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The aim of the research is to investigate the characteristics of cranial base morphology in class II division 1
and class II division 2 malocclusions. The study group consisted of 40 patients aged 11 years treated at the
Orthodontic Department of “Carol Davila” University. Both gender and both malocclusion types were equally
represented. Lateral cephalograms were traced and 22 linear and angular cephalometric parameters were
calculated: four parameters for the cranial base (N-S-Ba, N-Op-Ba angles, N-S, S-Ba lengths) and 18
parameters for the maxillofacial complex Nsa-Nsp, Go-Gn, Kdl-Go, S-Nsp, N-Nsa, Nsa-Gn, N-Gn, Nsp-Go,
SNA angle, ANB angle, SN – NsaNsp angle, SN-GoGn angle, N-Nsa-Gn angle, S-Nsp-Go angle, N-Nsa-Pg
angle, gonial angle, FMA angle, NsaNsp – GoGn. Statistical significant differences between cranial base
parameters in the two malocclusions groups were depicted, in particular for feminine gender. Regardless of
gender, the sphenoidal angle values were mainly increased in both malocclusion groups, when compared
to normal population values. The S-Ba lengths were decreased in both malocclusion groups, regardless of
gender. More significant alterations of cranial base morphology were depicted in patients with Class II
Division 2 malocclusions then in patients with Class II Division 1 malocclusion. The study’s results sustain
the existence of some cranial base alterations in Class II malocclusions.
Keywords: cranial base morphology, lateral cephalograms, cephalometric parameters, Class II Division 1
malocclusion, Class II Division 2 malocclusion

The dental radiography nowadays is an indispensable
exam in order to obtain a correct diagnosis [1,2].
Previous published studies demonstrated correlations
between cranial base configuration and facial morphology
in different types of malocclusions. Enlow [3] stated that
quantitative and qualitative evolution of the skull base
directly affects the position of the jaw bases. He
demonstrated that increasing the skull base flexion
(reducing the angle formed between the anterior and
middle cranial fossa) determines most anterior mandibular
positioning, so the trend of development towards Class III
Angle malocclusions. Conversely, reducing the skull base
flexion would facilitate posterior mandibular positioning
and evolution trend towards Class II Angle malocclusions.
The results published by Anderson and Popovich [4] argue
that in Class II Angle malocclusions mandibular angle
values correlate mainly with angular parameters of the
skull base and large cranial base angles were associated
with Class II malocclusions. The study published by Renfroe
[5] found no correlation between the cranial base angle
and Angle’s Class I or Class II malocclusions. In 1983, Firu
[6] advocated that alterations in the skull base ossification
lead to changes in maxillary and mandible dimensions
and positions. In view of the conflicting bibliographical
results [7], a retrospective study was conducted to further
explore the characteristics of cranial base morphology in
Class II division 1 and Class II division 2 malocclusions.
The main purpose of this study was to investigate, in a
cross-sectional sample, whether the cranial base

morphology, as illustrated on lateral cephalometric
radiographs, shows modifications in Class II malocclusions.
Experimental part
Materials and methods
This study targeted the Class II skeletal jaw relationships
and it aimed to investigate cranial base characteristics in
Division 1 and Division 2 malocclusions. To achieve these
goals, a group of 40 patients aged 11 years, treated at the
Bucharest University Orthodontic Department, was
selected. The sample consisted of 20 patients with Class
II Division 1 malocclusions and 20 patients with Class II
Division 2 malocclusions. All patients were 11 years old,
both genders being equally represented.
Patients presented skeletal Class II jaw relationship and
dental Class II malocclusions [8]. Class II Division 1
patients presented maxillary incisors protrusion. From the
study were excluded subjects with genetic syndromes and
metabolic diseases. The patients’ legal guardians
expressed their informed consent regarding the study.
Among orthodontic records, required prior to orthodontic
treatment, each patient effectuates cephalometric
radiograph. The cephalometric records were collected and
analyzed.
From each radiograph, 14 landmarks were retained:
Nasion (N), Sella (S), Basion (Ba), Opisthion (Op), Anterior
Nasal Spine (Nsa), Posterior Nasal Spine (Nsp), Down’s A
point (A), Down’s B point (B), Pogonion (Pg), Gnathion
(Gn), Orbitale (Or), Porion (Po), Gonion (Go), Condylion
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(Kdl). These cephalometric points are exemplified on figure
1.
Fig. 1. The cephalometric
landmarks recorded for the
study, exemplified on the
radiograph of male patient D.P.,
11 years, 4 month old, Class II
Division 1 malocclusion

From these cephalometric points, 22 linear and angular
cephalometric parameters were calculated (4 for cranial
base and 18 for maxillofacial complex):
-Cranial base angles: N-S-Ba, N-Op-Ba angles;
-Cranial base lengths: N-S, S-Ba;
-Jaw lengths: Nsa-Nsp, Go-Gn, Kdl-Go;
-Facial heights: S-Nsp, N-Nsa, Nsa-Gn, N-Gn, Nsp-Go;
-Jaw positions: SNA, ANB angles;
-Maxillofacial angles: Sella Nasion to Palatal Plane angle
(SN – NsaNsp), Sella Nasion to Mandibular Plane angle
(SN-GoGn), convexity angles (N-Nsa-Gn, S-Nsp-Go, N-NsaPg), gonial angle, FMA angle, Palatal Plane to Mandibular
Plane angle (NsaNsp - GoGn).
Descriptive statistical analysis was performed. The
mean and standard deviations were estimated for each
cephalometric variable in each group.
The error of the method (EM) was assessed according
to the Dahlberg formula (1940, quoted by [11]:

where d is the difference between two measurements,
and N is the number of variables.
Using the cephalometric mean values, graphical
representations of craniofacial skeleton pattern were
computed for each gender and type of malocclusion.
All collected data were stored in tables, created in Excel
Word. The statistical analysis was performed with the PSPP
free statistical package. The group variable means were
compared with normal population values (as stated by [9])
and comparison between groups was realized with an
independent t-test. The Pearson correlation parametric test
was used to explore statistical correlations between cranial
base parameters values and maxillofacial parameters
values. The minimum probability level for accepting
significance between the means was set at 5% [12].
In figure 2 are presented the graphical cephalometric
representation for feminine gender in Class II Division 1
malocclusions (a) and in Class II Division 2 malocclusions
(b). The blue segments represent parameters with
decreased average values compared to population norms
[11].

Fig. 2. Graphical cephalometric representation for feminine
gender: (a) in Class II Division 1 malocclusions and (b) in Class II
Division 2 malocclusions

Fig. 3. Graphical cephalometric representation for masculine
gender: (a) in Class II Division 1 malocclusions and (b) in Class II
Division 2 malocclusions

In figure 3 is presented the graphical cephalometric
representation for masculine gender: in Class II Division 1
malocclusions (a) and in Class II Division 2 malocclusions
(b). The blue segments represent parameters with
decreased average values; the red segment represents
parameter with increased average values compared to
population norms [11].
Results and discussions
Comparing the cranial base parameters for feminine
gender, we noticed that patients with Class II Division 1
malocclusions presented normal average parameters
values, except for the increasing cranial base flexure angle
(N-S-Ba). The Class II Division 2 malocclusions group was
characterized with normal sphenoidal angles, but
decreased cranial base lengths and N-O-Ba angle values
(table 1).
For masculine gender, more alterations of cranial base
morphology were depicted: in Class II Division 1
malocclusions group the sphenoidal angle increases with
reduced N-O-Ba angular values and reduced S-Ba length.
In Class II Division 2 malocclusion both cranial base angular
values were increased and S-Ba length decreased (table
2).
The differences between genders regarding sphenoidal
angle values were not statistically significant in both

Table 1
CRANIAL BASE PARAMETERS VALUES FOR FEMININE GENDER (BOLD-ITALIC – MEAN VALUES ABOVE THE NORMAL POPULATION MEANS,
BOLD – MEAN VALUES UNDER THE NORMAL POPULATION MEANS, [11]; * - STATISTICAL SIGNIFICANT DIFFERENCES – ONE SAMPLE T TEST
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malocclusions groups. The values of N-Op-Ba angles, SBa lengths were significantly higher for male patients then
for female patients in Class II Division 2 malocclusions
group (p=0.004, respectively p= 0.001, one sample t test).
The values of S-N lengths were significantly higher for all
male patients then for female patients (p=0.007, one
sample t test).
The maxillofacial development of female patients
presented specific characteristics:
-in Class II Division 1 malocclusion group - normal
average linear parameters values, reduced facial convexity
angle values, and the following parameters were increased:
ANB angles, Sella Nasion to mandibular plane angles,
palatal plane to mandibular plane angles, FMA angles;
-in Class II Division 2 malocclusion group – reduced
average linear parameters values (except for S-Nsp),
reduced facial posterior convexity angles, increased ANB
angles, palatal plane to mandibular plane angles.
For masculine gender, the results of the study
demonstrated:
-in Class II Division 1 malocclusion group – decreasing
of some linear parameter values (mandibular lengths GoGn, KDL-Go, facial heights N-Nsa, N-Gn), decreased facial
convexity angles, increased SNA and ANB angles;
-in Class II Division 2 malocclusion group – reduced
linear parameter values (except for normal posterior facial
height Nsp –Go and increasing of Go-Gn length), reduced
Sella Nasion to mandibular plane angles, facial convexity
angles, FMA angles, increased ANB angles values.
Graphical representations of cranial skeleton (3/4 ratio)
in the two malocclusion groups are illustrated in figure 2
for feminine gender and in figure 3 for masculine gender.
Applying the Pearson correlation test over all
cephalometric recorded values, we found a positive
correlation, statistically significant, between cranial base
lengths (N-S and S-Ba) in both malocclusions groups: r =
0.32* (p = 0.024) in Class II Division 1 malocclusions group;
r = 0.66* (p < 0.001) in Class II Division 2 malocclusions
group.
Regarding correlations between cranial base
parameters and maxillofacial ones, the most significant
results are presented in table 3 for Class II Division 1
malocclusions and in table 4 for Class II Division 2
malocclusions.
Statistical significant differences between cranial base
parameters in the two malocclusions groups were
depicted:
-sphenoidal angle values were in average with 5.76o
larger in female patients with Class II Division 1
malocclusions then in female patients with Class II Division
2 malocclusions (p=0.015, one sample t test);
-N-Op-Ba angle values were in average with 6.67o
narrower in female patients with Class II Division 2
malocclusions then in female patients with Class II Division
1 malocclusions (p=0.001, one sample t test);

-S-Ba lengths were in average with 4.57 mm reduced in
female patients with Class II Division 2 malocclusions then
in female patients with Class II Division 1 malocclusions
(p=0.007, one sample t test).
Our results showed:
-A tendency of increased sphenoidal angles in both
malocclusion groups, regardless of gender, compared to
normal population values. This result is similar with the
conclusions of Anderson and Popovich [4]. Other studies
[13,14] failed to demonstrate any differences in cranial
base flexure in Class II division 1 malocclusion compared
to Class I malocclusions.
-A tendency of reduced S-Ba lengths in both
malocclusion groups, regardless of gender. Other
cephalometric studies have reported elongation for the
posterior cranial base for Class II patients: Salehi and
Danaie 2006 [15]; Behbehania et al. 2006 [16].
-More significant alterations of cranial base morphology
in patients with Class II Division 2 malocclusions then in
patients with Class II Division 1 malocclusion. This result
can be due to malocclusion’s etiology, mostly hereditary
for the first group [17].
In both Class II malocclusions groups the investigated
linear maxillary parameters showed positive, statistically
significant, correlations with one or both cranial base
lengths. Regarding angular maxillar y parameters,
mandibular plane angles were positively correlated with
cranial base angular values in Class II Division 1
malocclusions group. This result partially agrees with data
published by Anderson and Popovich [4].
The anterior facial convexity angle (N-Nsa-Gn) is
positively correlated with S-N length in Class II Division 1
group and negatively correlated with both cranial base
lengths in Class II Division 2 group. The SNA angle values
were negatively correlated with S-N length in both
malocclusion groups and with sphenoidal angle in Class II
Division 2 malocclusion group. The ANB angle values
showed negative correlation with sphenoidal angle values
in Class II Division 2 malocclusion group.
Errors were comparable to other cephalometric studies
[10].
The negative moderate correlation between cranial
base angle (N-S-Ba) and SNA in Class II Division 2
malocclusion group was similar to the results reported by
other studies [18-20]. This result suggests that as the
cranial base angle reduces, the maxilla tends to protrude,
and angle SNA increases. The values of ANB angles were
also negatively correlated with the values of sphenoidal
angles, in contradiction with other studies results, which
advocated a positive correlation between these two
angular values: Kerr and Adams 1988 [21]; Agrawal et al.
2014 [13].
The correlation analysis suggests a relationship between
maxillofacial linear parameters and cranial base linear
parameters for both malocclusion groups, and a relationship
between mandibular position and the magnitude of cranial

Table 2
CRANIAL BASE PARAMETERS VALUES FOR MASCULINE GENDER (BOLD-ITALIC – MEAN VALUES ABOVE THE NORMAL
POPULATION MEANS, BOLD – MEAN VALUES UNDER THE NORMAL POPULATION MEANS, [11];
* - STATISTICAL SIGNIFICANT DIFFERENCES – ONE SAMPLE T TEST
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Table 3
MOST IMPORTANT CORRELATION
COEFFICIENTS IN CLASS II DIVISION 1 GROUP
(* = STATISTICALLY SIGNIFICANT RESULT, N.S.
= NOT SIGNIFICANT)

Table 4
MOST IMPORTANT CORRELATION
COEFFICIENTS IN CLASS II DIVISION 2 GROUP
(* = STATISTICALLY SIGNIFICANT RESULT,
N.S. = NOT SIGNIFICANT)

base flexure in Class II Division 2 malocclusion group. In
both malocclusion groups, little correlation was evident
between ANB angle values and cranial base parameters.
Dhopatkar et all. [22], appreciate that cranial base angle
alone does not appear to play an important part in the
malocclusion’s etiology. Errors were comparable to other
cephalometric studies [10].
In the Class II Division 1 malocclusion group, the values
of sphenoidal angle presented a moderated positive
correlation with the values of the mandibular plane angles
1938

(SN GoGn angle, Tweed angle). This finding is in agreement
with those of Klocke et al. [23]. The described correlations
suggest that increase in the cranial base flexure can cause
a clockwise rotation of the mandible.
The values of sphenoidal angle N-S-Ba presented no
statistically significant differences between genders; this
result agrees with previous studies [24-26], while in general,
the linear measurements of the cranial base were found
larger in males than females, and this was also in
agreement with previous studies [27].
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Conclusions
Some results of our study correlate with previously
published articles, and others present contradictory data.
The differences between the results of this study and other
studies may be attributed to the differences in the case
selection procedure.
It is difficult to include in clinical studies all possible
factors that influence the occurrence of a malocclusion.
The results of the study suggest that the opening of the
cranial base flexure can result in a skeletal Class II jaw
relationship.
The negative correlation between cranial base angle
(N-S-Ba) and SNA in Class II Division 2 malocclusions
suggests the influence of the cranial base on the position
of the maxilla.
For female patients, the values of sphenoidal angles, NOp-Ba angles and S-Ba lengths registered in Class II
Division 1 malocclusions group were significantly higher
than those registered in Class II Division 2 malocclusions
group.
No statistical significant differences were depicted for
male gender between the two malocclusions group.
Further studies are required to explore these
discrepancies.
Acknowledgment: All authors contributed equally in the elaboration
of the study
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