
in NSAr do not affect N-pt A in this study. When mandibular
length (Ar-Gn) is correlated with NSAr angle [Tables 5 and
6], an insignificant negative correlation is seen both in the
overall data and in the individual groups. The inclination of
the posterior border of the ramus (ArGo-SN) is correlated with
angle NSAr [Tables 5 and 6] where no significant correlation
is found.

In this study, lateral cephalograms of 108 subjects were divided
into three categories according to the values of angle NSAr of
each subject as studies, which have found the skeletal pattern
based on the cranial base angle are few.['3'® This study shows
that as the cranial base angle reduces, the maxilla tends to
protrude and angle SNA increases [Tables 4-6]. This is in
agreement with the studies by Hopkin et al.,l"¥ Varjanne and
Koski,[" Jarvinen,!"® Moyers,!"1 Enlow,!"® Profitt and Fields,!"®
Kasai et al.l"® However, from Table 7, when differences in the
values of angle SNA were compared between Groups A, B
and C; significant differences were not seen at any level. This
concludes that though a significant negative correlation exists
between these two angles, the sagittal position of maxillary
apical base as described by point A is not highly affected.

It is clear as the cranial base angle reduces, the mandible
tends to protrude, and angle SNB increases [Tables 4-6].
Moreover, as the cranial base angle reduces, the chin tends to
protrude [Tables 4-6]. Further, differences in the values of angle
SNB and NPg-FH when compared between the Groups A, B
and C [Table 7], shows that significant differences exist in the
measure of these angles between the groups with extreme
ranges of the cranial base angle (Groups A and C). It can be
concluded that mandibular position is affected to a great extent
by the changes in the cranial base angle.

The above correlation suggests a relationship between the
magnitude of the cranial base flexure and mandibular position.
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N-Pt A Ar-Gn  Ar-GoSN

Ar-Pt A
r=0.1856

Ar-N
r=0.3749

S-Ar
r=-0.2844

N-S
r=-0.0855

Witts SN-GoGn Y-axis

NAPg
r=00.2333

(P:

NPg-FH ANB

NB

S
-0.3680

SNA
r=-0.2781

Table 6: Relationship between angle NSAr and various parameters in individual groups
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Table 7: t-test to find significance of difference in the values
of all the variables in the three groups

Variable Between Between Between
Groups A and B Groups A and C Groups B and C
NSAr 0.001* 0.003* 0.381
SNA 0.49 0.345 0.101
SNB 0.693 0.004* 0.639
ANB 0.201 <0.001* 0.016
N-A-Pg 0.326 0.003* 0.063
FH-NPg <0.001* <0.001* 0.837
SN-GoGn 0.892 0.024* 0.495
Y-axis 0.593 0.782 0.857
SN-ArGo 0.095 0.034* 0.677
Wits 0.699 0.498 0.709
N-S 0.098 0.054 0.529
S-Ar 0.279 0.103 0.551
Ar-N 0.324 0.004* 0.717
Ar-PtA 0.234 0.024* 0.102
Ar-Gn 0.962 0.046 0.078
N-PtA 0.673 0.291 0.238

*Significant at P<0.05

The smaller the cranial base angle, the more forward the
mandibular position which increases the tendency to a Class-IlI
jaw relationship and larger the cranial base angle, the more
backward the position of the mandible, which increases the
tendency to a Class-Il jaw relationship. Also in contrast to maxilla,
the mandible is affected more by changes in the cranial base
angle. The above findings are in agreement with those of Kasai
et al'® and Bjork,?” who demonstrated the relationship between
the cranial base angle and mandibular position and Baccetti
et al.,?" who showed that the temporomandibular joint position
was more posterior in skeletal Class-II than skeletal Class-II.

In order to assess the influence of saddle angle on
maxillo-mandibular relationship, three parameters were studied,
the ANB angle, Wits appraisal and angle of convexity (N-A-Pg).
The observed correlation between the cranial base angle and
the above parameters suggest that the opening of the cranial
base flexure can result in a skeletal Class-Il jaw relation and
the closing of the cranial base flexure can result in a skeletal
Class-lll jaw relation. In this study the mean values of angle
ANB, wits and angle N-A-Pg in the three groups support the
above contention [Table 4]. When the values of ANB angle,
wits, NAPg angle were compared in individual groups using
the t-test, significant differences were seen between Groups A
and C. The above findings support the work of Kerr and Hirsti??
who suggested that the cranial base angle at 5 years of age
determines the fundamental jaw relationship and is an accurate
predictor of ultimate facial type at 15 years of age. Anderson
and Popovich?3 found more Class-Il occlusions in large cranial
base angle subjects. Kerr and Adams?* concluded that the size
and shape of the cranial base influences mandibular position
by determining the anterioposterior position of the condyles
relative to the facial profile. Enlow,["® Harris et al.,”® Bacon
et al.”® have reported that the cranial base angle to be larger
in Class-Il subjects. However, according to Varrela,?” early
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characteristics of a sample of Class-Il occlusion patients found
no cranial base etiology in the Class-Il group. Kerr et al.?®
compared the cranial base in Class-l and Class-Il skeletal
patterns and found no significant differences between the
skeletal classes for any of the cranial base measurements.

In this study subjects with most closed cranial base angle had
a skeletal Class-Il jaw relationship [Table 4]. This supports the
findings of Enlow!"® but contradicts the findings of Anderson and
Popovich®?® According to Anderson and Popovich®?® Class-IIl
occlusion in subjects do not have the most closed cranial base
angles.

To study the influence of cranial base angle on the rotation
of the mandible, angle NSAr was correlated with Y-axis and
mandibular plane angle (SN-GoGn). Correlation suggest that
increase in the cranial base flexure can cause a clockwise
rotation of the mandible [Tables 5 and 6]. The above findings
are in agreement with those of Klocke et al.?”!

In this study, it is found that changes in the cranial base angle
are independent of anterior as well as posterior cranial base
length [Tables 5-7]. However, increase in the cranial base
angle has high association with increase in the overall cranial
base length and this tendency is greater near the upper
extremities of cranial base angle [Tables 5-7]. Weidenreicht®!
stated that the deflection of the cranial base shortened the
nasion-basion line (overall cranial base), this correlates well
with the present study in which the total cranial base length
decreased significantly with a decrease in the cranial base
angle [Tables 5 and 6].

An interesting association is seen between the cranial base
angle and maxillary length. The maxillary length progressively
increases with an increase in the cranial base angle [Table 4],
thus compensating for increase in its value. This increase in
the maxillary length was significant between the Groups Aand
C [Table 7]. Now when the maxillary position is evaluated by
the method suggested by McNamara (measuring the linear
distance of point A, from a perpendicular dropped from nasion
to FH plane) and is correlated with NSAr, then no significant
correlation is established [Table 7]. Thus changes in NSAr do
not affect N-pt A in this study.

When mandibular length (Ar-Gn) was correlated with NSAr
angle [Tables 5 and 6], an insignificant negative correlation is
seen both in the overall data and in the individual groups. This
suggest that the increase in the value of saddle angle, which
has the tendency to cause retrusion of mandible is not being
compensated by the mandibular length and this is the cause
that the values of angle SNB and angle NPg-FH is influenced
to a greater extent as compared to the values of angle SNA
and N-PtA.

No significant correlation was found between inclination of the
posterior border of the ramus (ArGo-SN) and NSAr, [Table 5].

This suggests that with increase in cranial base angle, which
tends to position the head of the condyle more posteriorly, there
is no compensation from the slope of the ascending ramus to
bring the angle of mandible, or body, or chin forward.

CONCLUSION

It has been known for a long time that the cranial base angle
influences the craniofacial morphology. Based on this study,
following conclusions are drawn:

* The cranial base has definite influence on the maxilla.
As the cranial base angle reduces, the maxilla tends to
protrude and angle SNA increases.

*  The mandibular position is influenced to a greater extent by
the cranial base angle than maxillary position. Cranial base
angle has a determinant role in influencing the mandibular
position.

*  Theflattening of the cranial base angle causes a clockwise
rotation of the mandible.

*  Thejaw relation tends to change from Class-Ill to Class-ll,
with progressive flattening of the cranial base and
vice-versa.
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