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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

significantly on the growth of the patients’ craniofacial complex (Brodie, 1953).

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 determine the patient’s gender. The results of their study suggest that 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 patient’s 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 I, Class Il and Class Ill 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
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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 Kaya’'s (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.

19





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 undergraduate students’ classification of

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
of the study, and a list of all the selected patient’s details was kept for future reference
(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.

| 2T A0 E @0 Bl s

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)

2)

3)

4)

5)

6)

7)

8)

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).

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).

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).

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

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

ANB angle. This angle relates the relative antero-posterior relationship of point
A to point B. This angle determines the subjets’ skeletal classification (Riedel,
1957).

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

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 format using EPSON V700™ scanner, 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®). 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, the patients’ identities were protected and were not revealed.
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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° + 5.59°).

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
125.38° + 6.27° (range = 108.3° to 139.3°); 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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Figure 6: Display of the mean cbf values of 3 classes of skeletal jaw relationship.

Table Ill: Cbf comparisons between 3 classes of skeletal jaw relationships

SAMPLE NUMBER MEAN CBF IN RANGE IN SD
DEGREES DEGREES

Class | combined 100 125.38 108.3t0 139.3 6.27
Class Il combined 100 127.12 111.8 to 147.6 6.51
p value **0.044
Class | combined 100 125.38 108.3t0 139.3 6.27
Class Ill combined 100 124.86 110.0 to 136.0 541
p value 0.551
Class Il combined 100 127.12 111.8 to 147.6 6.51
Class Ill combined 100 124.86 110.0 to 136.0 541
p value **0.009

**p values < 0.05 are considered statistically significant, SD = Standard deviation.
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4.4 COMPARISONS BETWEEN THE AVERAGE CBF VALUES OF BLACK AND
CAUCASIAN SUBJECTS OF SOUTH AFRICA

The results of this study found the average cbf value for the Black South African
subjects to be 125.38° + 6.27° (range = 108.3° to 139.3°). Table IV summarizes the
comparisons between the average cbf values of the Black and Caucasian South
African subjects. When the average cbf value of Black South African subjects was
compared with the average cbf value of Caucasian South African subjects, the results
of an independent t-test showed no statistically significant difference (p > 0.05). When
the average cbf value of Black South African subjects in the present study was
compared with the average cbf value of Black South African subjects from the
previous study, the results of an independent t-test showed no statistically significant
difference (p > 0.05).

Table IV: Cbf comparison of Black South Africans of the present study with
Black and Caucasian South Africans of the study by Berlin (1981)

SAMPLE NUMBER | MEAN CBF | RANGE IN DEGREES SD
IN DEGREES

Class | Caucasians# 30 124.33 104.78 to 129.38 4.25
Class | Blacks* 100 125.38 108.3t0 139.3 6.27
p value 0.095
Class | Blacks# 30 125.5 120.07 to 130.93 5.43
Class | Blacks* 100 125.38 108.3 to 139.3 6.27
p value 0.925

SD = Standard deviation. * = current study, # = previous study

4.5 EXAMINER RELIABILITY TESTING

Table V and VI show the results obtained from the analyses of intra-examiner and
inter-examiner reliability tests respectively. For intra-examiner reliability testing, the
results of Pearson correlation coefficient showed a high level of correlation (r > 0.9)

between the original and repeated sets of measurements as made by the principal
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investigator. The results of an independent t-test showed no statistically significant
difference between the mean values of the original and the second set of
measurements as made by the principal investigator (p > 0.05). This indicated that the
method of measurement of the variables used in this study was reliable and the

measurements were reproducible.

For inter-examiner reliability testing, the results of Pearson correlation coefficient
showed a high level of correlation (r > 0.9) between the original and the repeated sets
of measurements as made by the principal investigator and the supervisor
respectively. The results of a paired t-test showed no statistically significant difference
between the original and the second sets of measurements as made by the principal
investigator and the supervisor respectively (p > 0.05). This indicated that the method
of measurement of the variables used in this study was reliable and the measurements

were reproducible.

Table V: Results of intra-examiner reliability tests

VARIABLE N MEAN SD RANGE r VALUE | p VALUE
DIFFERENCE

NSAr angle 30 -0.007 0.644 -1.8t0 1.2 **0.995 0.955

ANB angle 30 -0.037 0.344 -0.81t0 0.5 **0.991 0.563

Wits appraisal 30 -0.093 0.31 -0.6t0 0.6 **0.999 0.109

MP angle 30 -0.007 0.435 -0.81t0 0.8 **0.998 0.934

**p values < 0.05 are considered statistically significant, **r values > 0.9 are considered highly

correlated. SD = Standard deviation.
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Table VI: Results of inter-examiner reliability tests

VARIABLE N MEAN SD RANGE r VALUE | p VALUE
DIFFERENCE

NSAr angle 30 0.407 1.555 -2.8t03.3 **0.968 0.163

ANB angle 30 0.053 0.787 -1.5t0 2.9 **0.956 0.713

Wits appraisal 30 -0.1 0.642 -1.6t0 1.0 **0.995 0.400

MP angle 30 -0.253 1.915 -4.8t0 2.3 **0.969 0.474

**p values < 0.05 are considered statistically significant, **r values > 0.9 are considered highly

correlated. SD = Standard deviation.
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CHAPTER 5: DISCUSSION

5.1 AGE DISTRIBUTION

The mean age of the total sample was 16.58 + 6.25 years with a range of between 6
years and 42 years (Table Il). The mean age in this study was similar to that of studies
by Anderson and Popovich (1983) and Proff et al. (2008), where the mean age of the
samples was 15.28 years (range = 3.5 years to 18.5 years) and 17.7 years (range =

14 years to 24.5 years) respectively.

In our study, the highest number of subjects (N = 130) was in the age range of
between 16 years and 25 years (Figure 5). We chose this age range because it
represents the age range of patients who seek orthodontic treatment at Medunsa Oral
Health Centre, University of Limpopo. Several studies have demonstrated that cbf
becomes relatively stable from 5 years of age to adulthood (Kerr and Hirst, 1987;
Henneberke and Prahl-Andersen, 1994; Klocke et al., 2002); thus the majority of
subjects in the present study study fell within this age range. Seven percent of the
sample fell in the age range of 26 years to 45 years, and this reflects the increasing
numbers of adult patients who seek orthodontic treatment at Medunsa Oral Health

Centre.

In contrast to the present study, Tanabe, Taguchi and Noda (2002) used a sample
with a much lower mean age of 4.48 years, to investigate the relationship between cbf
and the morphological variations of the maxillofacial components. Their sample was
derived from data taken from the Japanese Society of Paediatric Dentistry, which
explains the lower mean age used in this study. Tanabe et al., (2002) selected a
sample of 122 children who were in the age range of between 3 years and 5 years. In
their study, they used only the ANB angle to classify the subjects’ skeletal jaw
relationships. A study by Jacobson (1975) has shown that the ANB angle as a
measure of skeletal jaw relationships may be limited by factors such as the rotational
effect of the jaws and the antero-posterior position of the Nasion. In the present study,
both the ANB angle and the Wits appraisal were used to establish each subject’s class

of skeletal jaw relationship. The age range used in Tanabe, Taguchi and Noda (2002)
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study would not have been practical in our study, because the Wits appraisal requires
the presence of the maxillary first permanent molars (Jacobson, 1975), which have not

usually erupted in this age range.

In another study, a sample of much higher age range was used to evaluate the
relationship between cbf and craniofacial characteristics (Guyot et al., 2006). Guyot et
al. selected a sample of 235 adult human skulls, made up of an almost equal number
of male and female subjects, with a mean age of 49 years (range = 17 years to 89

years).

5.2 SAMPLE

5.2.1 Sample size

This study evaluated 300 lateral cephalograms of untreated subjects, which were
equally stratified into Class I, Class Il and Class III skeletal jaw relationships according
to the cephalometric tracings (Table II). This sample size was estimated from a study
population of 6 325 pre-treatment records using statistical tests. This sample was also
large enough to comply with the Central Limit Theorem which requires a minimum
sample size of 30 subjects (Daniel, 1999).

Samples of similar sizes to the one used in the current study have been used in other
studies to evaluate the relationship between cbf and skeletal jaw relationships
(Dhopatkar, Bhatia and Rock, 2002; Chang et al., 2005; Reyes, Baccetti and Mc
Namara, 2006 and Alves et al., 2008).

5.2.2 Race

The sample in the present study comprised of Black patients of South African origin
not stratified according to ethnicity. Race and citizenship of all subjects were verified
using hospital records at Medunsa Oral Health Centre, University of Limpopo. The
authors of this research acknowledge that it is almost impossible to select a sample
which is purely Ethic in nature because South Africa is a multi-ethinic and multi-cultural
society as a result of, amongst other factors, urbanization and inter-ethnic marriages,

both of which are on the increase. Samples comprising Black subjects have been
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evaluated in other studies (Cameron, 1926; Bjork, 1950; De Villiers, 1968; Berlin,
1981; Kuroe, Rosas and Molleson, 2004 and Bastir and Rosas, 2006).

Other studies were conducted on samples comprising of Caucasian subjects to assess
the relationship between cbf and skeletal jaw relationships (Dhopatkar, Bhatia and
Rock, 2002; Thilander, Persson and Adolfsson, 2005; Reyes, Baccetti and McNamara,
2006 and Proff et al., 2008). The choice of selecting samples comprising of Caucasian
subjects only in these studies reflects on the majority of Caucasian subjects in the

respective study populations.

5.2.3 Gender ratios

Equal numbers of male and female subjects were selected for all the 3 classes of
skeletal jaw relationships in the present study (Table IIl). The authors wished to ensure
that prior gender distribution differences among the 3 classes of skeletal jaw
relationship were not the cause of statistically significant results. Other studies, using
an equal number of male and female subjects to determine the relationship between
cbf and skeletal jaw relationships have reported similar findings (Singh, Mc Namara
and Lozanoff, 1997; Wilhelm et al., 2001; Proff et al., 2008 and Chang et al., 2005).

In contrast to the present study, some authors have used unequal numbers of male
and female subjects in their samples to determine the relationship between cbf and
skeletal jaw relationships (Tanabe, Taguchi and Noda, 2002; Andria et al., 2004; El-
Batran, Soliman and EI-Wakil, 2008). In all these studies, gender differences
represented the distribution of gender in each study population. The results of these
studies showed no statistically significant gender differences with regards to cbf (p >
0.05).

Studies investigating the same relationship as the present study have also been
conducted using samples comprising a single gender only (Berlin, 1981; Kerr and
Adams, 1988; Kasai et al., 1995; Hayashi, 2003 and Sayin and Turkkahraman, 2005).
The purpose of selecting a sample comprising of a single gender only was to eliminate
the possibility of gender differences as a factor which may influence the study results.

Samples comprising of male subjects only were studied in South Africa (Berlin, 1981),
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Scotland (Kerr and Adams, 1988) and also in Japan (Kasai et al., 1995 and Hayashi,
2003). A sample comprising of female subjects only was studied in Turkey by Sayin
and Tarkkahraman (2005).

5.3 GENDER DIFFERENCES WITH REGARDS TO CBF

In our study, the mean cbf values of male and female subjects were measured and
compared in all 3 classes of skeletal jaw relationships (Table V). The decision on
whether to stratify the sample by gender was influenced by the degree of statistical
significance of the gender differences in cbf. In the present study, the mean cbf value
of the female subjects was found to be larger than the mean cbf value of the male
subjects in all the 3 classes of skeletal jaw relationships (Table V and Figure 7);
however, this was not statistically significant (p > 0.05). For this reason, the mean cbf
values for male and female subjects were combined in all 3 classes of skeletal jaw
relationships. This lack of statistically significant gender differences with regards to the
cbf may be explained by the similarities in the nature of the growth of the cranial base
in males and females (Kerr and Hirst, 1987; Klocke, Nanda and Kahl-Nieke, 2002).

Gender similarities with regards to cbf have been previously reported by other studies
(El-Batran, Soliman and EI-Wakil, 2008 and Reyes, Baccetti and Mc Namara, 2006)
who also found no statistically significant cbf differences with regards to gender. In
both studies, male and female data were combined to yield a mean cbf value which

represented all the subjects.

A contrasting relationship has also been established by other studies, where male
subjects demonstrated significantly larger cbf values (p < 0.05) when compared with
female subjects, (Hopkin, Houston and James, 1968; Chang et al., 2005; El-Batouti et
al., 1994; Johannsdottir et al., 1999 and Arat et al.,, 2001). El-Batouti et al. (1994)
stated that the relationship between cbf and skeletal jaw relationships is more
pronounced in males, and this is due to the differential growth pattern of the face
which is essentially sex-linked.
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5.4 CBF AND SKELETAL JAW RELATIONSHIPS

The NSAr variable which represents the cbf, demonstrated the highest mean value for
the Class Il skeletal jaw relationship sample (127.12° + 6.51°), and also for the
maximum (147.6°) and minimum values (111.8°). The mean cbf values for Class | and
Class Il skeletal jaw relationship samples were measured as 125.38° + 6.27° and
124.86° + 5.41° respectively (Table Il and Figure 6).

We hypothesized that there is no correlation between cbf and 3 classes of skeletal jaw
relationship. The results of our this study showed a significantly larger mean cbf value
for the Class Il subjects when this was compared with the mean cbf values of Class |
subjects and also with Class Il subjects (p < 0.05). Similar findings were reported in
other studies (Tanabe et al., 2002; Sayin and Turkkahraman, 2005). This finding was
expected because, as the cranial base flexion flattens out, the mandible which
articulates with the posterior limb of the cranial base becomes distally positioned

towards a Class Il skeletal tendency (Alves et al., 2008).

The results of the present study showed no statistically significant difference (p > 0.05)
with regards to the mean cbf value between Class | and Class Il skeletal jaw
relationships (Table Ill). Lack of statistically significant difference between the mean
cbf values of Class | and Class Il subjects may be explained by the similarities in
growth and flexion of the cranial base of Class | and Class Il subjects (Wolfe et al.,
2011). Similar findings have been reported in other studies (Anderson and Popovich,
1983; Bacon et al., 1992; Battagel, 1993 and Alves et al., 2008). Cbf has also been
shown to have a great variation of more than 8° in Class | and Class Il skeletal jaw
relationship subjects (El-Batran, Soliman and El-Wakil, 2008). The significantly large
variations explain the existence of floating norms between Class | and Class IlI
skeletal jaw relationships with subsequent overlapping of the average cbf values in
these 2 classes. This large variability explains why a statistically significant difference

with regards to the cbf values between Class | and Class Il subjects was not found.

In conflict to the present study’s findings, other studies have demonstrated statistically

significant cbf differences between subjects diagnosed with Class | and Class lli
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skeletal jaw relationships (Seren et al. 1994; Cohlmia et al. 1996; Singh, Mc Namara
and Lozanoff 1997; Mouakeh, 2001; Proff et al., 2008; Chang et al., 2005). Cohlmia et
al. (1996) showed that subjects with a Class Il skeletal jaw relationship have their
condyles positioned significantly more anteriorly, when compared to subjects with a
Class | skeletal jaw relationship. Seren et al. (1994) reported a significant condylar
protrusion associated with anterior mandibular displacement in subjects with a Class
[Il skeletal jaw relationship. Thus, the more anteriorly positioned condyle tends to
locate the Articulare point more anteriorly, thereby causing a significant closure of cbf.

5.5 COMPARISON OF CBF BETWEEN BLACK AND CAUCASIAN SUBJECTS

The results of the present study showed no statistically significant difference between
our Black South African sample and the previous Black (Class I) sample of Berlin
(1981) with regards to the mean cbf value (Table 1V). We could not find any previous
study which compared the Black samples from other parts of the world with regards to

the mean cbf value.

The results of this study showed no statistically significant difference (p > 0.05)
between Black and Caucasian subjects of South Africa with regards to the average cbf
value (Table IV). It has been previously demonstrated that, the cranial base of Black
and Caucasian subjects is genetically programmed to grow and flex in a similar pattern
(Arat et al., 2001). This finding is consistent with the findings of Kuroe et al. (2004)
who found no statistically significant difference (p > 0.05) between the average cbf
values of Caucasian European subjects and Black African subjects. The same study
also showed that Asian subjects had significantly smaller average cbf values when
compared with the average cbf values of African subjects (p < 0.05). The small
average cbf value demonstrated in the Asian subjects, explains the Class Il facial

patterns found in the majority of this population group (Lahr, 2005).
In conflict to the finding of the present study, Bjork (1950) found a statistically

significant cbf difference (p < 0.05) after comparing the average cbf values of Black

South African and Caucasian Swedish subjects.
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Several cephalometric studies on the variation of cbf among populations have been
published (Guyot et al., 2006). Some populations have been shown to have similar cbf
values, (Argyropoulos et al., 1989 and Varella, 1990), while other evidence suggests
the average cbf values may differ between different population groups (Anderson and
Popovich, 1983).

Solow et al. (1982) conducted a study to compare the craniofacial features of young
adult Australian Aboriginal subjects with the craniofacial features of young adult
Danish subjects. Their results showed that the posterior cranial base length was
significantly shorter in the Australian Aboriginal subjects when compared with the
Danish subjects (p < 0.05). This study also showed a significantly larger cbf value in
the Danish subjects than in the Australian Aboriginal subjects (p < 0.05). The smaller
cbf value found in the Australian Aboriginal subjects explains the prognathic facial

patterns typical in this population group (Lahr, 2005).

Argyropoulos et al. (1989) conducted a study to assess whether any similarities and/or
differences existed between ancient Greek skulls and the skulls of modern Greek
subjects. The results of this study showed no statistically significant differences
between the cranial base features of the two groups (p > 0.05), including cbf. The
authors of this study concluded that, based on their results, flexion of the cranial base

is strongly influenced by genetic factors.

Enlow and Hans (1996) hypothesized that the differences in craniofacial morphology
between various populations might be due to variations in the orientation of the cranial
base and the facial cranium as a whole. According to these authors, variations in the
spatial configuration of the cranial base will in turn produce correlated changes in the

configuration of the face and skeletal jaw relationships.

5.6 STUDY CHALLENGES

Challenges encountered in the present study were related to the following factors:
The selected lateral cephalograms were not taken for the purpose of this study; and
the problem with the method of image acquisition.
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5.6.1 Lateral cephalograms

The pre-treatment lateral cephalograms were not taken specifically for the purpose of
this study, but were rather selected from the records at the Department of
Orthodontics, Medunsa Oral Health Centre (University of Limpopo); and the selected
lateral cephalograms had to comply with the previously discussed selection criteria
(Chapter 3). The lateral cephalograms derived from the records at the Department of
Orthodontics, are as a rule, of a very high standard and diagnostic value without any
image distortions. They are routinely assessed twice, first by a registered radiographer
in the Department of Radiology, and secondly by staff members at the Department of
Orthodontics, before they are approved for diagnosis and treatment planning

purposes.

In taking advantage of these strict criteria applied to pre-treatment lateral
cephalograms by the Department of Orthodontics at Medunsa Oral Health Centre,
University of Limpopo, as well as by adhering strictly to the selection criteria, the use
of selected lateral cephalograms was a viable option in this study. Had lateral
cephalograms been taken expressly for the purposes of a study of this nature, they
would not have been any more accurate, and in fact this would not have been
practical, since a sample size of 300 subjects were required, made up of an equal
number of male and female subjects. In addition, these lateral cephalograms were
required to be equally stratified into Class I, Class Il and Class lll skeletal jaw
relationships according to the cephalometric tracing and analysis.

5.6.2 Method of image acquisition and tracing of lateral cephalograms

At the time of data collection for this study, Medunsa Oral Health Centre had no digital
cephalometric X-ray machine; hence all the lateral cephalograms selected for this
study had to be digitized. The conventional lateral cephalograms were scanned using
EPSON™ scanner to transform the conventional film image into a digital image
necessary for digital tracing and analysis, which was performed using a digital
cephalometric analysis software programme (Orthview®, American Orthodontics,

Netherlands). This method of analysis was chosen for its precise reproducibility of the
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results and its significantly higher speed when compared to the manual tracing method
(Chen et al.,, 2000; Schulze, Gloede and Doll, 2002; Gregston et al., 2004 and
McClure et al., 2005).

Mostafa et al. (1990) stated that digital cephalograms offers many advantages over
conventional cephalograms such as: reduction in exposure of the patient to radiation,
simplified and efficient image storage, display of digital image on the computer screen
for easier viewing and manipulation, facilitation of communication between colleagues
and third parties without loss of data, and archiving of digital cephalograms to reduce

damage to the film or emulsion that occurs with time.

5.7 APPLICATION OF THE RESUSLTS IN CLINICAL PRACTICE

The results of this study can be used to predict accurately, at an early age and before
the skeletal discrepancy becomes clinically evident, the severity of a developing
skeletal jaw malrelationship in a sample of Black South African subjects. These results
are particularly applicable to Black South African patients who live in the area in which
the Medunsa Oral Health Centre, University of Limpopo, is situated. If these results
were to be used on Black subjects who live in other parts of South Africa, caution
should be exercised as this study did not stratify the sample according to ethnicity and
it does not represent the entire stratification of the Black population of South Africa.

A study by Kerr and Hirst (1987) has demonstrated that, cbf values measured at 5
years of age can be used to predict accurately the patients’ skeletal jaw relationship
later in adulthood. These authors also concluded that, even though the cbf is a
fundamental variable that can be used to predict, with some level of accuracy the
developing class of skeletal jaw relationship, other skeletal compensations may occur
to minimize its importance. They also added that, these compensations could be either

favourable or unfavourable from an orthodontic point of view.
Cbf can also be used to make an accurate prognosis of early orthopaedic treatment of

skeletal jaw malrelationships (Baccetti et al., 2004). The results of their study showed

that cbf can be used to predict with some level of accuracy the long term outcome of
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rapid maxillary expansion combined with face mask therapy in the treatment of Class
[l skeletal jaw malrelationship. Baccetti et al. reported that orthopaedic treatment of
Class Il skeletal jaw malrelationships with maxillary expansion and face mask therapy
can have favourable long-term results when the patient’s pre-treatment cephalometric
measurements exhibit an obtuse cbf. The authors also reported that a more acute cbf
is an unfavourable sign in the long term prognosis of orthopaedic treatment of Class IlI

skeletal jaw malrelationships.

Cbf may also provide a clear advantage with easier patient selection, for accurately
predicting the final outcome of treatment before it is initiated (Moon, Ahn and Chang,
2005). These authors further stated that, by predicting the severity of the developing
skeletal jaw malrelationship accurately, children who receive early orthodontic
treatment would have reasonable expectations of stable treatment results, while others

could be treated later with orthodontics and orthognathic surgery.

Intrinsic craniofacial compensations were investigated in a study by Enlow, Kuroda
and Lewis (1971). They reported that protrusive effects in one region of the
craniofacial complex are passed to the next region, so that a given effect can become
expressed in other distant locations. They added that, flexion of the anterior and
posterior limbs of the cranial base can produce a consequent horizontal protrusive
relationship between the maxilla and mandible. These authors concluded that, the
nature and severity of skeletal jaw malrelationships may be determined by the

distribution and the extent of the total effects of regional and distant compensations.

5.8 CONCLUSIONS
Our study was designed to test 3 hypotheses:

The first hypothesis stated that there would be no gender differences for the average
cbf value in our sample. This null hypothesis was accepted because the results of this
study showed no statistically significant gender differences with regards to cbf in any

of the 3 classes of skeletal jaw relationship (p > 0.05).
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The second hypothesis stated that there would be no correlation between cbf and
classes of skeletal jaw relationships in our sample. This null hypothesis was rejected
because the results of this study showed that a larger cbf value correlates positively
with Class Il skeletal jaw relationship and a smaller cbf value correlates positively with

Class | and Class Il skeletal jaw relationships.

The third null hypothesis stated that the average cbf value of the Black South African
subjects would not differ from the average cbf value of the Caucasian South African
subjects in our sample. This null hypothesis was accepted because the results of our
study found no statistically significant difference between the average cbf values of
Black and White South African subjects (p > 0.05).

5.9 RECOMMENDATIONS

Our study sample was derived from the records of patients who attended the
Orthodontic clinic at the Medunsa Oral Health Centre, at the University of Limpopo.
Our sample is thus, not representative of the entire Black population of South Africa.
For this reason, we cannot generalize these results to the entire population of Black
South Africans. The authors of this study recommend that further research be
undertaken on a multicentre scale using a larger sample of Black South Africans to
determine if similar results will be established in other parts of South Africa.
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ADDENDA

1. PRE-TREATMENT LATERAL CEPHALOGRAM NUMBERS AND PATIENT

INFORMATION
SKELETAL CR BASE
CEPHALOGRAM NO. FILE NO AGE | GENDER CLASS FLEXION ANB WITS MP

1 0604448 13 | Male 135.3 5.8 -1.2 33.7

2 0501612 15 | Male 136.3 4 -3.1 27

3 9803715 16 | Male 129 4 -2.5 37.9

4 0607681 9 | Male 137.2 6.2 -2.5 44.3

5 0602624 8 | Male 132.8 6.4 -0.2 38.9

6 0604035 24 | Male 119.9 3.2 -3 27.7

7 0502560 16 | Male 127.8 3.2 -1.5 30.7

8 0604519 17 | Male 139.3 2.5 -2 27.4

9 0609178 19 | Male 117.6 6.2 -0.1 29.9
10 0510571 28 | Male 117.4 4.8 -3 28.9
11 0505247 24 | Male 122.3 3 -4 31.2
12 0607402 12 | Male 120.4 2.8 -3.7 38.7
13 0602014 26 | Male 121.9 7.2 -3.5 38.2
14 0603125 15 | Male 114.6 6.3 -0.7 21.8
15 0607753 15 | Male 1255 3.7 -3 38.4
16 0601093 12 | Male 114.3 11 -3.5 29.4
17 0605059 13 | Male 119.8 7.4 -0.9 29.9
18 0605715 19 | Male 125.9 5.6 -3.2 40.1
19 0604132 10 | Male 122.7 4.4 -2.9 41.5
20 0711222 20 | Male 128.6 3.6 -2.6 24.9
21 0604704 11 | Male 114.3 6.9 -1.6 44
22 0605077 23 | Male 116.6 3.3 -3.3 26.5
23 0711263 22 | Male 108.3 5.2 -2 38.4
24 0606023 19 | Male 134.4 4.8 -0.8 43.7
25 200373645 22 | Male 127.9 5.6 -2.8 324
26 0600201 31 | Male 115.6 4.9 -1.1 30.6
27 0602052 20 | Male 127.7 3.7 -5.2 324
28 0707190 16 | Male 123.6 21 -3.2 30.3
29 0702311 18 | Male 120.8 3.9 -3.3 37.8
30 0506624 12 | Male 11.7 35 -1.1 35.9
31 0704087 13 | Male 120.9 7.3 -2.8 40.2
32 0703751 14 | Male 130.4 7 -3.1 32.7
33 0704263 14 | Male 126.3 2.9 -2.8 31.7
34 0707781 16 | Male 132.2 3.7 -3 44.2
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35 0604696 8 | Male 121.1 7.1 -3.2 30.2
36 0607439 13 | Male 133.9 5.4 -3.8 43
37 0711367 12 | Male 120.1 5.6 -0.2 34.1
38 0603471 9 | Male 131.3 4.1 -2.9 32.7
39 0602457 15 | Male 116.3 3.7 -3.3 33.3
40 0604038 6 | Male 122.7 4.2 -2.9 34.6
41 0511098 24 | Male 122 4.1 -1.9 48.3
42 0603296 9 | Male 126 6.9 -1.1 44.5
43 0703377 11 | Male 133.2 6.8 -2.9 44.8
44 0609752 17 | Male 120.6 5.8 -2.8 29.7
45 0609747 15 | Male 120.4 6.7 -0.8 31.8
46 0509081 23 | Male 126 6.8 -0.7 33.3
47 0205234 19 | Male 117 7.3 -1.5 41.1
48 0310247 23 | Male 132.3 3.8 -2.6 37.7
49 0510263 24 | Male 119.8 6.7 -0.2 31.7
50 0510394 22 | Male 126.8 3.8 -0.7 29.9
51 0408747 10 | Female 1295 3.1 -5 38.3
52 0207363 12 | Female 128 6.7 -0.7 34.2
53 0510303 10 | Female 136.5 3.2 -5.4 41
54 0508142 12 | Female 124.6 5.2 2.1 47.2
55 0703551 7 | Female 124.5 7.4 -3.4 33
56 0708315 28 | Female 127.7 4.3 -0.1 38.9
57 210529439 19 | Female 122.5 3.2 -3.7 335
58 0710681 16 | Female 130.3 3.2 -3.8 24.2
59 200379581 21 | Female 125 35 -4.3 42.1
60 0709553 19 | Female 1255 3.8 -3.2 33.7
61 19365966 35 | Female 129.9 53 -2.8 28.6
62 0611680 17 | Female 125.9 7.4 -1.6 38.6
63 210209019 23 | Female 123.7 5 -3.8 38.7
64 200379984 22 | Female 124.8 4.4 -1 34.7
65 9666451 28 | Female 131.9 5.8 -1.7 33.7
66 0701853 16 | Female 120.6 4.3 -3.6 34.7
67 0609236 15 | Female 128.2 7.7 -3.7 33.7
68 0603733 7 | Female 133.8 7.7 -0.2 34.9
69 0602198 21 | Female 124.7 3.6 -2.7 26.5
70 0606189 23 | Female 135 3.7 -3.1 24.7
71 0604674 21 | Female 131 3.7 3.2 37.9
72 0601607 16 | Female 123.6 3 -6 39
73 200285106 21 | Female 122.4 5.3 -1.8 31.8
74 0605190 19 | Female 128.2 4.4 -0.5 37.7
75 0609261 22 | Female 122.9 25 -0.9 39.5
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76 0308280 17 | Female I 120.1 3.4 -4.2 26.3
7 0601121 12 | Female I 122.7 7.2 -2.3 38.5
78 0511569 12 | Female I 139.2 4.7 -2.7 41.6
79 0506408 12 | Female I 122.4 3.8 -5.9 315
80 0511006 13 | Female I 121.3 4.7 -3.1 25.3
81 0512065 10 | Female I 1375 2 -2.3 27.3
82 0603452 13 | Female I 128 7.3 -2.9 42.8
83 0602615 24 | Female I 116.3 54 -3 34.7
84 0509606 23 | Female I 118.4 4.1 -1.9 33.6
85 0702680 33 | Female I 123.7 7.1 -3.2 38.9
86 0709050 22 | Female I 128 7.3 -1.4 20.5
87 2005423 23 | Female I 124 0 -3.3 37.6
88 0508065 27 | Female I 126.5 2.9 -3.5 21.6
89 0604063 14 | Female I 122.3 6.4 -0.7 24
90 0602482 8 | Female I 1251 7.1 -0.2 43.6
91 0602428 18 | Female I 1215 4.5 -2.8 36.1
92 0508648 26 | Female I 122.4 6.5 -3.4 34.3
93 0507341 11 | Female I 128.4 3.9 -2.4 34.8
94 0508277 19 | Female I 134.4 7 -3.8 43.2
95 0508437 21 | Female I 1241 3.6 -3.1 35.9
96 0512123 13 | Female I 126.4 5.4 -0.3 42.6
97 210517201 21 | Female I 132 3.7 -2 38
98 0602624 9 | Female I 134.1 4 -2.9 39
99 8041005 19 | Female I 116.1 7.2 -1.2 314
100 0506246 16 | Female I 128.1 3.1 -3.2 34.8
101 0302147 16 | Male II 142 9.7 3.4 37.6
102 0610024 14 | Male II 134.7 7.5 15 49.8
103 0512271 13 | Male II 133.6 10.3 4.3 44.8
104 0606009 25 | Male II 126.2 7.3 3.6 39.2
105 0606161 23 | Male II 1355 6.2 25 33.2
106 0508305 10 | Male II 1151 8.9 0.7 30.2
107 0200844 25 | Male II 128.3 7.5 3.3 40.4
108 0509695 20 | Male II 125.7 6.2 1.2 25
109 0510021 21 | Male II 121.2 6.4 4.8 211
110 0604632 20 | Male II 111.8 8.3 3.2 40.3
111 0510155 12 | Male II 121.8 8.2 13 324
112 0601125 13 | Male II 1245 9.9 1.6 30.7
113 0508841 8 | Male II 123.3 8.7 3.3 44.2
114 0510522 23 | Male II 128.3 6.6 0.1 38.9
115 0607022 15 | Male II 1295 8.8 1.6 35.6
116 0704432 8 | Male II 121.9 9.3 0 42.1
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117 0504514 18 | Male II 128.6 6.8 0 40.7
118 0509697 13 | Male II 113 11.2 4.1 37.2
119 0501592 20 | Male II 116.3 6.3 3.4 39.4
120 0702031 21 | Male II 126.3 5.3 0.9 31.2
121 0308074 15 | Male II 137.7 7.9 1.2 43.4
122 0703142 17 | Male II 125.2 8.5 2.6 32.7
123 0904041 10 | Male II 114 12.3 3.8 33.2
124 0608655 15 | Male II 115.4 7.4 11 28.7
125 0810173 15 | Male II 134 9.6 3.8 40.4
126 0507403 10 | Male II 129.6 8.3 2.6 48.9
127 0606611 13 | Male II 126.9 12.8 5.4 37.3
128 0606617 14 | Male II 123.6 12 15 34.1
129 0906772 16 | Male II 118 8 4 36.5
130 0904451 19 | Male II 133.2 5.9 1.6 42.1
131 0806151 22 | Male II 125 6.2 2.8 25.9
132 0601362 9 | Male II 124.2 9 1.6 34
133 0601362 26 | Male II 132.7 4.2 11 35.2
134 0810044 10 | Male II 131 8.1 13 44.4
135 0708430 22 | Male I 123.7 10.1 7.1 30.1
136 0612142 16 | Male II 124.5 11.8 8.6 37.4
137 0505039 7 | Male I 128.8 8 2.2 47
138 0612330 21 | Male I 130.9 8 13 33.4
139 0509220 24 | Male II 132.7 6.2 1 32.7
140 0701176 13 | Male II 130.6 5.8 2.1 38
141 0508833 17 | Male II 132.8 6.4 12 40.4
142 0604123 10 | Male II 1251 7.1 12.5 30.4
143 0703246 18 | Male I 126.7 9.4 4 41.2
144 0602558 11 | Male II 122.4 9.7 2 44.1
145 0602171 10 | Male II 127.8 5.2 2.3 46.7
146 0603265 17 | Male II 125.6 9.6 2.4 42.7
147 0506579 9 | Male II 130 6.7 11 38.7
148 0601057 10 | Male II 124.9 10.1 1 37.3
149 0601629 13 | Male II 121.4 8.4 2.9 35.6
150 0509663 14 | Male II 121 6.9 1.2 36.7
151 9611343 12 | Female II 132.8 6.3 13 44.8
152 0606594 21 | Female II 136 4.2 18 41.8
153 0908048 13 | Female II 124.8 5.9 0.4 33.8
154 0604033 6 | Female I 132.8 7 1.9 36.2
155 0904284 18 | Female I 127.8 6.1 2.9 34.7
156 0709678 13 | Female II 127.8 12.8 6.3 47.4
157 0908756 22 | Female I 135.8 8.1 1 35.8
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158 0208585 16 | Female II 125.9 8.1 1 38.4
159 210191551 25 | Female II 128.3 10.2 0.9 29.1
160 0802066 23 | Female II 124.2 5.9 3.8 39.1
161 0801243 14 | Female II 1421 6 15 39.1
162 0512138 9 | Female II 128.7 7.2 0.1 39.8
163 0912049 19 | Female II 124.9 16.2 2.6 394
164 0507641 36 | Female II 116.3 9.7 0.8 50.4
165 0611615 14 | Female II 118.3 6.4 0.5 35
166 0512324 11 | Female II 1245 8.4 0.1 30.6
167 0703832 13 | Female II 132.2 9.6 0.5 27.3
168 0909531 24 | Female II 128.8 13.1 9.6 47.9
169 0512426 15 | Female I 128.8 6.5 0.8 38.3
170 0609467 13 | Female II 130 10.4 0.8 30.2
171 0609788 10 | Female II 127.8 8.4 5 34
172 0601444 19 | Female II 122.6 7.8 1.2 45.9
173 0601619 42 | Female II 127.7 5.9 1.2 29.6
174 0511180 15 | Female II 136.4 9.2 5.9 33.3
175 0707146 12 | Female II 1314 5.8 4.2 37
176 0509748 10 | Female II 1331 9.7 2 317
177 0803537 25 | Female II 1245 5.6 1.6 37.3
178 0605113 13 | Female II 117.6 9.3 0.5 37.7
179 0605139 20 | Female II 126.4 6.5 0.7 35.2
180 0907850 29 | Female II 1294 14.3 0.9 45.2
181 0607426 19 | Female II 138.1 6.4 14 40.6
182 0512196 12 | Female II 131.2 9.7 0.8 425
183 0910445 21 | Female II 147.6 9.7 11.6 38
184 0701430 19 | Female I 134.2 8.6 1.9 34
185 0610185 25 | Female II 1315 5.5 15 26.1
186 0911360 13 | Female II 133 6.5 9.4 24.6
187 0703138 11 | Female II 121.2 7 1 33.9
188 0708189 11 | Female II 126.1 5.2 0.3 45.8
189 0509751 16 | Female II 116.9 10.2 1.2 31.3
190 0506641 11 | Female II 125.8 9.4 0.1 44
191 0709064 11 | Female II 1314 11.1 0.1 46.6
192 10031113 17 | Female II 125 9 4 32.1
193 0702158 6 | Female II 114.6 11 2.2 37.6
194 0511512 17 | Female II 128 7 4 30.4
195 0507410 13 | Female II 128 8 4 48.4
196 0604130 12 | Female II 132.8 9 2.7 43.4
197 210422847 23 | Female II 122.6 9.3 0.3 36.8
198 0510643 13 | Female II 1271 6.5 13 36.1






199 0805180 23 | Female II 121.9 6.1 0.6 41.3
200 0406686 19 | Female II 120 11 3 34
201 0510116 25 | Male I 114.6 0.6 -14 29.9
202 0904392 17 | Male I 113.6 3.4 -22.8 44.5
203 0505637 19 | Male I 125.3 3.3 -11 19.5
204 0511003 8 | Male I 121.6 3.4 -4.8 28.4
205 0402336 12 | Male I 125 0.3 -11.3 42.2
206 0509781 15 | Male I 135.5 2.4 -5.9 33.6
207 210627816 25 | Male I 115.6 17 -4.6 30.5
208 0604339 13 | Male I 122.3 2.2 -4.2 32.1
209 210518643 24 | Male I 127.8 0.2 -3.8 18.2
210 064449 7 | Male I 1234 2.9 -6.2 45.4
211 0912424 15 | Male I 118 2 -9 33.9
212 0507363 12 | Male I 132 0.4 -9.1 34.7
213 0408282 17 | Male I 122.9 3.1 -5.3 25.4
214 0207838 14 | Male I 130.6 3.3 -11.1 34.7
215 0501857 9 | Male I 120.9 0.1 -12.1 40.7
216 0712095 18 | Male I 135.8 3.6 -9.3 30.3
217 0802545 28 | Male I 1245 2.3 -8.1 314
218 0704439 10 | Male I 123.4 21 -8.3 29.3
219 0710257 9 | Male I 124.9 4.5 5.1 38.2
220 0709497 8 | Male I 127.4 11 -4.3 34.1
221 0808751 12 | Male I 117 8.5 -13.5 17.8
222 0810626 11 | Male I 131.7 2 -6.6 39.4
223 0710201 27 | Male I 123.4 0.1 -10 30.9
224 0912087 11 | Male I 130.2 2.1 -13.7 27.1
225 0904223 17 | Male I 110 -3 -16 17.3
226 0812193 15 | Male I 126.1 11.6 -8 42.1
227 0504193 24 | Male I 133.6 3.7 -10.7 26.8
228 0505899 23 | Male I 122.8 0.7 -4.2 36.1
229 0707011 10 | Male I 120.3 0.9 -11.4 35
230 0709701 23 | Male I 126.4 4.4 -13.6 56.4
231 2008162 18 | Male I 125 0 -8 40
232 0907607 14 | Male I 117.7 2.4 -13.4 34.2
233 0601111 10 | Male I 115.9 3.7 -6.2 36.6
234 0704221 16 | Male I 125 37 -11 311
235 0704331 23 | Male I 128.8 0.8 -6.2 34.1
236 0603298 18 | Male I 123.3 1.2 -10.4 26.2
237 0904233 10 | Male I 121.3 0.7 -10.4 35.9
238 0508020 20 | Male I 130.4 2.7 -7.8 29.1
239 0502277 30 | Male I 128.9 3.3 -11.7 32.6
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240 0509509 13 | Male I 129.7 3.4 -10.1 34.8
241 0507026 14 | Male I 122.6 2.8 -8.6 37.1
242 0504625 22 | Male I 121.3 0.3 -7 16.9
243 0918051 22 | Male I 123.3 3.3 -7.8 21.7
244 0407415 12 | Male I 119 1 -7 35.9
245 0607337 19 | Male I 127.7 0.9 6.6 32.7
246 0410267 24 | Male I 126 2 -7 254
247 0502671 12 | Male I 121.5 2 -6 35.2
248 9374779 32 | Male I 1225 -1 -7 27.8
249 0410214 9 | Male I 120.1 2 -7 41.7
250 0501460 18 | Male I 119 -1 -6 30.1
251 0608427 20 | Female I 127 2.7 -13.5 21.2
252 0505489 9 | Female I 128.3 3.3 -9.1 49.4
253 0206631 16 | Female I 117.6 0.2 -14.7 46.1
254 0607310 11 | Female I 119.8 0.6 -10.9 39.7
255 0907782 10 | Female I 120.9 0.6 -11.4 37.3
256 0907123 11 | Female I 119.6 2.6 -23.2 37.2
257 0801166 14 | Female I 119.9 3 -6.8 38.6
258 0208585 11 | Female I 132 0 -10.3 34.9
259 0802023 19 | Female I 132.9 4.8 -6.6 38.1
260 0506133 8 | Female I 129.3 2.9 -7.2 44.8
261 0610628 9 | Female I 124.6 18 -7.5 27.2
262 0612417 16 | Female I 125.6 2.3 -6.9 25.3
263 0612417 15 | Female I 124.4 2 -7.1 27.3
264 0701243 14 | Female I 131.7 2.4 -9.4 43.7
265 0903330 10 | Female I 127.2 4.8 -13.6 28.1
266 0307126 9 | Female I 131 3.7 -9 45.6
267 0602296 16 | Female I 128.9 3.2 -4.3 37.9
268 0601122 8 | Female I 127.1 3.2 -5.9 39.5
269 0702661 21 | Female I 122.5 13 -7.5 34.4
270 0607054 13 | Female I 127.3 11 -12.9 39.5
271 0907782 34 | Female I 132.2 1.6 -9 33.4
272 0512175 16 | Female I 119.2 3.4 -12.6 44.6
273 0608106 23 | Female I 129.1 15 -7.9 47.5
274 0609674 14 | Female I 116.3 2.9 -7.8 23.6
275 0605483 18 | Female I 126.3 2 -9.8 37.1
276 0608500 32 | Female I 128 2 -4.9 22
277 0604625 12 | Female I 125.2 3.9 -2.8 39.2
278 0602384 12 | Female I 136 21 -5.9 35.1
279 0508738 19 | Female I 126.4 0.4 -10.7 33
280 0603770 16 | Female I 127.5 2.2 -6.5 29.8
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281 0610010 10 | Female I 129.9 2.8 -10.9 32.4
282 200182013 24 | Female I 128.5 35 -1.7 36.1
283 0412302 12 | Female I 117.3 5.9 -1.6 325
284 200191527 30 | Female I 132.9 3.8 -8.2 41.7
285 0102451 15 | Female I 127 0.6 -14.2 35.6
286 0602140 23 | Female I 130 2.6 -4.6 37.8
287 0304438 14 | Female I 133.6 14 -8.6 39.7
288 0603303 21 | Female I 124.2 0.8 -9.9 26.6
289 0509698 12 | Female I 117.6 3 -5 29.3
290 0709231 9 | Female I 128 13 -5.2 34.9
291 0709145 24 | Female I 114.7 1.7 -6.8 34
292 0309705 11 | Female I 122.3 1.2 -11.1 39.4
293 0706349 14 | Female I 126.9 0.9 -1 30.1
294 0907141 13 | Female I 1225 -1 -11 42.3
295 0505580 7 | Female I 123.6 5.6 5.1 37.1
296 0510345 12 | Female I 124.3 3.9 -2.2 195
297 0906106 19 | Female I 133 -1 -11 50.4
298 0902298 33 | Female I 127 -1 -7 25.9
299 0812238 11 | Female I 126.4 0 -9 38.9
300 0806607 18 | Female I 117.3 -2.3 -10 35.9
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2. BASIC STATISTICS FOR THE AGES OF INDIVIDUAL CLASSES OF SKELETAL

JAW RELATIONSHIP

Age
group
5-10
11-15
16-25
26-35

Age
group
5-10
11-15
16-25
26-35

Age
group
5-10
11-15
16-25
26-35

Age
group
5-10
11-15
16-25
26-35
36-45

Age
group
5-10
11-15
16-25

Frequency

17
23

Frequency

11
26

Frequency

12

15
22

Frequency

21
21

Frequency

10
15
21

@
—
o)

Percent

14.00
34.00
46.00

6.00

Percent

14.00
22.00
52.00
12.00

Percent

24.00
30.00
44.00

2.00

Percent

10.00

42.00

42.00

4.00

Percent

20.00
30.00
42.00

ss = I Gender

= MALE—————m———m—m—m—mmmm o

THE FREQ PROCEDURE

Cumulative
Frequency
7

24

47

50

=1 Gender

Cumulative

Percent

14.
48.
94.
100.

00
00
00
00

= FEMALE--———=—=—=— === m e

THE FREQ PROCEDURE

Cumulative
Frequency
7

18

44

50

ss = II Gender = MALE

Cumulative

Percent

14.
36.
88.
100.

THE FREQ PROCEDURE

Cumulative
Frequency
7

27

49

50

= IT Gender

00
00
00
00

Cumulative

Percent

24
54
98
100

.00
.00
.00
.00

= FEMALE-=—m———m o

THE FREQ PROCEDURE

Cumulative
Frequency
5

25

47

48

50

= I1I Gender

Cumulative

Percent

10
52
94
96
100

.00
.00
.00
.00
.00

= MALE=——m = m e

THE FREQ PROCEDURE

Cumulative
Frequency
10

25

46

Cumulative

Percent

20
50
92

.00
.00
.00
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26-35 4 8.00 50 100.00
———————————————————————————— Class = III Gender = FEMALE-——-----—-——————————————————
THE FREQ PROCEDURE
Age Frequency Percent Cumulative Cumulative
group Frequency Percent
5-10 10 20.00 10 20.00
11-15 19 38.00 29 58.00
16-25 17 34.00 46 92.00
26-35 4 8.00 50 100.00
—————————————————————————— Class =1 Gender = FEMALE-—---—————————————————————————
THE UNIVARIATE PROCEDURE
N 50 Sum Weight 50
Mean 17.92 Sum Observations 896
Std Deviation 6.48967783 Variance 42.1159184
Minimum 7.00000000 Maximum 35.0000000
Skewness 0.40828685 Kurtosis -0.0618694
Uncorrected SS 18120 Corrected SS 2063.68
Coeff. Variation 36.21472 Std Error Mean 0.91777904
————————————————————————— Class =1 Gender MALE--————————————————— - ———————
THE UNIVARIATE PROCEDURE
N 50 Sum Weight 50
Mean 16.64 Sum Observations 832
Std Deviation 5.72769854 Variance 32.8065306
Minimum 6.00000000 Maximum 31.0000000
Skewness 0.34737206 Kurtosis -0.4666053
Uncorrected SS 15452 Corrected SS 1607.52
Coeff. Variation 34.4212653 Std Error Mean 0.8100189
——————————————————————————— Class = II Gender = FEMALE-—--——--———-—-———————————————
THE UNIVARIATE PROCEDURE
N 50 Sum Weight 50
Mean 16.88 Sum Observations 844
Std Deviation 7.00623629 Variance 49.0873469
Minimum 6.00000000 Maximum 42.0000000
Skewness 1.35382294 Kurtosis 2.75481518
Uncorrected SS 16652 Corrected SS 2405.28
Coeff. Variation 41.5061392  Std Error Mean 0.99083144
———————————————————————————— Class = II Gender = MALE-—-—-——————————————————————————
THE UNIVARIATE PROCEDURE
N 50  Sum Weight 50
Mean 15.62 Sum Observations 781
Std Deviation 5.15431264 Variance 26.5669388
Minimum 7.00000000 Maximum 26.0000000
Skewness 0.28841179 Kurtosis -0.9340343
Uncorrected SS 13501 Corrected SS 1301.78
Coeff. Variation 32.9981603 Std Error Mean 0.72892988
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ffffffffffffffffffffffffffff Class = III Gender = FEMALE-—---—---———————-———————

THE UNIVARIATE PROCEDURE

N 50 Sum Weight 50
Mean 15.76 Sum Observations 788
Std Deviation 6.61957518 Variance 43.8187755
Minimum 7.00000000 Maximum 34.0000000
Skewness 1.20477965 Kurtosis 1.07400497
Uncorrected SS 14566 Corrected SS 2147.12
Coeff. Variation 42.0023806 Std Error Mean 0.9361493

ffffffffffffffffffffffffffff Class = III Gender = MALE--—-——-—-—————————————————

THE UNIVARIATE PROCEDURE

N 50 Sum Weight 50
Mean 16.68 Sum Observations 834
Std Deviation 6.36136297 Variance 40.4669388
Minimum 7.00000000 Maximum 32.0000000
Skewness 0.50780971 Kurtosis -0.6197131
Uncorrected SS 15894 Corrected SS 1982.88
Coeff. Variation 38.1376677 Std Error Mean 0.89963258

4. GENDER RATIO

Cumulative Cumulative
Class Gender Frequency Percent

Frequency Percent
I Female 50 100.00 50 100.00
I Male 50 100.00 50 100.00
II Female 50 100.00 50 100.00
II Male 50 100.00 50 100.00
III Female 50 100.00 50 100.00
III Male 50 100.00 50 100.00
5. EXAMINER RELIABILITY TESTING
5.1 Intra-examiner reliability testing

The MEANS Procedure

Variable N Mean Std Dev Minimum Maximum Pr >|t|

T FTATITI SIS FF A AT A IS IS SIS F S ARSI I TSI SIS A AT AT IS SIS S A A A AT IS IS A A AT IS SIS S A A AT SIS SIS IS S AR 1 FIII IS

Diff 1 30 -0.006 0.644 -1.800 1.200 0.9552
Diff 2 30 -0.0.7 0.344 -0.800 0.500 0.5637
Diff 3 30 -0.093 0.310 -0.600 0.600 0.1094
Diff 4 30 -0.007 0.435 -0.800 0.800 0.9336

TIISSITTTTST S TTT TSI T SIS ST T IT TS S ST TTSF S SIS TS SIS S ST S ST T TS S T T TS A S ST TS A A A I AT 11T ST T 1111 F

5.2 Inter-examiner reliability testing

The MEAN Procedures

Variable N Mean Std Dev Minimum Maximum Pr >|t|
TIFFTTTIFFTTT ISR T TSI S A TT TSR TSI IS T IS S AT I TS S AT IS IS AT IS SRR IS S AT IS S AT SIS AT IS AT IS A TS S A AT T SIS S AT I I T I AT
Diff 5 30 -0.407 -1.555 -2.800 3.300 0.1627
Diff 6 30 -0.053 -0.787 -1.500 2.900 0.7131
Diff 7 30 -0.100 -1.600 -1.600 1.000 0.4003
Diff 8 30 -0.253 -4.800 -4.800 2.300 0.4745

SIS FFSATTTIS SIS S A RS RIS IS IS F S A RS A SIS SIS SIS AR AT A IS IS SIS F S S A AR TI IS SIS FAAAS A SIS SIS A III IS S S FFHH7 1T
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INTRA EXAMINER RELIABILITY

The CORR Procedure

2 Variables: N-S-Ar m1 N-S-Ar m2
Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
N-S-Ar ml 30 125.32000 -1.555 3760 111.80000 136.40000
N-S-Ar m2 30 125.32667 -0.787 3760 111.20000 136.10000
Pearson Correlation Coefficients, N = 30
Prob > |r| under HO: Rho=0
N-S-Ar ml N-S-Ar m2
N-S-Ar ml 1.00000 0.99491
N-S-Ar ml <.0001
N-S-Ar m2 0.99491 1.00000
N-S-Ar m2 <.0001
The CORR Procedure
2 Variables: ANB m1 ANB m2
Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
ANB ml 30 5.47000 2.55817 164.10000 1.30000 9.70000
ANB m2 30 5.50667 2.53172 165.20000 1.20000 10.10000
Pearson Correlation Coefficients, N = 30
Prob > |r| under HO: Rho=0
ANB ml ANB m2
ANB ml 1.00000 0.99092
ANB m2 <.0001
ANB m2 0.99092 1.00000
ANB m2 <.0001
The
Procedure
2  Variables: Wits_m1l Wits-M2
Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
Wits ml 30 -2.81667 5.61255 -84.50000 -13.70000 5.90000
Wits m2 30 -2.72333 5.47229 -81.70000 -13.70000 5.50000
Variable Label
Wits ml Wits ml
Wits m2 Wits m2
Pearson Correlation Coefficients, N= 30
Prob > |r| under HO: Rho=0
Wits_ml Wits_m2

CORR
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Wits ml 1.00000 0.99876

Wits ml <.0001
Wits m2 0.99876 1.00000
Wits m2 <.0001

The CORR Procedure
2  Variables: MP_m1 MP-M2

Simple Statistics

Variable N Mean Std Dev Sum Minimum Maximum
MP ml 30 34.31667 7.63585 1030 17.80000 48.90000
MP m2 30 34.32333 7.64428 1030 18.00000 49.20000

Simple Statistics

Variable Label
MP ml MP ml
MP m2 MP m2

Pearson Correlation Coefficients, N= 30

Prob > |r| under HO: Rho=0

MP ml MP m2
MP ml 1.00000 0.99838
MP ml <.0001
MP m2 0.99838 1.00000
MP m2 <.0001

The CORR Procedure
2  Variable: N_S_Ar_exl N_S_Ar_ex2

Simple Statistics

Variable N Mean Std Dev Sum Minimum Maximum
N-S-Ar exl 30 125.32000 6.20586 3760 111.80000 136.40000
N-S-Ar ex2 30 124.91333 6.07271 3747 113.80000 136.40000

Simple Statistics

Variable Label
N-S-Ar exl N-S-Ar exl
N-S-Ar ex2 N-S-Ar ex2

Pearson Correlation Coefficients, N= 30

Prob > |r| under HO: Rho=0

N-S-Ar exl N-S-Ar ex2
N_S Ar_exl 1.00000 0.96816
N_S _Ar_exl <.0001
N_S Ar ex2 0.96816 1.00000

N_S _Ar_ex2 <.0001

INTRA EXAMINER RELIABILITY
The CORR Procedure





2 Variables: ANB ex1ANB ex2
Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
ANB exl 30 5.47000 2.55817 164.10000 1.30000 9.70000
ANB ex2 30 5.41667 2.67054 162.50000 1.00000 10.40000
Simple Statistic
Variable Label
ANB exl ANB exl
ANB ex2 ANB ex2
Pearson Correlation Coefficients, N= 30
Prob > |r| under HO: Rho=0
ANB exl ANB ex2
ANB exl 1.00000 0.95561
ANB exl <.0001
ANB ex2 0.95561 1.00000
ANB ex2 <.0001
The Corr Procedure
2 Variables: Wits ex1 Wits ex2
Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
Wits exl 30 -2.81667 5.61255 -84.50000 -13.70000 5.90000
Wits ex2 30 -2.71667 5.26688 -81.50000 -12.90000 5.30000
Simple Statistics
Variable Label
Wits exl Wits exl
Wits ex2 Wits ex2
Pearson Correlation Coefficients, N= 30
Prob > |r| under HO: Rho=0
Wits exl Wits ex2
Wits exl 1.00000 0.99506
Wits exl <.0001
Wits ex2 0.99506 1.00000
Wits ex2 <.0001
The Corr Procedure
2 Variables: MP ex1 MP ex2
Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
MP exl 30 34.31667 7.63585 1030 17.80000 48.90000
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MP ex2 30 34.57000 7.16823 1030 18.30000 51.50000

Simple Statistics
Variable Label
MP exl MP exl

MP ex2 MP ex2

Pearson Correlation Coefficients, N= 30

Prob > |r| under HO: Rho=0

MP exl MP ex2
MP exl 1.00000 0.96850
MP exl <.0001
MP ex2 0.9850 1.00000
MP ex2 <.0001
PROGRAM FILE NYAKALE.sas KAE DATA FILE RECORDING.dat

CRANIAL BASE FLEXION

PRINTOUT NUMBER 4
THE MEANS PROCEDURE

—————————————————————————————— Class =1 Gender = F-------———————————————————————

Analysis Variable: Cranial base flexion

Mean Std Dev Minimum Maximum
50 126.47 5.22 116.10 139.20

——————————————————————————————— Class =1 Gender = M-——=—--—-—-————————————————————

Analysis Variable: Cranial base flexion

Mean Std Dev Minimum Maximum
50 124.28 7.05 108.30 139.30

—————————————————————————————— Class = II Gender = F--———--—-———-————————————————

Analysis Variable: Cranial base flexion

Mean Std Dev Minimum Maximum
50 128.09 6.45 114.60 147.60

——————————————————————————— Class = II Gender = M-—————————————————————————————

Analysis Variable: Cranial base flexion

Mean Std Dev Minimum Maximum
50 126.14 6.48 111.80 142.00





PROGRAM FILE NYAKALE.sas Kxx DATA FILE RECORDING.dat

———————————————————————————— Class = III Gender = F--—-----

Analysis Variable: Cranial base flexion

Mean Std Dev Minimum
50 125.82 5.11 114.70

—————————————————— Class = III Gender = M-———-————————————-—

Maximum
136.00

Analysis Variable: Cranial base flexion

Mean Std Dev Minimum
50 123.91 5.59 110.00

6. BASIC STATISTICS FOR CRANIAL BASE FLEXION

———————————————————————————— Class =1 Gender = FEMALE
THE UNIVARIATE PROCEDURE

N 50 Sum Weight

Mean 126.474 Sum Observations
Std Deviation 5.22020447 Variance
Minimum 116.100000 Maximum

Skewness 0.44231009 Kurtosis
Uncorrected SS 801118.91 Corrected SS
Coeff. Variation 4.12749219 Std Error Mean

———————————————————————————— Class =1 Gender = MALE

THE UNIVARIATE PROCEDURE

N 50 Sum Weight

Mean 126.474 Sum Observations

Std Deviation 5.22020447 Variance

Minimum 116.100000 Maximum

Skewness 0.44231009 Kurtosis

Uncorrected SS 801118.91 Corrected SS

Coeff. Variation 4.12749219 Std Error Mean
———————————————————————————— Class = II Gender = Female

THE UNIVARIATE PROCEDURE

N 50 Sum Weight

Mean 126.474 Sum Observation
Std Deviation 5.22020447 Variance
Skewness 0.44231009 Kurtosis
Uncorrected SS 801118.91 Corrected SS
Coeff. Variation 4.12749219 Std Error Mean

———————————————————————————— Class = II Gender = MALE

Maximum
135.80

50

6323.7
27.2505347
139.200000
-0.0215289
1335.2762
0.7382484

50

6323.7
27.2505347
139.200000
-0.0215289
1335.2762
0.7382484

50

6323.7
27.2505347
-0.0215289
1335.2762
0.7382484
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N

Mean

Std Deviation
Skewness
Uncorrected SS

Coeff. Variation

N

Mean

Std Deviation
Skewness
Uncorrected SS

Coeff. Variation

N

Mean

Std Deviation
Skewness
Uncorrected SS

Coeff. Variation

N

Mean

Std Deviation
Skewness
Uncorrected SS

Coeff. Variation

N

Mean

Std Deviation
Skewness
Uncorrected SS

Coeff. Variation

THE

UNIVARIATE PROCEDURE

50 Sum Weight 50
124. 282 Sum Observation 6214. 1
6.05155042 Variance 94. 7243633
0.19168092 Kurtosis -0. 6012646
774737.27 Corrected SS 2436. 4938
5. 67383082 Std Error Mean 0. 99723982
————————— Class = III Gender = Female-———-——-——-—-—-———————————————
THE UNIVARIATE PROCEDURE
50 Sum Weight 50
128. 094 Sum Observation 6404.7
6. 45460912 Variance 41. 6630245
0. 34717183 Kurtosis 0. 93531746
822445.13 Corrected SS 2041. 4882
5. 03902612 Std Error Mean 0. 91283103
————————— Class = III Gender = Male-—-—--—-—-———-—————————-——————
THE UNIVARIATE PROCEDURE
50 Sum Weight 50
126.14 Sum Observation 6307
6.48262958 Variance 42.0244898
-0. 1662519 Kurtosis 0.07175418
797624.18 Corrected SS 2059.2
5. 13923407 Std Error Mean 0. 9168231
=727 Gender = Female-—-————————-——————————————— THE
UNIVARIATE PROCEDURE
Variable: Cranial Base Flexion
Moments
50 Sum Weight 50
125.816 Sum Observation 6290.8
5.11346202 Variance 26.1474939
-0.321189 Kurtosis -0.5496614
792764.52 Corrected SS 1281.2272
4.06423827 Std Error Mean 0,72315273
————————— Class =227 Gender = Male--—----—-——-——-——-———————————

THE UNIVARIATE PROCEDURE

50

123.912
5.58597515
-0.036885
769238.14
4.50801791

Sum Weight
Sum Observation
Variance
Kurtosis
Corrected SS

Std Error Mean

TEST FOR MEAN

AGES

6195.6
31.2031184
0.0071871
1528.9528
0.78997618
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PRINTOUT NUMBER 1 1

The tTEST Procedure

Variable: Age (Age)
Gender N Mean Std Dev Std Err Minimum Maximum
Female 50 17. 9200 6. 4897 0. 9178 7. 0000 35. 0000
Male 50 16. 6400 5. 72717 0. 8100 6. 0000 31. 0000
Diff (1-2) 1. 2800 6. 1205 1. 2241
Gender Method Mean 95% Mean Std Dev
Female 17. 9200 16. 0757 19. 7643 6. 4897
Male 16. 6400 15. 0122 18. 2678 6. 7277
Diff (1 -2) Pooled 1. 2800 -1. 1492 3. 7092 6. 1206
Diff (1 -2) Satterthwaite 1. 2800 -1. 1497 3. 7097
Gender Method 95% CL Std Dev
Female 5. 4210 8. 0870
Male 4. 7845 7. 1375
Diff (1 -2) Pooled 5. 3706 7. 1159
Diff (1 -2) Satterthwaite
Method Variances DF T Value Pr >|t|
Pooled Equal 98 1. 05 0. 2983
Satterthwaite Unequal 96. 51 1. 05 0. 2983
PROGRAM FILE NYAKALE.sas KA DATA FILE RECORDING.dat
t TEST FOR MEAN AGES
PRINTOUT NUMBER 1 1
—————————————————————————————————— Class =27 T
The TTEST Procedure
Variable: Age (Age)
Gender N Mean Std Dev Std Err Minimum Maximum
Female 50 16. 8800 7. 0052 0. 9908 6. 0000 42. 0000
Male 50 16. 6200 5. 1543 0. 7289 7. 0000 26. 0000
Diff (1 -2) 1. 2500 5. 1504 1. 2301
Gender Method 95% Mean Std Dev
Female 16. 8800 14. 8888 18. 8712 7. 0062
Male 15. 5200 14. 1552 17. 0848 5.1543
Diff (1 -2) Pooled 1. 2600 -1. 1810 3. 7010 6. 1504
Diff (1 -2) Satterthwaite 1. 2500 -1. 1838 3. 7038
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Gender
Female
Male
Diff (1 -2)

Diff (1 -2)

Method
Pooled
Satterthwaite

Method
Folder F

Method 95% CL Std Dev
5. 8525 8. 0870
4. 3056 7. 1375
Pooled 5. 3967 7. 1505
Satterthwaite
Variances DF T Value Pr >|t]|
Equal 98 1. 02 0. 3082
Unequal 90. 023 1. 02 0. 3084
Equality of Variance
Den
49 49 1. 85 0. 0339

PROGRAM FILE NYAKALE.sas

t TEST FOR MEAN AGES
PRINTOUT NUMBER 1 1

The TTEST Procedure

DATA FILE RECORDING.dat

Variable: Age (Age)
Gender N Mean Std Dev Std Err Minimum Maximum
Female 50 16. 7500 6. 6196 0. 9361 7. 0000 34. 0000
Male 50 16. 6800 6. 3614 0. 8996 7. 0000 32. 0000
Diff (1 -2) -0. 9200 6. 4918 1. 2984
Gender Method 95% Mean Std Dev
Female 15. 7600 13. 8787 17. 6413 7. 0062
Male 16. 6800 14. 8721 18. 4879 5.1543
Diff (1 -2) Pooled -0.9200 -3. 4965 1. 6565 6. 1504
Diff (1 -2) Satterthwaite 0-9200 -3. 4966 1. 6566
Gender Method 95% CL Std Dev
Female 5. 5296 8. 2489
Male 5. 3139 7. 9271
Diff (1 -2) Pooled 5. 6963 7. 5475
Diff (1 -2) Satterthwaite
Method Variances DF T Value Pr >|t]|
Pooled Equal 98 -0. 71 0. 4803
Satterthwaite Unequal 97. 845 -0. 71 0. 4803
Equality of Variance
Method Den
Folder F 49 49 1. 08 0. 7817

74





PROGRAM FILE NYAKALE.sas

DATA FILE RECORDING.dat

t TEST FOR MEAN AGES

PRINTOUT NUMBER 4 1

The TTEST Procedure

Variable: Angle (Angle)
Gender N Mean Std Dev Std Err Minimum Maximum
Female 50 126. 5 5.2202 0. 7382 116. 1 139. 2
Male 50 124. 3 7. 0516 0. 9972 108. 3 138. 3
Diff (1 -2) 2. 1920 6. 2038 1. 2408
Gender Method 95% Mean Std Dev
Female 126. 5 125.0 128. 0 5. 2202
Male 124. 3 122.3 126. 3 7. 0516
Diff (1 -2) Pooled 2. 1920 -0. 2703 4. 5543 6. 2038
Diff (1 -2) Satterthwaite 2. 1920 -0. 2729 4. 6569
Gender Method 95% CL Std Dev
Female 4. 3605 5. 5051
Male 5.8904 8. 7872
Diff (1 -2) Pooled 5. 4436 7. 2127
Diff (1 -2) Satterthwaite
Method Variances DF T Value Pr >|t|
Pooled Equal 98 1. 77 0. 0804
Satterthwaite Unequal 97. 845 1. 77 0. 4803
Equality of Variance
Method Den
Folder F 49 49 2. 82 0. 0375
PROGRAM FILE NYAKALE.sas KHAE DATA FILE RECORDING.dat
t TEST FOR MEAN AGES
PRINTOUT NUMBER 4 1
——————————————————————————————————————— Class =727 ST
The TTEST Procedure
Variable: Angle (Angle)
Gender N Mean Std Dev Std Err Minimum Maximum
Female 50 128. 1 6. 4547 0. 9128 114. 6 147. 6
Male 50 126. 1 6. 4826 0. 9168 111. 8 142. 0
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Diff (1 -2) 1. 9540 6. 4687 1. 2937
Gender Method 95% Mean Std Dev
Female 128.1 126.3 129.9 6. 4547
Male 126.1 124.3 128.0 6. 4825
Diff (1 -2) Pooled 1. 9540 -0. 5134 4. 5214 6. 4587
Diff (1 -2) Satterthwaite 1. 9540 -0. 5143 4. 5214
Gender Method 95% CL Std Dev
Female 5. 3918 8. 0434
Male 5. 4152 8. 0782
Diff (1 -2) Pooled 5. 5750 7. 5207
Diff (1 -2) Satterthwaite
Method Variances DF T Value Pr >|t]|
Pooled Equal 98 1. 51 0. 1342
Satterthwaite Unequal 97. 998 1. 51 0. 1342
Equality of Variance
Method Den
Folder F 49 49 1. 01 0. 9760
PROGRAM FILE NYAKALE.sas KA DATA FILE RECORDING.dat
t TEST FOR MEAN AGES
PRINTOUT NUMBER 4 1
————————————————————————————————— Class =277 T
The TTEST Procedure
Variable: Angle (Angle)
Gender N Mean Std Dev Std Err Minimum Maximum
Female 50 125. 8 5. 1135 0. 7232 114. 7 135. 0
Male 50 123. 9 5. 5860 0. 7900 110. 0 135. 8
Diff (1 -2) 1. 9040 5. 3549 1. 0710
Gender Method 95% Mean Std Dev
Female 125. 8 124. 4 127.3 5. 1135
Male 123. 9 122. 3 125. 5 5. 5860
Diff (1 -2) Pooled 1. 9040 -0. 2213 4. 0293 5. 3549
Diff (1 -2) Satterthwaite 1. 9040 -0. 2215 4. 0295
Gender Method 95% CL Std Dev
Female 4. 2714 6. 3721
Male 4. 6662 6. 9609
Diff (1 -2) Pooled 4. 6988 6. 2258
Diff (1 -2) Satterthwaite
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Method Variances DF T Value Pr >|t|
Pooled Equal 98 1. 78 0. 0785
Satterthwaite Unequal 97. 244 1. 78 0. 0786

Equality of Variance

Method Den
Folder F 49 49 1.19 0. 5385
PROGRAM FILE NYAKALE.sas KA DATA FILE RECORDING.dat

ANOVA FOR MEAN AGES
PRINTOUT NUMBER 1 2

The GLM Procedure

Class Level Value

Class Levels Values
Class 3 227 227
Number of Observation Read 304
Number of Observation Used 300
PROGRAM FILE NYAKALE.sas KA DATA FILE RECORDING.dat

ANOVA FOR MEAN AGES
PRINTOUT NUMBER 1 2

The GLM Procedure

Dependent Variable: Age Age

Sum of
Model 2 72. 84667 36. 42333 0. 93 0. 3950
Error 297 11610. 07000 39. 09114
Corrected Total 299 11682. 91667
R-Square Coeff Var Root MSE Age Men
0.006235 37. 70226 6. 252291 16. 58333
Source DF Type I SS Mean Square F Value Pr > F
Model 2 72. 84666667 36. 42333333 0. 93 0. 3950
Source DF Type III SS Mean Square F Value Pr > F
Model 2 72. 84666667 36. 42333333 0. 93 0. 3950

PROGRAM FILE NYAKALE.sas Krx DATA FILE RECORDING.dat

ANOVA FOR MEAN ANGLES
PRINTOUT NUMBER 1 2
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The GLM Procedure

T Tests (LSD)
NOTE: This test Control the Type I Comparisonwise
error rate
Alpha

Error Degrees of Freedom
39.

1.

Error Mean Square
Critical Value of t

Least Significant Difference

Means with the same letter

t Grouping Mean
A 17. 2800 100 ?
A 16. 2500 100 27
A 16. 2200 100 227

1.

for Age

error rate, Not the Experimentwise

0.05
297
09114
96798
7401

are not significantly different.

* kK

PROGRAM FILE NYAKALE.sas

DATA FILE RECORDING.dat

ANOVA FOR MEAN ANGLES

PRINTOUT NUMBER 4 2

The GLM Procedure

Class Level Information

Class Levels Values

Class 3 227 ?2?
Number of Observation Read 304
Number of Observation Used 300

* kK

PROGRAM FILE NYAKALE.sas

DATA FILE RECORDING.dat

ANOVA FOR MEAN AGES

PRINTOUT NUMBER 4 2

The GLM Procedure

Dependent Variable: Age Age
Sum of
Model 2 278. 81087 139.40543 3.77 0. 0242
Error 297 10988. 84310 39. 09114
Corrected Total 299 11257. 65397
R-Square Coeff Var Root MSE Age Men
0.024744 4. 835755 6. 082719 125. 7863
Source DF Type I SS Mean Square F Value Pr > F
Model 2 278. 8108667 139.4054333 3.77 0. 0242
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Source DF Type III SS Mean Square F Value Pr > F
Model 2 278. 8108667 139.4054333 3.77 0. 0242

PROGRAM FILE NYAKALE.sas Kxx DATA FILE RECORDING.dat

ANOVA FOR MEAN ANGLES
PRINTOUT NUMBER 4 2

The GLM Procedure

t Tests (LSD) for Age

NOTE: This test Control the Type I Comparisonwise error rate, Not the Experimentwise

error rate

Alpha 0.05
Error Degrees of Freedom 297
Error Mean Square 36. 99947
Critical Value of t 1. 96798
Least Significant Difference 1. 6929

Means with the same letter are not significantly different.

t Grouping Mean
A 127. 1170 100 ?
B 125. 3780 100 27
B 124. 8640 100 227
PROGRAM FILE NYAKALE.sas KAK DATA FILE RECORDING.dat

ANOVA FOR MEAN ANGLES
PRINTOUT NUMBER 1 2

The GLM Procedure

T Tests (LSD) for Age

NOTE: This test Control the Type I Comparisonwise error rate, Not the Experimentwise

error rate

Alpha 0.05
Error Degrees of Freedom 297
Error Mean Square 39. 09114
Critical Value of t 1. 96798
Least Significant Difference 1. 7401

Means with the same letter are not significantly different.

t Grouping Mean
A 17. 2800 100 ?
A 16. 2500 100 27
A 16. 2200 100 227
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PROGRAM FILE NYAKALE.sas DATA FILE RECORDING.dat

ANOVA FOR MEAN ANGLES
PRINTOUT NUMBER 4 2

The GLM Procedure

Class Level

Levels
3

Class
Class
Number of Observation Read

Number of Observation Used

Information
Values
? 2?7 222
304
300

*

PROGRAM FILE NYAKALE.sas

* K

DATA FILE RECORDING.dat

ANOVA FOR MEAN AGES
PRINTOUT NUMBER 4 2

The GLM Procedure

Dependent Variable: Age Age
Sum of
Model 2 278. 81087 139.40543 3.77 0. 0242
Error 297 10988. 84310 39. 09114
Corrected Total 299 11257. 65397
R-Square Coeff Var Root MSE Age Men
0.024744 4. 835755 6. 082719 125. 7863
Source DF Type I SS Mean Square F Value Pr > F
Model 2 278. 8108667 139.4054333 3.77 0. 0242
Source DF Type III SS Mean Square F Value Pr > F
Model 2 278. 8108667 139.4054333 3.77 0. 0242
PROGRAM FILE NYAKALE.sas KE DATA FILE RECORDING.dat
ANOVA FOR MEAN ANGLES
PRINTOUT NUMBER 1 2
The GLM Procedure
T Tests (LSD) for Age
NOTE: This test Control the Type I Comparisonwise error rate, Not the Experimentwise

error rate

Alpha
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Error Degrees of Freedom 297

Error Mean Square 36.99947
Critical Value of t 1. 96798
1. 6929

Least Significant Difference

Means with the same letter are not significantly different.

t Grouping Mean
A 127. 1170 100 ?
B 125. 3780 100 ??
B 124. 8640 100 222

PROGRAM FILE NYAKALE.sas KE DATA FILE RECORDING.dat

ANOVA FOR MEAN ANGLES
PRINTOUT NUMBER 4 2

The GLM Procedure

Class Level Information

Class Levels Values
Class 3 227 227
Number of Observation Read 304
Number of Observation Used 300
KA DATA FILE RECORDING.dat

PROGRAM FILE NYAKALE.sas

ANOVA FOR MEAN AGES
PRINTOUT NUMBER 4 2

The GLM Procedure

Dependent Variable: Age Age

Sum of
Model 2 278. 81087 139.40543 3.77 0. 0242
Error 297 10988. 84310 39. 09114
Corrected Total 299 11257. 65397
R-Square Coeff Var Root MSE Age Men
0.024744 4. 835755 6. 082719 125. 7863
Source DF Type I SS Mean Square F Value Pr > F
Model 2 278. 8108667 139.4054333 3.77 0. 0242
Source DF Type III SS Mean Square F Value Pr > F

Model 2 278. 8108667 139.4054333 3.77 0. 0242
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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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