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Abstract
Objective: This study aimed to evaluate the relationship between the cranial base and jaw base in a sample of Sudanese orthodontic patients.
Material and methods: one hundred and twenty lateral Cephalograms from university of Khartoum orthodontic department archive 60 males, 60 females, age 18.3 ±
4.3 years old, were classified into 3 sagittal malocclusion groups (40 individuals each) according to their ANB angle. A cephalometric analysis of the study variables of the
cranial base (NSBa, N-S, S-Ba, N-Ba) and jaws bases (SNA, SNB, ANB, A-Co, Gn-Co) was carried out, the morphological characteristics of the cranial and jaw bases in the
three groups were compared using One-way ANOVA test and Pearson’s coeﬃcient correlation analysis.
Results: Cranial base angle and cranial base lengths did not show significant differences between the main classes of malocclusion studied. However, jaw size was
statistically significant different between the 3 groups, longer maxilla was found in Class II group and the mandible was longer in Class III group. Strong significant relation
was found between SNA, SNB and NSBa in the three groups. Positive correlation was found between cranial base lengths and maxillary and mandibular lengths among
the three groups.
Conclusion: Cranial base angulation and lengths has no major role in developing malocclusion.

Introduction
The facial prognathism and cranial base flexion relationship
has long been of concern to orthodontists, orthognathic and
plastic surgeons.
As early as 1916, Young suggested a probable association
between the morphology of the cranial base and jaws
prognathism [1].
Brodie emphasized the importance of studying the cranial
base growth and development for orthodontists, since the
successful malocclusions diagnosis and treatment depends,
largely, on the growth of entire craniofacial region [2].
Bjork stated that “the cranial base mainly develops from
the chondrocranium, and its shape varies considerably during
development. Until birth it tend to be flat, which gradually
flexing through the first years of life until ten years old
approximately, when it reached its final shape” [3].

The cranial base composed of different bones (Frontal,
Ethmoid, Sphenoid, Temporal, Parietal, and Occipital) it forms
the cranial vault floor and interconnected by Synchondrosis, it
extends from the foramen caecum anteriorly to the occipital
bone posteriorly, Sella turcica divides the cranial base into
anterior (Sella to Nasion) and posterior (Sella to Basion or
Sella to Articulare) limbs, the two limbs form a flexion at Sella
forming cranial base angle [4].
The maxilla is joined to the anterior segment and the
mandible to the posterior segment. Consequently, it is
possible that any alter in flexion would change maxillary and
mandibular positions relation to the cranial base along with to
each other. This in turn may influence the skeletal pattern and
type of malocclusion [5].
Enlow in 1993 assumed the cranial base as the template
for the development of the face. So alteration in cranial base
length and angulation directly affects the structure, the size,
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the angles, and positioning of the parts of the face. According to
Enlow, the increase in the cranial base angle causes a retrusive
effect on the mandible, and its reduction, a protrusive effect
[6].
Hopkin et al, in a series of related studies described a linear
relationship between the cranial base angle (using Articulare
to represent the posterior limit of the cranial base) and jaws
prognathism with the angle systematically reducing from Class
II, via Class I, to Class III individuals [7].
Basicranial morphology, and other different factors like soft
tissue stretching and the posture of head and neck are thought
to influence the development of a skeletal malocclusion [8].
The influence of cranial base morphology as an etiological
factor of sagittal jaw discrepancies is still a matter of debate.
Therefore, the aim of the present study was to investigate the
correlation between the cranial base morphology and sagittal
skeletal malocclusions in a sample of Sudanese orthodontic
patients.

Material and methods
This was a cross sectional study in which pretreatment
cephalometric radiographs of orthodontic patient’s records in
department of orthodontics at university of Khartoum were
used as study population.
For this study the inclusion criteria were as follow: A
Sudanese nationality Patient of more than 15 years of age and
the radiographs were of good quality and obtained from the
same standard machine.
While the exclusion criteria were: history of previous
or active orthodontic treatment, presence of congenital
deformities and poor quality images or images with positional
errors.

Data collection tools and technique
All patients’ records in the department of orthodontics
university of Khartoum from 2016-2018 had been examined,
then the data were classified into 3 skeletal groups (Class I, II
and III) based on ANB angle:

All the tracing and measurement were carried out by the main
investigator and the study variables were transferred to data
collection sheet.
The variables analyzed were
Cranial base parameters Figure 1:
Anterior cranial base length: Nasion-Sella (N-S)
Posterior cranial base length: Sella-Basion (S-Ba)
Total cranial base length: Nasion-Basion (N-Ba)
Cranial base angle: Nasion-Sella-Basion (NSBa)
Linear measurements: S-N (Sella Nasion), S-Ba (SellaBasion), Ba-N (Basion –Nasion)
Angular measurements: SNBa (Sella-Nasion-Basion).
Maxillary and mandibular skeletal parameters: Figure 2.
Sagittal relation of maxilla to cranial base: Sella-NasionPoint A (SNA)
Sagittal relation of mandible to cranial base: Sella-NasionPoint B (SNB)
Maxillary mandibular sagittal relationship: point ANasion- Point B (ANB)
Maxillary length: Point A-Condylon (A-Co)
Mandibular length: Menton–Condylon (Me-Co)
Angular measurement: SNA (Sella-Nasion –Point A), SNB
(Sella –Nasion –Point B), ANB (Point A- Nasion –Point B)

Statistical analysis
Statistical analysis was performed using Statistical Package
Software System, version 21 (SPSS Inc., Chicago, Illinois).

Class I: ANB range of (2° to 4°)
Class II: ANB angle more than 4°
Class III: ANB angle less than 2°.
Then 120 cephalometric radiographs (40 radiograph each
group) that fulfilled the inclusion criteria had been randomly
selected.
All lateral Cephalograms were taken on a digital machine
(PROMAX 3D.D-054SB-C, 2014, PLANMECA OY, 00880
Helsinki, Finland) in natural head position.
Later, all cephalometric soft copies were traced and analyzed
by the computer using cephalometric analysis Software (vista
Dent OCTM – version 4.2.61 (177) 2006 – GAC International).

Figure 1: Cranial base measurements.
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Correlation between the cranial base angle and jaw
base
In Table 3, noticeable strong significant negative correlation
in the sagittal jaw base between NSBa and SNA (r = -0.395, P
< 0.01) also between NSBa and SNB (r = -0.426, P<0.01) in the
3 classes.

Correlation between the cranial base length and jaw
base
(Table 4), it’s clear that no significant correlation between
linear variables and the sagittal jaw base relationship in the
total sample were existed.
Table 5 NBa was related to maxillary length in the whole
sample (r = 0.539, P < 0.01), low correlation was seen with
mandibular length (r = 0.366, P <0.01) and SN with both
Figure 2: Maxillary and mandibular skeletal parameters.

Descriptive statistics were used to describe data in terms of

Table 1: Interclass reliability test.
Variable

Interclass correlation

Sig.

SNA angle & SNA-R

0.862

0.01

tables, mean and standard deviation. One-way ANOVA test and
Pearson’s coefficient correlation analysis were applied to test
the reliability and correlation of the study parameters among
the various study groups.
For all test a P-value set at the 0.05 level.

measured by the main investigator after two weeks. T-test
were conducted as well as a test for correlation between the
two measurements at P = 0.05. [9].

Results
A total of 120 lateral cephalometric radiographs of patients
age (18.4 ± 4.2 SD years) were analyzed, 40 in each Class (I, II
and III) classified according to ANB angle.
For all test a P-value set at the 0.05 level.

Reliability test
Interclass correlation coefficient showed no statistically
significant difference between the two readings for all study
variables (Table 1).
Table 2 presented the means and standard deviations
of cephalometric values for the whole sample and for each
subgroup.
It’s obvious that no significant difference in the linear (NS, S-Ba, N-Ba) and angular (NSBa) measurements between the
three groups.
For the cranial base angle, Class II group show the highest
value (134.78 ± 6.29), and Class III cases the lowest value
(131.43 ± 8.11)

0.983

0.000

0.858

0.000

N-S & N-S -R

0.966

0.000

S-Ba & S-Ba -R

0.876

0.021

N-Ba & N-Ba -R

0.965

0.014

NSBa & NSBa-R

0.870

0.012

A-Co & A-Co -R

0.899

0.000

Gn-Co & Gn-Co -R

0.845

0.000

Reliability test
15% of the total sample were randomly selected and re-

SNB & SNB-R
ANB & ANB-R

*P ≤0.05 is significant

Table 2: Cephalometric profile of the cranial base and jaw base.
Variables

Skeletal Class I
n=40

Skeletal Class II
n=40

Skeletal Class III
n=40

P value
(ANOVA)

Mean

SD

Mean

SD

Mean

SD

SNA

81.15

3.676

83.43

4.308

80.98

4.660

0.023*

SNB

78.55

4.344

76.23

4.423

82.28

5.134

0.000*

ANB

3.18

.747

7.15

1.657

-1.08

2.379

0.000*

N-S

63.88

3.610

64.50

3.876

65.48

3.981

0.160

S-Ba

42.58

5.178

41.05

4.254

41.88

4.109

0.299

N-Ba

96.88

7.017

97.58

7.096

97.98

4.849

0.748

NSBa

132.48

7.805

134.78

6.298

131.43

8.111

0.106

A-Co

81.88

5.845

84.75

4.673

82.05

5.675

0.030*

Gn-Co

108.55

7.257

108.93

6.183

117.20

7.965

0.000*

*P ≤0.05 is significant
Table 3: Correlation test (r value) between the cranial base angle and jaw base
measurements.
Variables

Skeletal
Class I
n=40

Skeletal
Class II
n=40

Skeletal
Class III
n=40

Total
n=120

NSBa- SNA

-.411*

-.424*

-.534*

-.395*

NSBa- SNB

-.319

-.403

-.450

-.426*

NSBa- ANB

.214

.043

.039

.200*

NSBa- A-Co

-0.488

0.182

-0.073

0.022

NSBa- Gn-Co

- 0.252

0.194

0.050

-0.156

*

*

*

*P ≤0.05 is significant
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Table 4: Correlation test (r value) between the cranial base length and jaw base
measurements.

however, Varjanne and Koski have suggested the use of Basion
despite the potential difficulties in identification because of its
anatomic significance, and discouraged the use of Articulare
because of its remoteness from the cranial base [10].

Variables

Skeletal
Class I
n=40

Skeletal
Class II
n=40

Skeletal Class III
n=40

Total
n=120

NBa – SNA

-.189

-.269

.149

-.111

NBa – SNB

-.220

-.292

.174

-.100

NBa – ANB

.161

.067

.004

.000

SBa – SNA

.075

.031

.323*

.114

present study Basion point was chosen as the posterior limit of

SBa – SNB

.003

-.010

.399*

.139

the cranial base [11].

SBa – ANB

.159

.003

-.061

-.074

NS – SNA

.150

-.320

.313

.038

NS – SNB

.034

-.316

.263

.067

The results of the present study did not demonstrate a

-.090

significant difference among the different groups studied in

NS – ANB

-.049

.060

-.037

*P ≤0.05 is significant

Interestingly, Bhatia and Leighton found the growth
patterns in angles and distances as described by use of
Articulare, or Basion to be very similar. Accordingly, in the

Cranial base parameters

cranial base angle (P>0.05). Similar findings were obtained
by Dhopatkar, Polat, Guilherme Thiesen, Kasai and Almeida

Table 5: Correlation test (r value) between the cranial base length and jaw base
length.

[4,5,8,12,13]. However, Class II group showed increased cranial
base angle (134.7± 6.3) in comparison to Class I (132.5±7.8) and
Class III (131.4±8.1) groups. In contrast, Dinesh et al, in 2017

Variables

Skeletal
Class I
n=40

Skeletal
Class II
n=40

Skeletal
Class III
n=40

Total
n=120

found significant differences in cranial base angle between

NBa – A-Co

.483*

.637*

.604*

.539*

was significantly increased in Class II group followed by Class

NBa – Gn-Co

.336

429

.454

.366

I then Class III group [14].

SBa – A-Co

.529*

.464*

.316*

.401*

In this current study no statistically significant differences

SBa – Gn-Co

.426

.297

*

.301

.292*

were observed between the means of the cranial base lengths

SN – A-Co

.576*

.617*

.742*

.613*

(NS, SBa, and NBa) between group I, II and III as well.

SN – Gn-Co

.407*

.537*

.619*

.534*

*

*

*

*

*

*

*P ≤0.05 is significant

maxillary length for the whole sample (r = 0.613, P < 0.01)
and mandibular length (r = 0.534, P < 0.01). SBa showed a
correlation with both maxillary length (r = 0,401 P < 0.01) and
mandibular length (r = 0.292, P < 0.01) in the whole sample.

Discussion
Description and diagnosis of a malocclusion is the primary
objective of the orthodontist. The diagnosis can dictate the
treatment objectives and treatment mechanics for the patient.
Therefore, it is important to find out if an underlying skeletal
dysplasia is associated with a dental malocclusion. The location
and magnitude of a skeletal dysplasia can influence various
treatment decisions.
In this study the cranial base morphology were examined
by measuring the cranial base angle and cranial base length
using 120 lateral cephalometric radiographs classified into 3
groups according to the ANB angle into Class I, II and III.
The main findings of this study is that no significant
correlation between cranial base morphology and developing
of sagittal skeletal malocclusion among Sudanese orthodontic
patients.
Debate has arisen in the selection of cranial base landmarks,
over the use of the Basion (Ba) or the Articulare (Ar). Bjork
[3] advocated the use of (Ar) point because it’s easier and
can better represent on lateral cephalometric radiographs,

Class II and III among Indian population as cranial base angle

These findings were in disagreement with the result
reported by Patricia V.M. Alves in Brazilian population [15].
Differences between the results obtained from the current
study and other researchers may be related, partially, to
differences in case selection procedures. The present study
cases were classified on the basis of ANB angle. Ashish
Dhopatkar selected cases were classified on the basis of the
British Standards Institute incisor classification [5], whereas,
Kerr and Adams selected cases with more definite criteria i.e.,
Class II division 1 subjects with overjet ≤10 mm and Class III
cases with anterior cross bite [16]. It may also possible to be
due to compensations in maxilla-mandibular structures.
These compensations can minimize an abnormal cranial base
morphological pattern [4]. Therefore, the present results
did not support the concept that the cranial base angle, by
providing different sagittal articulation of the mandible, is a
major factor in establishing the sagittal malocclusion.

Maxillary and mandibular skeletal parameters
The differences in the sagittal discrepancies among the
three groups (I, II and III) in this study can be seen by the
variation in SNA, SNB, ANB, maxillary length (A-Co), and the
mandibular length (Gn-Co).
In this study the anteroposterior position of the maxilla
relative to the cranial base as indicated by SNA angle was
significantly protrusive in the Class II group (P=0.023).
The maxillary length (A-Co) as well showed significant
difference between the three groups (P=0.030) with a higher
093
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length in Class II subjects (84.75±4.67) followed by Class III
(82.05±5.67) then Class I group (81.88±5.84). While mandibular
length (Gn-Co) and SNB angle were significantly larger in Class
III group (P=0,000).
Relative maxillary and mandibular positions as represented
by ANB angle showed highly significant differences between
the Class II, III and Class I control group (P=0.000). The mean
ANB angle were higher in subjects with Class II malocclusion
(7.15 ± 1.657) and the opposite in Class III subjects (-1.08 ±
2.379). Similar results were obtained by studies of Alice Chin
in Chinese population and Denish Raja in Indian population
[13,17].

Correlation between cranial base and jaw base measurements
In the present study correlation tests between cranial
base angle (NSBa) and SNA in all three groups showed highly
significant negative correlation (r =-.395) (P<0.01), i.e. increase
in the values of the cranial base angle was accompanied by
reduction in SNA angle and vice versa.

In this study the linear variable SBa showed significant
correlation with SNA (r = 0.323, P < 0.05) and SNB (r = 0.399, P
< 0.05) in skeletal Class III group only.
In current study, when correlating SBa to maxillary length,
SN and NBa to Maxillary and mandibular length, all groups
showed high statistical significance positive correlations (P
< 0.001). Whereas, for SBa to Mandibular length in Class II
and Class III groups no statistically significant relations were
found. (r=.297) (r=.301).
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.
Enlow reported that maxillary growth influenced by the
growth of the cranial base while the mandible acts in a more
independent way owing to its remoteness from the region
although its articulation in the glenoid fossa does provide
potential for influence from the cranial base [6].

Conclusion

This result was coinciding with that of Jarvinen who
was first noted the relationship between the maxilla and the
cranial base as an increased cranial base angle would lead to a
decreased SNA [18].

No significant difference between the mean values for the
cranial base angle (NSBa) in different malocclusion groups (I,
II, III) also no difference observed in anterior, posterior and
total cranial base lengths between Class I, II and III groups.

Similarly, in the present study strong significant negative
correlation was also noticed between NSBa and SNB (r=-.426)
(P<0.01). This result would seem reasonable, as increase in the
cranial base angle would lead to position the mandible more
posteriorly on the posterior cranial base limit.

The SNA and SNB angles decrease as the cranial base angle
(NSBa) increases in the three groups, statistically significance
positive correlations were found between S-Ba to maxillary
length, S-N and N-Ba to Maxillary and mandibular lengths.

This finding is in agreement with the studies by Hopkin et
al, Kasai et al and Moyers [7,12,19].
However, when the correlation of NSBa to ANB was analyzed,
this result was not repeated as no significant correlation was
found between these two variables.
The correlation between cranial base angle and jaw
lengths was also evaluated in this study, the result showed
no significant correlation between NSBa and maxillary and
mandibular lengths. This result is in agreement with the result
obtained by Denish Raja [14].

Correlation between cranial base length and jaw base
measurement
The sagittal skeletal discrepancy may be caused by an
abnormal position of the jaw or insufficient/over jaw growth,
leading to an abnormal maxillary- mandibular relation.
Geometrically, the posterior cranial base length –
particularly- plays a significant role in the sagittal presentations
[17].
Various investigators advocated that a longer posterior
cranial base can aggravate a sagittal Class II relationship
while a shorter base may increase the chance of a Class III
relationship [7,18,20].
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