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ABSTRACT
Introduction: As orthodontists we are interested in understanding how the face changes from its embryologic form through
childhood, adolescence and adulthood. Of particular interest, an understanding of how and where the growth occurs as the
growth and development of cranial base is interrelated with face, directly influencing the growth of the maxilla and
mandible and, consequently, the establishment of their anteroposterior relationship. Numerous studies have been conducted
in the past using lateral cephalogram- a 2D technique; to determine the dimensions of the cranial base in individuals. With
the advent of the 3D methods of evaluation, Orthodontists have started being more aware of the functional spaces and their
role in the growth and development.
Aim of this study: It was to evaluate and quantify, three dimensional changes in the cranial base using the growth records of
children between 10 to 14 years of age using 3D DVT.
Methodology: The sample comprised of 20 patients divided into two groups of 10 each having skeletal Class-II and Class-I
malocclusion. Each group divided into two subgroups having 5 boys & 5 girls respectively all between the ages of 10-14
years. The parameters depicting the cranial base, anterior cranial base (ACB) length. [N-S]And Posterior cranial base (PCB)
length, were quantified using several linear measurements. The data was collected at 6 - month time interval (T0, T1, T2
and T3).
Results: The subjects with class-II malocclusion showed an increased anterior cranial base length and a decreased posterior
cranial base length as compared to class-I cases.
Conclusion: The growth and development of cranial base is interrelated with face, directly influencing the growth of the
maxilla and mandible and, consequently, the establishment of their anteroposterior relationship. Any variation at cranial
base will have effects on the position of maxilla and maxilla mandibular relationship.
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INTRODUCTION

The cranial base (CB) is of particular importance in
orthodontics, because its growth and development is
associated with face, which in turn influences the growth
of the maxilla and mandible and, consequently, establishes
an anteroposterior relationship. Six separate bones
namely- ethmoid, frontal, sphenoid, parietal, occipital and
temporal all of which are interconnected by synchondrosis

[1-3], together constitute the cranial base. Cranial base
synchondroses are important growth centers of the
craniofacial skeleton and the last sites in the cranium to
terminate growth [4]. The chondrocranium, which acts as
a growth plate, gives rise to the cranial base, which is later
replaced by bone via endochondral ossification [5].
According to Bjork et al. [6], the cranial base derives
primarily from the chondrocranium, and its form varies
greatly during development. There is a flattening tendency
before birth, which shifts during the early years of life,
gradually flexing until it reaches its final form about the
age of ten. According to Bishara et al. [7], at two years of
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age, the cranial base reaches 87 percent of its adult size,
90 percent at five years, and 98 percent at fifteen years.
Also, according to Moore et al. [8], the cranial base
reaches around 90% of its total size at about five years of
age, and it is stable from then on. As a result, it develops
quickly throughout the first few years of life before
decelerating.
Being orthodontists, a thorough knowledge of the facial
changes, starting from the embryonic form to adulthood.
Moreover, the site and direction of growth, the amount of
growth remaining, the influence of genetic and
environmental factors that aid in facial growth and how
we, as orthodontists can bring about optimum results
through our treatment is of utmost importance.
Any changes at the CB will have its influence on the
relative position of the upper denture base and in turn
the maxilla mandibular relationship.
Therefore, the current study was conducted in order to
evaluate and quantify, three dimensional changes in the
cranial base using the growth records of children
between 10 to 14 years of age using 3D DVT. This study
provides data on the incremental growth changes in the
cranial base in 3 dimensions in Skeletal Class I and II
malocclusions. Hence the results of this study will help us
in understanding the growth changes in Indian
population.

Aim

This study aimed at evaluating and comparing the
dimensions of cranial base in boys and girls from 10
years to 14 years of age having skeletal Class-II
malocclusion as compared to skeletal Class I
malocclusion.

Objectives

• To evaluate the dimensions of Cranial base length in
skeletal Class-II

• malocclusion.
• To evaluate the dimensions of Cranial base length in

skeletal Class-I malocclusion.
• To compare dimensions of cranial base length in

skeletal Class-II and Class-I malocclusion at 6 monthly
interval period between age 10 to 14 years.

MATERIALS AND METHODS

The current study was conducted in the “Department of
Orthodontics and Dentofacial Orthopedics”, Sharad
Pawar Dental College and Hospital, Sawangi (M.),
Wardha”, in co-ordination with Department of Radio-
diagnosis and Imaging, Acharya Vinoba Bhave Rural
Hospital (AVBRH), Datta Meghe Institute of Medical
Sciences, Deemed University (DMIMS, DU), Wardha,
Maharashtra. The sample comprised of 20 patients
divided into two groups of 10 each having skeletal Class-
II and Class-I malocclusion. Each group is divided into
two subgroups having 5 boys & 5 girls respectively.

The criteria for patient selection were as follows

• Age range between 10 - 14 years for both males and
females.

• No H/O previous orthodontic & orthopaedic
treatment.

• No history of any congenital deformities, metabolic
disorders or syndromes.

Complete case history and clinical examination
(Intramural and Extraoral examination) of cases
screened was done.
The lateral cephalograms of selected cases were traced,
digitized and analysed with computer software to assess
the skeletal malocclusion. Based on these findings the
study sample was segregated into two groups:
Group 1- Skeletal Class - I (Angle ANB=0° to 4°)
Boys
Girls
Group 2- Skeletal Class- II (Angle ANB=more than 5°)
Boys
Girls
The parameters depicting the cranial base, Anterior
cranial base (ACB) length [N-S] and Posterior cranial base
(PCB) length, were quantified using several linear
measurements. The data was collected at 6-month time
interval (T0, T1, T2 and T3). The results obtained were
tabulated and subjected to statistical analysis.

Statistical analysis

The data was analysed using descriptive and inferential
statistics. The software which was used in the analysis
were SPSS 17.0, EPI-INFO 6.0 version and Graph Pad
Prism 6.0 version and p<0.05 is considered as level of
significance. The statistical tests used for the analysis of
the result were:
Student’s paired t test.
Student’s unpaired t test.

RESULTS AND OBSERVATIONS

Comparison of ACB Length [N-S] in Group 1 and
Group 2 (Table 1 & Figure 1)

The mean ACB length in Class I malocclusion was 61.58
mm (SD ± 2.6), 62.02mm (SD ± 2.39), 63.11mm (SD ±
2.85) and 63.99 mm (SD ± 3.03) at time interval T0, T1,
T2, and T3 respectively and in Class II malocclusion it
was 63.17mm (SD ± 2.97), 63.84 mm (SD ± 3.07), 64.36
mm (SD ± 3.08) and 65.34 mm (SD ± 3.08) at time
interval T0, T1, T2, and T3 respectively. No significant
variance was observed (P=0.000 i.e. P<0.05) in anterior
cranial base length at the entire time interval T0
(P=0.22), T1 (P=0.15), T2 (P=0.35) and T3 (P=0.33).
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Gender wise comparison of ACB Length [N-S] in 
Group 1 and Group 2 (Table 2 & Figure 2)

The mean ACB length in Boys of Class-I malocclusion was 
60.67 mm (SD ± 2.53), 61.27mm (SD ± 2.33), 62.05 mm 
(SD ± 2.42) and 62.86mm (SD ± 1.97) at time interval T0, 
T1, T2 and T3 respectively and in girls it was 62.49 mm 
(SD ± 2.6), 62.78mm (SD ± 2.45), 64.17 mm (SD ± 3.11) 
and 65.12 mm (SD ± 3.7) at time interval T0, T1, T2 and 
T3 respectively. No significant difference was observed 
(P=0.000 i.e. P<0.05) in anterior cranial base length at 
the entire time interval T0 (P=0.29), T1 (P=0.34), T2 
(P=0.26) and T3 (P=0.26).
The mean ACB length in boys of Class-II malocclusion 
was 62.83 mm (SD ± 3.11), 63.61 mm (SD ± 3.09), 64.05 
mm (SD ± 3.21) and 65.11 mm (SD ± 2.96) at time 
interval T0, T1, T2 and T3 respectively and in girls it was 
63.5mm (SD ± 3.15), 64.07 mm (SD ± 3.40), 64.67mm 
(SD ± 3.27) and 65.57 mm (SD ± 3.52) at time interval T0, 
T1, T2 and T3 respectively. No significant difference was 
observed (P=0.000 i.e. P<0.05) in Anterior cranial base 
length at the entire time interval T0 (P=0.74), T1 
(P=0.82), T2 (P=0.77) and T3 (P=0.83).

Comparison of PCB length [S-Ba] in Group 1 and 
Group 2 (Table 3 & Figure 3)

The mean Posterior cranial base length in Class I 
malocclusion was 40.70 mm (SD ± 1.51), 41.77 mm (SD ± 
2.05), 43.03mm (SD ± 1.76) and 44.37mm (SD ± 2.07) at 
time interval T0, T1, T2, and T3 respectively and in Class 
II malocclusion it was 41.75 mm (SD ± 4.05), 42.75 mm 

(SD ± 3.93), 43.81 mm (SD ± 3.89) and 45.37 mm (SD ± 
3.81) at time interval T0, T1, T2, and T3 respectively. No 
significant difference was observed (P=0.000 i.e. P<0.05) 
in Posterior cranial base length at the entire time interval 
T0 (P=0.45), T1 (P=0.49), T2 (P=0.56) and T3 (t=0.72, 
P=0.47).

Gender wise comparison of PCB length [S-Ba] in 
Group 1 and Group 2 (Table 4 & Figure 4)

The mean Posterior cranial base length in boys of Class-I 
malocclusion was 41.50 mm (SD ± 0.49), 42.64 mm (SD ± 
0.89), 43.67 mm (SD ± 0.96) and 45.57 mm (SD ± 1.24) at 
time interval T0, T1, T2 and T3 respectively and in girls it 
was 39.91 mm (SD ± 1.83), 40.90 mm (SD ± 2. 61), 
42.38mm (SD ± 2.24) and 43.18 mm (SD ± 2.15) at time 
interval T0, T1, T2 and T3 respectively. No significant 
difference was observed (P=0.000 i.e. P<0.05) in 
Posterior cranial base length at the entire time interval 
T0 (P=0.09), T1 (P=0.19), T2 (P=0.27) and T3 (P=0.06).
The mean Posterior cranial base length in boys of Class-II 
malocclusion was 43.49 mm (SD ± 3.96), 44.18 mm (SD ± 
4), 45.05 mm (SD ± 4.41) and 46.20 mm (SD ± 4) at time 
interval T0, T1, T2 and T3 respectively and in girls it was 
40.02 mm (SD ± 3.71), 41.32 mm (SD ± 3.7), 42.57 mm 
(SD ± 3.28) and 44.54 mm (SD ± 3.87) at time interval T0, 
T1, T2 and T3 respectively. No significant difference was 
observed (P=0.000 i.e. P<0.05) in Posterior cranial base 
length at all the time interval T0 (P=0.19), T1 (P=0.27), 
T2 (P=0.34) and T3 (P=0.52).

Time interval Group 1 Group 2 T-Value P-Value

T0 61.58 ± 2.60 63.17 ± 2.97 1.27 0.22, NS

T1 62.02 ± 2.39 63.84 ± 3.07 1.47 0.15, NS

T2 63.11 ± 2.85 64.36 ± 3.08 0.94 0.35, NS

T3 63.99 ± 3.03 65.34 ± 3.08 0.98 0.33, NS

Figure 1: Comparison of ACB Length [N-S] in group 1 
and group 2.
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(a) (b) (a) (b)

T0 60.67 ± 2.53 62.49 ± 2.60 0.29,NS 62.83 ± 3.11 63.50 ± 3.15 0.74, NS

T1 61.27 ± 2.33 62.78 ± 2.45 0.34,NS 63.61 ± 3.09 64.07 ± 3.40 0.82, NS

T2 62.05 ± 2.42 64.17 ± 3.11 0.26,NS 64.05 ± 3.21 64.67 ± 3.27 0.77, NS

T3 62.86 ± 1.97 65.12 ± 3.70 0.26,NS 65.11 ± 2.96 65.57 ± 3.52 0.83, NS

Figure 2: Gender wise comparison of ACB Length [N-
S] in group 1 and group 2.

Time Interval Group 1 Group 2 T-Value P-Value

T0 40.70 ± 1.51 41.75 ± 4.05 0.76 0.45, NS

T1 41.77 ± 2.05 42.75 ± 3.93 0.69 0.49, NS

T2 43.03 ± 1.76 43.81 ± 3.89 0.58 0.56, NS

T3 44.37 ± 2.07 45.37 ± 3.81 0.72 0.47, NS

Figure 3: Comparison of PCB length [S-Ba] in group 1 
and group 2.

Time interval Group 1 P-Value Group 2 P-Value

(a) (b) (a) (b)

T0 41.50 ± 0.49 39.91 ± 1.83 0.09,NS 43.49 ± 3.96 40.02 ± 3.71 0.19, NS

T1 42.64 ± 0.89 40.90 ± 2.61 0.19,NS 44.18 ± 4.00 41.32 ± 3.70 0.27, NS

T2 43.67 ± 0.96 42.38 ± 2.24 0.27,NS 45.05 ± 4.41 42.57 ± 3.28 0.34, NS

T3 45.57 ± 1.24 43.18 ± 2.15 0.06,NS 46.20 ± 4.00 44.54 ± 3.87 0.52, NS
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Table 4: Gender wise comparison of PCB length [S-Ba] in group 1 and group 2.

Table 3: Comparison of PCB length [S-Ba] in Group 1 and Group 2

Time interval Group 1 P-Value Group 2 P-Value

Table 2: Gender wise comparison of ACB Length [N-S] in group 1 and group 2.



Figure 4: Gender wise comparison of PCB length [S-
Ba] in group 1 and group 2.

DISCUSSION

As orthodontists, we are fascinated by how the face
evolves from its embryonic state to infancy, adolescence,
and adulthood. Understanding how and where growth
happens is particularly interesting since the cranial
base's growth and development is associated with the
face, directly affecting the growth of the upper and lower
denture bases and, as a result, the establishment of their
anteroposterior relationship.9 The most frequently used
cephalometric landmarks include the Nasion (Na), Sella
turcica (S) and Basion (Ba). There are two limbs of this
measurement. The anterior limb, consisting of the
maxillary attachment extends from S to frontal-nasal
suture. The posterior limb, which marks the mandibular
attachment, extends from the S to the anterior border of
the foramen magnum i.e Ba. There have been various
controversies in the literature regarding the selection of
cranial base landmarks, wherein articulare (Ar) has been
suggested instead of Ba because of its apparent ease of
identification. In favour of Ba, it is apparently closer to
the cranial base and therefore more valid to be
considered as landmark. Glenoid fossa, the part of
occipital bone that articulates with temporal bone and
the post-sphenoid part of the sphenoid bone together
formulate the PCB. The growth of the PCB is governed by
sphenooccipital synchondrosis which controls the
vertical height of the jaws and the mandibular position
[5]. This will aid in unlocking the mandible from below
the maxilla leading to its growth. It places the glenoid
fossa anteriorly or posteriorly according to the growth of
the PCB and also provides space for the vertical maxillary
growth. Numerous studies have been conducted in the
past using lateral cephalogram- a 2D technique; in order
to assess the dimensions of the CB in individuals. These
studies suffered from several flaws such as two
dimensional interpretations of three dimensional
structures, distortion, low reproducibility due to
difficulties in identifying the skeletal landmarks etc.
With the advent of the 3D methods of evaluation,
Orthodontists have started being more aware of the
functional spaces and their role in the growth and
development. Also a more accurate evaluation of these
structures is now possible.

The patients selected for the current study were selected
from the OPD of the “Department of Orthodontics and
Dentofacial Orthopaedics”,” Sharad Pawar Dental College”
within the age group of 10 to 14 years. The parameters
depicting the cranial base-ACB Length [N-S], PCB length
[S-Ba] were quantified using several linear and angular
measurements. The data was collected at 6-month time
interval (T0, T1, T2 and T3). Comparisons were also
made based on gender of the subjects, and from the
results the following deductions can be made-

Assessment of the ACB Length (S-N)

In this study; an incremental increase was observed in
the anterior cranial base length in both groups.
Although there was no statistical significance amongst
the two, the mean value obtained in Group 2 was greater
than that of Group 1 at various time intervals. The
anterior cranial base length was found to be greater in
Group 2 as compared to Group 1, whereas in both the
groups, girls showed greater length as compared to boys.
Since the nasomaxillary complex is attached to the
anterior cranial base region, growth of SOcc
synchondrosis may have an influence on the depth of the
upper face. Therefore, an increase in the anterior cranial
base length could be the cause of a prognathic maxilla
and a convex profile which is observed in a Class II
Division 1 malocclusion.
On comparing the ACB length of both groups at different
time intervals, it was observed that there was a
significant increase in this dimension over the period of
time in both groups.
Findings of this study can be explained by the research
done by Dibbets et al. [10] who found that the CB angle
was reduced and the (S–N) and (S–Ba) limbs were
shortened from Class II, via Class I, to Class III
malocclusions. Similar findings were obtained by Thiesen
et al. [11] wherein they observed a greater CB length in
subjects with Class II malocclusion as opposed to Class I
malocclusion.

The evaluation of the PCB length (S-Ba)

The length of the PCB showed an incremental increase in
both groups. Although a statistical significance was not
observed, between both the groups, the mean value
obtained for Group 2 was greater than that of Group 1 at
various time intervals. Gender wise comparison in boys
and girls
Group 1 and 2 respectively depicted an increase in the
posterior cranial base length in Group 2 as compared to
Group 1, whereas in both the groups boys showed
greater length as compared to girls.
Table 3 shows comparison of PCB length (SBa) at various
time interval in Group 1 and 2 respectively.
The posterior cranial base length (S-Ba) was found to be
significantly increasing over. The period of time in both
the groups.
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Findings of this study can be explained by the research
done by Wilhelm et al [12] in 2001. They found that the
posterior cranial base length is shorter in Class II (45.2 ±
3.3 mm) as compared to Class I (46.2 ± 3.41 mm)
malocclusion.
Similar findings were obtained by Sayin et al [13] (2005).
They found that PCB length was shorter in Class II
malocclusion (33.92 ± 2.83 mm) as compared to Class I
(36.88 ± 2.68 mm).

CONCLUSION

A detailed understanding of the skeletal and dental
components that contribute to a specific malocclusion is
important in the subject of orthodontics and dentofacial
orthopaedics because these elements may influence the
treatment approach to achieve the best results for every
individual seeking treatment. The growth and
development of cranial base is interrelated with face,
directly influencing the growth of the maxilla and
mandible and, consequently, the establishment of their
anteroposterior relationship. Any variation at cranial
base will have effects on the position of maxilla and
maxilla mandibular relationship.

Conclusions that can be drawn from this study is as
follows

• The subjects with Class II malocclusion had a
tendency towards having large anterior cranial base
length as compared to individuals with Class I
malocclusion.

• The subjects with Class II malocclusion had a
tendency towards having small posterior cranial base
length as compared to individuals with Class I
malocclusion.

• In gender wise comparison, females had tendency
towards having large anterior cranial base length;
whereas males had tendency towards having large
posterior cranial base length.

• At various time intervals, there was a potential
increase in the anterior and posterior cranial base
length of both the groups.
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