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I
ABSTRACT

Aim: The aim of this study to examine the differences between cranial base measurements and different skeletal malocclusion
patterns in patients with Turkish cephalometric norms, data that will be useful in diagnosis and orthodontic and jaw surgery
treatment planning. Materials and Methods: Cranial base measurements were made on lateral cephalometric radiographs
of 90 healthy orthodontic patients with different skeletal malocclusions (Class I: 30 subjects, Class II: 30 subjects, Class
III: 30 subjects) with a normal vertical growth pattern. Cranial base flexure measurements, anterior and posterior cranial
base inclinations, and linear measurements for the assessment of cranial base dimensions were analyzed. For statistical
evaluation, one-way analysis of variance test was performed. Least significant differences test was used to determine the
individual differences. Results: Both anterior (SN) and posterior (SBa) cranial base lengths, N-SBa cranial base flexure
angle and posterior cranial base inclination angle (SBa-FH) did not show statistically significant differences between the
three groups studied. Anterior cranial base inclination (SN-FH) was increased significantly in the Class II group compared
to Class I and Class III groups. N-S-Ar cranial base flexure angle was also increased significantly in the Class II group
compared to Class III. Conclusions: Cranial base morphology differences among skeletal malocclusions were observed for
the N-S-Ar and SN-FH angles in Class II group.
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Introduction and mandible.?* Therefore, the cranial base area has long
been of interest to orthodontists.
The cranial base can affect the development of both

the face and the cranium, because it plays a key role in Although the cranial base angle is relatively stable
and it shows large individual variations.” Cranial base

features for different ethnic and racial groups have been
established previously in many studies. Most researchers
have concluded that there are significant differences
among these groups and many cranial base standards have
been developed for the different groups.!'® These studies
sagittal skeletal relationship of the jaws since the cranial indicate that normal measurements for each group should
base consists of two segments articulating with the maxilla not be considered normal for every other race or ethnic

group. Therefore, it is important to develop individual

standards for each population. Different racial groups must
be treated according to their own characteristics.?

Quick Response Code:

craniofacial growth, assisting to unite different patterns
of growth in various adjacent regions of the skull such
as components of the pharynx, the oral cavity, the nasal
cavity, and the brain."" Any changes in flexion due to
variations in shape and size of this region would alter the

Website:

www.jorthodr.org A limited number of studies have been carried out to
evaluate the differences between cranial base measurements
DO and different skeletal malocclusions. However, we have

10.4103/2321-3825.116287 not found any published study evaluating the differences
between cranial base measurements and different
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skeletal malocclusions in Turkish patients with Turkish
cephalometric norms.®% Therefore, knowledge of the
differences between the cranial base morphology and
different skeletal malocclusions in Turkish patients is a
new contribution to the current orthodontic literature in
this field.

On the basis of these facts, the aim of this study was
to examine the differences between cranial base
measurements and different skeletal malocclusion patterns
in patients with Turkish cephalometric norms, data that will
be useful in diagnosis and orthodontic and jaw surgery
treatment planning.

Materials and Methods

The present study was carried out on the lateral
cephalometric radiographs of three groups selected from
the archives of the Orthodontic Department of Kirikkale
University. Because this study was a retrospective archive
study, no ethical approval was needed.

The lateral cephalometric radiographs of 500 patients
were analyzed and the criteria presented in Table 1 were
followed for sample selection. All of the patients were at
the stage 9 (Ru developmental stage [Complete union of
epiphysis and diaphysis of radius]) according to the hand-
wrist maturation method described by Bjork,"® and Grave
and Brown.[" A power analysis established by G*Power,
version 3.1.3 (Franz Faul, Universitét Kiel, Kiel, Germany)
software, based on 1:1 ratio between groups, with sample
size of 30 patients, would give more than 70% power to
detect significant differences with 0.40 effect size and at the
o = 0.05 significance level. And thus, of 500 radiographs,
90 radiographs including the criteria were randomly
selected and included in the present study.

The radiographs were classified into three groups on the
basis of different skeletal malocclusions with the normal
vertical relationship (SN-MP angle, 32 + 5°%9) The Class |
malocclusion group (bilateral Class | molar and canine
relationships with minor crowding or spacing, ANB = 1-5°%7))
comprised 30 patients-14 girls and 16 boys (mean age, 16.71
+ 2,7 years), the Class [l malocclusion group (bilateral Class Il
molar and canine relationships with maxillary protrusion and/
or mandibular retrusion, ANB > 5°#9) comprised 30 patients
— 15 girls and 15 boys (mean age, 16.58 + 2.6 years), and
the Class Il malocclusion group (bilateral Class Ill molar
and canine relationships with mandibular prognathism
and/or maxillary retrusion, ANB < 1°%©9) comprised 30
subjects — 16 girls and 14 boys (mean age, 16.74 + 3.0
years). A total of 90 radiographs were evaluated. Table 2

shows sample characteristics according to malocclusion.
Dental plaster models were used in the determination of
dental malocclusions.

All assessments were performed by the same investigator
(B.S) in a darkened room with a radiographic illuminator to
ensure contrast enhancement of landmarks. The following
anthropological landmarks were plotted:!"" A point (A),
B point (B), sella (S), nasion (N), articulare (Ar), basion

Table 1: Inclusion and exclusion criterias for sample selection
Inclusion criteria

Exclusion criteria

Living in Turkish population
Age between 18 and 30 years

Not living in Turkish population
Age younger than 18 and older
than 30 years

Partial and low-resolution
images

No partial and low-resolution
images

Stage 9 (Ru developmental stage)
according to method of Bjork,!%
and Grave and Brown(!!

For Class I samples: Bilateral Class I
molar and canine relationships with
minor crowding or spacing, ANB
between 1and 5

For Class I samples: Bilateral Class
II molar and canine relationships
with maxillary protrusion and/or
mandibular retrusion, ANB>5

For Class III samples: Bilateral Class
III molar and canine relationships
with mandibular prognathism and/
or maxillary retrusion, ANB<1

Lack of orthodontic treatment and/
or maxillary functional orthopedic

Young people now in or who
had been under orthodontic

treatment treatment

No genetic or craniofacial deformity Genetic or craniofacial
deformity

No history of craniofacial surgery Previous history of craniofacial
surgery

No head, neck or hand-wrist region
injury

No visual, hearing, or swallowing
disorders, and facial or spinal
abnormalities (i.e., torticollis,
scoliosis, or kyphosis)

Mild to moderate crowding

Normal vertical pattern (SN-MP
angle from 27 to 37°)

No history of oral habit

Head, neck or hand-wrist region
injury

Visual, hearing, or swallowing
disorders, and facial or spinal
abnormalities (i.e., torticollis,
scoliosis, or kyphosis)

Severe crowding

Severe or underdeveloped
vertical pattern (Sn-MP angle
of 27° or less or SN-MP angle of
37°0r more)

Previous history of oral habit

Ru: Radius union, ANB: Sagittal growth pattern, SN-MP: Vertical growth pattern

Table 2: Mean values (istandard deviations) for age, ANB, and
SN-MP in patients with Class |, Class I, and Class Il malocclusions

Descriptive values Class | Class Il Class Il
Age (year) 16.71+£2.66 16.58+2.64 16.74+2.99
ANB (°) 3.06+0.82 6.43+1.42 (-) 1.08+2.08
SN-MP (°) 31.53+2.60 32.84+2.17 31.11+2.85

ANB: Sagittal growth pattern, SN: Anterior cranial base, MP: Mandibular plane
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(Ba), gonion intersection (Go), menton (Me), porion (Po),
orbitale (Or). The following measurements were used:!"
Angular measurements for the assessment of sagittal growth
pattern (ANB), vertical growth pattern (SN-MP), cranial base
flexures (N-S-Ar, N-S-Ba), anterior and posterior cranial base
inclinations (SN-FH, SBa-FH), and linear measurements
for the assessment of cranial base dimensions (S-N, S-Ba)
[Figure 1].

Statistical Analysis

The Kolmogorov-Smirnov test was applied to the data and
it showed that the data were normally distributed. Thus,
statistical evaluation was performed using parametric
tests. Descriptive data and standard deviation values were
calculated for each measurement. Statistical comparisons of
each parameter in subjects in different malocclusion groups
were compared to one-way analysis of variance (ANOVA)
and least significant differences (LSD) test.

To determine the presence of any errors typically associated
with digitizing and measurements, 30 radiographs were
selected randomly for examination. All procedures such
as landmark identification, tracing, and measurement were
repeated on these 30 radiographs 3 weeks after the first
examination, by the same investigator. A paired t-test was
applied to both the 1% set and 2" set of measurements
and no significant difference was found between the two
settings. Intra-class correlation coefficients were performed
to assess the reliability of the measurements as described
by Houston,"? and the coefficients of reliability for the
measurements were above 0.90. All statistical analyses

Figure 1: The measurement points and reference lines used in the
study: A point (A), B point (B), sella (S), nasion (N), articulare (Ar),
basion (Ba), gonion intersection (Go), menton (Me), porion (Po),
orbitale (Or), anterior cranial base (SN), sagittal growth pattern (ANB),
vertical growth pattern (SN-MP), Frankfort horizontal plane (FH), cranial
base flexures (N-S-Ar, N-S-Ba), anterior and posterior cranial base
inclinations (SN-FH, SBa-FH), and cranial base dimensions (S-N, S-Ba)

were performed with the Statistical Package for the Social
Sciences (SPSS), version 16.0 (SPSS Inc., Chicago, Ill).
When the P value was less than 0.05, the statistical test
was determined to be significant.

Results

Tables 2 and 3 show the mean and standard deviations for
ages, ANB and SN-MP, and linear and angular measurement
of the cranial base morphology of the subjects in each skeletal
class, respectively. Both ages and SN-MP measurements
showed no significant differences between the groups.

The linear measurements for the assessment of cranial base
dimensions were evaluated according to both anterior
cranial base length (SN) and posterior cranial base length
(SBa) measurements. Both SN and SBa measurements
showed no significant differences between the groups.

The angular measurements for the assessment of cranial
base flexure were evaluated according to N-S-Ba and N-S-Ar
measurements. N-S-Ba angle was the lowest in Class 11, the
greatest in Class Il, and intermediate in Class I. However,
no significant differences were found between the groups
for N-S-Ba parameter. Similarly, N-S-Ar angle was also the
lowest in Class 11I, the greatest in Class Il, and intermediate
in Class I. Significant differences were only found between
Class Il and Class 11l groups according to the results of the
LSD test (P < 0.05). The N-S-Ar angle was significantly
increased in Class Il compared to Class lll (P < 0.05).

The SN-FH angle, measured for the assessment of anterior
cranial base inclination, showed significant differences
between the groups (P < 0.05). The SN-FH angle was
significantly increased in Class Il group compared to Class
I and Class Il groups (P < 0.05).

The SBa-FH angle, measured for the assessment of posterior
cranial base inclination, showed no significant differences
between the groups.

Discussion

Previous studies have tried to find a correlation between
cranial base features and sagittal malocclusions; however,
most of these have paid attention to vertical height and
differences in the samples studied. As is known, at the
13" year of life, the cranial base reaches 90% of its adult
size.l" Therefore, this study aimed to eliminate possible
changes in facial divergence and individual growth and
development, and the SN-MP angle and Ru development
stage were similar in all three groups. In addition, the
most possible factors that influence the occurrences of a
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Table 3: Mean and standard deviations of the measurements and comparison of groups with ANOVA* and LSD** tests

Measurements Groups N Mean Standard P* CL I-CL I1** CL I-CL lI** CL II-CL lI**
deviation

SN (mm) CLI 30 72.43 4.13 NS NS NS NS
CLII 30 71.73 4.76
CLII 30 71.51 4.73
Total 90 71.89 451

SBa (mm) CLI 30 50.30 4.40 NS NS NS NS
CLII 30 48.77 6.24
CLII 30 48.94 4.19
Total 90 49.34 5.02

N-S-Ba (°) CLI 30 126.08 6.54 NS NS NS NS
CLII 30 128.75 7.53
CLIII 30 124.82 5.33
Total 90 126.55 6.66

N-S-Ar (°) CLI 30 125.20 6.36 <.05 NS NS <0.05
CLII 30 126.08 5.60
CLII 30 122.47 5.49
Total 90 124.58 5.97

SN-FH (°) CLI 30 8.32 4.27 <.05 <.05 NS <.05
CLII 30 10.20 3.35
CLII 30 8.00 3.20
Total 90 8.84 3.73

SBa-FH (°) CLI 30 60.50 6.04 NS NS NS NS
CLII 30 61.60 5.85
CLIII 30 61.52 4.84
Total 90 61.21 5.56

SN: Anterior cranial base, CL: Class, NS: Not signif cant, FH: Frankfort horizontal; N: Nasion, S: Sella, Ba: Basion, Ar: Articulare, * ANOVA (one-way analysis of variance) test, ** LSD (least

signif cant differences) test

skeletal anomaly, that is small or big jaws, any oral habit
were excluded in choosing the samples.

In previous studies, SN and SBa, and N-S-Ba and N-S-Ar
were widely used to measure of anterior and posterior
cranial base lengths and cranial base angles, respectively.
However, the differences between these measurements and
sagittal malocclusions are still debated. Therefore, these
measurements were used in this study.

In this study, Frankfort horizontal plane was selected as the
reference plane because of physiologic relation between
the ear and the eye as represented by Po and orbital.l'>'4
The variation of the Frankfort horizontal plane, which
represents a horizontal to the earth’s surface, has been
shown to vary around Q°.[*1

Although the maxilla is connected with the cranial base’s
anterior part and the mandible’s rotation is influenced by
the maxilla, a relationship can be found between the cranial
base morphology and sagittal malposition of the jaws.!" In
this study, the anterior and posterior cranial base lengths and
cranial base angle measured from Ba except for Ar showed
no significant differences between the sagittal malocclusions.
In agreement with our findings, Polat and Kaya,"" lldwein
etal. " Kasai et al."”! and Wilhelm et al.l'¥ reported similar
findings. On the other hand, Hopkin et al. ¥ reported that
the cranial base length and angle increase from Angle Class

Il through Class | to Class Il division 1 malocclusion. SN
and SBa were significantly larger in Class Il malocclusion
than in Class | subjects, but the measurements were very
similar in Class | and Class Ill. Kerr and Adams,"” found a
higher BaSN angle in Class Il patients than Class | patients.
Dibbets,?? also found smaller N-S-Ba angle and shorter SN
and SBa from Angle Class I, through Class I, to Class Il
subjects. Jarvinen,?'' reported that Class Il patients showed
a higher N-S-Ar angle than Class Il patients; this was in
agreement with our results.

Although the SN-FH angle was significantly increased in
Class 1l group compared to Class | and Class Il groups
(P < 0.05), the SBa-FH angle showed no significant
differences between the groups in this study. Contrary to
our findings, Polat and Kaya,' found that both anterior
and posterior cranial base inclinations were significantly
increased in Class Ill group compared to Class | and Class
Il groups. The Class Il group showed increased cranial
base inclinations and flexures that might have resulted in
backward positioning of the jaw.

The whole disagreements between our findings and these
author’s findings might be due to the racial differences and
case selection procedures (i.e., age, ANB, SN-MP angle,
number of person and developmental stage). In our study,
cases were Turkish patients with Turkish cephalometric
norms. As has been shown in numerous studies, the
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