
CHAPTER 1: INTRODUCTION

1.1BACKGROUND

The human skull is a unique and sophisticated structure made up of 3 distinct parts:
the neurocranium (which covers the brain), the basicranium (the actual cranial base
which rests the inferior surface of the brain), and the viscerocranium (the facial
skeleton attached below the skull base). The neurocranium relates to the brain, the
viscerocranium interconnects the orofacial functions and the cranial base separates
the neurocranium from the face. Because of this arrangement, Bacon et al., (1992)
suggested that the cranial base may play an important role in orofacial growth and

development.

The cranial base plays a key role in craniofacial growth, helping to integrate, spatially
and functionally, different patterns of growth in various adjoining regions of the skull,
such as the components of the brain, the nasal cavity, the oral cavity, and the pharynx
(Sperber, 1989). Architecturally, the cranial base provides the platform on which the
brain grows and around which the face develops. The cranial base forms the floor of
the cranial vault and extends from foramen cecum anteriorly to foramen magnum
posteriorly. It is essentially a midline structure, which comprises parts of the nasal,
orbital, ethmoid, sphenoid and occipital bones. Sella turcica also known as the pituitary
fossa, lies near the centre of the cranial base dividing it into the anterior limb which

extends from sella to nasion and the posterior limb which extends from sella to basion.

An understanding of the growth of the cranial base has assumed great importance in
orthodontics, and successful treatment of skeletal jaw malrelationships depends

significantyon t he growth of the patientsd craniof :

Cranial base flexion (cbf) occurs when the anterior and posterior limbs of the cranial
base flex or extend relative to each other in the midsaggital plane. Cbf has been the

subject of research as it affects the relative positions of the two limbs of the cranial





base, influencing a wide range of spatial relationships that exist between the cranial
base and the face (Lieberman and Mc Carthy, 1999).

The relationship between cbf and facial morphology has in the past been suggested by
several authors (Renfroe, 1948; Bjork, 1955; Ricketts, 1971). Hunter (1965) ascribed
the differences in the flexion of the cranial base mainly to genetic factors. The
relationship between cbf and facial development has always been of interest to
orthodontists. Hopkin, Houston and James (1968) conducted a study on subjects
diagnosed with Class I, Class Il and Class Il skeletal jaw relationships. In their
methodology, they used various linear and angular measurements of the cranial base
to determine whether a relationship existed between cbf and facial development. The
results of their study demonstrated that cbf increased significantly from Class Il
through to Class | and up to Class Il skeletal jaw relationships, and they concluded
that the dimensions and angulations of the cranial base are major contributing factors
in the determination of antero-posterior relationships of the jaws. For this reason, they
concluded that more attention should be given to the role played by the cranial base in

the diagnosis and treatment planning of skeletal jaw malrelationships.

Only one unpublished study has been conducted previously to determine the average
cbf value of Black South Africans (Berlin, 1981), however this study did not evaluate
the relationship between cbf and skeletal jaw relationships. It was therefore of value to
conduct a study to determine if the relationship between cbf and skeletal jaw

relationships exists in this population group.

1.2RESEARCH OBJECTIVES

The objectives of this study were:
1. To establish the average cbf value in a sample of Black South Africans.
2. To determine whether there are gender differences for the mean cbf values of
Black South Africans.
3. To determine correlations between cbf and classes of skeletal jaw relationships.
4. To compare the Black South African value of the present study with the existing

Black and Caucasian South African values of the study by Berlin (1981).





1.3NULL HYPOTHESES

1. There will be no gender differences for the mean cbf values of Black South
Africans.

2. There is no correlation between cbf and classes of skeletal jaw
relationships.

3. The Black South African value of the present study will not differ with the

existing Black and Caucasian South African values of the previous study.





CHAPTER 2: LITERATURE REVIEW

2.1 GROWTH AND DEVELOPMENT OF THE CRANIAL BASE

Growth may be defined as an increase in the size of an organ by natural development
occurring as a result of cellular proliferation and differentiation. Craniofacial growth is a
complex process which involves many interactions between the bones of the
craniofacial complex that make up the human skull, and also between the hard and
soft tissues (Enlow, Kuroda and Lewis, 1971). An understanding of craniofacial growth
and development is essential for the accurate diagnosis and treatment planning of
skeletal jaw malrelationships as most orthodontic treatment is performed on growing
children (Moon, Ahn and Chang, 2005). Growth can affect the severity of skeletal jaw
malrelationships, either by improving it or by aggravating it as growth continues to take
place. Continued growth may also influence the progress of treatment, the outcome
and stability of orthodontic treatment results (Carlson, 2005).

Growth of the cranial base has a direct influence on the placement of the midface as
well as of the mandible, owing to the geometric arrangement of the craniofacial
complex (Bacon et al., 1992). When the anterior cranial fossa and the clivus of the
occipital bone elongate, the horizontal and vertical dimensions of the underlying space
which is occupied by the enlarging nasomaxillary complex, as well as the mandibular
ramus, increases accordingly. As the spheno-occipital complex elongates and flexes in
the mid-saggital plane, a related anterior displacement of the entire midface occurs. In
the same way, the condyle which articulates with the posterior limb of the cranial base

will be positioned more posteriorly in relation to the maxilla (Thilander, 1995).

2.1.1 Pre-natal growth of the cranial base

The human cranium begins to develop from the fourth week of intra-uterine (IU) life
during the late somatic period. During this period, the mesenchymal cells which are
derived from the primitive streak, together with the neural crest cells and the cells of
the occipital sclerotome, condense around the developing brain to form a capsule

which is known as the ectomeningeal capsule. The basal portion of this ectomeningeal





capsule is what will produce the future cranial base. The development of the cranial
base and the skull as a whole is dependent upon the presence of many other cranial
structures such as the brain, cranial nerves and the eyes, thus the formation of the
cranial base is usually evident after many other cranial structures have developed.
From around the fifth week of IU development, the cells of the ectomeningeal capsule
are slowly converted into cartilage by a process of chondrification, and this marks the

onset of cranial base formation (Sperber, 1989).

2.1.2 Post-natal growth of the cranial base

The cranial base grows post-natally through the process of endochondral ossification.
From the fifth week of IU life, the cells of the ectomeningeal capsule differentiate into
chondrocytes and form 3 groups of discrete condensations of cartilage which
represent the future ethmoid, sphenoid and occipital bones of the cranial base. Growth
of the cranial base is influenced by both neural and somatic growth patterns, with
almost 50% of post-natal growth being completed by the age of 3 years (Sperber,
1989). The growth processes in the human cranium occur through a complex balance
between sutural growth, and elongation of the bones at synchondroses and also by
direct surface remodelling of the superior and inferior surfaces of the cranial base.
Sutural growth is mostly responsible for the lateral growth of the cranium; growth at the
synchondroses on the other hand is responsible for the antero-posterior elongation of
the cranium, while variable degrees of surface remodelling of the superior and inferior
surfaces of the anterior and posterior limbs of the cranial base give rise to variations in

the growth and flexion of the cranial base (Henneberke and Prahl-Andersen, 1994).

Most bones of the cranial base are formed by a cartilaginous process, which is later
replaced by bone during the process of endochondral ossification. As the ossification
process occurs, 3 bands of cartilage called the synchondroses remain between the
centres of ossification to mark the eventual location of the basioccipital, sphenoid and
ethmoid bones that form the cranial base (Figure 1). The important synchondroses
found in the cranial base are known as spheno-occipital synchondrosis (located
between the sphenoid and occipital bones), spheno-ethmoid synchondrosis (located

between the ethmoid and sphenoid bones) and inter-sphenoid synchondrosis (located





between the two parts of the sphenoid bone). Of these, the spheno-occipital
synchondrosis is of particular interest as it makes an important contribution to the
growth of the cranial base during childhood, and it continues to grow until the child
reaches ages between 15 years and 17 years of age, fusing at around 21 years of age
(Peltomaki, Kylamarkula and Vinkka-Puhakka, 1997).

Thus, the middle cranial fossa follows a somatic growth pattern and enlarges both by
antero-posterior growth at the spheno-occipital synchondrosis and also by surface
remodelling. The anterior cranial fossa follows a neural growth pattern and it enlarges
and increases in antero-posterior length by surface remodelling, with bone resorption
intracranially and corresponding extracranial bone deposition. A study by Ford (1958)
demonstrated that there is no further growth of the anterior cranial fossa between the
sella turcica and foramen caecum after the age of 7 years. Thus, after this age the
anterior cranial base may be used as a stable reference plane upon which the
sequential lateral cephalograms may be superimposed in order to analyse any
changes in craniofacial structures which may have occurred due to growth or
orthodontic treatment (Broadbent, 1937).
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Figure 1: Cranial base synchondroses (Proffit and Fields, 2000).





The spheno-occipital synchondrosis is located anterior to the temporomandibular joint,
and posterior to the anterior cranial fossa, and its growth is clinically significant as it
influences the overall facial skeletal pattern. Growth at the spheno-occipital
synchondrosis increases the length of the cranial base, and since the maxilla is
attached to the inferior surface of the anterior limb of the cranial base, while the
mandible articulates with the posterior limb of the cranial base at the temporo-
mandibular joint, the cranial base plays an important role in determining skeletal jaw
relationships (Bacon et al., 1992). In the same way, the overall shape and flexion of
the cranial base affects the skeletal jaw relationships, with a smaller cbf tending to
cause a Class Ill skeletal jaw relationship, and a larger cbf being more likely to be

associated with a Class Il skeletal jaw relationship (Koski, 1968).

2.2 CRANIAL BASE FLEXION

During the embryonic and early fetal period, the cranial base becomes flexed in the
region between the pituitary fossa and the spheno-occipital junction, and the face is
tucked under the cranial base. This flexure of the cranial base is accompanied by a
corresponding flexure of the developing brain stem. Thus, the spinal cord and foramen
magnum, directed backwards during the early stages of development, are now
directed downwards. This downward directed foramen magnum is an adaptation
occurring in man who, unlike animals, stands upright. Cbf also helps to increase the
neurocranial capacity. Another consequence of the flexure of the cranial base is the
predominant downward rather than forward displacement of the face during its growth

from the cranial base (Sperber, 1989).

At around the tenth week of IU life, the cbf is approximately 65 , flattening out to
approximately 142 by the time of birth (Sperber, 1989; Ford, 1956). After birth, cbf
then closes to an average of 130 up to the age of 5 years (George 1978). Between
the ages of 5 years and 15 years, the cbf becomes relatively stable in both males and
females (Kerr and Hirst, 1987; Klocke, Nanda and Kahl-Nieke 2002).





After evaluating 26 heads of human foetuses using direct saggital and axial computed
tomograms, Dimitriadis et al., (1995) demonstrated that cbf at 25th week of IU life

approximated the range of normal cbf values observed in post-natal life.

Anatomically, cbf can be described as the degree of bending or flexion between the
anterior and posterior limbs of the cranial base about a point located at sella turcica.
Cbf is measured radiographically as the angle formed between the sella-nasion (S-N)
line and the sella-articulare (S-Ar) line. In order to establish the posterior landmark of
cbf, some authors make use of the Bolton (Bo) point to determine this angle (Renfroe,
1948), while others use the Basion (Ba) point (Bjork, 1955; Brodie, 1953; Ricketts,
1971), and this makes it difficult to compare the results of different studies. For the
purpose of our study, we chose the Ar over the other points because Bo and Ba points
are sometimes difficult to locate on a lateral cephalogram. It is usually easier to locate
the Ar because it is the point of intersection of the dorsal contour of the condyle and
the temporal bone which are, in most cases, clearly visible on a lateral cephalogram
(Dhopatkar, Bhatia and Rock, 2002).

The role cbf and its potential interaction with and contribution to normal development
of skeletal jaw relationships is both a frequently addressed and a clinically relevant
issue in orthodontics and craniofacial biology (Kim et al., 2003). There are two
conflicting views on the role played by cbf in the development of skeletal jaw
relationships. Genetic factors suggest that growth and development of facial patterns
is a genetically pre-determined phenomenon in the human genome, with very little
influence exerted by anatomical factors. Anatomical arguments rest on the fact that
both the nasomaxillary complex, which is attached below the anterior limb of the
cranial base, and the mandible, which articulates with the posterior limb of the cranial
base at the glenoid fossa, are both connected to the cranial base (Dhopatkar, Bhatia
and Rock, 2002). From this geometric arrangement, it is reasonable to assume that
variations in the growth and flexion of the cranial base may influence the individual jaw
positions and thus, the relationships of the two jaws to the cranial base as well as to
one another (Alves et al., 2008).





It has been hypothesized that smaller cbf values contribute to the development of
mandibular protrusion, brachycephalic facial patterns and inherent tendencies to
develop a Class Il skeletal jaw relationship. Larger cbf values, on the other hand are
hypothesized to be associated with maxillary protrusion, dolichocephalic facial patterns
and inherent tendencies to develop a Class Il skeletal jaw relationship (Zhou et al.,
2008).

2.3 POPULATION AND GENDER VARIATIONS IN CRANIOFACIAL GROWTH

The skull provides a more accurate indication of race than any other part of the human
skeleton, and is in addition a good indicator of gender (Giles and Elliot, 1962). Altemus
(1960) stated that almost all facial types may be seen within a particular racial or
ethnic group; however the frequency of a particular face type may vary from one ethnic

or racial group to another.

Bjork (1950) conducted a study to compare the cranial base morphologies of Black
South African subjects and Caucasian Swedish subjects. The study sample consisted
of 101 Black South African subjects and 234 Caucasian Swedish subjects with an age
range of between 8 years and 17 years. There was an almost equal number of males
and females. Their results demonstrated that the cranial base was significantly flatter
in the Black South African subjects (136 ° 4.9) than in the Caucasian Swedish

subjects (132 ° 4.5).

Giles and Elliot (1962) classified dry skulls by race using multivariate techniques,
including the cranial base measurements. In their study sample of 408 specimens of
known gender, age and race, it consisted of 108 Caucasian males, 79 Caucasian
females, 113 Negro males and 108 Negro females, with age range between 21 years
and 75 years. They used 8 variables of the cranial measurements to derive 2 pairs of
discriminant function formulae, for males and females which made it possible to
classify the skull into either the White or the Negroid race category with a high level of

accuracy.





In 1963, Giles and Elliot evaluated the same sample and derived an additional formula
to deter mi ne t heTheprestlts ef theirdstudy guggest ¢hat the cranial
base features vary between different populations, highlighting the uniqueness of each

individual population.

After reviewing the literature, Bjork (1972) published the mean cbf values of various

population groups in a table form (Table 1).

Table I: Cbf values of various population groups (Bjork, 1972)

Population N Cbfin degrees SD in degrees

Senegalese Negroes (Cameron, 1926) 48 135 54
Norwegian Caucasians (Bjork, 1950) 61 139 4.8
Swedish Caucasians (Bjork, 1950) 234 132 4.5
Easter Islands Caucasians (Coben, 1955) 1 149 4.0
Bushmen of the San (Singer and Weiner, 30 134 5.9
1963)

Australian Aboriginals (Brown, 1967) 100 136 5.3
Danish Caucasians (Hopkin, Houston and 102 130 5.2
James, 1968)

South African Negroes (De Villiers, 1968) 101 136 4.9
Japanese (Enlow, Kuroda and Lewis, 47 133 5.0
1971)

SD = Standard deviation.

Based on the data summarized in Table 1, we may conclude that cbf differ between
different population and racial groups, and this highlights the uniqueness of each

individual racial or population group.
Berlin (1981) conducted a study to compare the cranial base morphologies of four

South African racial groups (Blacks, Bushmen, Indians and Caucasians). The study
sample consisted of 120 lateral cephalograms of adult male subjects which were
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drawn equally from the 4 racial groups, with an age range of between 18 years and 30
years. Landmarks were plotted and linear and angular measurements of the 4 racial
groups were determined and compared. Correlations between cbf and facial
morphology were analysed using linear regression analysis methods. The results
showed that the most obtuse cbf value was found in the Bushmen subjects (129.2" °
3.4) with the Black subjects displaying the most acute cbf value (125.5 ° 4.5). The
mean cbf values for the Indian and Caucasian subjects were 124.9 ° 4.1 and 124.3

° 3.7 respectively.

In 2004, Kuroe, Rosas and Molleson conducted a study to analyse the effects that
cranial base orientation may have on the morphology of the craniofacial system in 3
distant human populations. Their sample consisted of 144 skulls of the nineteenth
century taken from European, African and Asian populations with an almost equal
number of males and females. The skulls were selected on the basis that there were
no deformities of the cranium and of the jaw bones, and that there was a Class |
skeletal jaw relationship. Five angular and 2 linear variables from the cranial base
component and 6 angular and 6 linear variables from the facial component were
measured and compared between the 3 population groups, using Analysis of Variance
(ANOVA). They found that the European and Asian subjects presented with
dolichofacial face types with shallower face depths derived from a raised cranial base.
The African subjects presented with brachyfacial face types with an increased face
depth as a result of a flatter cranial base.

Lahr (2005) conducted a study to determine the antero-posterior facial traits of 5
different populations from lateral cephalograms. The sample comprised of European
(N = 25), sub-Saharan African (N = 26), Southeast Asian (N = 26), East Asian (N = 43)
and Australian (N = 39) adult skulls. The degree of facial prognathism was measured
as one of the 3 scores: representing normal, moderate and severe or pronounced
facial prognathism. The results demonstrated that the greatest facial prognathism was
observed in the African sample followed by Australian sample. The results also
revealed that the Africans and Australians were significantly different from the
Europeans, Southeast Asians and East Asians.

11





2.4 VARIATIONS OF CRANIAL BASE FLEXION IN DIFFERENT POPULATIONS

In Caucasian subjects, cbf at birth is approximately 142, and up to the age of five
years, this flexion gradually diminishes to an average of 130 . From 5 years to
approximately 18 years of age, cbf becomes relatively stable in both males and
females (Sperber, 1989).

Previous cephalometric studies have suggested that cbf differs between different
populations (Guyot et al., 2006; Anderson and Popovich, 1983). Cameron (1927)
conducted a study to compare the average cbf values between the samples of
American Black and Caucasian subjects and his results demonstrated that cbf was
flatter in American Black subjects compared to American Caucasian subjects. Later in
1950, Bjork made a similar observation after comparing two samples derived from

Caucasian Swedish subjects and Black South African subjects.

Schulter (1976) compared the average cbf values of Caucasian American, American
Eskimos and lllinois Mound Indians. His results demonstrated the most obtuse cbf
value in the Eskimo subjects, followed by the Indian subjects; and the Caucasian

American subjects had the smallest mean cbf values.

Ethnic variations for the average cbf values were also demonstrated in a study by
Enlow and Hans (1996). Their sample was derived from the Black and Caucasian
subjects of Nothern, Central and Southern Europe. These researchers reported that
flatter cbf values characterize the dolichofacial craniofacial pattern in many Caucasian
races. Their results demonstrated a significant difference between Nothern and South
European Caucasian subjects, both whom are dolichocephalic and Central European
Caucasian subjects who have brachyfacial craniofacial patterns. Their results also
showed that Black subjects tend to have an elongated dolichofacial pattern with flatter

cranial bases.
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2.5 CONTROVERSIES REGARDING CBF, SKELETAL JAW RELATIONSHIPS AND
FACIAL MORPHOLOGY

There is an abundance of contradictory evidence in the literature relating to cbf, the
classification of skeletal jaw relationships and facial morphology. One group contends
that cbf has no effect on a patientd skeletal jaw relationship and facial morphology,
while others claim that cbf plays an important role in the development of skeletal jaw

relationships and facial morphology.

2.5.1 Relationship between cbf and skeletal jaw relationships exists

The following studies suggest that there is definitely a relationship between cbf and

skeletal jaw relationships:

Anderson and Papovich (1983) conducted a study to test the hypothesis that subjects
with larger cbf values have a tendency to develop a Class Il skeletal jaw relationship.
They also investigated whether subjects with smaller cbf values had a tendency to
develop a Class Il skeletal jaw relationship. The study sample comprised 180 lateral
cephalograms of Caucasian children with an age range of between 7 years and 12
years, derived from the Burlington Growth Centre. The sample was equally divided
into 3 classes of skeletal jaw relationship according to the cephalometric tracing. Fifty-
nine percent of the subjects with the largest cbf values as well as 14% of the subjects
with the smallest cbf values were diagnosed with Class Il skeletal jaw relationship and
none of the subjects were diagnosed with Class Il skeletal jaw relationship. The mean
cbf values for Class | and Class Il skeletal jaw relationship groups were measured as
145 + 4.1 and 147 * 3.4 respectively. These results demonstrated that larger cbf
values were associated with a Class Il skeletal jaw relationship but smaller cbf values

were associated with a Class | skeletal jaw relationship.

In 1992 a study was conducted by Bacon and co-workers to test the extent to which
cbf was involved in skeletal Class Il facial organisation. The study sample was made
up of lateral cephalograms of 45 experimental French children diagnosed as having a

Class Il skeletal jaw relationship with an age range of between 10 years and 12 years.
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The control group consisted of lateral cephalograms of 41 subjects with a similar age
range diagnosed as having a Class | skeletal jaw relationship. The mean cbf values for
the Class | and Class Il skeletal jaw relationship groups were measured as 131.1 °
4.1 and 134.2 ° 5.1 respectively. The results of their study indicated that cbf was
smaller and identical in subjects diagnosed as having Class | and Class Il skeletal jaw
relationships, but it was more obtuse in subjects diagnosed as having a Class I
skeletal jaw relationship.

Employing a finite element analysis method, Singh, McNamara and Lozanoff (1997)
conducted a study to analyse the local shape and size differences in cranial base
configurations of subjects with Class | and Class Il skeletal jaw relationships. The
study sample consisted of 73 pre-pubertal European-American children aged between
5 years and 11 years who had been diagnosed as having a Class Il skeletal jaw
relationship and 69 children of a similar age range and race who had been diagnosed
as having a Class | skeletal jaw relationship. Thirteen points of the cranial base were
identified on a lateral cephalogram and digitised, and this provided a geometrical
cranial base representation. The study found that a decrease in the cbf is invariably a

feature of Class Il skeletal jaw relationship (Bacon et al., 1992).

Using a sample of Japanese children, Tanabe, Taguchi and Noda (2002) conducted a
study to clarify the inter-relationships between cbf, the morphological variations of
maxillofacial components, and the growth of the anterior cranial base length. The
study sample consisted of 122 Japanese children aged between 3 years and 5 years,
divided into Class I, Class Il and Class Ill skeletal jaw relationships. The mean cbf
values for Class |, Class Il and Class Il subjects were measured as 125.06 ° 3.7 ,
131.4 ° 3.2 and 119.24 ° 3.9 respectively. The results of this study demonstrated a

positive relationship between cbf and a class of skeletal jaw relationship.

In order to establish whether non-growing female subjects diagnosed as having a
Class Il skeletal jaw relationship have specific craniofacial features, Sayin and
Turkkahraman (2005) studied the lateral cephalograms of 2 groups of women. The
first group comprised of 20 lateral cephalograms of non-growing Turkish female

subjects who were diagnosed as having a Class Il skeletal jaw relationship with a
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mean age of 17 years. The second group comprised of 20 lateral cephalograms of
non-growing Turkish female subjects who were diagnosed as having a Class | skeletal
jaw relationship with a mean age of 21 years. The mean cbf values for the Class | and
Class Il subjects were measured as 128.9 ° 5.1 and 132.35 ° 4.93 respectively
and they were compared using the Mann-Whitney U-test. The results showed that cbf
was significantly larger in subjects diagnosed as having a Class Il skeletal jaw
relationship than in subjects diagnosed as having a Class | skeletal jaw relationship.
The study also found that the anterior and posterior limbs of the cranial base were
significantly shorter in subjects diagnosed as having a Class Il skeletal jaw relationship

when compared with subjects diagnosed as having a Class | skeletal jaw relationship.

Proff and co-workers (2008) conducted a study to investigate the cranial base
configuration in patients diagnosed as having a Class Il skeletal jaw relationship in
order to clarify the conflicting findings in the literature. The study sample consisted of
lateral cephalograms of 54 White German patients with an age range between 14
years and 24 years. The control group consisted of 54 White German subjects with a
similar age range who were diagnosed as having a Class | skeletal jaw relationship.
The mean cbf values of Class | and Class Ill skeletal jaw relationship subjects were
measured as 125.2° ° 5.1 and 122.9 ° 5.7 respectively and they were compared for
statistical significance using an independent t-test. According to the study results, a

smaller cbf value was associated with a Class Il skeletal jaw relationship.

Chang and co-workers (2005) investigated the morphologic characteristics of the
cranial base in Chinese children with a Class Ill skeletal jaw relationship. The study
sample consisted of 100 lateral cephalograms of Chinese children with Class Ili
skeletal jaw relationship and 100 cephalograms of other children having a Class |
skeletal jaw relationship, with the ages ranging from between 5 years and 10 years.
The mean cbf values for Class | and Class Il skeletal jaw relationship subjects were
measured as 122.9 ° 4.3 and 121.4 ° 4.8 respectively. The results showed that
shortening and angular bending of the cranial base, may lead to the development of a

Class lll skeletal jaw relationship associated with Class Il facial morphology.
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It can be concluded based on the findings of these studies, that cbf does play a role in

the development of skeletal jaw relationships.

2.5.2 There is no relationship between cbf and skeletal jaw relationships

The following studies found no relationship between cbf and skeletal jaw relationships:

Battagel (1993) conducted a study to determine the aetiology of Class Il skeletal jaw
relationship using tensor analysis. Tensor analysis allows for the computation of the
differences in the form of an anatomical structure such as the flexion of the cranial
base without specifically measuring it. The study sample consisted of lateral
cephalograms of 138 British children diagnosed with Class Il skeletal jaw relationship,
with an age range between 7 years and 10 years. The control sample comprised of
lateral cephalograms of 105 British children who were in a similar age range, and
diagnosed with Class | skeletal jaw relationship. All the lateral cephalograms were
traced and the cbf variables were then compared with the facial features, using an
independent t-test. The results showed no significant correlation between cbf and

classes of skeletal jaw relationship.

Hayashi (2003) conducted a study to investigate the relationship between the cbf and
maxillofacial morphology using three-dimensional computed tomography. Forty-five
dry skulls from modern Japanese males diagnosed with Class | and Class Il skeletal
jaw relationships with the ages ranging between 19 years and 57 years made up the
sample. The mean cbf values for subjects with Class | and Class Il skeletal jaw
relationships were measured as 133.81 ° 4.01 and 135.1 ° 5.73 respectively.
These measurements were compared for statistical significance using an independent
t-test and no significant association between cbf and the classes of skeletal jaw
relationship were found. The author concluded that the relationship between cbf and
the class of skeletal jaw relationship is complicated and skeletal classification may

occur for any degree of cbf.

Andria and co-workers (2004) conducted a study to evaluate the correlation of pre-

treatment cranial base flexion and its component parts with other dental and skeletal

16





lateral cephalometric variables as well as the treatment time. The study sample
consisted of 99 lateral cephalograms of Caucasian subjects from North Carolina
diagnosed with Class | and Class Il skeletal jaw relationships. Lateral cephalograms
were traced and linear, proportional, and angular cranial base dimensions were
analyzed to determine if there was a relationship between cbf and other dental and
skeletal variables. Pearson correlation coefficient was used to test for any significant
correlations between cbf and skeletal and other dental characteristics. The results of
this study found no significant correlation between cbf and the class of skeletal jaw

relationship.

In 2005, a study was conducted by Moon, Ahn and Chang to identify the simple lateral
cephalometric features that can be used to predict the treatment prognosis of subjects
diagnosed with Class Il skeletal jaw relationship. The study sample comprised of 45
Korean subjects with an average age of 17 years. Lateral cephalograms were
obtained and traced before treatment, immediately after treatment, and after the long-
term retention stage. The anterior crossbites of all patients were corrected after a
series of orthodontic treatments. After a mean follow-up period of 5.7 years, all the
subjects were re-evaluated and divided into 3 groups according to the final occlusal
status (i.e. good, fair and poor). The mean cbf values for the three groups of occlusal
stability were measured as 124.9 ° 3.1 ,125.6 ° 5.1 and 123.3 ° 5.8 respectively.
The differences between the mean cbf values of these 3 groups were tested using
one-way ANOVA (p values < 0.05 were considered statistically significant). The results
of this study found no significant cbf differences between the 3 groups of occlusal

status.

In order to determine whether there were any correlations between cbf and
craniofacial features, Guyot and co-workers (2006) studied a sample of 235 human
skulls from France with an age range between 17 years and 89 years. These skulls
were taken from the Cleveland Museum of Natural History (Ohio, USA). After saggital
sectioning of the skulls, 20 landmarks were identified and a total of 17 measurements
were taken: 15 linear measurements (measured in millimetres) using an
anthropometric sliding calliper and 2 angular measurements (measured in degrees)

using an angle meter. The cbf together with 16 other variables were measured and
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compared between the 3 classes of skeletal jaw relationship using ANOVA (the
minimum probability level for accepting significance was set at 5%). The results of this
study demonstrated no significant relationship between cbf and other craniofacial
variables, including the variables used for determining the skeletal jaw relationships.
The authors concluded that, although the cranial base plays a major role in facial

growth, it is not as a unique factor.

Bastir and Rosas (2006) conducted a study to explore the relationship between cranial
base features and facial patterns. A total sample of 144 dry adult skulls from present
day humans, which comprised of European (N = 65), Japanese (N = 45), and West
African (N = 34) subjects, was selected and divided into 3 groups according to the
facial type (mesofacial, brachyfacial and dolichofacial). Lateral cephalograms of the
selected subjects were obtained, scanned and digitised to provide an image analogue.
Three different sets of variables which represented the bilateral cranial floor, midline
cranial base and the facial type were measured and compared using the Pearson
correlation coefficient (r values > 0.9 were considered positively correlated). The
results of this study suggested that the lateral cranial base is significantly more

positively correlated with facial type than the middle cranial base variables.

Polat and Kayad €2007) study was intended to determine whether the cranial base
features play a role in the development of skeletal jaw relationships. The study sample
consisted of pre-treatment lateral cephalograms from 75 Caucasian Turkish subjects
with an age range of between 8 years and 17 years. The lateral cephalograms were
divided equally into Class I, Class Il and Class Ill skeletal jaw relationships according
to the cephalometric tracing. The mean cbf values of the 3 classes of skeletal jaw
relationships were compared for statistical significance using an independent t-test (p
values < 0.05 were considered statistically significant). No statistically significant
differences in the cbf of the 3 classes of skeletal jaw relationship were found.

Zhou et al., (2008) conducted a study on a Chinese sample to determine the degree of
association between the cbf and antero-posterior relationship of the jaw bases. The
study sample was made up of 405 Chinese children with an average age of 12 years

and an almost equal number of males and females. The subjects were spread almost
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equally across Class I, Class Il and Class 1l skeletal jaw relationship groups according
to the cephalometric tracing. The mean cbf value in each class of skeletal jaw
relationship was compared with the mean cbf values of the other 2 classes of skeletal
jaw relationships using ANOVA (p values < 0.05 were considered statistically
significant). The results of this study found no statistically significant association
between cbf and skeletal jaw relationships. Based on these results, the authors
concluded that the linear measurements of the cranial base provide a more valid

reflection of the skeletal jaw relationship than the angular measurements.
With so much controversy in the literature regarding the role of cbf in skeletal jaw

relationship and facial morphology, it remains apparent for us to further investigate this
in our study sample.
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CHAPTER 3: MATERIALS AND METHOD

3.1SAMPLE

Pre-treatment lateral cephalograms were selected from the patient records at the
Department of Orthodontics, Medunsa Oral Health Centre (University of Limpopo).
These lateral cephalograms were assessed visually by the principal investigator and
later re-assessed by the supervisor to ensure that all landmarks (Figure 2) were clearly
visible. Lateral cephalograms which satisfied the following inclusion criteria were

selected for this study:

1. Lateral cephalograms were to be of Black patients of South African origin. Race

and citizenship were verified by referring to hospital records.
2. Lateral cephalometric headfilms of excellent quality.
3. Clearly visible cephalometric landmarks.
4. No previous history of orthodontic treatment or orthognathic surgery.
5. No congenital abnormalities including missing teeth.
6. No significant facial asymmetries.
7. The selected lateral cephalograms were of 5 years and older patients.
Cbf is relatively stable after the age of 5 years (Kerr and Hirst, 1987).
The selected lateral cephalograms which had been incorrectly classified by the
undergraduate students was replaced with a new lateral cephalogram which was
randomly selected from the sampling frame list. These replacements were also verified

by the principal investigator using the same method until the required sample size was

achieved.
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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 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 Point on angle of mandible where the posterior
and lower borders of the mandible meet.
Me Menton The most inferior point on the bony chin.
U6 Upper molar Mesiobuccal cusp tip of maxillary first permanent
molar.
Pre Premolar/primary | Cusp tip of mandibular first premolar or first
molar primary molar.

Figure 2: Cephalometric landmarks and interpretations (Alves et al., 2008).

The study population consisted of 6 325 pre-treatment records of patients who were

on the orthodontic treatment waiting list between January 2006 to October 2009. The

pre-treatment patient records comprised pre-treatment lateral cephalograms which

had been previously traced and analysed manually by the senior undergraduate dental

students during their training, and under the supervision of senior staff members of the

Department of Orthodontics. Based on the undergr aduate studentso

skeletal jaw relationships, all the lateral cephalograms were divided into to 3 classes

(.,e. Class I, Class Il and Class Ill). The inclusion/exclusion criteria were then

implemented and this lead to the development of a sampling frame list comprising all

the lateral cephalograms which were eligible for selection. The lateral cephalograms in

each class of skeletal jaw relationship were further subdivided into 2 groups according

to gender, resulting in a total of 6 sub-classes on a sampling frame list. A stratified

random sampling technique was then employed in each sub-class until a total of 50

subjects had been selected from each of the 6 sub-classes. The final sample for use in

this study was made up of 300 lateral cephalograms.
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The selected lateral cephalograms were digitally traced and analysed by the principal
investigator. The random numbers within each stratum were generated using the SAS
statistical software programme (SAS Institute Inc. Cary, NC). All the selected lateral
cephalograms were labelled and numbered clearly from 1 to 300. These lateral

cephalograms were then stored separately for easier accessibility and for the duration

ofthestudy,and a | ist of all the s efordututeeetereqrat i ent

(Addendum 1).

For the purpose of the present study, lateral cephalograms were traced and analysed
using a digital lateral cephalometric analysis software program (Orthview®, American
Othodontics, Netherlands) shown in Figure 3. This method of analysis was chosen for
its precise reproducibility of the measurements and significant speed when compared
with the manual tracing method (Chen et al., 2000; Schulze, Gloede and Doll, 2002;
Gregston et al., 2004; McClure et al., 2005). All linear measurements were taken in
millimetres and angular measurements were taken in degrees to the nearest 0.05

decimal place.

Figure 3: Orthview® cephalometric analysis programme.
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3.2METHOD

3.2.1 Lateral cephalometric measurements
The following linear (1-3) and angular (4-8) measurements were used for the purpose

of this study (Figure 4):

1) Anterior cranial base length (S-N). This line is drawn from sella to nasion and it
represents the anterior limb of the cranial base (Broadbent, 1937).

2) Posterior cranial base length (S-Ar). This line is drawn from sella to articulare
and it represents the posterior limb of the cranial base (Broadbent, 1937).

3) Wits appraisal. The Wits appraisal entails drawing perpendiculars from points A
and B on the maxilla and mandible respectively onto the occlusal plane. The
distance between the 2 points of contact on the occlusal plane from points A
and B is measured in millimetres (Jacobson, 1975).

4) SNA angle. This angle relates the position of point A to the anterior cranial base
and is a measure of maxillary prognathism (Steiner, 1953).

5) SNB angle. This angle relates the position of point B to the anterior cranial base
and is a measure of mandibular prognathism (Steiner, 1953).

6) ANB angle. This angle relates the relative antero-posterior relationship of point
A to point B. This angle determines
1957).

7) NSAr angle. This angle relates the flexion of the cranial base about a point at
sella (Bjork, 1950).

8) Mandibular plane angle (MP). This angle is measured between the S-N
reference line and the line representing the inferior border of the mandible
(Downs, 1948).

The selected lateral cephalograms were scanned to transform the analogue image into
a digital f ormat using EPSON V700E sca
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®). The digital image
resolution was set at 120 dots per inch (dpi) with 64 gray levels. The digitised images
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consisted of a 1280 X 1024 pixel matrix which gave a pixel size of 1.3mm. The lateral

cephalometric images were individually transferred into the digital cephalometric
analysis software programme (Orthview®, American Othodontics, Netherlands) for

analysis.

Figure 4: Linear and angular measurements used for the present study.

Landmarks were identified by the principal investigator by plotting onto the digital
image in a pre-determined sequence using a mouse-driven cursor. Cephalometric
tracing and analysis were completed immediately after plotting the last landmark on
each cephalogram. All angular and linear measurements which were required to
classify the skeletal jaw relationships i.e. ANB angle (Riedel, 1957) and Wits appraisal
(Jacobson, 1975) were measured and recorded for each lateral cephalogram
(Addendum 1). The cbf values for each lateral cephalogram represented by NSAr
angle (Bjork, 1947) were also recorded (Addendum 1). Each lateral cephalogram was
measured twice and the mean of the 2 measured values was used to calculate 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 at which point all the selected lateral cephalograms had
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been traced and measured. The 2 main parameters which are of importance to this

study are:

1. Cranial base flexion (NSAr angle) and

2. Skeletal classification (ANB angle and Wits appraisal).

Skeletal classification was determined by measuring the ANB angle where the SN-
Mandibular plane angle was within the normal range (32-34 ) or the Wits appraisal
where the SN-Mandibular plane angle was either too large or too small (Jacobson,
1975). The cbf value was determined by measuring the NSAr angle. For each lateral
cephalogram, the values of these 2 parameters were recorded on a data collection

sheet (Appendix A).

3.3EXAMINER RELIABILITY

Examiner reliability testing was carried out 2 weeks after the completion of the
measurements and the methodology of the original measurements was strictly
adhered to. The data was entered into the Excel programme (Version 2002, Microsoft

Corporation) for analysis.

3.3.1 Intra-examiner reliability testing

Intra-examiner reliability was tested by re-examining 10% of the total sample (30
lateral cephalograms of 15 males and 15 females). These lateral cephalograms were
randomly selected and re-measured by the principal investigator.

3.3.2 Inter-examiner reliability testing

Inter-examiner reliability was tested by re-examining 10% of the total sample (30
lateral cephalograms of 15 males and 15 females). These lateral cephalograms were

randomly selected and re-measured by the second investigator.
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3.4 DATA ANALYSES

Descriptive statistics (mean, median, standard deviation, minimum and maximum
values) were determined for all the continuous variables using Statistical Package for
Social Sciences (SPSS) computer software programme. Basic calculations for addition
and divisions were made using Excel programme (Version 2002, Microsoft
Corporation, USA). Demographic data such as age, gender and file numbers were
recorded for administrative purposes and all data were stratified by skeletal jaw

classification and also by gender (Addendum 1).

Within each class of skeletal jaw relationship, an independent t-test was used to test
for significant gender differences with regards to the mean age of the sample. All the p

values < 0.05 were considered statistically significant.

Analysis of Variance (ANOVA) was also used to test for significant differences

between the mean ages of the 3 classes of skeletal jaw relationships.

Within each class of skeletal jaw relationship, an independent t-test was used to test

for significant cbf differences between male and female subjects.

An independent t-test was also used to test for any significant cbf differences between

the 3 individual classes of skeletal jaw relationships.

The average cbf value of Black South Africans of the present study was also
compared with the existing Black (125.5 + 5.43) and Caucasian (124.33 + 4.25)
South African values (Class 1) of the previous study (Berlin, 1981) using an idependent

t-test.

To test for intra-examiner reliability, Pearson Correlation Coefficient was used to
assess the degree of association between the original and repeated sets of
measurements as made by the principal investigator (r values > 0.9 were considered

highly correlated). An independent t-test was also used to assess the statistical
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significance of any differences between the mean values of the original and the

second sets of measurements made by the principal investigator.

To test for inter-examiner reliability, Pearson Correlation Coefficient was used to
assess the degree of association between the original and the repeated sets of
measurements as made by the principal investigator and also by the supervisor (r
values > 0.9 were considered highly correlated). A paired t-test was also used to
assess the statistical significance of any differences between the mean values of
original and the second set of measurements made by the principal investigator and

the supervisor.

3.5 ETHICAL CONSIDERATIONS

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
Dentistry, University of Limpopo. Ethical clearance was obtained from the Research
Ethics Committee of the University of Limpopo (Addendum 7). Only the pre-treatment
lateral cephalograms and patient files were used in this study thus, no harm or
potential harm was imposed on the human subjects during all the processes of this
study. Only the randomly selected numbers were used to identify the cephalograms
thus,th e pat i e ntveei protecechand were Bosrevealed.
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CHAPTER 4: RESULTS

4.1 AGE DISTRIBUTION

The sample consisted of 300 pre-treatment lateral cephalograms of Black South
African subjects which were equally divided into 3 groups according to the skeletal jaw
classification (Class I, Class Il and Class IIl with 100 subjects in each). The mean age
for the total sample was 16.58 years ° 6.25 years (range = 6 years to 42 years). The
mean age for the Class I, Class Il and Class Il groups were 17.28 years ° 6.12 years
(range = 6 years to 35 years); 16.25 years ° 6.15 years (range = 6 years to 42 years)
and 16.22 years ° 6.48 years (range = 7 years to 34 years) respectively. The mean
age for the Class | group was slightly higher than those of Class Il and Class Il

groups.

Figure 5 shows graphically the age distribution for the total Black South African
sample. There was a wide distribution of the ages for the combined sample with the
highest number of subjects (N = 130) being in the age group of 16 years to 25 years
and only 2 subjects were found in the age group of 36 years to 45 years, with one
subject being 36 years and the other being 42 yerars of age. The mean age of the
female subjects was slightly higher than that of the male subjects in all classes of
skeletal jaw relationship except in Class Il skeletal jaw relationship where males were
slightly higher; however these differences were not significant (p > 0.05).
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Figure 5: Age distribution for the total Black South African sample.

4.2 COMPARISONS BETWEEN MALE AND FEMALE CBF VALUES

There was a wide distribution of the mean cbf values for the total sample with the
highest mean cbf value recorded for the Class Il female subjects (128.09° + 6.45°) and
the lowest mean cranial base flexion value was recorded for the Class Il male
subjects (123.91° + 5.599).

Table Il summarizes the comparisons between the mean cbf values of the male and
female subjects within each class of skeletal jaw relationship. The mean cbf value of
the female subjects was slightly higher than the mean cbf value of the male subjects in
all the 3 classes of skeletal jaw relationships. When the mean cbf values of the male
and female subjects were compared, the results of an independent t-test showed no
statistically significant differences in all the 3 classes of skeletal jaw relationships (p >
0.05). In order to yield a mean value which represents all the subjects in each class of

skeletal jaw relationship, male and female data were combined.
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Table II: Cbf comparisons between male and female subjects

SAMPLE NUMBER MEAN CBF IN RANGE IN SD
DEGREES DEGREES

Class | males 50 124.28 108.3t0 139.3 7.05
Class | females 50 126.47 116.1to 139.2 5.22
p value 0.081
Class Il males 50 126.14 111.8 to 142.0 6.48
Class Il females 50 128.09 114.6 to 147.6 6.45
p value 0.134
Class Ill males 50 123.91 110 to 135.8 5.59
Class Il females 50 125.82 114.7 to 136.0 5.11
p value 0.079

SD = Standard deviation.

4.3 COMPARISONS BETWEEN THE MEAN CBF VALUES OF 3 CLASSES OF
SKELETAL JAW RELATIONSHIPS

Table Il summarizes the comparisons between the mean cbf values of 3 classes of
skeletal jaw relationships. The mean cbf value of the Class Il skeletal jaw relationship
group was found to be significantly larger when compared with the mean cbf values of
Class | and Class Ill skeletal jaw relationship groups respectively (p < 0.05). There
was no significant difference between mean cbf values of Class | and Class Il skeletal

jaw relationship groups.

Figure 6 shows graphically the mean cbf values of the 3 classes of skeletal jaw
relationship. The mean cbf values for Class |, Class Il and Class Il groups were
125.387° 6.27 (range = 108.3 to 139.37); 127.12"° 6.51 (range = 111.8  to 147.6")
and 124.86 ° 5.41 (range = 110.0 to 136.0 ) respectively. The mean cbf value for

the Class Il group was slightly higher than those of Class Il and Class Il groups.
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SUMMARY

Introduction: Flexion of the cranial base plays a very crucial role in the study of the
craniofacial complex, particularly with the development of skeletal jaw relationships.
An understanding of growth of the cranial base has come to assume great
importance in orthodontics, and successful treatment of skeletal jaw malrelationships
depends largely on the growth and flexion of the patients’ cranial base. The aim of
this study was to determine the relationship between cranial base flexion and skeletal

jaw relationships in a sample of Black South Africans.

Materials and method: The sample comprised of 300 pre-treatment lateral
cephalograms of Black South Africans which was equally divided into Class I, Class
Il and Class Il skeletal jaw relationships according to the cephalometric tracing and
analysis, and each class of skeletal jaw relationship had an equal number of male
and female subjects. A digital cephalometric analysis software program (Orthview®,
Netherlands) was used to trace and analyse the selected lateral cephalograms. The
sample was first analysed to determine if gender differences existed for the mean
cranial base flexion value in all three classes of skeletal jaw relationships.
Comparisons among Class [, Il and Ill mean cranial base flexion values using an
independent t-test were made. The average cranial base flexion value of the Black
South Africans in this study was also compared with the average cranial base flexion
value of Black and Caucasian South Africans from the previous studies for

significance using an independent t-test.

Results: Age distribution showed no statistically significant differences in all the
three classes of skeletal jaw relationship (p > 0.05). There were no statistically
significant differences between the mean cranial base flexion values of the male and
female subjects in all the three classes of skeletal jaw relationships (p > 0.05). The
results of this study demonstrated a significantly larger mean cranial base flexion
value in the Class Il skeletal jaw relationship sample when it was compared with the
mean cranial base flexion values of Class | and Class lll skeletal jaw relationship
samples respectively (p < 0.05). There was no statistically significant difference

between Class | and Class Il skeletal jaw relationship samples with regards to the

Xiv





cranial base flexion (p > 0.05). The results of this study also showed no statistically
significant difference between the average cranial base flexion values of Black South
Africans of the present study as well as Black and Caucasian South Africans of the
previous study (p > 0.05).

Conclusion: It was concluded that, in this sample, a larger cranial base flexion value
is a feature of Class Il skeletal jaw relationship and a smaller cranial base flexion

value is a feature of both Class | and Class Il skeletal jaw relationships.

Keywords: cranial base flexion, skeletal classification, skeletal jaw malrelationship
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