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ABSTRACT

ACRONYM

Introduction
Flexure of the cranial base plays a crucial role in the
study of the craniofacial complex. The outcome of
orthodontic treatment can be predicted if growth and
flexure of the cranial base is understood.

CBF:

Aim
The aim of this study was to determine the relationship
between cranial base flexure and sagittal jaw relationships in a sample of Black South African subjects.
Methodology
A sample of pre-treatment lateral cephalograms of 300
patients with a mean age of 17.72 years was divided into three equal groups according to gender and
skeletal classification.

Cranial Base Flexure

Conclusion
In this study sample, a larger cranial base flexure is
a feature of Class II sagittal jaw relationship whilst both
Class I and Class III sagittal jaw relationships are associated with smaller cranial base flexures. There were
no significant differences between the Class I and
Class III sagittal jaw relationship samples.
Keywords
Cranial base flexure, skeletal classification, sagittal jaw
relationship.

INTRODUCTION

Age differences were tested using the Kruskal-Wallis test.
Cranial base flexure differences were first tested using
ANOVA and further evaluated using Student’s t-test.

Flexure of the cranial base occurs when the anterior and
posterior limbs flex or extend relative to each other in the
midsagittal plane about a vertex located at sella turcica.

Results
Age distribution was similar in all three in all classes of
sagittal jaw relationship. Class II subjects demonstrated
a significantly larger cranial base flexure when compared
with Class I and Class III subjects respectively.

Cranial Base Flexure (CBF), measured as the inferior
angle, has been the subject of research as it affects the
relative positions of the two limbs of the cranial base, thus
influencing a wide range of spatial relationships that exist
between the cranial base and the face.1
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The cranial base plays a key role in craniofacial growth
by helping to integrate the anatomically and functionally
different patterns of growth in various adjoining regions
of the skull, such as components of the brain, the nasal
cavity, the oral cavity, and the pharynx.2 Architecturally,
the cranial base provides a platform on which the brain
grows and around which the face develops.
The maxilla is attached to the inferior surface of the
anterior limb of the cranial base, while the mandible
articulates with the posterior limb. From this geometric
arrangement of the jaws, it may be reasonable to assume
that variations in growth and flexure of the cranial base
may influence the individual jaw positions and the relationship of the jaws to the cranial base and also to one
another.3
It has been hypothesized that the opening of CBF
will displace the mandible more distally towards a
Class II sagittal jaw relationship tendency whilst closing of
CBF will displace the mandible more anteriorly towards
a Class III sagittal jaw relationship.4 A study by Hopkin,
Houston and James demonstrated that CBF increased
significantly from skeletal Class III through Class I up to
Class II subjects.5
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The role of CBF and its potential interaction with, and
its contribution to, normal development of sagittal jaw
relationships is both a frequently addressed and a clinically
relevant topic in orthodontics and craniofacial biology.6
Brodie7 stated that successful treatment of sagittal jaw
malrelationships depends significantly on the growth of
the patients’ craniofacial complex. Baccetti and coworkers8 reported that orthopaedic treatment of Class III
malocclusion with maxillary expansion and face mask
therapy can have favourable long-term results when
the patient’s pre-treatment cephalometric measurements
exhibit a more pronounced obtuse CBF.
They concluded that a more acute CBF is an unfavourable sign in the long term prognosis of orthopaedic
treatment of Class III malocclusion. Cranial base flexure
may also provide a clear advantage with easier patient
selection, thus allowing the clinician to predict what the final
outcome of treatment would be before it may be initiated.
For example, growing patients who exhibit favourable
pre-treatment CBF values may have more stable results
after early orthopaedic treatment with a combination treatment of maxillary expansion and face mask appliances,
while others could benefit from treatment later in life with
orthodontics and orthognathic surgery.
Very few studies have been conducted to determine
whether this relationship between CBF and sagittal jaw
relationships exists in Black subjects. This study was
aimed to determine the relationship between CBF and
sagittal jaw relationships in a sample of Black South
African subjects. The objectives of this study were:
1. To determine the reference norm values of the CBF of
Black South African patients.

2. Pre-treatment lateral cephalograms of patients with
no history of orthodontic treatment or orthognathic
surgery.
3. Lateral cephalograms of good quality and acceptable
standards without any image distortions. The selected
lateral cephalograms were carefully assessed by the
principal investigator to ensure that the images had
been taken with the teeth in centric occlusion.
4. Lateral cephalograms of patients aged between 12
and 24 years (CBF becomes relatively stable from 14
to 18 years in males and 12 to 16 years in females).9
The pre-treatment lateral cephalograms of three hundred (100 Class I, 100 Class II and 100 Class III) with
an equal number of males and females, that met the
selection criteria were selected for this study.
The lateral cephalograms were scanned to transform
their analogue images into digital formats using an
EPSON V700™ scanner (Seiko Epson, Nagano, Japan),
and the images were then displayed on the LCD SVGA
computer monitor (Axper, Inc.) with a 32 bit colour quality.
The lateral cephalometric images were then stored numerically on a separate computer storage software
programme (Microsoft Picture Package®) in tagged
image file formats (jpeg). The digital image resolution
was set at 120 dots per inch (dpi) with a 64-bit grayscale image acquisition depth.
The digitised images consisted of a 1280 X 1024 pixel
matrix which gave a pixel size of 1.3 mm. The lateral
cephalometric images were individually transferred into
the digital cephalometric analysis software programme
(Orthview®, Orthotek, Netherlands) for tracing and
analysis (Figure 1).

2. To determine whether there are gender differences for
CBF.
3. To determine correlations between CBF and sagittal jaw
relationships.

MATERIALS AND METHODS
Permission to conduct this research using the hospital
records was obtained from the Head of the Department of Orthodontics and also from the Dean of the
School of Oral Health Sciences Sefako Makgatho
Health Sciences University, South Africa.
Pre-treatment lateral cephalograms were selected from
the patient records in the Department of Orthodontics,
Sefako Makgatho Health Sciences University. The selected lateral cephalograms were assessed visually
by the principal investigator and later re-assessed by
the supervisor.

Figure 1. Orthview® cephalometric analysis programme.

Lateral cephalograms which satisfied the following inclusion criteria were selected for this study:

This method of analysis was chosen for its precise
reproducibility of the measurements and its significantly
higher speed when compared with the performance of
the manual tracing method.10-13

1. Lateral cephalograms of Black patients of South
African origin. Race and citizenship were verified by
referring to hospital files.

All the linear measurements were taken in millimetres
and all the angular measurements were taken in degrees
to the nearest two decimal places.
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Table 1. Descriptive summary of age for the total sample.
Number

Mean age in years (±SD)

Median age in years

Range in years

Class I total

100

17.33 ± 4.61

16.5

12 to 24

Class II total

100

16.38 ± 4.42

15.0

12 to 24

Class III total

100

16.46 ± 4.86

15.0

12 to 24

Total sample

300

16.72 ± 4.63

15.5

12 to 24

Sample

p-value*
SD = Standard deviation

0.255
*p<0.05 is considered statistically significant.

Table 2. Gender comparisons of the mean ages in the three classes of sagittal jaw relationship.
Number

Mean age in years (±SD)

Median age in years

Range in years

Class I Males

50

16.92 ± 4.62

16.0

12 to 24

Class I Females

50

17.74 ± 4.61

18.5

12 to 24

Sample

p-value

0.449

Class II Males

50

16.22 ± 4.19

15.0

12 to 24

Class II Females

50

16.54 ± 4.68

15.0

12 to 24

p-value

0.812

Class III Males

50

16.98 ± 5.02

15.5

12 to 24

Class III Females

50

15.94 ± 4.68

14.0

12 to 24

p-value*
SD = Standard deviation

0.314
*p<0.05 is considered statistically significant.

Table 3. Descriptive summary of CBF values for the total sample.
Number

Mean CBF in degrees (±SD)

Median CBF in degrees

Range in degrees

Class I total

100

126.55 ± 6.28

126.45

108.5 to 140.7

Class II total

100

128.31 ± 6.51

128.45

113 to 149.6

Class III total

100

125.91 ± 5.33

126.25

112.4 to 136.8

Sample

p-value*
SD = Standard deviation

0.015*
*p<0.05 is considered statistically significant.

Table 4. Comparison of mean CBF values between Class I, II and III subjects.
Number

Mean age in years (±SD)

Median age in years

Range in years

Class I total

100

126.55 ± 6.28

126.45

108.5 to 140.7

Class II total

100

128.31 ± 6.51

128.45

113 to 149.6

Sample

p-value

0.041*

Class I total

100

126.55 ± 6.28

126.45

108.5 to 140.7

Class III total

100

125.91 ± 5.33

126.25

112.4 to 136.8

p-value

0.450

Class II total

100

128.31 ± 6.51

128.45

113 to 149.6

Class III total

100

125.91 ± 5.33

126.25

112.4 to 136.8

p-value*
SD = Standard deviation

0.005*
*p<0.05 is considered statistically significant.

Table 5. Gender comparisons of the mean CBF values between the three classes of sagittal jaw relationship.
Number

Mean CBF in years (±SD)

Median CBF in years

Range in degrees

Class I males

50

125.42 ± 7.05

123.95

108.5 to 140.7

Class I females

50

127.69 ± 5.21

126.55

117.1 to 140.3

Sample

p-value

0.070

Class II males

50

127.28 ± 6.49

127.2

113.0 to 143.8

Class II females

50

129.33 ± 6.43

128.9

115.6 to 149.6

p-value

0.115

Class III males

50

148.10 ± 4.29

124.4

112.4 to 127.9

Class III females

50

126.74 ± 4.95

127.9

116.7 to 134.4

p-value*
SD = Standard deviation

0.359
*p<0.05 is considered statistically significant.
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Cephalometric tracing and analysis was carried out by
the principal examiner who plotted the landmarks on
the digital image in a pre-determined sequence using a
mouse-driven cursor (Figure 2).
Cephalometric tracing and analysis were completed
immediately after plotting the last landmark on each
cephalogram. The Wits appraisal14 was used to classify
the sagittal jaw relationship, and was measured and
recorded for each lateral cephalogram. The CBF value
for each lateral cephalogram, represented by the
N-S-Ba angle15 was also measured and recorded.
Each lateral cephalogram was measured twice and
the mean of the two measured values was used in
calculating the results of this study.
In order to minimise investigator fatigue, only 10
lateral cephalograms were traced per day over a period
of 30 days, by which stage all the selected lateral
cephalograms had been traced and measured. The two
main parameters which were of particular importance
in this study were: cranial base flexure (represented by
N-S-Ba angle) and skeletal classification (represented
by Wits appraisal).
All statistical tests were performed on the SAS programme (SAS Institute Inc. Cary, NC), and the level of
statistical significance was set at 5%. Intra-examiner
and inter-examiner reliability were tested by randomly
selecting and re-measuring 10% of the total sample,
and the results analysed using the Student’s t-test
and the Pearson Correlation Coefficient.
Class and gender differences with regards to age were
tested using Kruskal-Wallis test. ANOVA was first used
to test for any significant CBF differences between the
three classes of sagittal jaw relationship. This was
followed by pairwise comparison of three classes of
sagittal jaw relationship using a Student’s t-test.

RESULTS
Table 1 summarizes descriptive statistics for the total
sample with regards to age. The mean age for the
total sample was 16.72 ± 4.63 years (range = 12 to
24 years). The mean ages for Class I, II and III samples
were 17.33 ± 4.61 years (range = 12 to 24 years); 16.38 ±
4.42 years (range = 12 to 24 years) and 16.46 ± 4.86 years
(range = 12 to 24 years) respectively.
The normality of the distribution of age could not be
confirmed statistically, thus a non-parametric analysis
of variance known as the Kruskal-Wallis test was used
to investigate whether there were any significant age
differences. The results of the Kruskal-Wallis test showed
no statistically significant age differences between the
three classes of sagittal jaw relationship (p>0.05) (Table 1).
When the median ages of male and female subjects were
compared in the three classes of sagittal jaw relationship,
the results of Kruskal-Wallis test also showed no statistically significant differences (p>0.05). The sample was
further tested to determine the presence of any significant
gender differences with regards to age in each class of
sagittal jaw relationship (Table 2).
Table 3 summarizes descriptive statistics for the total
sample with regards to CBF. The largest mean CBF value
was found in skeletal Class II (128.31º ± 6.51°) subjects,
while the smallest mean CBF value was found in subjects having skeletal Class III (125.91° ± 5.33°) patterns.
The normality of the underlying distribution of CBF
was substantiated statistically, thus a parametric ANOVA
was used to test for any significant CBF differences.
The results of ANOVA showed statistically significant
CBF differences between the three classes of sagittal
jaw relationship (p<0.05).
Table 1. Descriptive summary of age for the total sample.
Name

Definition

Ar

Articulare

The point of intersection of the dorsal
contour of the mandibular condyle and
the temporal bone.

Ba

Basion

The anterior border of the foramen
magnum.

S

Sella

The centre of the pituitary fossa.

Na

Nasion

A cephalometric landmark on the bony
profile at the junction of the frontal and
nasal bones.

Point A

Point A

The deepest point in the bony concavity
of the premaxilla below the anterior
nasal spine.

Point B

Point B

The deepest point in the profile curvature of the mandible.

Go

Gonion

The point on the angle of mandible where
the posterior and lower borders meet.

Me

Menton

The most inferior point on the bony chin.

U1

Upper molar

Mesiobuccal cusp tip of maxillary first
permanent molar.

Pre

Premolar/
primary molar

Cusp tip of mandibular first premolar or
first primary molar.

N
S

Po
FH

Or
Ar

A

Ba

Go
B

Me

Figure 2. Cephalometric landmarks and their interpretations.16
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In recognition that the ANOVA tests revealed significant
differences, the three classes of sagittal jaw relationship were paired and compared for statistical difference
using a Student’s t-test (Table 4). These results showed
that the mean CBF value of Class II subjects was significantly larger in comparison with the mean CBF values
of the skeletal Class I and Class III subjects respectively
(*p<0.05).
The results of a Student’s t-test showed no statistically
significant differences between the mean CBF value of
skeletal Class I subjects and the mean CBF of skeletal
Class III subjects (p>0.05). From the results of this study,
we have established a reference norm value (Class 1)
for this sample to be 126.55° ± 6.28° (Table 3).
Table 5 summarizes the gender comparisons of the
mean CBF values amongst the three individual classes
of sagittal jaw relationship. When the mean CBF values
of the male and female subjects were compared in
three classes of sagittal jaw relationship, the results
of a Student’s t-test showed no statistically significant
differences ( p> 0.05).

variability explains why a statistically significant difference with regards to the mean CBF values between
Class I and Class III subjects was not found in this study.

CONCLUSION
The reference norm value of the CBF of Black South
African subjects in our sample has been established
(126.55° ± 6.28°). This study found no statistically
significant gender differences with regards to CBF in
this sample. The results do suggest that a larger CBF
is a feature of Class II sagittal jaw relationship while a
smaller CBF is associated with both Class I and Class
III sagittal jaw relationships.
This study suggests that there is definitely a relationship
between CBF and sagittal jaw patterns. The authors
recommend that further research on this topic be
undertaken on a multicentre level using a larger sample
size of Black South African subjects in order to determine whether or not similar results will be found in
other parts of South Africa.
Acknowledgements

DISCUSSION
It has been previously demonstrated that during growth,
CBF becomes relatively stable from 14 to 18 years in
males and 12 to 16 years in females.9,18,19
In the present study, the total sample age ranged
from 12 years to 24 years because it represented the
age distribution of patients who sought orthodontic
treatment at Medunsa Oral Health Centre, University of
Limpopo. The mean age in this study was similar to that
of studies by Klocke et al.19 and Hayashi20 who also
selected their samples from their respective populations.
From the geometric arrangement of the cranial base
and the jaws, we expected CBF to increase significantly
from skeletal Class III, via Class I up to Class II subjects.5
The results of this study demonstrated a significantly
larger CBF in the skeletal Class II sample, when compared with the CBF values of Class I and Class III
samples (p<0.05) respectively (Table 4). Similar findings
were reported by Sayin and Türkkahraman21 and also
by Tanabe et al.22 This finding was expected because,
as the cranial base flattens out, the mandible, which
articulates with the posterior limb of the cranial base,
becomes distally positioned towards a Class II sagittal
jaw relationship tendency.16
The results of the present study showed no statistically significant difference (p>0.05) between Class I and
Class III subjects with regards to the CBF values
(Table 5). Similar findings were reported by Anderson
and Popovich23 and by Alves et al.16 who also found no
statistically significant CBF differences between Class
I and Class III samples. Previous growth studies24 have
demonstrated that the cranial bases in Class I and
Class III subjects grow and flex in similar manners.
Flexure of the cranial base has also been shown to
record great variability in the mean values of more than
8º amongst Class I and Class III subjects.25,26,27 This large

We wish to thank Prof. HS Schoeman for his assistance
with statistical analysis of data.
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Sunday 27 October 2019

To all who celebrated the Festival of
Lights, we hope your homes were filled
with the glow of happiness and the
sparkle of joy.

