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ASSESSMENT OF CRTHODONTIC TREATMENT NEED
USING A CEPHALOMETRIC INDEX

ABSTRACT
by
Seema Dhingra

A number of cephalometric analyses are used today that describe only a
portion of the total variability in the craniofacial complex. Using the Bolton standard
subjects, Spillas (1993) demonstrated the feasibility of using factor analysis to
identify the smallest number of cephalometric variables that still account for most of
the variation in the craniofacial region.

The present study used 150 pretreatment lateral cephalograms from patients
treated in the orthodontic clinic at Case Western Reserve University. Factor analysis
of this cross-sectional sample verified that fourteen factors account for 83.4% of the
variability in the craniofacial complex.

The second step was to develop a cephalometric index using both the
orthodontic clinic sample and the "normal" Bolton sample. Nineteen variables were
selected from the fourteen factors by five experienced orthodontists for the
construction of a cephalometric index. Discriminant analysis was used to classify the
two groups based on the nineteen cephalometric measurements. Two methods,
forced-entry and stepwise, were used to calculate a cephalometric index score for
each subject. Seven variables entered this model (palatal plane, upper lip length,
posterior face height, SNB, lower lip to E plane, mandibular prognathism and upper 1



to FH) and correctly classified 96.7% of the subjects in the treatment-needed and
non-treatment needed groups. Using the forced entry method, 96.7% of the treatment-
needed group and 100% of the non-treatment needed group were correctly classified.
The stepwise method for the 6-18 years old group used ten variables (posterior face
height, mandibular length, lower ! to mandibular plane, palatal plane, facial
convexity, mandibular prognathism, mandibular plane angle, saddle angle, nasolabial
angle and upper lip length) and correctly classified 98.7% of the treatment nceded
group and 100% of the non-treatment needed group. Using the forced entry method,
99.3% of the treatment needed group and 100% of the non-treatment needed group
were correctly classified. These findings indicate that certain cephalometric variables
can be used to identify orthodontic treatment need. It is hoped that the cephalometric
index score constructed from the cephalometric radiographs will be a useful adjunct
to occlusal indices in providing a more accurate and meaningful measure of

orthodontic treatment need.
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INTRODUCTION

Indices have been used with some success for recording disorders like caries,
periodontal and temporomandibular dysfunction. Malocclusion is unique in that it
presents as a group of often unrelated traits to which, in social psychological terms,
there may be considerable variability of adjustment. Despite this, a number of
occlusal indices (Handicapping labio-lingual deviations, Treatment priority index,
Handicapping malocclusion assessment record, Index of treatment need) using dental
casts have been utilized to assess treatment needs. The validity and reliability of these
indices are however questionable because of the lack of an appropriate "gold
standard" for comparison. James Carlos (1970) stated that attempts to establish the
validity of an index intended for administrative use are often unsuccessful since the
reference criterion (e.g., clinical judgement) is difficult to standardize. However, the
reliability of such indices may be assessed by standard statistical techniques. While
straight teeth are certainly one measure of orthodontic treatment results, most
practitioners would agree that there are other parameters that impact on success or
failure. Pickering and Vig (1976) points out that a comparison of indices to assess
malocclusion may be compared to cephalometric analyses in which each index has its
own merits but provides different information to the diagnostician.

Cephalometric variables used individually do not provide a comprehensive
method of assessment of treatment need, nor does it allow for easy comparison with
other occlusal indices. Therefore, a cephalomertric index is required but one that
utilizes a reduced set of variables accounting for all the dimensions in the craniofacial

complex.



Cephalometric analyses as used today, describe only a portion of the total
variability in the craniofacial compiex. An assessment of maximum variation in the
craniofacial complex would entail utilizing a number of carefully selected
measurements from the several contemporary cephalometric analyses. This can be
quite laborious and time consuming. Hence, identification of the least number of
variables that can account for the most variation of the craniofacial complex would
be beneficial. Multivariate analyses have been applied for this purpose and one such
method of describing variables together is through the application of factor analysis.
Spillas (1993) used factor analysis to demonstrate the feasibility of this technique.
When a statistical attempt is made to group a host of interrclated dimensions into
uncorelated factors, verification of the extrapolation is necessary on another sample.
The present study reduces the number of cephalometric variables to a few factors, but
that which accounts for maximum variation in the craniofacial complex. Secondly, a
cephalometric index was derived using the reduced set of variables to provide an
easily quantifiable and objective way of assessing treatment need. This index could

serve as a valuable adjunct to the already existing occlusal indices of treatment need

or priority.



REVIEW OF THE LITERATURE
Cephalometric Studies
History

Cephalometrics is a tool that enables the clinician to accomplish more
exacting procedures as well as help solve some of the perplexing problems.
Roentgenographic cephalometry was first described by Broadbent in 1931, which led
to the creation of the Broadbent-Bolton cephalometer. The technique was first put to
clinical use for the analysis of treated cases by Moore in 1938; who developed
“teleroentgenography” and was prescribing it for prosthetic planning and for
following operative procedures. During the same period of time, Waldo (1936) and
Margolis (1940) contributed to the development of cephalometric radiography as a
research tool for the study of head growth as well as for orthodontic treatment. Many
new applications of cephalometrics have continued to emerge with the most
significant of them being in clinical orthodontics. Fifty years after its inception, it still
is a standard procedure and an important clinical adjunct for the overwhelming
majority of orthodontists.

Cephalometric Analyses
For many years dozens of planes, angles, and dimensions on radiographs have
been compared by research workers. The lateral or profile radiograph has given us the
most useful information regarding what constitutes acceptable balance and harmony
of the component parts of the face. Numerous cephalometric analyses have been
developed by various people, depending on what diagnostic criteria was of

importance to that particular individual.



In 1948, Downs offered a practical method of using cephalometrics in clinical
practice, building the foundation for most of the evolution of the later analyses. He
undertook a study on twenty living individuals, to determine the range of the facial
and dental pattern within which one might expect to find the normal. Models,
photographs, and cephalometric and intraoral roentgenograms were taken of these
individuals who ranged from twelve to seventeen years of age. All individuals
possessed clinically excellent occlusions. This analysis looked at the skeletal and
dental pattern of a normal person. The skeletal pattern essentially looked at the
profile convexity and the dental pattern at the inclination of the mandibular incisors.
All of the measurements were in relation to the Frankfort horizontal plane, and
showed an average facial pattern that represented individuals with excellent
occlusions.

Vohries and Adams (1951) recorded Down's analytical readings on a graph
paper and found that the deviation zig-zagged on both sides of the vertical mean.
Those that fall on the left side indicate a Class II facial and denture trend and those on
the right a Class III facial and denture trend.

A method of assessment of anterior-posterior dysplasia was developed by
Wylie (1947) and was known as the "California Analysis". The objective was to have
an anteriorposterior appraisal of the upper face to the lower, more specifically of the
maxilla to the body of the mandible. By a cleverly worked out system of cancellation,
one arrived at a score indicating whether the lower face was protrusive or retrusive to
the upper face.

Tweed (1946, 1954) conceived the diagnostic facial triangle as a basis for
diagnosis and treatment planning. The development of this triangle as a valuable

adjunct in the analysis and treatnent planning of malocclusions was the end result of



the clinical and cephalometric research that was conducted over a period of
approximately twenty years. The inclination of the mandibular incisors and the
variations found in the Frankfort mandibular plane angles were considered the most
important of all measurements. The angles of this triangle consist of FMA, FMIA,
and IMPA and in 1954 Tweed shifted his attention more toward the FMIA. Forty-five
samples were measured, the majority of whom did not need orthodontic treatment
and a minimum requirement of 652 was found to be "normal” for this angle. Bjork
(1947) discussed a facial diagram in which the linear and angular configurations
determined the amount and distribution of facial prognathism.

Although the "Northwestern Analysis” was worked out by Riedel in 1952, the
staff at Northwestern University adopted and reevaluated the work done by him. The
material for this analysis consisted of records taken from thirty Seattle Seafair
princesses and their queen with an average age of 18 years 10 months. The skeletal
pattern of these individuals was very similar to those recorded in a previous study by
Downs. The dental pattern showed relatively greater axial inclination of the
mandibular incisors but a lesser average inclination of the maxillary incisors. In
approximately one-half the cases, the upper lip, lower lip, and chin fell along the
same plane. The measurements SNA, SNB and ANB were part of this analysis.

The Steiner analysis, developed and promoted by Cecil Steiner in 1953, can
be considered the first of the modemn cephalometric analyses. The original ideal
measurements were reputedly based on one Hollywood starlet. Surprisingly enough
recalculation of the original values based on much larger samples produced only
minor changes. Sella to Nasion (SN) was chosen as the reference line. This is
essentially due to the fact that both Sella and Nasion are located in hard, nonyielding

tissue; are directly and easily visible in a profile x-ray picture; and particularly



because they are located in the midsagittai plane and hence are displaced to a
minimum degree by movement of the head. The analysis looks at the relationship of
the incisors to their basai bones as well as assesses changes in the position and
effective length of the mandible. This is useful in planning treatment, such as
extraction versus non-extraction and also in the resuits of different types of treatment,
such as intraoral versus extraoral, stationary versus simple anchorage, and light forces
versus heavy ones. The various measurements incorporated in the Steiner analysis
from the beginning were represented graphically as "Steiner sticks,” a convenient
shorthand for presenting the measurements. Elements of this analysis still remain
useful today.

Sassouni (1955), used one hundred lateral headplates (fifty-one girls and forty-
nine boys), mostly of the Mediterranean White race, on file at the Philadelphia Center
for Research in Child Growth. This was the first cephalometric method that
emphasized vertical as well as horizontal relationships, and the interaction between
vertical and horizontal proportions. The analysis points out that the inclination of the
anterior cranial base, Frankfort plane, palatal plane, occlusal plane, and mandibular
plane in well proportioned faces tended to converge toward a single point. The
inclination of these planes to each other reflects the vertical proportionality of the
face. Four facial types were established depending on the relation of the four planes
to the common point. An evaluation of the anteroposterior position of the face and
the dentition showed that the anterior nasal spine, the maxillary incisor, and the bony
chin should be located along the same arc. The total arcial analysis described by
Sassouni is no longer used, but the analysis of vertical facial proportions has become

an integral part of the overall analysis of a patient.



Burstone (1958), recognized that relatively few investigations of the soft
tissue profile were to be found reported in the orthodontic literature, probably
because orthodontic treatment was pnmarily concerned with hard-tissue
manipulations. There was also this implication that if the teeth are arranged according
to a given standard, soft tissue will automatically drape in a maximally harmonious
manner. Since the soft-tissue may vary in thickness, length, and postural tone in
different persons, it is necessary to study the integumental contour of the face in
considering facial beauty and harmony. Burstone developed a method of
integumental/soft tissue profile measurements consistent with anthropometric
standards. The readings were made from oriented lateral headplates exposed to both
soft and hard tissue detail. Burstone used a group of forty acceptable faces as chosen
by a group of three artists at the Heron Institute of Art in Indianapolis. The hypothesis
that average inclination, contour and proportion is related to profile excellence was
proven to be true. This analysis proved to be an important adjunct to treatment
planning.

1.D. Subtelny (1961), also studied and researched the integumental
characteristics of the profile on thirty subjects from the Bolton-Brush Growth Study
Center. The results indicated that all parts of the soft tissue profile did not directly
follow the underlying skeletal profile. The bony facial profile tended to become less
convex with age, whereas, the total soft tissue profile (including the external nose)
was found to increase in convexity with progression in growth. The soft-tissue
profile, excluding the nose shows a tendency to remain relatively stable in its degree
of convexity. The soft tissue nose continued to grow in a downward and forward
direction from one to ecighteen years of age. With growth the skeletal and

integumental chins assumed a more forward relationship to the cranium. Both lips



were found to be closely related to the teeth and alveolar processes in a vertical and
anteroposterior relationship.

In 1960, Ricketts felt the need for restatement of the objectives of
cephalometric analysis. One thousand consecutive cases were studied and a system of
five measurements were initially developed from x-ray tracings which proved to be
the indicators of facial depth, facial height, and profile contour. In 1981 a revised
version of the descriptive analysis both in lateral and frontal orientation were
presented. The Ricketts analysis is an eleven-factor summary analysis that employs
specific measurements to locate the chin in space, the maxilla thro_ugh the convexity
of the face, the denture in the face, and evaluate the profile. Six of the eleven
measurements are aimed at [ocating the chin in space. The major reference lines are
the true Frankfort horizontal, the nasion-basion, and the pterygoid vertical and the
analysis includes not only tabulated normal data for the recommended factors but
also the amount of change to be expected during normal growth (growth prediction)
and the treatment effects to be seen in a Visual Treatment Objective (VTO). The
normative data for many of the measurements are based on unspecified samples and
hence the analysis should be interpreted with caution, particularly when
measurements are significantly different from the norm.

After many years of clinical use, Ricketts brought the work on the E (Esthetic)
plane to its culmination with the formulation of a "law" which was called "the law of
lip relationship®. The lip convexity decreases consistently from the deciduous
dentition to the age of the full adult dentition. In 1968 Ricketts considered the chin,
point B, and the lower incisor as a unit, and called it the keystone triad. A knowledge

of this is important in treatment planning.



Merrifield (1966) studied 120 lateral cephalometric roentgenograms and
analyzed soft-tissue profiles with a line tangent to soft-tissue pogonion and the most
procumbent lip extending superiorly to intercept the Frankfort horizontal plane. The
inferoposterior angle formed by the intersection of this profile line and the Frankfort
horizontal was called the "Z angle". This value gave some indication of the sagittal
position of the lips and the chin. '

Begg (1956) found it desirable to place the incisal edge of the lower incisor at
or close to the A point-pogonion line. It was considered important in achieving a
stable dentition and favorable lip balance.

Jarabak and Fizzell (1972) adopted variables from different analyses in order
to develop the skeletodental analysis that takes into account the skcletal aspects of
growth, as desired by Bjork. This could be used in clinical assessment of growth and
also in the designing of treatment in anticipation of these growth events. The main
focus was on the relationship between the cranium and the mandible, and the anterior
and the posterior cranial bases, which, comprise to a large degree the hafting zone
between the face and the cranium. He feit these areas did not receive sufficient
investigation in the literature and hence were explored. The influence of growth on
these relationships was studied during and after orthodontic treatment.

In 1974, Harvold used data from the Burlington growth study and developed
standards for the "unit length" of the maxilla and the mandible. The difference
between these numbers provides an indication of the size discrepancy between the
jaws. The position of the teeth has no influence on the Harvold figures.

The Wits analysis (Jacobson, 1976) was conceived primarily to overcome the
limitations of ANB angle as an indicator of jaw discrepancy. This analysis entails
drawing perpendiculars from point A and point B on the maxilla and the mandible



10

respectively, onto the occlusal plane. In a sample of twenty-one male and twenty-five
female adults studied by Jacobson (1975), it was found that in females, points AO
and BO coincided and in males point BO was located Imm ahead of the point AO.
The "Wits" appraisal was intended not as a single diagnostic criterion, but, as an
additional measurement which may be included in existing cephalometric analyses to
aid in the assessment of the degree of anteroposterior jaw disharmony. This analysis
is influenced by the teeth both horizontally and vertically. The magnitude of the
discrepancy in the Class II direction can be estimated by how many millimeters the
point A projection was in front of the point B projection, and vice versa for Class III
relationship. ‘

Burstone et al., (1978) thought that a number of cephalometric assessments
were available primarily for orthodontic case analysis. Hence a cephalometric
analysis especially designed for the patient who requires maxillofacial surgery was
developed at the University of Connecticut and was called the Cephalometrics for
Orthognathic Surgery (COGS). This appraisal was based on a system of analysis that
was developed at the Indiana University, with the addition of clinically significant
new measurements. Dental, skeletal, and soft-tissue variations are described by this
analysis. COGS has the characteristics which make it particularly adaptable for the
evaluation of surgical orthodontic problems. The landmarks can be altered by various
surgical procedures and the rectilinear measurements can be readily transferred to
acetate overlays and study casts for detailed planning of treatment and postsurgical
evaluation.

In 1983, Holdaway developed a soft-tissue cephalometric analysis that looked
at eleven different characteristics. The materials and methods used to develop this

technique came from years of observation and description of patients in the office.
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The H line (Harmony line) was also conceived which is drawn tangent to the soft
tissue chin and the upper lip. Lip objectives were considered to be achieved when this
line extended to a point near the center of the nares. Also ideally the H line should
fall 3-7mm anterior to soft-tissue point A, or the superior labial sulcus, and that the
lower lip should fall approximately 0.5mm anterior to this plane. It was felt that it
was practical as a treatment planning procedure to approach the proposed orthodontic
changes from a soft-tissue analysis perspective, making changes only to the point
where the best soft-tissue profile is established. and then compute the tooth
movement necessary to develop ideal profile relationships. The VTO was chosen to
accomplish this objective. The Holdaway ratio was also developed which stated that
the measurement pogonion to NB and lower incisor to NB should be equal in order to
achieve optimum balance of the lower face.

Spradley et al., (1981) assessed normal means, standard deviation, and ranges
for the anteroposterior positions of five soft-tissue profile landmarks inferior to the
nose in young adults exhibiting pleasing profiles and normal sagittal and vertical
relationships. Linear measurements from four different vertical reference planes were
used and the subnasale vertical perpendicular to the true horizontal was shown to
have the smallest standard deviation. One hundred and forty individuals who ranged
in age from 19-32 years were used. Cephalograms were taken in natural head
position, thus establishing a true extracranial horizontal reference plane.

In 1984, J.A. McNamara found the necessity for the development of a method
of cephalometric analysis that would be sensitive not only to the position of the teeth
within a given bone but also to the relationship of the jaw elements and cranial base
structures to each other. The analysis is derived in part from the principles of the

cephalometric analysis of Ricketts and of Harvold, although the constitution of the
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nasion perpendicular and the point A vertical, are presumed to be original, In this
method, both the anatomic Frankfort plane and the basion-nasion line are used as
reference planes. The anteroposterior position of the maxilla is evaluated relative to
the nasion perpendicular. The second step is a comparison of maxillary and
mandibular length, using Harvold's approach. Relationship of the upper and lower
incisor to their basal bones are also evaluated. The normative standards’ of this
analysis were determined by arbitranly combining comparable average values of the
Burlington, Bolton, and Ann Arbor samples.

It is evident that cephalometric radiology has been an essential aid to assess
craniofacial morphology of the dentofacial complex. There are a number of
cephalometric anaiyses available today with the most widely used been cited above.
Majority of them describe only a portion of the total variability in the craniofacial
complex. The description of a particular feature was probably based on what the
author considered as being of utmost importance. Differences in treatment
philosophy, inadequate or unsatisfactory information were a few reasons why some
dimensions were considered more valuable than others. Also, a number of these
analyses were derived from a rather small sample size which can introduce bias and
hence the validity of the resuits. To get a full appreciation of craniofacial growth and
morphology, it is more beneficial to the clinician to study the craniofacial complex as
a whole rather than in incomplete parts (as is the case in most of the conventional
cephalometric analyses). Thus an assessment of maximum variation in the
craniofacial complex would entail utilizing a number of carefully selected
measurements from among the several contemporary analyses used today. This is not

feasible since it cam be very time consuming. To our knowledge there is no
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cephalometric index available today. This is due to the inavailability of one single

system that gives a full appreciation of the craniofacial complex.

Indices

Indices have been used with some success to record other dental disorders like
caries and periodontal discase. Malocclusion is unique in that it often presents as a
group of unrelated traits. Despite this problem, several indices of malocclusion using
dental casts have been developed and have been used for diagnostic classification,
epidemiological data collection, recording of treatment need and assessment of
treatment success.

Several indices have been developed with the intention of categorizing
malocclusion into various groups, according to the urgency and need for treatment.
Draker (1960) developed the HLD or the "Handicapping Labiolingual Deviations"
index which could be applied to both patients and models without need for special
equipment. Deviations from a fictitious norm rather than the state of "occlusion”
were of epidemiological importance in establishing prevalence rates for such
orthodontic problems. This index is simple, reproducible, and tests for validity shoed
80% correlation. Unweighted measurements were used and the index yielded a cut-
off point.

The TPI or "Treatment Priority Index" was originally developed by Grainger
(1967) in connection with the Burlington orthodontic research project at the
University of Toronto. The effects of preventive orthodontic treatment on the
prevalence and severity of malocclusion in children. were assessed. Scores on the TPI
range from 0, indicating ideal occlusion, to scores of 10 or more which reflect

extreme malocclusion. The total score comprises of five component scores. Weights
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are assigned to different components of this index which relate to the degree of
malalignment.

The HMAR or "Handicapping Malocclusion Assessment Record" was
developed by Salzmann in 1968 in response to a 1966 recommendation by the ADA'’s
Council on Dental Health. The purpose of this index was to identify any occlusal
conditions that might interfere with the oral health or the general well-being of the
individual. The teeth in malocclusion are assessed according to the criteria and the
weights or point values assigned to them. The relative point values are based on
clinical orthodontic experience from the standpoint of the usual contributory effects
of various types of malocclusion on dental health, function and esthetics. The
assessment was not designed to ascertain the presence of specific occlusal deviations.

The "Occlusal Index" was developed by Summers in 1971. Nine
characteristics were scored and the index appeared to correlate highly with the
clinical standard indicating high validity. This index incorporates seperate weighting
mechanisms for deciduous dentition, mixed dentition and permanent dentition stage.
Each examination item is simply scored (observation score) and then the weighted
score (code) is placed. The sum of the weights is then determined. The occlusal index
appears to correlate highly with the clinical standard, indicating high validity.

Brooke and Shaw (1989) developed the "Index of Orthodontic treatment
Need.” This index incorporates the dental health and the aesthetic component. The
dental health component comprised of three main categories representing "no need”,
"borderline need”, and "need" for orthodontic treatment. The aesthetic component is a
visual scale. A rating is allocated for general attractiveness rather than specific
morphological similarity to the photograph. All the above mentioned occlusal indices
used regression analysis to yield a cut-off point.
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Thus, while straight teeth are certainly one measure of orthodontic treatment
need, most practitioners would agree that there are other parameters that impact this
decision, lateral cephalograms being one of them. Since they are used as a routine
diagnostic aid by an overwhelming number of orthodontists the development of a
cephalometric index would serve as a valuable adjunct to the occlusal indices in
assessing treatment need. The application of multivariate analyses to cephalometric
radiography would help to process a large number of variables involved in
craniofacial growth. Such analyses commonly utilized by researchers include factor
analysis (Brown et al., 1965; Solow, 1969), dicriminant analysis (Lawley and
Maxwell, 1971), and principal component analysis (Anderson, 1958)..

Harris (1963), Johnston (1968), Walker (1972) and others applied
multivariate analyses to study dentofacial growth. Howells (1957) did an extensive
factor analysis of the cranial vault. Landauer (1962) performed a study to search for
factors of variation in measurements of the facial skeleton, to complement factors of
the cranial vault found in the previous study.

The applications and aims of factor analysis in cephalometric research and
craniometric data were studied by Brown, Barmrett, and Darroch in 1965. Selected
body measurements of Central Australian Aborigines as part of the material for a
longitudinal growth study was used. It was shown that there can be a mathematical
description of the relationship between the variables. These are termed factors
which are computed from coefficients of correlation between the variables. There
are two types of factors, common factors affecting more than one variable of a set
and unique factors affecting single variables. Solow (1966) obtained eight factors

which were considered to be representative of the craniofacial region. A correlation
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between two or more variables may only demonstrate a “biological coordination”.
and does not necessarily provide direct evidence of cause-effect relationship.

In a Master of Science thesis, based on the research done by Cleall et al.,
(1976), Adeli-Nadjafi (1977) tried to ascertain if growth of the various facial types
was distinct and unique. This was not found to be true, but, the component scores
for each facial type did change with age. These changes in component scores and
the lack of constancy in classification signified that changes in facial proportions
occured with growth. Adeli-Nadjafi felt that if a larger number of pure facial types
were studied, unique patterns of growth could be exhibited.

A problem in the presentation and interpretation of the results of factor
analysis is deciding the level at which a loading achieves significance. In several
previous studies (Solow, 1966; Brown, 1964) a level of 0.20 was taken as the level
at which a loading reached significance. Benfer (1975), in an analysis of co-
ordinate data, took a level as high as 0.70. Buranarysa (1981) considered a loading
of 0.50 as significant. Hence there appears to be no firm criteria for deciding the
appropriate level.

Most studies in the past utilizing factor analysis in cephalometric research
have not fully explained what the underlying dimensions that thoroughly characterize
the variation in the craniofacial region are or have utilized a relatively fewer number
of variables to explain craniofacial variation. In order to have complete description of
craniofacial growth and morphology, all the individual interrelated measurements
across the many contemporary cephalometric analyses were incorporated into a
system by Spillas (1993). One hundred thirty four cephalometric measurements
representing linear and angular assessments of the craniofacial complex were

obtained from each of the 150 lateral cephalometric radiographs. The sample
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consisted of fifteen males and fifteen females (Caucasians), who had serial
cephalometric radiographs taken at ages six, nine, twelve, fifteen and eighteen years
of age. They were collected from the Bolton Brush Growth Study Center, Case
Western Reserve University, Cleveland, Ohio. Factor analysis was performed on
these measurements and fourteen factors were extracted which accounted for 83.4%
of the total variance in the craniofacial complex. Thus factor analysis has been used
to reduce a large number of correlated variables into smaller sets. In essence it
provides the simplest description of the observed data.

In conclusion, a variety of cephalometric analyses are available today that
describe only a particular dimension of the craniofacial complex. The normal patterns
of craniofacial morphology as described by most of them are based either on small
samples from rather special populations, or purely subjective judgements about what
constitutes a balanced face and normal development. Due to this, some variables are
repeated and redundancy is encountered. Spillas (1993) attempted to compile about
ten of the most commonly used analyses and identify the least number of variables
that could account for the maximum amount of variation in the craniofacial complex.
Once this statistical deduction is verified on another sample, a cephalometric index
can be constructed with the reduced number of variables. To our knowledge, no
cephalometric index is available at the present time. Since lateral cephalograms are
used by the majority of the orthodontists, development of a cephalometric index may
provide an easy, quick and objective way of classifying subjects who need
orthodontic treatment from those who do not. It can also be used in combination with
occlusal indices to provide a more accurate and meaningful measure of treatment
need. It could also be used as a research tool to evaluate treatment outcome or

success based on cephalometrics.



STATEMENT OF THESIS

The long-term objective of this project is to develop a valid and reliable
cephalometric index that can be used by practitioners to assess the treatment need or
priority in individuals. Such an index could also be used as a screening tool for large
scale epidemiologic surveys evaluating the need for treatment. In order to achieve

this objective, the project has to proceed in phases. The specific aims of the present

study are as follows:

1. Reduce, via a statistical approach, the number of cephalometric variables
that are required to describe the craniofacial structure. This will yield
unique dimensions of the craniofacial complex called factors. Each factor
will comprise of a subset of cephalometric variables that correlates with
that particular dimension of the face. Verify to see if these factors
account for the same or similar amount of variation of the
craniofacial complex as that accounted for by Spillas (1993).

2. Select a reduced set of variables from each of the factors to be
accomplished by a panel of five experienced orthodontists.

3. Construct a cephalometric index with this reduced set of variables that
would establish a separating boundary, to classify those needing orthodontic
treatment from those who do not. The derived cephalometric index will be
tested in the future to evaluate the validity of the index.

18



MATERIALS AND METHODS
Study Population
The study population for the first aim consisted of pretreatment lateral
cephalograms of 150 Caucasian subjects that were randomly chosen from the
orthodontic clinic sample at Case Western Reserve University. The radiographs
belonged to five different age groups (See Table 1 for a summary display of the
specific age groups selected for the study).

Table 1.--A summary display of the specific age groups selected for the study.

Age in Years :No. of maies | No. of females
6.0-08.86 15 15
8.7-11.0 15 15

“ 11.1-13.6 15 15
13.7-16.0 15 15
16.1-18.6 15 15

Total 75 75

This selection criteria was necessary to be in accordance with the previous
study by Spillas (1993). The sample selected for the present study were presumed to
have either received orthodontic treatment or were undergoing treatment purely based
on information received from their lateral cephalometric radiographs.

The second aim of the study did not requirera sample of subjecs. The third

aim required two groups of samples.

19
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cephalogram is termed the midline-lateral film distance (ML). The ML distances of
the cephalograms were not recorded in each and every case, but the average range of
ML used with this cephalometer was from 110-130 ML; the average being 120 ML.
The cephalograms were taken in a manner that the Frankfort horizontal plane was
parallel with the floor. Majority of them were recorded with a relaxed lip posture and
all of themn were taken in maximum intercuspation.

Lateral radiographs were traced on 0.03 inch matte acetete paper with 0.5 mm
H lead pencil. By means of an X-Y coordinate digitizer, a standardized series of 152
recognized cephalometric landmarks (see Figure 1 for a graphical display of the
"CWRU Cephalometric Regimen") were located and digitized by the same
investigator for each of the 150 radiographs. Their coordinates were used to generate
134 dissimilar linear and angular variables relating to both hard and soft tissue
structures (Appendix B for a description of the measurements). An [BM computer
was used to digitize all the landmarks in this study, while the computer software
utilized was Dentofacial Planner! M (Dentofacial Software Incorporated, P.O.Box
950, Staton A, Toronto, Canada, M5W IGS)

Errors made in landmark identification and for digitizing method were
estimated by retracing and redigitizing 10% of the cephalometric radiographs (N = 15
radiographs). Selection of radiographs was randomly done. All of the 152 landmarks
were redigitized by the same investigator and the 134 measurements were then
compared to that of the first tracing. Intra-class correlation coefficient was computed
for reliability.

Data Analysis

The data analysis proceeded in three stages, each corresponding to the three

aims of the study. The first stage employed factor analysis. The general goal of factor



Figure 1.

~4

et

120 A
1184128 u /él b
CA ST I -
11

CWRU Cephalometric Regimen. See appendix B for list of
corresponding landmarks.



23

analysis was to reduce the total number of variables to the smallest possible number
of sets. This created a group of completely seperate measures called factors. Thus the
main justification for the application of factor analysis in the study of craniofacial
variables seemed to be the analysis of the associations between different sources of
variability represented in the correlation matrix, for example, between the length of
the cranial base and the length of the mandible. While the number of factors and their
relative importance may be influenced by the investigator in the choice of variables,
the relationship between the factors expresses properties in the data that cannot be
influenced by the investigator. According to Solow (1971), the most rewarding use of
factor analysis in cephalometry seemed to be its application to the analysis of the
relationship between different sources of variability.

The mathematical model for factor analysis appears somewhat similar to a
multiple regression equation. Each variable is expressed as a linear combination of
factors which are not actually observed. The general expression for the estimate of
the jth factor F; is:

]
F.=W.: lx 1+Wj2X2+ ....... +W°pxp

1)
The W's are the factor coefficients and X's are the values of the cephalometric
variables. The 134 measurements were subjected to factor analysis on each of the 150
subjects. Two criteria were used for the extraction of the factors, namely, an
eigenvalue > 2.0 and the inclusion of a minimum of three variables per factor. The
total variance explained by each factor is called the eigenvalue. The eigenvalue is a
mathematical property of a co-variance matrix and is used in relation to the
decomposition of such a matrix. It is utilized both as a criterion of determining the

number of factors to extract and as a measure of variance accounted for by a given

dimension. Each factor was assessed to determine and explain the underlying
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dimensions being measured based on what the associated variables were actually
measuring and how they were related to each other. The factors so extracted were
compared to the previous study (Spillas, 1993) and so was the percentage of the
variation in the craniofacial complex accounted for by these factors.

Each factor (explaining a particular dimension of the craniofacial complex)
had a large number of variables that were essentially explaining the same dimension.
The rationale was that repetitive measurements could be eliminated to achieve a
reduced set of variables that explained the maximum variation in the craniofacial
complex. To achieve this reduced set, experienced orthodontists had to be consulted
in order to arrive at a consensus which entailed involvement of five experienced
orthodontists practicing in the Cleveland area. Each orthodontist was given a list of
variables that loaded onto each factor and were asked to choose the most important
variables for treatment diagnosis (sce Appendix A for a list of the variables). These
results were consolidated choosing the most common variables selected by all five
orthodontists. This procedure would warrant the use of fourteen to twenty
measurements for development of the cephalometric index.

In order to differentiate subjects who need orthodontic treatment from the
ones who do not (based on cephalometric analysis only), linear discriminant analysis
(multivariate statistical procedure) was utilized. Discriminant analysis is a statistical
procedure concerned with the problem of distinguishing two or more populations on
the basis of observation of several variables. This statistical method atternpts to
establish a rule, or discriminant function that can be used to classify each individual.

For the discriminant model, two main methods of variable selection were
compared. First, all of the final chosen variables were forced to enter the linear
discriminant model. Due to the potential for interdependencies among the
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independent variables, a step-wise procedure, was later used to find a subset of the
given variables which best performed this assignment. This procedure was useful to
determine if some variables were more important than the others in discriminating
between the two groups (those needing treatment from those who do not). Variable
selection criteria for the step-wise discriminant procedure in the present study was to
minimize the Wilks' Lambda.

Wilks' Lambda is the ratio of the within group sum of squares to the total sum
of squares. The small value of the lambda indicates that within group variability is
small compared to the total variability which means most of the. total variability is
attributable to differences between the means of the two groups. At each step-wise
session, variables that result in the smallest Wilks' Lambda for the discriminant
function were selected for entry. The equation used for the discriminant function
calculation was as follows:

D =B +B (X {+ByXo+...... Bjxj
where the X's are the values for the cephalometric variables, and the B's are
coefficients estimated from the data. Unstandardized coefficients were used for
calculation of the function score.

The equation given above was calculated for the two groups (treatment not
needed and treatment needed) using the group mean and the coefficients. The
cephalometric index that was used for classification is described below:

Cephalometric index = 1/2 (mean score for treatment needed
+ treatment not needed)

The effectiveness of the discriminant function was also computed. Relative
variability of the actual discriminant scores within and between groups was

interpreted as the eigenvalue. The eigenvalue is a ratio of the between-group to
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within groups sum of squares. A large eigenvalue (between groups variability is high
compared to within group variability) is characteristic of a good discriminant
function. Canonical correlation, another indicator of effectiveness, was also
calculated. The canonical correlation measures the degree of association between the
discriminant scores and the groups. The correlation is equivalent to the square root of
the ratio of the between groups sum of squares to the total sum of squares and
represents the proportion of the total variance attributable to differences between the
groups. A large correlation value is associated with a good discriminant function. The
cephalometric index was first computed for the twelve year old subjects, and also the
entire sample of 6-18 year old subjects.

In future any individual with a score greater than the index score will need
treatment and less than the index score will not need treatment. This procedure has to

be validated using a seperate sample of subjects.



RESULTS
Study Population
The study population consisted of pretreatment lateral cephalograms of 150
caucasian subjects taken from the orthodontic clinic sample at Case Western
Reserve University, Cleveland, Ohio. The radiographs belonged to five different
age groups, essentially, 6-8.6y, 8.7-11.0y, 11.1-13.6 y, 13.7-16.0 y and 16.1-18.6 y
and included an equai amount of males and females in each group (fifteen males,
fifteen females). The sample selected for the present study were presumed to have
either received orthodontic treatment or were undergoing treatment due to the fact

that records were obtained on them in the orthodontic clinic.

Cephalometric Measurement
One hundred thirty-four dissimilar measurements were used and was in
accordance with the previous study (Spillas, 1993). See Appendix B and C for a list

and a description of these measurements.

Objective One
Factor Analysis
The 134 measurements that were selected for the present study were subjected
to varimax-orthogonal rotated factor analysis (See Appendix E) on the 150
individuals. Two criteria were used to define whether a factor was significant or not
i.e., cigenvalue > 2, as determined by the scree plot and atleast three variables had
to load (> 0> 52) onto a given factor (see Figure 2) for a graphical display of the
scree plot utilized and Table 2 for a display of the different cigenvalues for each of

27
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Figure 2. Scree plot. Arrow indicates where the distinct break
occurs at eigenvalue greater than 2 (fourteen factors extracted)
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Table 2.--Percentage contribution of the

varimax factors to the common variance

FACTOR | EIGENVALUE | % OF VARIANCE | CUMULATIVE % ‘
1 21.34 16.4 16.4 '
2 19.03 14.6 31.1 |
3 14.05 10.8 41.9

4 113.11 10.1 52.0

5 7.89 6.1 58.0 ‘
6 6.06 47 62.7 1
7 5.16 4.0 66.7

8 4.37 3.4 70.0 |
9 3.65 2.8 72.9 |
10 3.42 2.6 75.5 |
11 3.08 2.4 77.9

112 2.74 2.1 80.0

13 2.25 1.7 81.7

14 2.19 1.7 83.4 |
115 1.86 1.4 84.8 4
16 1.67 1.3 86.1 |
17 1.54 1.2 87.3 |
18 1.33 1.0 88.3 |
19 1.23 1.0 89.3 |
120 1.11 0.9 90.1 ;
21 1.07 0.8 91.0

122 1.02 0.8 91.8

{23 0.92 0.7 92.5

E 0.8 0 :
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the obtained factors). The scree plot displays the total variance associated with each
associated with each factor. Typically, the plot shows a distinct break between the
steep slope of the large factors and the gradual trailing off of the rest of the factors.
The gradual trailing off is called the scree (Cattell, 1965) because it resembles the
rubble that forms at the foot of a mountain. This technique allowed for the
extraction of fourteen factors and each described a different dimension of the
craniofacial complex accounting for 83.4% of the total variance (Table 2 shows the
percentage contribution of the varimax factors to the common variance). The
remaining ten factors i.e., 15 through 24 (see Table 2) contributed another 8.3% (a
total of 93.1%) of the common variance. Also, less than three varie;bles loaded onto
each of these factors. Therefore these factors were not considered significant
enough to warrant further assessment. For all of the significant (fourteen factors),
Tables 3 through 16 depict the variables that associated with each factor, as well as
the significant loadings (factor co-efficients) on the various measurements. See
Figures 3 through 16 for a display of the associated measurements for each factor.
Factor 1

Linear measurements loaded onto factor 1 (Table 3, Figure 3) essentially
explaining the general size of the craniofacial complex (i.e., involving the hard and
soft tissue), and contributes 16.4% of the common variance. The first factor was
identified as relating to "vertical and anteroposterior aspects of craniofacial
development", based on the associated measurements. See Table 3 for positive and
negative loadings of the variables.

Factor 2
With a contribution of 14.6% of the common variance, this was identified as a

factor (Table 4, Figure 4) representing the "hard and soft tissue angular
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Table 3.--Varimax rotted factor solution for Factor 1

VARIABLES FACTOR1
ANTERIOR FACE HEIGHT 0.93
FACIAL LENGTH 0.91
FACIAL DEPTH 0.89
MANDIBULAR LENGTH 0.87 |
LOWER ANTERIOR FACE HEIGHT 0.86
POSTERIOR FACE HEIGHT 0.84
LOWER ANTERIOR DENTAL HEIGHT -0.87
LOWER POSTERIOR DENTAL HEIGHT -0.81
LOWER SOFT TISSUE FACE HEIGHT 0.80
NOSE TO CHIN LENGTH 0.80
UPPER POSTERIOR DENTAL HEIGHT -0.77
CORPUS LENGTH 0.76
POSTERIOR CRANIAL BASE 0.73
LOWER LIP LENGTH 0.72
UPPER ANTERIOR DENTAL HEIGHT -0.71
RAMUS HEIGHT 0.71
UPPER FACE HEIGHT 0.71
MIDFACE LENGTH 0.69
NOSE LENGTH 0.68

|PNS TO ANS 0.65

| UPPER SOFT TISSUE FACE HEIGHT 0.64

LA O NOSE TIP 0.64

|UPPER LIP LENGTH 0.63
BASION TO NASION 0.63 _
MAX.-MAND DIFFERENTIAL _ [ 0.62
ANTERIOR CRANIAL BASE 0.53
A POINT TO SOFT TISSUE A 0.53




Figure 3. Factor 1 rotation solution. Contributes16.4% of the
common variance. (Vertical and AP aspects of
craniofacial deveiopment)



33

Table 4.--Varimax rotated factor solution for Factor 2

VARIABLES FACTOR 2
|FACIAL DEPTH 0.84

FACIAL CONVEXITY 0.84 \l
BOLTON TO FACIAL PLANE 0.83

SNB 0.83

SOFT TISSUE FACIAL ANGLE 0.82

sL 0.79

FACIAL AXIS ANGLE -0.79

Y AXIS TO SN -0.78

-0.73

0.65

0.60

SN TO OCCLUSAL PLANE

0.58

MAXILLARY HEIGHT 0.53
Z ANGLE 0.53
H LINE 0.57
SN TO MANDIBULAR PLANE 0.54
MANDIBULAR PLANE ANGLE 0.52

OCCLUSAL PLANE ANGLE

0.52
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relationships of the maxilla and mandible". See Table 4 for positive and negative
correlation of variables.
Factor 3
The factor contributed 10.8% of the common variance and was identified as a
factor (Table 5, Figure 5) that represents "relationship of the skeletal dental and
soft tissue structures of the maxilla and the mandible to each other'. The
positive and negative loadings are seen in Table 5.
Factor 4
This contributed 10.1% (Table 6, Figure 6) of the common variance and was
identified as describing the "lower incisor position’. See Table 6.for positive and
negative loading values.
Factor §

This factor (Table 7, Figure 7) was identified as determining the
"mandibular shape angle" and contributed 6.1% of the common variance. Positive
and negative correlations are displayed in Table 7.

Factor 6

This was identified as a factor (Table 8, Figure 8) which determines the
"linear anteroposterior position of the maxilla and mandible and the overlying
soft tissue". A contribution of 4.7% of the common variance is made by this factor.
See Table 8 for positive and negative loading values.

Factor 7

Contributing 4.0% of the common variance, this factor (Table 9, Figure 9)
was identified as relating to the underlying dimension dealing with the "linear and
angular position of the upper incisor". See Table 9 for a display of the positive and

the negative correlations.
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Table 5.--Varimax rotated factor sclution for Factor 3

VARIABLES FACTOR 3
MAX.-MAND DIFFERENTIAL -0.56
IMAXILLARY DEPTH 0.52
ANB 0.85

AB PLANE 0.84 I
NASOMENTAL ANGLE 0.82
| ANGLE OF CONVEXITY 0.81
| SOFT TISSUE CONVEXITY 0.80
FACIAL CONVEXITY ANGLE 0.80

H ANGLE 0.78

Z ANGLE 0.68
NASOFACIAL ANGLE 0.67

H LINE .0.64
UPPER 1 TO FACIAL PLANE 0.58
MOLAR RELATION -0.56

SP DISTANCE 0.54

ILS DISTANCE -0.54
INCISOR OVERJET 0.55




Figure 5. Factor 3 rotation solution. Contributes 10.8% of the
common variance. (Relationship of the skeletal, dental and
soft-tissue structures of the maxilla and the mandible to

each other)
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Table 8--Varimax rotated factor solution for Factor 4

VARIABLES | FACTOR 4
LOWER 1 TONB -0.94
FMIA | 0.86
LOWER 1 TO OCCLUSAL PLANE 1-0.85
LOWER 1 TO APo (ANGULAR) -0.84
SN TO LOWER 1 0.84
LOWER 1 TO PALATAL PLANE 0.80
|LOWER 1 TO NB (LINEAR) 0.79
[LOWER 1 TOMANDIBULAR PLANE | -0.77 ||
INTERINCISAL 0.71 |
LOWER 1 TO FACIAL PLANE 0.71
LOWER 1 TO APo (LINEAR) 0.66




solution. Contributes 10.1% of the

(Lower

Figure 6. Factor 4 rotation

incisor position)

common variance.
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Table 7.—-Varimax rotated factor solution __f_gr Factor 5

“VARIABLES

FACTOR 5

LOWER 1 TO MANDIBULAR PLANE

-0.54

FACIAL TAPER

-0.90

GONIAL ANGLE

0.79

LOWER GONIAL ANGLE

0.78

SN TO MANDIBULAR PLANE

0.78

PFH-AFH

-0.77

MANDIBULAR PLANE ANGLE

0.77

MANDIBULAR ARC

0.56

OCCLUSAL PLANE TO GoGn

0.62

Table 8.--Varimax rotated factor solution for Factor 6

VARIABLES

FACTOR 6

MANDIBULAR PROGNATHISM

0.95

POGONION TO N PERPENDICULAR | 0.94
A POINT TO N PERPENDICULAR | 0.89
[MAXILLARY PROGNATHISM 0.87
SP DISTANCE -0.68
JUPPER 6 TO PTV 0.67
ILS DISTANCE 0.62
LL DISTANCE 0.60

UPPER 1 TO A VERTICAL
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Figure 8. for Factor 6 rotation soiution. Contributes 4.7% of the
common variance. (Linear AP position of the maxilla and
mandible and the overlying soft-tissue)
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Figure 9. Factor 7 rotation solution. Contributes 4.0% of the
common variance. (Linear and angular position of the
upper incisar)
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Factor 8
With a contribution of 3.4% of the common variance, this factor was (Tabie
10, Figure 10) identified as bearing a relationship to the "degree of backward
divergence of the posterior face". Positive and negative correlations are displayed
in Table 10.
Factor 9
This factor (Table 11, Figure 11) was related to determining the "upper lip
relationships)" A contribution of 2.8% is made by this factor. See Table 11 for the
correlation values.
Factor 10
The factor (Table 12, Figure 12) was identified as determining the "'vertical
facial proportions” and contributed 2.6% of the common variation. See Table 12 for
positive and negative correlation.
Factor 11
This factor (Table 13, Figure 13) was identified as determining the "lower lip
relationships", and accounted for 2.4% of the common variance. See Table 13 for
positive and negative loading values.
Factor 12
Contributing 2.1% of the common variance this factor (Table 14, Figure 14)
was identified as determining the "degree of divergence of the horizontal planes of
the upper face". See Table 14 for a display of the factors.
Factor 13
This factor (Table 15, Figure 15) was identified as being related to the
"occlusal plane relationships®. A contribution of 1.7% of the common variance was

made by this factor. Positive and negative correlations are shown in Table 15.
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Figure 10. Factor 8 rotation solution. Contributes 3.4% of the
common variance. (Degree of backward divergence of the
posterior face)
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Table 11.--Varimax rotated factor

solution for Factor 9

|| VARIABLES FACTOR 9 ||
|SLS DISTANCE -0.85 |
|NASOLABIAL ANGLE 0.84 |
|UPPER LIP DISTANGE .0.78

UPPER LIP THICKNESS 0.74

Table 12.--Varimax rotated factor

solution for Factor 10

" VARIABLES FACTOR 10 ll
UFH-LFH 0.78
UFH-LFH (SOFT TISSUE) 0.61
SN PALATAL PLANE 0.60
PALATAL PLANE 0.58
UPPER FACE HEIGHT 0.57
0.51

Table 13.--Varimax rotated tactor
[variABLES

soto for Factor 11

FACTOR 11

| LOWER LIP TO E PLANE

0.72

LOWER LIP THICKNESS

0.72

LOWER LIP TO H LINE

0.69

MENTOLABIAL SULCUS TO H LINE

0.57
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Figure 11. Factor 9 rotation solution. Contributes 2.8% of the
common variance. (Upper lip relationships)






Figure 13. Factor 11 rotation solution. Contributes 2.4% of the
common variance. (Lower lip relationships)
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Table 14.--Varimax rotated factor solution for Factor 12
VARIABLES FACTOR 12
CRANIAL DEFLECTION 0.88

SN TO FH 0.77
PALATAL PLANE -0.55

Table 15.--Varimax rotated factor solution for Factor 13

VARIABLES FACTOR 13
OCCLUSAL PLANE TO XI -0.82
OCCLUSAL PLANE INCLINATION 0.71
OCCLUSAL PLANE TO GOGN 0.62
OCCLUSAL PLANE ANGLE -0.53

Table 16.--Varimax roated fac solutio fo Factor
fVARIABLES FACTOR 14

IVERTICAL LIP TO CHIN RATIO 0.78

LIP EMBRASURE TO OCCLUSAL PLANE | 0.65
UPPER LIP LENGTH 0.53
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Figure 14. Factor 12 rotation solution. Contributes 2.1% of the
common variance. (Degree of divergence of the horizontal
planes of the upper face)



Figure 15. Factor 13 rotation solution. Contributes 1.7% of the
common variance. (Occlusal plane relationships)
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Figure 18. Factor 14 rotation solution. Contributes 1.7% of the
common variance. (Vertical relationship of the upper lip)
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Factor 14

The final factor (Table 16, Figure 16) was identified as relating to the
"vertical relationship of the upper lip" and contributed 1.7% of the common
variation. See Table 16 for correlation values.

To summarize, eleven factors were related mainly to hard-tissue dimensions,
while three factors were related to soft-tissue dimensions. Soft-tissue dimensions
included upper lip relationships (Factor 9), lower lip relationships (Factor 11), and
vertical relationships of the upper lip (Factor 14). In comparison with the previous
study (Spillas, 1993), the present study accounted for exactly the same amount of
variation (83.4%) in the craniofacial complex. Also, eleven factors were related to
hard tissue dimensions and three to soft tissue dimensions in both these studies, with
factor 6, 12 and 13 being related to soft tissue in the previous study.

Objective Two
Subjective Evaluation

Due to the large number of variables that loaded onto certain factors, a
minimum of atleast three variables were selected by the orthodontists from these
factors, whereas, only one variable was selected from those factors that had <7
variables. The results were combined in such a way that the most common variables
were chosen i.e. if four out of five orthodontists chose a particular variable, then this
was chosen as the common variable. Subsequently, a reduced set of nineteen
variables were chosen from the fourteen factors (See Figure 17 for a display of the
associated measurements). These variables were as follows:

1. Posterior face height-Factor 1
2. Mandibular length-Factor 1
3. SNA-Factor 2



Figure 17. Scatter (pictorial display) of measurements for the
reduced number of selected variables (19 variables)
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SNB-Factor 2

Facial convexity angle-Factor 3

Lower incisor to mandibular plane-Factor 4
Lower incisor to APo (Linear)-Factor 4

Mandibular plane angle-Factor 5

v ® N e

Mandibular prognathism-Factor 6
10. A point to N perpendicular-Factor 6
11. Upper incisor to FH-Factor 7
12. Saddle angle-Factor 8
13. Nasoiabial angle-Factor 9
14, UFH:LFH (Hard tissue)-Factor 10
15. Mentolabial sulcus-Factor 11
16.Lower lip to E plane-Factor 11
17. Paiatal plane angle-Factor 12
18. Occlusal plane angle-Factor 13
19.Upper lip length-Factor 14
Objective Three
Discriminant Analysis
The mean and standard deviation of the cephalometric variables between the
treatment not needed group {(Group 0) and the treatment needed group (Group 1) of
the twelve year old individuals were calculated (See Table 17 for a display of the
measurements). The final nineteen variables were entered in a linear discriminant

model and subjected to two methods of variable selection.
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Table 17.--Means and Standard Deviations

12 year old

TNN

(

N

of twelve year old age groups

ariables

Mean S.D. Mean |S.D.
Aptnprp -3.95 | 2.64 -2.46 | 4.81
Feclenvx 86.48 | 2.48 86.98 | 2.97
LwlApo -0.84 | 1.22 -1.45 | 2.29
Lwrimp 90.40 | 4.89 93.40 | 7.05
LowripE 2.25 | 2.07 -0.31 | 2.86
Mandith 110.50 | 3.76_ |113.00| 5.18
Manplag 26.21 | 3.02 25.59 | 4.98
Manprog -9.34 | 4.95 -7.04 | 9.10
Mislcus 4.87 | 1.51 5.75 | 1.48
Nslabag 129.90 [11.20 1124.10(11.10
Occlpla 10.15 | 2.90 8.85 | 4.12
Palplan 1.95 | 3.09 -2.59 | 3.24
Posfcht 71.33 | 4.19 75.55 | 4.80
Sadangl 1122.40 | 3.30 |122.10| S.11
SNA 81.79 | 2.50 80.89 | 3.72
SNB 7899 | 2.32 77.29 | 3.22
Ufh-Lfh 86.84 | 6.80 82.02 | 9.15
22.38 | 2.04 | 20.38| 2.35
] 3.79 111080 7.99

TNN: Treatment not needed group
TN: Treatment needed group
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Forced entry of all variables. All nineteen predictor variables were forced into the
discriminant function. Unstandardized discriminant coefficients were computed
(Table 18) and when all variables were forced into the discriminant function, the
percentage of cases comrectly classified in the TNN and TN category were 100% and
96.7%, respectively. The overall percentage of grouped cases correctly classified was
98.3%. Effectiveness of the discriminant function was additionaily evaluated by the
eigenvalue and canonical discriminant correlation as indicated in Table 19.
The Stepwise procedure. The criterion used for variable selection was to minimize
the Wilks' Lambda. For the stepwise procedure, the first variable that entered the
discriminant function model was palatal plane. At subsequent steps upper lip length,
posterior face height, SNB, mandibular prognathism, upper incisor to FH were
included in the model respectively. The selected variables in the stepwise procedure
resulted in a reduced number of variables that best separated the two groups.
Summary of the classification results by the stepwise procedure is indicated in Table
19 By using the stepwise method, the percentage of cases correctly classified in the
non-treatment needed and treatment needed groups were 96.7% and 96.7%,
respectively. Compared to the first method, the stepwise procedure which selected
only important discriminant variables into the model, can classify subjects almost
equally efficiently. Additionally, in the stepwise procedure, a smailer eigenvalue and
canonical correlation coefficient were found. When compared to the first method, this
indicated that between-group variability is less relative to within-group and total
variability.
Cephalometric Index
The effectiveness of the discriminant function was greater when all predictor

variables were forced into the discriminant function. The discriminant function
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Table 18--Unstandardized canonical discriminant function
coefficients for the 12 year old: Forced entry of all
variables

Vammeles  cosroens |
A PCINT TO N PERPENDICULAR 0.20
FACIAL CONVEXITY 0.1
LOWER 1 TO APo (LINEAR) 0.15
LOWER 1 TO MANDIBULAR PLANE 0.12
LOWER LiP TO E PLANE -0.02
MANDIBULAR LENGTH -0.03
MANDIBULAR PLANE ANGLE 0.17
MANDIBULAR PROGNATHISM 0.01
MENTOLABIAL SULCUS 2.05
NASOLABIAL ANGLE -0.01
OCCLUSAL PLANE ANGLE 0.12
PALATAL PLANE ANGLE -0.28
POSTERIOR FACE HEIGHT 0.21
SADDLE ANGLE -5.41
SNA -0.27
SNB -0.11
UFH_LFH 0.02
UPPER LIP LENGTH -0.46
UPPER1FH 0.13 _
CONSTANT -11.90
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Table 19--Classification results of two methods
of variable selection (Forced-entry and
Stepwise method,12 yr. old)

| No. of Cases i Forced-entry | Stepwise metod
Non-treated 30 | 30 (100%) 30 (100%)

Treated 30 | 29 (96.7%) 29 (96.7%)
Eigenvalue 4.76 3.76
Canon. Corr. 0.90 0.88

Table 20.--Classification results of two methods
of variable selection (Forced-entry and
Stepwise method, 6-18 yr. old)

No. of Cases | Forced-entry | Stepwise method
Non-treated 150 150 (100%) 150 (100%) J

Treated 150 149 (99.3%) 148 (98.7%)
Eigenvalue 7.15 8.73
0.93 0.93

Canon. Corr.
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equation for the best model derived from the "forced entry” variable method is given

as follows:

D = 0.20(APTNPERP) + 0.1 (FACLCNVX + 0.15(LOW1APO_) + 0.12
(LOWRIMPL) - 0.02(LOWRLIPE) - 0.03(MANDLGTH)+ 0.17
(MANPLAGL) + 0.01(MANPROGN) + 2.05(MLSULCUS) - 0.01
(NASLBANG) + 0.12(0OCCLPLAN) - 0.28(PALPLANE) + 0.21
(POSFACHT) - 5.41(SADANGLE) - 0.27(SNA) - 0.11(SNB) + 0.02.
(UFH_LFH) - 0.46(UPLPLGTH) + 0.13(UPPER1FH).

Further, discriminant function was computed also for the entire samplie. The
means and standard deviations of the cephalometric variables was calculated and is
displayed in Table 21. Similarly, the nineteen variables were ente?red in a linear
discriminant model and subject to the same two methods as described above. Forced
entry of all the nineteen variables resulted in different coefficient values. (See Table
22 for the unstandardized canonical discriminant function coefficients). Classification
results are summarized in Table 20. When all variables were forced into the
discriminant function the percentage of cases comrectly classified in the TNN and TN
were 100% and 99.3%, respectively. The overall percentage of grouped cases
correctly classified was 99.67%. In the stepwise procedure the first variable that
entered the discriminant function model was posterior face height. At the following
steps mandibular length, lower incisor to mandibular plane, palatal plane, facial
convexity, mandibular prognathism, mandibular plane angle, saddle angle, nasolabial
angle, and upper lip length were included in the model. By using the stepwise
method, the percentage of subjects correctly classified in the TNN and TN groups
were 100% and 98.7%, respectively. The overall percentage of grouped cases
correctly classified was 99.33%. Also, in the stepwise procedure, a smailer

eigenvalue and canonical correlation coefficient were
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Table 21.—-Means and Standard Deviations of

h

arlables

__ 6-18 year old | age group

6-18 year old

Mandith
Manplag 26.10 | 3.28 25.75 | 5.18
Manprog -7.90 | 6.23 -2.09 1 10.00
Mlislcus 4.45 | 2.24 540 | 1.63
Nslabag 125.00 [ 11.10 |123.10 | 14.30
Occlpla 10.10 | 3.59 8.46 | 4.08
Palplan 211 1 3.15 -1.96 | 3.35
Posfcht 71.64 | 852 | 60.75 | 7.02
Sadangl 121.50 | 4.09 1122.10 1 5.37
82.25 | 2.90 81.14 | 3.92
79.40 | 2.73 77.76 | 3.75
85.17 | 6.71 79.93 | 7.66
2211 | 2.72 20.75 | 3.02
1 104,20 117.30 112,50 | 8.30

TNN: Treatment not needed group
TN: Treatment needed group
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Table 22.--Unstandardized canonical discriminant function
coefficients for the 6-18 year old: Forced entry of all

variables
|| VARIABLES COEFFICIENTS
|A POINT TO N PERPENDICULAR 0.08
|FACIAL CONVEXITY 0.34
LOWER 1 TO APo (LINEAR) 0.06
LOWER 1 TO MANDIBULAR PLANE | -0.04
LOWER LIP TO E PLANE 0.04
MANDIBULAR LENGTH -0.26
MANDIBULAR PLANE ANGLE 0.17
MANDIBULAR PROGNATHISM -0.09
MENTOLABIAL SULCUS -0.02
NASOLABIAL ANGLE -0.01
OCCLUSAL PLANE ANGLE -2.31 |
PALATAL PLANE ANGLE 0.15
POSTERIOR FACE HEIGHT 0.28
SADDLE ANGLE 0.07
SNA -0.15
SNB 0.19 }l
UFH_LFH 1.14
UPPER LIP LENGTH 0.08
UPPER1FH 8.17
.32.54
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Table 23.--A partial display of the reliability
coefficients is depicted

Variable

Mean Difference

Intra class Corr. Coeff.

Anterior face ht.

-0.273

0.998

A pt. to N perp.

-0.153

0.998

Bolton to Fac. Pl.

0.040

0.992

Canine relation

-0.074

0.902

Corpus length

0.387

0.970

Facial convexity

-0.173

0.985

Articular angle

0.106

0.989
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found. When compared to the first method, this indicated that between-group
variability is less relative to within-group and total variability.

The cephalometric index score (calculated by averaging discriminant
functions evaluated at group means) using the forced all method for the twelve year
old subjects was 0. Thus, subjects. with a score less than 0 are included in the TNN
group and those above O are included in the TN group.

In conclusion, the effectiveness of the discriminant function to seperate
orthodontic treatment needed group from the no orthodontic treatment needed group
is well depicted. Certain cephalometric variables are more important at one age group
and less important at another age group as is shown by the stepwise discriminant

Error Analysis

To examine the accuracy of the digitizing system in terms of reproducibility
of the coordinate measurements, fifteen randomly selected lateral cephalometric
radiographs (i.e., three films from each age group) were redigitized on a seperate
occasion. Intra-class correlation coefficient was computed for reliability. The data
indicated that for any given variable, the intraclass comrelation coefficients ranged
from 0.902 to 0.99. A portion of the results from the intra-class correlation tests are

presented in Table 23.



DISCUSSION
Reduction Of Cephalometric Variables
Factor Assessment

Cephalometric radiology has been an essential aid in assessing craniofacial
morphology of the dentofacial complex. A number of cephalometric analyses are
used today and the majority of them describe only a portion of the total variability in
the craniofacial complex. To get a full appreciation of craniofacial growth and
morphology, it would be more beneficial to the clinician to study tt.xe complex as a
whole rather than in incomplete parts. An assessment of maximum variation would
entail utilizing a number of carefully selected measurements from among the several
contemporary analyses used today. Since this can be quite laboricus and time-
consuming if used subjectively, multivariate analyses such as factor analysis can be
used to identify the least number of variables that can account for the most variation.

One hundred and thirty-four dissimilar cephalometric measurements were
selected for the present study which was in accordance with a previous study (Spillas,
1993). These measurements were subjected to varimax-orthogonal rotated factor
matrix solution on the 150 subjects that were selected for this study. These
cephalograms were randomly collected from the orthodontic department at Case
Western Reserve University, and these individuals were presumed to have required
orthodontic treatment based on the fact that they had available records. The technique
of factor analysis essentially provides the simplest description of the observed data
and resulted in the extraction of fourteen factors which accounted for 83.4% of the

total variability in the craniofacial complex. Obviously, while any individuals
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craniofacial morphology may be characterized by a high positive or negative score for
a certain factor, it should be kept in mind that most individuals represent a
combination of all the factors.

Factor 1, which consisted of the interactions from many linear measurements,
related to the "general size of the craniofacial complex in a vertical and
anteroposterior dimension”. An individual with high values in many of these
associated linear measurements (anterior face height, facial length, midface length,
ramus height etc.,) would be a very long-faced person. There would also be an
enlargement of the overail craniofacial structures. !.ow values of these associated
measurements would make the face shorter with a deep bite tendency

Factor 2 represented the combination of variables that described the "hard and
soft tissue angular relationships of the maxilla and mandible". With increased values
for SNA, SNB, maxillary depth, facial convexity, SL, Boiton facial plane and
decreased values for Y-axis, SN to mandibular plane, a facial type with prognathic
mandible and a concave facial profile is described. Conversely, the opposite would
manifest a retrognathic mandible with a convex facial profile, steep occiusai plane
inclination and long facial height angle.

Factor 3 represents the "relationship of the skeletal, dental and soft-tissue
structures of the maxilla and the mandible to each other". When values such as ANB,
AB plane angle, maxillomandibular differential, facial convexity angle are high, this
would describe an individual with a convex profile either having prognathic maxilla
or retrognathic mandible or a combination of the two. At approximately equal values,
the facial profile approaches an orthognathic situation. The soft tissue relationship is

expressed with variables such as soft tissue concexity, H angle, Z angle, etc.
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Factor 4 was a composite of the interactions of many linear and angular
measurements that assessed the "lower incisor position”. Low values in some of the
associated measurements (FMIA, SN to lower 1, lower 1 to palatal plane) and high
values in other measurements (lower 1 to NB, lower ! to mandibular plane, Lower 1
to APo) would describe an individual with less incisor proclination, decreased overjet
and anterior cross bite tendency. Conversely, the opposite reading Sl;ggests an
individual with increased overjet and upright lower incisors.

Factor § was identified in determining the "mandibular plane angle”. Higher
than average values for any of the involved measurements (gonial angle, SN to
mandibular plane, PFH:AFH) will manifest itself as a steep mandibular plane angle
and may also predispose an individual to a skeletal openbite. Conversely, a low
mandibular plane implies a skeletal deep bite.

Factor 6 determined the “linear anteroposterior position of the maxilla and the
mandible and the overlying soft-tissue”. A high positive loading value for variables
such as pogonion to N perpendicular, A point to N perpendicular, maxillary
prognathism, mandibular prognathism, soft tissue pogonion distance would describe
an individual with a bimaxillary protrusive facial profile, while a negative value
would describe an individual with a retrognathic maxiila and mandible.

Factor 7 assessed the "linear and angular position of the upper incisor".
Basically the measurements upper 1 to facial plane, interincisor angle, upper 1 to NA,
upper 1 to FH define the angular protrusion or procumbency of the upper incisors,
and, upper | to A vertical, upper 1 to APo' and incisor overjet give a linear
relationship of the protrusion of the upper incisors.

Factor 8 was referred to as describing the "degree of backward divergence of
the posterior face". This dimension expressed the angular function of the saddle
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angle, cranial base angle and articular angle. A large saddle angie (cranial base angle)
will carry the articular fossa and the mandibular condyle downward and backward in
a growing individual, This will further increase the backward divergence of the face.
Also, a large articular angle in the presence of a large saddle angle will make the face
considerably more backward divergent than if the saddle angle was small.

Factor 9 related to the "upper lip relationships”. High values for nasolabial
angle and superior labial sulcus distance would suggest a facial profile with a
prominent nose, retroclined maxillary incisors and an unaesthetic facial profile.
Conversely the opposite would suggest a profile with proclined maxillary incisors,
short nose and prominent upper lip. A range in values of upper lip thickness and
distance would also affect the nasolabial angle.

Factor 10 was identified as determining the "vertical facial proportions”. This
description seemed appropriate based on a high loading found for the measurement
UFH to LFH (hard and soft tissue). Clearly this compares the vertical dimensions of
the upper and lower facial components. A lower loading value was found for SN to
palatal plane. Its association with Factor 10 may be due to its influence on the upper
face height dimensions. Conceivably, an increase in this angle may cause an increase
in the vertical dimension of the face.

Factor 11 assessed the "lower lip relationships”. The assessment of the lips
with respect to the E plane, indicates soft tissue balance between the lips and the
profile. A protrusive lower lip will result in values beyond the esthetic plane. The
measurement lower lip to H line gives a profile relationship of the lower lip to the
upper lip and chin. Mentolabial sulcus to the H line is often influenced by the

inclination of the lower and the upper incisors and the prominence of the chin.
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Factor 12 determined the "degree of divergence of the horizontal planes of the
upper face". Certainly, high values in all the associated measurements (palatal plane,
cranial deflection, SN to FH). would describe a facial profile with an increased
dimension of the upper haif of the face. Conversely, lower values of these
measurements would manifest a decreased dimension of the upper face and a
tendency towards a skeletal open bite.

Factor 13 was identified as determining the "occlusal plane relationships”.
Any increase in measurements SN to occlusal plane, occlusal plane inclination,
occlusal plane to GoGn would have a tendency for the occlusal plane to be inclined
posteriorly upward with a tendency for a deep bite. A combination of these
measurements helps segregate the skeletal from the dental problems, whereas,
consideration of only one measurement for instance, occlusal plane to GoGn, would
not be sufficient to do that.

Factor 14 assessed the "vertical relationships of the upper lip". Vertical lip to
chin ratio, lip embrasure to occlusal plane and upper lip length offered valuable
information in terms of the vertical relationship of the upper lip to the occlusal plane,
anterior teeth and the lower lip. It is also important from an esthetic standpoint in
terms of treatment planning since an individual with a short upper lip would
generally display excessive gingiva on smiling thereby modifying the plan of
treatment to a certain degree.

The factors that were extracted were quite similar to the factors derived by
Spillas (1993). Certain variables were interchanged in their factor loadings when a
comparison of these factors were carried out. This is highly likely since two seperate
groups (treatment needed versus no treatment needed) were compared and the risk

factors (variables) for the TN group were expected to be different. The factors that
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were extracted from the present study included variables that clearly represented
different dimensions of the craniofacial complex. However, with the previous study
(Spiilas 1993), the distinction was not clearly identified due to the facial balance
being harmonious and all the cephalometric variables being highly interreleted with
each other.

Factorial Complexity

Factorial complexity is a characteristic of an observed variable and relates to
the number of common factors with (significant) loadings on that particular variable.
Apparently some of the variables in this study appeared to participate with more than
one factor, just as it was demonstrated in the study by Spillas (1993.). Thus it shows
that some factors are intricate enough that a given variable may load with more than
one factor.

Generally, when a given variable loads with more than one factor, there is
usually a very high loading value for this variable with one factor, while the loading
values for any of the remaining factors remain low. With factorial complexity, this is
not the case as all loading values are moderate to low in magnitude. During the
growth and development period of the craniofacial complex, a host of different
growth processes occur simultancously at any given time. Thus, it is not surprising
that factorial complexity occured in the present study because of the many highly
interrelated and correlated craniofacial variables under examination. As a resuit, there
is greater difficulty in obtaining a sharp and more distinct separation of the unique
factors. This is true with any aspect of study relating to growth and development due

to the numerous uncertainties in this field.
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Subjective Evaluation

The second step was to choose the most important measurements from these
fourteen factors and was accomplished by a group of five experienced orthodontists.
A reduced set of nineteen variables were selected for the construction of the
cephalometric index.

Posterior face height (PFH) was chosen as one of the nineteen variables and
was the millimeter linear distance from the sella to gonion. An increase in PFH is
generally associated with an increase in lower anterior face height, skeletal open bite
tendency and an increased mandibular plane angte. All these findings have an impact
on the facial esthetics and hence this was considered an important variable in
treatment planning decisions. It is interesting to note that a great deal of changes take
place in the PFH in the preadolescent child (Nanda 1955)

Mandibular length was also considered as one of the important variables for
the cephalometric index. This was described as the millimeter linear distance from
condylion to gnathion by McNamara (1972) and he demonstrated that a geometric
relationship existed between effective midfacial length and effective mandibular
length. An increase or decrease in the lower facial height can have a profound effect
on the horizontal relationship of the maxilla and the mandible. Thus, since this
measurement gives an indication of the sagittal jaw relationships it was considered to
be an important variable in assessing treatment need.

Upper lip length was measured from the subnasale to the upper lip stomion.
An individual exhibiting excessive amount of teeth at rest or excessive gingival
display on smiling could be faced either with the problem of overerupted maxillary
anterior teeth, severely retroclined teeth, enlarged gingiva or a short upper lip. The
first three considerations can be used to modify treatment planning but a short upper



74

lip cannot modify the plan to a great extent. Hence, this variable is important to
identify hidden problems.

The angle that relates the mandibular incisors to the mandibular apical base
was called IMPA (incisor mandibular plane angle). This was the first angle that was
researched by Tweed (1946, 1969) and was part of the diagnostic facial triangle. He
stated that the lower incisors cannot be extended beyond their apical bas;z since this
can encroach upon the lip muscles which is not believed to be a stable position and
hence show a tendency towards relapse. Also, the inclination of the lower incisor can
have some effect on the mentolabial sulcus e.g., increase in the inclination can
increase the mentolabial sulcus which can be unesthetic. Thus, this variable can
influence treatment decisions such as extraction versus non-extraction and hence was
considered an important choice.

The linear relationship of the lower incisor to the line from A point on the
maxilla to the pogonion is another measurements that is valuable from an esthetic
standpoint. This was first described by Begg (1956) and takes into consideration the
anteroposterior relationship of the lower incisor with respect to both the jaw bones.
The mentolabial sulcus will increase in depth depending on how far forward these
teeth are of the APo line and conversely will flatten the far behind they are of the line.

The SNA, SNB angles were developed by Riedel (1957) and gave the angular
relationship of the maxilla and the mandible in an anteroposterior direction. Since
then these angles have been used in a variety of analyses (Downs 1948, Steiner 1953,
Begg 1956, Jarabak and Fizzell 1972). The SNA angle shows majority of the changes
in the initial years of life whereas, the SNB shows most of the changes around the
prepubertal age. It is important to note that the variation in the slope of the SN can

change values of both these angles, which explains the lack of clinical correlation
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occasionally seen with the value of these measurements. Despite this drawback these
angles are used by a majority of orthodontists since it gives a quick and easy
assessment of the skeletal relationship of the two jaws.

Mandibular prognathism was described by Legan and Burstone (1980) and
measures the horizontal distance of the soft tissue pogonion to the plane glabella
perpendicular (perpendicular from the glabella to the constructed horizontai plane).
This is a quick way of assessing linear mandibular position in an anteroposterior
direction despite the fact that measurements such as hard tissue chin, length of the
mandible, position of the mandible and the soft tissue chin are other important
considerations in evaluating this position. The assessment of any existent jaw
problem in the mandible was most certainly given by this variable.

Since not only the angular but also the linear relationship of the jaws is
considered to be important by most orthodontists, the measurement A point to N
perpendicular was chosen as one of the variables. This was described by McNamara
(1984) and measures the anteroposterior relationship of the maxilla. If the A point is
too far forward of the perpendicular it is assigned a positive value and the individual
has a prognathic maxilla whereas, too far behind would assign a negative value with
the maxilla being retrognathic. Thus, this measurement gives an indication of
whether, or not, jaw problems exist in the maxilla.

Ricketts (1968) suggested the use of the measurement, lower lip to the E
(Esthetic) plane in order to evaluate the position of the lower lip relative to a tangent
between the soft tissue chin and the top of the nose. In an ideal situation the lip is
slightly posterior to the E plane. This measurement is of considerable importance in
deciding whether to extract or not in a borderline extraction case and good lower lip

relationships. It is important to consider the length of the nose since it can make a
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difference in this measurement, for instance, a long nose would place the lower lip
further behind the esthstic plane and conversely a short nose would place them
further forward. Also, the thickness of the lower lip should be accounted for before
evaluating this relationship.

The nasolabial angle is formed by the intersection of a line originating at
subnasale, tangent to the mean of the lower border of the nose and a line from
subnasale to labrale superiorus. This angle is of considerabie importance in deciding
treatment modalities and treatment mechanics especially from an esthetic standpoint.
Very often patients with an acute nasolabial angle have proclined maxillary incisors
and hence review of this angle is important when contemplating orthodontic
treatment. Movement of the maxillary incisors in any of the three planes of space can
influence the nasolabial angle.

Facial convexity is considered an important diagnostic criteria by a number of
orthodontists since it gives the profile relationship of the maxilla and the mandible to
each other. This measurement is determined by drawing a line from nasion to
pogonion (facial plane) and determining the inferior angle that this makes with the
FH. Low values can suggest a convergent profile, high values a divergent profile and
normal values a more orthognathic profile. It is important to remember that a face is
more convex in the initial years of life and then becomes more orthognathic when the
mandible catches up with growth in the prepubertal age period.

Palatal plane angle is the relationship of the palatal plane (ANS-PNS) to the
FH plane. This plane seems to be different at different age groups and could be
related to the pattern of eruption of the teeth or a discrepancy in the vertical skeletal
relationship. A positive value would indicate the ANS to be further down anteriorly
and a negative value would be indicative of the PNS being further down. Quite often
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when the palatal plane is displaced downward posteriorly a tendency toward skeletal
open bite, long posterior face height and a retrognathic facial type is evident. All
these are important considerations in treatment planming and hence the choice of the
palatal plane can be justified.

The mandibular plane angle (FMA) is the measurement of the mandibular
plane (Go-Me) to the FH plane. This was the second angle of the diagnostic facial
triangle that described by Tweed (1946, 1969) and is a skeletal angle descriptive of
the degree of existing facial divergence. Low values would indicate a short lower
anterior face height and deep bite tendency whereas high values would indicate a
long lower face height and an open bite tendency. All of these consi;ierations make it
an important variable in modifying treatment mechanics and in evaluating the
problem.

The occlusal plane angle is the relationship of the plane of occlusion in
maximum intercuspation to that with the FH plane. This measurement can vary
according to the level of eruption of the teeth, cant of the occlusal plane and the curve
of spee. A high value would indicate that the occlusal plane is tipped down in the
anterior region and conversely a low value would indicate that the occlusal plane is
tipped down posteriorly. Change in values in the occlusal plane relationship generally
indicate a dental problem and hence can be of considerable importance in diagnosis.

The saddle angle was stated to describe the “"cranial base bend” between the
anterior and posterior cranial bases. This is the angle formed by the points nasion,
sella and articulare. A large angle was an indicator that the mandibular fossa was
more posterior in direction for the remaining increment. Thus, if the angle was large

and the mandibular body length the same or smaller, the face would be more
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retrognathic. Thus the flexure of the saddle angle is important when considering the
direction of growth in the posterior cranial base.

The inclination of the maxillary incisor to the FH plane is one way of
measuring the proclination of the maxillary incisor. This proclination generally
influences the position of the upper lip, the amount of tooth and gingival display and
the amount of overjet and hence is an important diagnostic criteria for assessing
orthodontic treatment need.

The depth of the soft tissue B point is considered the mentolabial sulcus and
is influenced by the position of the hard tissue B point, position of the lower incisor,
thickness of the lower lip and protrusion of the lower lip. An ideal balance of this
sulcus is important in achieving desired facial characteristics and hence valuable in
evaluating the desired treatment mechanics.

The hard tissue relationship of the UFH to the LFH influences the frontal and
profile relationship of the face. The ratio can help identify whether the problem lies in
the upper half or the lower half of the face and make treatment decisions accordingly.
There is relative extrusion of the posterior teeth in most orthodontic treatment and
uncontrolled biomechanics can accentuate this problem and make a long LFH even
longer which is esthetically undesirable. Hence a consideration of this relationship is
valuable in targeting the problems in the required area and thus having optimum

treatment results,

Cephalometric Index
The above mentioned nineteen variables were used to develop a
cephalometric index. This index was constructed with the use of discriminant
analysis to classify subjects based on risk factor variables. A number of valid

methods are available for including the variables in the discriminant model. Stepwise
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variable selection is one way of determining which variables are most important 1n
separating the two groups. This procedure includes the most predicting variable in the
discriminant model and terminates when there are no more variables that meet the
selection criteria. This procedure has one limitation. Variables with low individual
discriminant power may be ignored even though they may have high discriminant
power when considered as part of a group. The stepwise procedure will not allow
these variables to enter the discriminant model. Because of this limitation, the present
study also employed another method to select variables for the index. The second
method forces all the variables into the model.

Discriminant analysis was conducted on the twelve year old subjects who
were a subset of the experimental group and the control group.. Hence, a total of sixty
subjects were included, thirty in each group (fifteen males and fifteen females). When
using the stepwise method, only seven variables met the selection criteria. The
variables that related to hard tissue were palatal plane, posterior face height, SNB,
mandibular prognathism, and upper incisor to FH. Those related to soft tissue were
upper lip length and lower lip to E plane. The classification rate for the stepwise and
the forced all method were high, but, was slightly higher when all variables were
forced into the equation.

To our knowledge, there are no previous studies that have used discriminant
analysis to determine cephalometric predictor variables which are important in
distinguishing subjects who need orthodontic treatment from the ones who don't need
treatment.

The palatal plane was the first variable that was chosen by the stepwise
method in discriminating the two groups. Previous studies (Broadbent 1937, Brodie
1940) have stated that the palatal plane appeared to maintain a parallei relation to the
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cranial base over the growth period in the population studied by these investigators.
This observation ied to the view that the maxilla is lowered without rotation in the
vertical plane. However implant studies by Bjork (1955, 1966) have demonstrated
that the maxilla undergoes extensive differential remodeling during the growth
period. This involves resorptive lowering of the nasal floor that in most instances is
greater anteriorly than posteriorly. Rotation of the maxilla was evident not only in the
vertical aspect, but also in the transverse plane and in the sagittal plane. This
complicated displacement of the maxilla was thought to be because of the intricate
shape of the palatine bone. Schudy (1964) stated that the maxillary molars usually
contributed more than the mandibular molars towards increase in vertical height. It
was quite common to observe a tipping of either end of the palatal plane solely as a
result of growth. The sample studied by him showed tipping of the posterior end of
the palate more often than the anterior end. Kim (1974) illustrated that the overbite
depth indicator-ODI (combination of the angle of the A-B plane to the mandibular
plane and the angle of the palatal plane to the FH) played an important role in
providing information regarding the behavior of vertical relationships. Thus, two
persons with the same ODI values could actually present two different problems, one
being in the maxilla and the other in the mandible. Hence, inclusion of the inclination
of the palatal plane in the ODI was very valuable in diagnosing a case that can have
masked skeletal vertical problems. The vertical rotational changes were also
demnonstrated by Doppel et al., (1994) where it was shown that the ANS-PNS line
used to evaluate rotational changes of the maxilla demonstrated lack of reliability as
appropriate landmarks for superimposition and interpretation of changes. The angle
formed by this line and their implants was found to vary from 8° downward and
backward to -5° upward and forward. Nanda and Merrill (1994) showed that the
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inclination of the palatal plane can vary a great deal. Also, coincident with the
eruption of the maxillary second molars, horizontal and vertical displacement of the
maxiila occured in the tuberosity region which could change the inclination of the
palatal plane.

The present study was in agreement with the findings of (Schudy 1964, Kim
1974, Doppel et al., 1994) where: rotation of the palatal plane and remodelling
changes inflicted considerable variability in the positions of both PNS and ANS. The
average angular inclination of the palatal plane to the FH in the non-treated group
was 1.95% with a standard deviation of 3.09°. The treatment needed group had a
mean angulation of -2.59% with a standard deviation of 3.24%.There could also be
other reasons for these findings. Blueher (1959) pointed out that the delineation of the
PNS in the headplate of a pre-adolescent youngster can be difficult since it can be
obscured by the shadow of the erupting second molars. This error is possible , but if
present, was duplicated from tracing to tracing thus minimizing its significance. The
importance of head position in taking lateral cephalograms was made clear by
Masumoto (1970) who found that significant error may be introduced in projection of
a Jandmark lateral to the sagittal plane by varying head position. Julius (1971) found
that patients could rotate their head as much as 39 and tip their heads 5° while
positioned firmly in a cephalostat. This could have been the reason why the anatomic
porion in the experimental group (standardization not very rigid) was slightly
superior to the porion of the control group where cephalograms were taken by the
more rigid standards of the Bolton-Brush cephalometer. Moreover, one cannot forget
that all the patients in the treatment needed group were cither undergoing or had just
completed orthodontic treatment. Hence, the effects of treatment cannot be ruled out.

Doppel et al., (1994) showed that there is considerable variability in the relationship
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of the rotation of the maxilla to the rotation of the palatal plane in patients that
received orthodontic treatment. Pancherz and Pancherz (1993) pointed out that
patients who used Herbst appliance showed a downward tipping of the palatal plane
(47%), an upward tipping (29%) and no change in 24% of the subjects. Some authors
(Klien 1957, Brown 1978, Nanda and Merrill 1994) reported a downward tipping of
the anterior aspect of the palatal plane in patients undergoing treatment with extraoral
force. How exactly this force on the molars caused palatal tipping was not elucidated
further in any of the studies. Thus, there are also differences in opinion with regard to
the tipping of the palatal plane in patients undergoing orthodontic treatment. This
study seems to be in agreement with that of Pancherz and Pancherz .(1993). It is also
possible that different treatment mechanics could change the inclination of the palate
i.e., Begg versus Edgewise.

Upper lip length was the second predictable variable that was extracted by the
stepwise method. This length was measured as suggested by Burstone (1967), from
the subnasale to the stomion. The approximate average length was found to be 24
mm for boys and 20 mm for girls. Zylinski et al., (1992) reported an average length of
20.7 mm and 23.7 mm in preadolescent boys and men respectively. In patients with
malocclusion e.g. Class I Div. L, the upper lip could be as short as 16 mm and as
long as 26 mm. Hence, a lot of variation in upper lip length is encountered in
malocclusion. Nanda et al. (1990) studied individuals between 7-18 years of age and
found that the length of the upper lip among other soft tissue structures increased by
varying amounts and was completed by fifteen years of age. Besides the length of the
upper lip the inclination of the maxillary and mandibular incisors was also
responsible for the change in lip position. Wisth and Boe (1975) pointed out that the

lip structure influenced the reproducibility of reference points e.g., incompetent lips
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or stretched out lips. The present study found that the mean upper lip length was
smaller in treatment needed group. Hence, as stated above, a combination of short lip
length and proclination of the maxillary incisors could have resulted in a short upper
lip, which was an important feature in distinguishing the two groups.

Nanda (1955) noticed an increased rate of growth in the mandibular body
length when compared to the posterior face height (PFH) at 6-9 years of age and
exactly the opposite in individuais between the ages of 13-16 years. The PFH
continued to grow minimally even after nineteen years of age. These findings were
found to be quite significant since it agreed with the usual clinical finding of
increasing prominence of the mandibular angle in the preadolescent child. Nahoum
(1972) concluded that most open-bites were deficient in growth of the upper face and
the posterior face, however, some varicties had adequate PFH and hence did not
necessarily discriminate between the skeletal open-bite and deep-bite faces (Nahoum
et al., 1972, Ellis and McNamara 1984). A compensatory increase in lower anterior
face height was however found in both types. Most investigators seem to agree with
that finding (Sassouni and Nanda 1964, Sassouni 1969, Issacson and Nahoum 1971,
Ellis and McNamara 1984). Thus, aithough PFH was an important criteria, the ratio
of PFH:AFH was suggested as a better variable in determining the prognosis for the
orthodontic correction of anterior open-bite or open-bite tendency.

The SNB angle was developed by Riedel (1948) and gave the relationship of
the mandible in an anteroposterior direction. Eighty degrees was considered the norm
by Riedel. Since then the SNB angle has been included in a variety of analysis
(Downs 1948, Steiner 1953, Begg 1956, Jarabak and Fizzell 1972). Several
investigators (Broadbent 1937, Bjork 1955, Nanda 1971, Bishara and Peterson 1984)
have reported a significant increase in the lower face in males during the pubertal
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period. Gramling (1995) studied five measurements to determine if there were any
predictive characteristics of Class {I malocclusions. The SNB was one of the
measurements and was found that the sum of the weighted values of the five cranial
and dental angles seemed to have significant predictive value in the differential
diagnosis and treatment of the Class II malocclusion. The present study showed
similar results in that SNB was one of the 19 predictor variables in disiinguishing
patients who need orthodontic treatment from the ones who do not need treatment.
Moore (1976) cautioned about the variation in the slope of the SN that can be
encountered and hence change the values of SNA and SNB. This fact may in part
provide the answer to those situations in which the clinical evaluation of the patient
suggests a different remedy than the cephalometric evaluation

Burstone (1967) stated that the variability in lip thickness must be considered
one major factor which can influence the amount of protrusion or retrusion of the
lips. Also the fact that there is a relaxed lip position which is independent or partially
dependent on teeth and their supporting alveolar processes.thus amounting to
considerable variation in the position of the lips in an anteroposterior direction. Thus
a patient with Class II malocclusion can have either protrusive or retrusive lips
depending on the postural variation. Ricketts (1968) suggested the use of the
measurement, lower lip to E plane in order to evaluate the position of the lower lip
relative to a tangent between the soft tissue chin and the tip of the nose. In an ideal
situation the lower lip was found to be 2.0 mm posterior to the esthetic plane in adult
fernales and slightly more posterior in males. The study by Bishara and Peterson
(1984) and Nanda et al., (1990) was in accordance with the previous study and it was
pointed out that the position of the lower lip could change with the size of the length
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of the nose. In the present study the treatment group was more retrusive to the E
plane when compared to the non-treatment group.

This was described by Legan and Burstone (1980) and measures the
horizontal distance of the soft tissue pogonion to the plane glabella perpendicular (to
the constructed horizontal plane), the average of which was found to be 0°. This gave
an indication of mandibular prognathism, that is, as the magnitude of mandibular
deficiency became more severe, the measurement was more negative. They cautioned
that this measurement should be evaluated in conjunction with other measurements
such as, measurement of the hard tissue chin, length of the mandible, position of the
mandible and soft tissue chin and or a combination of any of these measurements. In
any case, it was considered a quick way of assessing mandibular position in an
anteroposterior direction in relation to the FH plane and was consistent with the
results of the present study.

The last measurement that was selected by the stepwise method was the
inclination of the maxillary incisors to the FH plane. This is one way of measuring
upper incisor proclination and is a measure of the axial inclination of the maxillary
incisors to the FH. A mean of 106.9° was demonstrated by Petraitis (1957) and a
range of 94-120.5° was found to be normal. Riedel (1957) found a mean value of
1119, It is important to note that the proclination of the upper incisor may or may not
influence the position of the upper lip (Burstone 1967). The treatment group in the
present sample had more proclined incisors than the non-treatment group.

The same analysis was repeated on the total sample of three hundred
individuals, 150 in each group (seventy-five males and seventy-five females each)
who ranged from 6-18 years of age. When the stepwise method was used, ten

variables met the selection criteria. The variables selected in a descending order were
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posterior face height, mandibular length, lower incisor to mandibular plane, palatal
plane, facial convexity, mandibular prognathism, mandibular plane angle, saddle
angle, nasolabial angle and upper lip length. The classification rate for this group of
subjects was also slightly higher when all variables were forced into the equation.

Of the ten variables selected posterior face height, palatal plane, mandibuiar
prognathism and upper lip length have already been elucidated in the previous
paragraphs. Mandibular length was the second important variable chosen by the
stepwise method. This was described as the millimeter linear distance from condylion
to gnathion by McNamara (1984) and from condylion to pogonion by Harvold
(1974). Condylion can be a difficult landmark to locate but the use of intensifying
screens to improve the quality of the radiographs facilitates its location. The norms
developed by McNamara (1984) represent a geometric relationship between effective
midfacial length and effective mandibular length and are not directly related to the
age or sex of the individual. Also, an increase or decrease in the lower anterior facial
height can have a profound effect on the horizontal relationship of the maxilla and
the mandible. Hence, although the length of the mandible is important, the sagittal
jaw relationship is not exclusively dependent on this variable like other interrelated
variables of the craniofacial complex.

The IMPA (incisor to mandibular plane angle) was the first angle of the
diagnostic facial triangle described by Tweed (1946,1969). This angle relates the
mandibular incisors to the mandibular apical base, the normal range of which was
calculated to be 90°+5°. Margolis (1943), Spiedel and Stoner (1944) substantiated
this finding to some extent. Margolis also stated that there appeared to be a

relationship between the incisor mandibular plane angle and the contour of the lower
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third of the face. Tweed and Margolis considered the IMPA important in diagnosis
and treatment and so did the present study.

Facial convexity was the term coined by Jarabak and Fizzell (1972) in his
analysis and was considered an important diagnostic factor. Begg (1956) used the
same measurement in his analysis and called it the facial plane angle. This angle was
originally developed by Downs (1948) and called the Facial angle. This angle is an
expression of the degree of recession or protrusion of the chin and is determined by
drawing a line from nasion to pogonion (facial plane) and determining the inferior
angle that this makes with the FH. The sample ranged from 87.8° to 95° with a mean
value of 82° The present showed an average value of 86.55° for the non-treatment
group and 87.1° being the mean value for the other group.

The mandibular plane angle (FMA) was the second angle of the diagnostic
facial triangle described by Tweed (1946, 1969). This is a skeletal angle descriptive
of the degree of existing facial divergence with a normal variation of 16-35° and the
average being 25°. Downs (1948) found the vertical growth to be greater in the area
of the ramus than at the profile and found a range of values from 22-28°. Nanda
(1971) considered the SN-MP (another way of measuring mandibular plane) to
remain stable throughout the growth period. Schudy (1964) showed a low correlation
coefficient for the SN-MP angle and the overbite relationship. Gramling (1993)
studied five measurements to determine if there were predictive characteristics of
Class II malocclusion and found that the weighted values of these measurements
(FMA included) secemed to have significant predictive value in the differential
diagnosis of Class II malocclusion. Thus, although the FMA is not a good indicator
of the overbite relationship it does have its significance in diagnosing other problems
which is in accordance with the findings of the present study.
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The saddle angle was considered to be of importance by Jarabak and Fizzell
(1972) and was stated to describe the "cranial base bend” between the anterior and the
posterior cranial bases. This is the angle formed by the anatomic landmarks nasion,
sella and articulare, the mean of which was determined to be 122°+5°. A large angle
was an indication that the growth of the mandibular fossa was more posterior in
direction for the remaining growth increment. Bjork (1951), Jarabak and Fizzell
(1972), Jacvinen (1980,1984) pointed to the fact that if the saddle angle was large and
the mandibular body length the same as or smaller than the anterior cranial base, the
face would be retrognathic. The converse of this is also true. Thus the flexure of the
saddle angle is important when considering the direction of growth in the posterior
cranial base. Lewis and Roche (1977) concluded that the change in this angle is
dominant in the first two years and is very minimal thereafter.

Burstone (1967) realized that it might be useful to measure the protrusion of
the upper lip relative to the inferior border of the nose from an esthetic standpoint.
This was called the nasolabial angle and is formed by the intersection of a line
originating at subnasale, tangent to the mean of the lower border of the nose and a
line from subnasale to labrale superius, the mean value of which was determined to
be 74°. It is important to note that this angle is influenced by the position of the
anterior maxilla, the shape of the nose and habitual tensing of the upper lip.
Fitzgerald et al., (1992) found the mean values to be 114.08%+ 9.58°. Elias (1980)
stated that it was not essential to find patients with proclined incisors and an acute
nasolabial angle. Review of the nasolabial angle is important when contemplating
orthodontic treatment since movement of the maxillary incisors in any of the three
planes of space can influence this area (1992). The present study also finds this angle
to be of importance in diagnosing orthodontic treatment need.
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In conclusion, the present study attempted to classify subjects who needed
orthodontic treatment from those who did not need treatment with the help of a
multivariate statistical procedure, essentially discriminant analysis. On the basis of
the variables selected, good discrimination was found between the two groups; the
twelve year old and 6-18 year old sample. The stepwise method that selects a reduced
number of variables also had good discriminating ability in both these samples. But,
whether it makes clinical sense to distinguish the two groups on the basis of the
selected variables is questionable since the reduced number of variables are not

sufficient enough to diagnose the problems in the craniofacial complex.

Limitations of the study

It is important to realize that cephalometric radiographs provide only a two-
dimensional static image of a very irregular three-dimensional object. Hence
information derived from a lateral cephalometric radiograph cannot be extrapolated
to the three-dimensional anatomical structures. Another limitation of this study may
be the accuracy of cephalometric landmark identification. In some instances
landmarks like A point, ANS, mandibular condyle were difficult to trace, however,
they were traced to the best of the investigators ability. Also, the location of the
anatomic porion seemed slightly higher than that of the controls due to the not so
rigid standards sometimes observed in the pretreatment lateral cephalograms when
compared to the cephalograms taken by the Broadbent-Bolton cephalometer.

The study population used in this investigation was limited to Caucasian
males and females. Certainly, one must be cautious as to not make generalization to
the rest of the population with different ethnic groups. In addition, there might be
some sample bias due to the fact that it was assumed that the experimental group

needed orthodontic treatment based on the fact that they were undergoing some form
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of orthodontic treatment. Also, the controi sample from the study by Spillas (1993),
were considered not to have required treatment based on optimum facial
characteristics and good Class I molar occlusion.

There is also some degree of subjectivity using factor analysis. In the analysis
of craniofacial variables, the number, identity and magnitude of the factors may be
arbitrarily determined by the investigator in the selection of variables. The common
practice of using factor analysis for the detection and subsequent measurement of
hidden biological factors seems less fortunate, because the factors will often be
fortuitous reflecting the bias of the investigator.

An important limitation of lateral cephalograms is that problems or concerns
in the transverse dimension, e.g., posterior crossbite, narrow maxilla etc., are not
addressed. Inspite of that, it most certainly is a widely available and inexpensive way
of gaining valuable information about the craniofacial complex. Although seven and
ten variables were picked out in the stepwise method of discriminant analysis in the
twelve year olds and 6-18 year old respectively and were of statistical significance,
whether utilizing such minimum variables makes clinical sense is questionable.
Constructing a cephalometric index to differentiate patients who need orthodontic
treatment from the ones who do not is an important step in testing the index in the

general population.

Future Studies
Studies in the future should utilize a population sample that contains subjects
across the various ethnic groups, with adequate subject-to-variable ratios. In a similar
study with a sample population consisting of African-American males and females,
for example, many would hypothetize that a different pattern of variable loading

activity would result, but the same factors should be extracted because the
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investigation is still involved with the craniofacial complex of the human species. A
comparison of one ethnic group to another to see if the same underlying factors
result, would certainly lend a better and more thorough interpretation of the
morphology of the craniofacial complex. Another interesting prospect would be to
apply factor analysis to the finished cases to see if the variables load similar to the
study of Spillas (1993).

The most logical next step would be to evaluate the validity of the
cephalometric index using another group of sample. Also, a different group of
orthodontists can be used to select the reduced number of variables from the fourteen
extracted factors. These common variables can then be subjected to discriminant
analysis to see if they perform as well as the variables that were selected in the
present study, in separating the treatment needed group from the ones who do not
need treatment. Also, the stepwise method of analysis can be compared to the present
study in terms of the number and the nature of the variables that were selected by this
technique.

Since the best predictor variables outlined by the stepwise procedure were
different at the twelve year age period and the 6-18 year oid age period, a logical
sequel would also be to perform this technique, using the same variables selected in
the present study, on groups of sample at different age levels to see if the predictor
variables change over a period of time.

Anocther interesting prospect related to the present investigation would be to
assess treatment outcome by obtaining posttreatment lateral cephalograms and
conducting discriminant analysis to see if these subjects classify in the non-treatment

category. This index can also be used in combination with an occlusal index to
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provide more accurate and meaningful measure of orthodontic treatment need and

outcome assessment.



SUMMARY AND CONCLUSIONS

A total of 134 measurements representing linear and angular assessments of
the craniofacial complex, were digitized using 150 pretreatment lateral cephalometric
radiographs from a clinic sample. These radiographs were used to collect data at five
different age groups (6-8.6 y, 8.7-11 y, 11.1-13.6 y, 13.7-16 y, and 16.1-18.6 y), with
fifteen males and fifteen fernales (all caucasian) in cach group. In an effort to locate
specific areas of variability within the craniofacial complex fagtor analysis was
performed. Fourteen factors were extracted which accounted for 83.4% of the total
variance in the craniofacial complex, testing the validity of the previous of the
previous study. A set of reduced variables were chosen from these fourteen factors
by a group of five experienced orthodontists, practicing in the Cleveland area.
Nineteen variables were selected to construct the cephalometric index yielding an
easily quantifiable way of separating the treatment needed group (clinic sample) from
the non-treatment group (Bolton sample). The cephalometric index was derived using
discriminant analysis by the forced entry method and the stepwise procedure to
determine the best predictor variables, on the twelve year old group of subjects, ages
6-18 year old.

Analysis of the data yielded the following results, first four pertaining to the
group of twelve year old subjects and the ones thereafier to the 6-18 year old age
group:

1) The cephalometric index score derived using the discriminant analysis
could be used to differentiate subjects who need orthodontic
treatment from the ones who do not need treatment.

2) When all predictor variables were forced into the discriminant function,
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96.7% of the cases were correctly classified in the treatment needed
group whereas 100% were correctly classified in the non-treatment
group.

3) When using the stepwise procedure palatal plane, upper lip length,
posterior face height, SNB, lower lip to E plane, mandibular
prognathism and appear 1 to FH were the most important discriminant
variables. The stepwise method correctly classified 96.7% of treatment
needed cases and 96.7% of no treatment needed cases. The
effectiveness of the cephalometric index score derived using the
forced-entry method was negligibly superior to that derived using the
stepwise method. This was true based on the classification rate, the
eigenvalue and the canonicai discriminant correlation.

4) In comparing the means of the cephalometric variables 17 out of the
19 variables were significantly different in the two groups.

5) The cephalometric index score derived using the
discriminant analysis could be used to differentiate the two groups.

6) When all the predictor variables were forced into the discriminant
function, 99.3% of the cases were correctly classified in the treatment
needed group whereas 100% of the cases were correctly classified in
the non-treatment group.

7) When using the stepwise procedure posterior face height,
mandibular length, lower 1 to mandibular plane, palatal plane, facial
convexity mandibular prognathism, mandibular plane angle, saddle
angle nasolabial angle and upper lip length were the most important
variables. The stepwise method correctly classified 98.7% of
treatment needed cases and 100% of non-treatment cases. The
effectiveness of the cephalometric index score derived using the
forced-entry method was slightly superior to that derived using the
stepwise method. This was once again true based on the classification
rate, eigenvalue and the canonical discriminant correlation.

In conclusion, the findings from the present study indicated that a reduced
number of fourteen factors accounted for 83.4% of the craniofacial variation in
orthodontic diagnoses and treatment planning. This study also demonstrated the
feasibility of deriving an easily quantifiable cephalometric index useful in separating
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those individuals who needed orthodontic treatment from those who did not. Thus,
the derived discriminant model, using all of the possibly predictive cephalometric
variables, can be used to identify treatment needed subjects from the population. It is
hoped that the cephalometric index derived from the present study will be validated,

and subsequently used to assess treatmnent outcome in combination with the occlusal

index.
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In regard to Factor 1, please choose the six variables you find most
valuable in Cephalometric analysis :

Anterior face height

Facial depth

Mandibular length

Facial length

Midface length

Corpus length

Posterior face height

Upper face height

Lower anterior dental height
10. Lower anterior face height
11. Nose to chin length

12. PNSto ANS

13. Basion to Nasion

14. Ramus height

15. Anterior cranial base

16. Nose length

17. ANS to nose tip

18. Upper posterior dental height
19. Lower posterior dental height
20. Upper soft tissue face height
21. Lower soft tissue face height
22. Posterior cranial base

23. Lower lip length

24. Max-Mand ditferential

25. SE

26. Porion location

27. Upper anterior dentai height
28. A-Point to soft tissue A

29. SL

30. Pogonion to NB

31. Upper lip length

32. Maxillary arch length

CENOOH P
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In regard to Factor 2, please choose the t{hree variables you find most
valuable in Cephalometric Analysis:

SNA

Bolton facial plane
SNB

Maxillary depth

Facial axis angle

Y axis to SN

Y axis

Maxillary height

Lower facial height angle
10. Ramus position

11. Facial convexity

12. Soft tissue facial angle
13. Z angle

14. H angle

15. H line

©ONDOGHWN =
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In regard to Factor 3, please choose the two varables you find most
valuable in Cephalometric analysis:

Maxillomandibular differential
ANB

AB plane

Nasomental angle

Angle of convexity

Soft tissue convexity

Facial convexity angle
Nasofacial angle

Molar relation

RN PrWND
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In regard to Factor 4, please choose the two variable you find most
valuable in Cephalometric analysis:

Lower 1 to facial plane
FMIA

Lower 1 to occlusal plane
Lower 1 to APo (anguiar)
Sn to lower 1

Lower 1 to palatal plane
Lower 1 to NB (linear)
Lower 1 to mandibular plane
Interincisal

Lower 1 to NB (angular)
Lower 1 to APo (linear)

SO NOOG RN

_AO'
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In regard to Factor 5, please choose the one variable you find most
valuable in Cephalometric analysis:

Facial taper

Gonial angle

Lower gonial angle

Sn to mandibular plane
Mandibular plane angle
PFH:AFH

Mandibular arc

NOOS LN
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In regard to Factor 6, please choose the two variables you find most
valuable in Cephalometric analysis:

Mandibular prognathism
Pogonion to N perpendicular
A point to N perpendicular
Maxillary prognathism

Soft tissue pogonion distance
Upper 6 to pterygoid vertical
interiabial sulcus distance
Lower lip distance

XNOG AWM=
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In regard to Factor 7, please choose the two variable you find most
valuable in Cephalometric analysis:

Upper 1 to facial plane
Uper 1 to APo (angular)
Upper 1 to NA (angular)
Upper 1 to APo (linear)
Upper 1 to FH

Upper 1 to NA (linear)
Upper 1 to A vertical
Maxillary arch length
Incisor overjet

0. Stomion incisor length

20N ROND =
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in regard to Factor 8, please choose the gne variable you find most
valuable in Cephalometric analysis:

1. Saddle angle
2. Cranial base angle
3. Articular angle



1G5

In regard to Factor 9, please choose the one variable you find most
valuable in Cephalometric analysis:

Superior labial sulcus distance
Nasolabial angle

Upper lip distance

Upper lip thickness

nall
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In regard to Factor 10, please choose the ope variable you find most
valuable in Cephalometric analysis:

UFH

UFHLFH

UFH:LFH (soft tissue)
Nose length

SN to palatal plane

abhonp=
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in regard to Factor 11, please choose the ong variable you find most
valuable in Cephalometric analysis:

Lowr lip to E plane

Lower lip thickness

Lower lip to H line
Mentolabial sulcus to H line

poN
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In regard to Factor 12, please choose the one variable you find most
vaiuable in Cephalometric analysis:

1. Palatal plane
2. Cranial deflection
3. SN to FH
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In regard to Factor 13, please choose the gone variable you find most
valuable in Cephalometric analysis:

SN to occlusal plane
Occlusal plane to Xl point
Occlusal plane inclination
Oclusal plane to GoGn
Occlusal plane

Al S e
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In regard to Factor 14, please choose the gne variable you find most
valuable in Cephalometric analysis:

1. Vertical lip to chin ratio
2. Lip embrasure to occlusal plane
3. Upper lip length
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CWRU LANDMARK REGIMEN

Points 1-25: Soft tissue outline:
1: Glabella
2: Superior Nasion
3: Nasion
4: Inferior Nasion
5: Nasal Dorsum
6: Infarior Dorsum
7: Superior Nasale
8: Pronasale
9: Infarior Nasaie
10: Columnelia
11: Subnasale
12: Phitrum
13: Labrale Superius
14: Middle Upper Lip
18: Stomion Superior
18: Stomion Inferior
17: Middle Lower Lip

18: Labraie Inferius

Superior Labio-mental Foid
Labio-mental Foid

Inferior Labic-mental Fold
Pogonion

Gnathion

24: Menton

25: Cervical Poimt

N -
e 4
as ®® e

NN
LN

Points 26-31: Frontal landmarks:

26: Frontal 1
27: Frontal 2
28: Nasion
29: Nasal 1
30: Nasal2
31: Nasald

Point 32: Orbitale
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Points 33-38:

Points 38-50:

Points 51-53:

Points 34-88:

L13

Pterygomaxiilary fissure:

33: Pim 1
34: Ptm

35: Pm2
38: Pm3
37: Pm4

Maxilia (Note: points 38 and 50 are simiar):

38: Postenor Nasal Spine
39: Supenor Maxilla 1
40: Superior Maxilla 2
41: Superior Maxilla 3
42: Superior Maxilla 4
43: Superior Maxilla 5§
44: Anterior Nasal Spine
48: Sub-ANS

46§: A-Point

47: inferior Maxilla 1

48: Interior Maxilla 2

49: inferior Maxilla 3

§0: Posterior Nasal Spins

Soft palste:

54: Uwnila 1
$2: Uvula 2
53: Uvwila3d

Posterior pharyngeal wall:

54: Pharyngeal Wall 1 .
(The poimt at which a line from the most supenor-
posterior point on the soft peiate paralieling to the
B-Go (.e., “B-point’ to ‘Gonion”) line, intersects
the pharyngeal wail).

$8: Pharyngeal Wall 2 .
(The point at which the “functional occiusal plane

intarsects the pharyngesl wall).



Points 57-39:

Points 80-81:

Point @2:

Points 83-84:

Points 65-86:

Point O7:
Pointe 68-00:

Points 70-72:
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58: Pharyngeal Wall 3
(The point at which a line from the inferior tip of

the soft palate paralleling the B-Go line. intersects
the pharyngeal wail).

Maxiilary incisor plus the center of rotation:

57: Upper 1 Root Apex

58: Upper 1 Cusp Tip

59: Upper t Center of Rotation

Maxillary canine:

80: Upper 3 Root Apex
81: Upper 3 Cusp Tip

Cusp tip of maxillary first bicuspid
Maxillary firat molar:

63: Upper 6 Root Apex
84: Upper 8 Cusp Tip (Middle)

Mandibular first molar:

85: Lower 8 Cusp Tip (Middie)
86: Lower 8 Root Apex (Middle)

Cusp tip of mandibular first bicuspid
Mandibuler canine:

¢8: Lower 3 Cusp Tip
69: Lower 3 Root Apex

Mandibular incisor plus the center of rotation:

70: Lower 1 Cusp Tip
71: Lower 1 Root Apex
72: Lower 1 Center of Rotation
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Points 73-78: Inner cortical plate of mandibular symphysis:

73: Intemail Cortex 1
74: Internal Contex 2
75: Internal Cortex 3

Points 76-78: Outer cortical plate of mandibular symphysis:

76: External Cortex 1
77: External Cortex 2
78: External Cortex 3

Points 79-83: B-point to mandibular symphysis:

79: B-point

80: Anterior Genioplasty Point
81: Pogonion

82: Gnathion

83: Menton

Points 84-87: Lower border of mandible:

84: Posterior Genioplasty Point
88: Antegonial

88: Inferior Gonion

87: Qonion

Points 88-80: Posterior ramus:
88: Posterior Gonion
89: Posterior Ramus
90: Anatomic Articuisre

Pointa 00-08

Condyle:

90: Anatomic Articulare
¢81: Condyle 1
92: Condylion
93: Condyle 2
94: Condyled
98: Condyle 4



Points 96-99:

Points 100-104:

Point 108:

Points 108-111:

Points 112-118:

Points 118-123:

Sigmoid notdhi:

96: Sigmoidt
97: Sigmoid
98: Sigmoid 2

99: Coronoid 1
Coronoid and anterior ramus:

100: Coronoid

101: Coronoid 2
102: Anterior Ramus 1
103: Anterior Ramus
104: Anterior Ramus 2

Center of rotation of mandible

Sphenc-aoccipital-synchondrosis to Basion:
(Note: points S0 and 107 are similar):

108: Spheno-occipital-synchondrosis
107: Anatomic Articulare

108: Basion 1

109: Basion

110: Basion 2

111: Posterior Clinoid 1

Planum sphenoidale to cribritorm plate:

112: Tuberculum Sella 3
113: Planum Sphenocidale
114: Cribriform 1

118: Cribriform 2

11@: Cribriform 3

117: Cribriform 4

118: Cribriform 5

Anterior cranial base:

119: Anterior Cranial Base 1
120: Anterior Cranial Base 2
121: Anterior Craniai Base 3
122: Anterior Cranial Base 4
123: Anterior Cranigl Base 5



Points 124.127:

Point 128:
Point 129:
Point 130:
Point 131
Point 132:
Point 133:
Point 134:
Point 138:

Points 138-137:

Points 138-139:

Points 140-141:

Ethmoid tri“l?for syperimposition:
124: Ethmoid Triangle 1

128: Ethmoid Triangle 2

126: Ethmord Trrangle 3

127: Ethmoid Triangie 4

Selfa

Porion

Bolton articulare

Bolton point

C3-anterior inferior point on third cervical
vertebra

Base of epigiottis

Hyoidale-superior anterior point on hyoid body

Most posterior occlusal contact of maxillary
and mandibular molars on functional
occlusal pilane.

Fiducial points for superimposition of cranial
base:

1368: Cranial Base Fiducial 1
137: Cranial 8ase Fiducial 2

Fiducisl points for superimposition of maxiils:

138: Maxillary Fiducial 1
139: Muailiary Fiduciai 2

Fiduciel peoints for superimposition of
mandible:

140: Mandibular Fiducial 1
141: Mandibular Fiducial 2
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Points 142.146: Key ridge outline:

142: Key Ridge 1
143: Key Ridge 2
144: Key Ridge 3
145: Kay Ridge

148: Koy Ridge 4

Points 147-148: Fiducial vertical lines:

147: Vertical Fiducial 1
148: Vertical Fiducial 2

Points 148-152: Corner fiducial points:

149: Vertical Fiducial 1
150: Vertical Fiducial 2
151: Vertical Fiducial 3
152: Vertical Fiducial 4
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VARIABLES USED FOR FACTOR ANALYSIS

Jarabak Analysis:

Saddle angle (The angle formed by the anatomical landmarks:
Nasion, Sella, Articuiare).

Articular angle (The angle formed by the anatomical landmarks:
Sella, Articulare, Gonion).

Gonial angle (The angle formed by tho‘ anatomical landmarks:
Articulare, Gonion, Menton). -

L

Anterior cranial base (The (millimeter) linear distance between
Sella and Nasion).

Posterior cranial base (The (millimeter) !inear distance between
Salla and Articulare).

Upper gonial angle (The angle formed by the anatomical
landmarks: Articulare, Gonion, Nasion).

Lower gonial angle (The angie formed by the anatomical
landmarks: Nasion, Gonion, Menton).

Ramus height (The (milimeter) linear distance between Articulare
and Gonion).

Body length (The (millimeter) linear distance between Gonion and
Menton).

10. SNA angle (The angie formed by the anatomical landmarks: Sella,

Nasion, A point).

11. SNB angle (The angle formed by the anatomical landmarks: Sella,

Nasicn, B point).
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13.

14

15.

16.

17

18.

19.

20.

21,

2.

Aa.

24.

25.

121
ANB angle (The angle formed by the anatomical landmarks A paint,
Nasion. B point).

SN-GoGn angie (The angle formed by the anatomical !andmarks.
Sella, Nasion and the plane: Gonion-Gnathion).

Facial depth (The (milimeter) linear distance between Nasion and
Gonian).

Facial length (The (milimeter) linear distance between Seila and
Gnathion).

Y-axis to SN angle (The angle formed by the anatomical planes:
Y-axis and Sella-Nasion).

Posterior face height (The (millimeter) linear distance between
Seila and Gonion).

Anterior face height (The (milimeter) linear distance between
Nasion and Menton).

Posterior face height : Anterior face height (The ratio between
measurement “17." and measurement “18." expressed
as a percentage).

SNPg angle (The angie formed by the anatomical landmarks: Sella,
Nasion, Pogonion).

Facial Convexity (The angle formed by the an_atomucal
planes. Frankfort Horizontal and Nasion-Pogonion).

OP-GoGn angle (The angle formed by the anatomical planes:
Occiusal Plane and Gonion-Gnathion).

interincisal sngle (The angle formed by the anatomicel planes: long
axis of Upper 1 and long axis of Lower 1).

Lower 1 to GoGn (The angle formed by the anstomicsl pianes: long
axis of lower 1 and Gonion-Gnathion).

Lower 1 to GoGn’ midimeter) linear distance between the
1o plmn:ghm’a(adadm1 and Gonion-Gnathion).
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26. Upper t to SN (The angie tormed by the anatomicaj planes: long
axis of Upper 1 and Sella-Nasion).
27 Upper 1 to facial plane (The (milimeter) linear distance between
Upper incisor edge and the plane: Nas:ion-Pogonion).

28. Lower 1 to facial plane (The (milimeter) linear distance between
Lower incisor edge and the plane: Nasion-Pogonion).

29. Upper lip to E (The (milimeter) linear distance between the most

prominent point on upper lip and the Esthetic [nose-
¢hin] plane).

30. Lower lip to E (The (millimeter) linear distance between the most

prominent point on lower lip and the Esthetic (nose-
chin] planae).

Bickstta Anaivals;

31. Molar reistion (The (millimeter) linear distance between the distal

surfaces of the permanent upper and lower first molars
measured aiong the occlusal piane).

32. Canine reiatlion (The (milimeter) linear distance between the cusp

tips of upper and lower canines measured along the
occlusai plane).

33. Inclsor overjet (The (millimeter) iinear distance between the incisal
tips of the upper and lower incisors measured along the
occlusal piane).

34. Incleor overbite (The (milimeter) linear distance between the tips of
the upper and lower incisors measured perpendicular to
the occiusal piane).

38. Lower Incisor extrusion (The (milimeter) linear distance between
the tip of the lower incisor and the occiusal plane).

38. Interincisal angnrrmmmuwmommomom
incigors).
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37 A-point convexity (The (milimeter) linear distance between A-point
and the facial plane [Nasion-Pogonion} ).

38. Lower face height angle (The angie formed by the anatomical

landmarks: antenor nasal spine, center of the ramus
[Xi], PM).

39. Upper 6 to PTY (The (milimeter) linear distance between the

anatomical plane: pterygod vertical the back of the
maxilla] and the distal of the upper first molar).

40. Lower 1t to A-PQ’ (The (millimeter) linear distance between the cusp
tp of the lower incisor and the line defining the jaws. the
“A-point to Pogenion” plane).

41. Upper 1 to A-PO’ (The (milimeter) linear distance between the cusp

tip of the upper incisor and the “A-point to Pogonion” _
piane).

42. Lower 1 to A-PO (The angle formed by the anatomical planes: the
long axis of the lower incisor and the “A-point to
Pogonion® plane).

43. Upper 1 to A-PO (The angie formed by the anatomical pianes: the
long axis of the upper incisor and the “A-point to
Pogonion® plane).

44. Ocelussl plane to Xi poim (The (millimeter) linear distance
between the occiussl plane and the center of the ramus
[Xi-point) ).

45, Occlusal pisne inclinstion (The counterciockwise angle formed by

the anatomical planes: the corpus ads of the mandible
and the occiusal plane).

Lower lip to E (The (miimeter) linesr distance between the lower lip
“* . [la(brrhalo(immal and the esthetic [nose-chin] plane).

1 I (milimeter)  linear  distance
47. Upper lip onuthm (The o : nasal spine
and the embrasure area of the lipe).
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48. Lip embrasure to occlusal plane (The (miilimeter) linear distance

between the smbrasure area of the lips and the
occlusal piane).

49. Facial depth angle (The angle formed by the anatomical planes: the

facial piane and the Franktort Honzonmtal Plane [ie.,
Downs tacial angle] ).

50. Factal axis angle (The angle formed by the anatomical pianes:
the facial axis plane [Pt to Gn) and Basion-Nasion).

51. Faclal taper angle (The angie formed by the anatomical pianes: the
mandibular piane measured 10 the facial piane).

52. Mandibular plane angle (The angle formed by the anatomical

planes: Mandibular plane measured to the Frankfort
Horizontal plane).

53. Maxiliary depth angle (The angle formed by the anatomical pianes:

Frankfort Horizonal plane and the plane from Nasion to
Point A).

54. Maxiilary height angle (The angie formed by the anatomical
landmarks: Nasion, CF {the intersaction ot Franktort and
PTV] and “A-point®).

55, Palatal plane angle (The angle formed by the anatomical
planes: Franidort Horizontal plane and the palatsl
plane).

Cranisl deflection angle (The angle formed by the anatomical
6. Cran planes: Bd'on-Nmn and Frankfort Horizontal plane).

57. Anterior cranial length (The (milimeter) linear distance between
CC-poimt and Nasion).

58, Posterior facial height (The (milimeter) linesr distance between
Gonion and CF-point).

e formed by the anatomical
59. Ramue position m“(‘“ﬂ angie Nane  and
the CF-XI piane).
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60. Porion location [TMJ] (The (millimeter) linear distance between the
anatomical landmarks. Porion and Pterygoid vertical).

61 Mandibular arc angle (The angle formed between the corpus and
the condyle axes).

62. Carpus length (The (milimeter) linear distance between Xi-point and
the intersaction of the planes: Xi-PM and A-PQ).

Rowns Anaivaia;

63. Facial angle (The angle formed by the anatomical pianes:
Frankfort Horizontal plana and facial plane).

64. Angle of convexity (The angle formed by the anatomical
landmarks: Nasion, A-point, Pogonion).

85. A-B plane angle (The angle formed by the facial plane and the line
constructed from “A-point” to “B-point”).

66. Mandibular plane sngle (The angle formed by the anatomical
planes: Mandibular plane and Frankfort Honzontal
plans).

67. Y- Axis angle (The angle formed by the Frankfort Horizontal plane
and the line constructed from Sella-Gnathion).

69. Occlusal plane sngle (The angle formed by the anatomical planes:
Frankfort Horizontal plane and the occlusal plane).

69. Interincisal angle (The angle formed by the long axes of the central
incisors).

70. Lower Incleor to occlusal plane (The angle formed by the long
mmmomm[mlwmmu
planornu-mdtmmmoowlusd plane perpendicular).

71. Lower Incisor te mandibular plane (The angle formed by the
mmwmmmamb\mim

m
[clockwise] ).
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72. Upper incisor to A-Pg (The {millimeter) linear distance between the
upper incisor edge to the A-point - Pogonion plane).

H Id A

73. Mandibular unit length (The (millimeter) linear distance from
Condylion to Pogonion).

74. Maxiltary unit length (The (milimeter) linear distance from
Condylion to Antarior Nasal Spine).

75. Unit difference (The unit difference between Mandibular unit length
and Maxillary unit length, measured in milimeters).

76. Lower face height (The vertical (millimeter) distance from Anterior
Nasal Spine to Gnathion).

Steinec Anaivsia:

77. SNA angle (The angle formed by the anatomical landmarks: Sella.
Nasion, A-point).

78. SNB angle (The angle formed by the anatomical landmarks: Selia,
Nasion, B-point).

79. ANB angle (The angle formed by the anatomical landmarks: A pairt,
Nasion, B-point).

80. Upper 1 to NA (The angle formed by the long axis of Upper 1 and
the Nasicn - A-paint plane).

81. Upper 1 to NA’ (The (milimeter) linear distance from the Upper
incisor edge to the Nasion - A-paint plane).

82. Lower 1 t0 Nlﬁholnglofomodbymlomwouowu1 and
Nasion - B-point plane).

83. Lower 1 to NB' (The (milimeter) linear distance from the
Lowuincboudgotomoﬂmn-a-potntplam).
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84. Pogonion to NB (The (millimeter) linear distance from Pogonion to
the Nasion - B-point plana).

85. PO and Lower 1 to NB (Tha unit difference between Lower 1 to NB'
and Pogonion to NB, measured in millimeters).

88. SL (The (millimeter) linear distance from Sella to Pogonion measured
along the Sella-Nasion pilane).

87. S B (The (milimeter) linear distance from Sella to Articulare measured
along the Sella-Nasion plane).

88. Interincisal (The angle formed by the long axes of the Upper and
Lower central incisors).

89. SN to OP (The angte formed by the anatomical pianes: Saila-Nasion
plane and the Occlusal plans).

90. SN to GoGn (The angle formed by the anatomical planes: Saella~
Nasion plane and the Gonion-Gnathion plane).

Reidel Analysia:

9t. SNA angle (The angie formed by the anatomical landmarks: Sella,
Nasion, A-point).

92. SNB angle (The angle formed by the anatomical landmarks: Selia.
Nasion, B-point).

93. ANB angle (The angie formed by the anatomical landmarks: A-point,
Nasion, 8-point).

g4. Upper 1 to FH (The angie formed by the long axis of Upper 1 and
the Franidort Horizontal plane).

95, FH-NA angle formed by the anatomical planes: Franidort
(The Horizontal plane and the Nasion - A-paint piane).

Tweed Analvais:

98. FMA angle formed by the anatomical planes: Mandbular plane
(e and the Franidort Horizonta! plane).



128
97. IMPA (The angle formed by the anatomical plane: Mandibular plane
and the long axis of Lower 1).

98. FMIA (The angie formed by the anatomicat piane: Frankfort Horizontal
plane and the long axis of Lower 1).

McNamara Analysis:

99. A point to N perpendicular (The (milimeter) linear distance from

A-point !0 Nasion-perpendicuiar [to  Frankfort
Horizontai] ).

100. Mandibuiar length (The (miilimeter) linear distance from
Condylion to Gnathion).

101. Midface length (The (millimeter) linear distance from Condylion 1o A-
point). =

102. Maxillary-Mandibular ditferential (The unit difference between
Mandibular length and Midface length; in millimeters).

103. LAFH (The vertical (millimeter) distance from Anterior nasal spine to
Manton).

104. Mandibular piane angie (The angie formed by the anatomical
planes: Mandibular plane and the Frankfort Horizontal
plane).

108. Facial Axis angle (The angle formed by the anatomical planes:
Franifort Horizomal plane and the facial axis).

108. Pogonion to N-perpendicular (The (millimeter) linear distance

from Pogonion to Nasion-perpendicular [to Frankfort
Horizontal] ).

107. U 1 to AV (The (milimeter) linear distance from the Uoper
i incisor edge to A-point vertical (perpendicular to
Franidort] ).

108. L 1 to A-Pg (The (milimeter) linear distance from Lower incisor
owe o;';tommm-mphno).



Segg Anaivais:

109. SNA angle (The angte formed by the anatomical landmarks: Seila,
Nasion, A-point).

110. SNB angle (The angle formed by the anatomical landmarks: Seila,
Nasion, B-point).

111 ANB angie (The angle formed by the anatomical landmarks: A-point,
Nasion, B-point). .

112. SN-Mandlbular plane (The angle formed by the anatomical pianes:
Seila-Nasion and Mandibular plane).

113.Lower 1 to Mandibular plane (The angle formed by the
Mandibuiar piane and the long axis of Lower 1).

114. SN-Occlusal plane (The angle formed by the anatomical planu:—
Sella-Nasion and the Occlusal plane).

115. Angle of Convexity (The angle formed by the anatomical
landmarks: Nasion, A-point. Poganion).

118. Faclal plane angle (The angle formed by the anatomical planes:
Frankfort Horizontal plane and the facial plane).

117. Upper 1 to SN (The angle formed by the long axis ot Upper 1 and
the Seila-Nasion plane).

118. Lower 1 to APog (The (milllmeter) linear distance from the Lower
incisor sdge to the A-point - Pogonion plane).

. A-point to B-point milimeter) (inear distance from the
19 m.lh(admfrunmﬂuneﬁondoodusd

plmotoA-pohllndB-poim.mmedalongmo
functional occiusal piane).



Soft-Ti Anglysia: 130
(Powell and Humphrays)

120. Nasofrontal angle (The angle formed by a line tangent to soft-

tissue lGlabella through Nasion, [the deepest
c_tepressmn at the roof of the nosaj, which will intersect a
line tangent to the nasal dorsum).

121. Nasofacial angle (The angle formed by a vertical line touching the
forenead (Glabella] and chin [Pogonion), and
intersected by tha dorsai plane of the nose).

122. Nasomentai angle (The angle formed by the nasai dorsal line and
the nasomental line (nasal tip to soft-tissue Pogonion]).

Soft-Tissue Analyaia:
(Holdaway)

123. H angle (The angle formed by a straight line from the point of the soft-

tissue chin tangem to the upper lip, and the N-Po
plane).

124. H line (The angle formed by a tangent to the soft-tissue chin and the
upper lip, and the plane Sella-Nasion).

(Spr;dloy ot al.)

125. SLS distance (The (milimeter) horizontal distance from the supefior
labial suicus to Subnasale flocated by bisecting the
anghfomodbythocolwnndhoﬂmnoaandtho

drape of the upper lip] vertical perpendicular to the
Franifort Horizontal plane).

126. UL distance (The (miilimeter) horizontal distance from the most

anterior point of the Upper lip [Labraie Superius)
to Subnasale vertical).

127.LL distance (The (milimeter) horizontal distance from the most

antedor point of the Lower lip [Labrale Inferius) to
Subnasale vertical).
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128. ILS distance (The (millimeter) honzontai distance from the infanor
labial sulcus to Subnasaie vertical).

129. SP distance (The (millimeter) honzontal distance from soft-tissus
Pogonion to Subnasale vertical).

(Merntieid)

130. Z sngle (The inferior angle formed by the intersaction of the Profile
line [a line tangent t0 the soft-tissue chin and to the

most antenor point of the upper lip), and Frankfort
Honzontal).

Soft-Tissue Analvais:
(Burstone) N

131. Interiabial gap (The (millimeter) vertical distance between Upper lip
stomion and Lower lip stomion).

132. Upper lip length (The (milimeter) iinear distance from Subnasale to
upper lip Stomion).

133. Lower lip length (The (millimeter) linear distance from lower lip
Stomion to Soft-tissue Gnathion).

134. Stomion-inclsion length (The linear distance from Upper lip
Stomion to the Maxdllary central incisor edge).

135. Upper llp thickness (The (millimeter) perpendicular distance from
soft-tissue Subnassle-Pogonion plane to Labrale
Superius).

138. Lower lip thickness (The (milimeter) perpendicular distance from
soft-issue Subnassle-Pogonion plane to Labrale
inferius).

137. Nasolabial angle (The angie formed by Columnella and the drape
of the Upper (ip).
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138. Upper soft-tissue facial height (The (millimeter) verticai distance
from Glabella to Subnasaie).

139. Lower soft-tissue faciali height (The (milimeter) vertical distance
from Subnasale to Menton).

140. UFM : LFH (The soft-tissue ratio of Upper facial height to Lower facial
height, expressed as a percentage).

(Burstone and Legan)

141. Facial convexity angle (The angle formed by the soft-tissue
Glabella-Subnasale pilane and Subnasale-Pogonion
plane).

142. Maxiilary Prognathism (The (millimeter) horizormal distance of -
Subnasale to the plane Glabella-perpendicular).

143. Mandibular Prognathism (The (milimeter) horizonmtal distance
of soft-tissue Pogonion to the plane Giabeila-
parpendicular).

144, Vertical lip / chin ratio (The ratio between the measurement:
Subnasale - Upper lip stomion and the measursment:
Lower lip stomion - Gnathion, expressed as a
percentage).

145. Mentolabial sulcus (The (milimeter) horizontal distance from the
Mentolablal suicus to the plane Labrale inferius -
Pogonion).

(Hoidaway)

148. Soft-tissue facial angie (The angie formed by the anatomic plane:
o Sd!c-Nadgon and the anatomic landmaric Soft-tissue

Pogonion).
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147 Nose prominence (The (milimeter) linear distance ot the tip of the
nose to a line perpendicular to Frankfort horizontal and
running tangent to Labrale Supernus).

148. Upper lip curl (The (milimeter) linear distance of the Upper lip
sulcus depth to a line perpendicular to Frankfort
honzontal and running tangent to Labrale Superius).

149, Sn to H line (The (milimeter) linear distance from Subnasale to the
plane soft-tissue Pogonion - Labrale Supenus).

150. Skeletal proftile convexRy (The (millimeter) linear distance of A-
point to the plane Nasion-Pogonion).

151. Lower lip to H line (The (millimeter) linear distance of Labrale
infenus to the soft-tissue plane: Nas:ion-Pogonion).

152. Mentoiabial sulcus to H line (The (millimeter) linear distance from

the mentolabial suicus to the soft-tissue plane: Nasion-
Pogonion).

(Gonzales-Ulloa)

153. Zero degree Meridian (The (millimeter) horizontal distance from
the chin to a line perpendicular to Frankfort plane
through soft-tissue Nasion).

Miscellanecua:

154. 8-N (The (miliimeter) linear distance from Seila to Nasion).

158, Y-axis length (The (milimeter) linear distance ftrom Sella to
Gnathion).

158. Posterios cranial base (The (millimeter) linear distance from Sella
to Basion).

157. Basion-Nasion (The (milimeter) linear distance from Basion to
Nasion).
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158. PNS-ANS (The (millimeter) linear distance from Posterior nasal spine
to Antenor nasal spine).

159. PNS to A-point (The (millimeter) linear distance from Posterior nasal
spine to A-paint).

160. Maxillary arch length (The (millimeter) linear distance from the
disto-buccal cusp tip of maxillary first molar to the
maxiilary central incisor edge).

161. Mandibular arch length (The (milimeter) linear distance from the
disto-buccal cusp tip of mandibular first molar to the
mandibuiar central incisal edge).

162. Bolton to facial plane (The angie formed by the anatomic planes:
Boiton plane and the Facial plane).

163. Nasion to soft-tissue Naslion (The (millimeter) linear distance from ™~
Nasion to Soft-tissue Nasion).

164. ANS-tip of nose (The (millimeter) linear distance from Anterior nasal
spine to the tip of the nose).

165. A-point to soft-tissue A (The (millimeter) linear distance from A-
point to Soft-tissue A-paint).

166. B-point to soft-tissue B (The (milimeter) linear distance from B-
point to Saft-tissue B-point).

167. PG to softtissue Pg (The (milimeter) linear distance from
Pogonion to Soft-tissus Pogonion).

168. Nose length (The (mitiimeter) linear distance from Soft-tissue Nasion
to the Tip of the nose).

169. Noes-chin length (The (milimeter) linear distance from the Tip of
the nose to Soft-tissue Pogonion).

170. TFH (The (milimeter) linear distance from Nasion to Menton).

171. UFH (The (miiimeter) linear distance from Nasion to Anterior nasal
spine).
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172. LFH (The (milimeter) linear distance from Anterior nasal spine to
Menton).

173. UFH : LFH (The ratio between UFH and LFH expressed as a
percentage).

174. SN to facial plane (The angle formed by the anatomic planes:
Sella-Nasion and the facial plane).

175. SN to mand. plane (The angle formed by the anatomic planes:
Sella-Nasion and the mandibuiar plane).

176. Cranial base angie (The angie formed by the anatomic landmarks:
Basion, Sella, Nasion).

177. SN-FH (The angle formed by the anatomic planes: Selta-Nasion and
the Frankfort Horizontal plane). i

178. SN-Paiatal plane (The angle formed by the anatomic planes: Sella-
Nasion and the Palatal plane).

179. Soft-tissue convexity (The angle formed by the anatomic
landmarks: Soft-tissue Nasion, Tip of nose, and Soft-
tissue Pogonion).

180. SN-Lower 1 (The angle formed by the anatomic planes: Sella-
Nasion and the long axis of the mandibular central
incisor).

181. Upper 1 to pal. plane (The angle formed by the long axis of the
maxillary central incisor and the Palatal piane).

182 Lower 1 to psl. plane (The angle formed by the long axis of the
mandibular central incisor and the Palatal plane).

183. FM-NA (The angle formed by the anatomic planes: Frankfont
Horizontal plane and the Nasien-A point plane).

184. Upper anterior dental height (The (milimeter) linear distance from
thoMnilhryimhoredqotomoPMphne).
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185. Upper posterior dental height (The (millimeter) linear distance

from the mesio-buccal cusp tip of the Maxuiary first
molar to the Palatal plane).

186 Lower anterior dental height (The (millimeter) linear distance from
the Mandibular incisor edge to the Mandibular plane).

187. Lower posterior dental height (The (millimeter) linear distance

from the mesio-buccal cusp tip of the Mandibular first
molar to the Mandibular plane).
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ABPLANE
ANB
ANGGOFCCN
ANSNOSTP
ANTCRBSE
ANTFACHT
APONTSTA
APTNPERP
ARTANGLE
BASNASON
SOLFACPL
BPONTSTB
CANINREL
CORPLGTH
CRANDEFL
CREASAGL
FACAXAGL
FACDEPTH
FACLCNVE
FACLDPTH
FACLLGTH
FACTAPER
FCCONAGL
FMIA
GONANGLE
HANGLE
HLINE
ILSDISTN
INCISROB
INCISROJ
INTERINC
INTLABGP
LIPEMBCP
LLDISTAN
LO1FACPL
LO1PALPL
LOANDNHT
LOANFCHT
LOGONIAL
LOLIPLTH
LOLIPTHK
LOLPHLIN

1

CORRELATION COEFFICIENTS

ASPLANE

L3530
3494-""
3872 "
1674~
2681
L1158
2218
L3070
L1379

. J606
L4090
L0138

-.1094
~.394L1*"

L0711
L0365
3llle"

~.3933e"
-.3933"

.2128
2651

L2441
6923*~

-. 3725
-.1472

.6582**

-.6635""
-.3453*"

.4698%*
L5497
Jo0l
.0169%
.1432

-.4578""
-.1403

L3376

-.1064

L1652+

~-.0824

L2383~
.Q253
L2270

* - Signif. LE .05

ANB ANGCOFCCN
3494~ 3572+
13223 3663+
L3550 L.goGe
- 2"?59.- - 352].'
-.1578 - 25857+~
- 1242 -.1639"
- 2634°* -.3205**
3774 L4085 "
1887 . L1857+
-.1472 -.2224
-.43204*" ~. 4259~
2601 0249
-.0453 -.0110
-.4219*" -.4635%*
L0933 .0891
-.0703 -.04086
3635*" 3713+
~ 3935%** =-.3920*~
-.3925¢%" -.3920*"
-.0782 =. 17717
-.2851* -.1336*"
L1117 L0178
L6864 B80T~
- Al94r ~. 4248~
-.0401 .0501
L7062~ L7099
-.6828% -~.6806*"
-, 4653 -.3858*
L3436 L3715
.5244* L4432
-.30651 -.0a89
L0572 0701
.1725* .1783*
- 3667** -.2871*"
-, 3404 -. 4624
-. 4134 -.4133%
-.1472 -.12135
-.1035 -.1350
.0439 L1274
-.2378%+  -.2666*
~.1306 ~.2269*"
-.1600*~ -.4333*"
** - gSignif. LE .01

ANSNOSTP ANTCRBSE
- 1574 - 2481
-.2759"" - 1578
- 3523+ ., 2857e«
1.2000 5211
.5211**  1.2000
.5734%*  .3356%*
.6265%" 4202+
-.3204%*  -.1391¢
-.1440 - 1185
.5729*%  .8105%*
2510+%* 2932+
37767 L0732
L0461 .0918
.5559%«  .5289%*
- 1800*  -.1955°*
.1452 -.3941
-.1135 ~.26Q7%*
.1190 .1292
.1130 .1292
.6822*%  .6068°~
L6223« . 5306%°
.1028 L2577
.0720 - D425
-.0395 .0076
-.2375°% - 1123
-.6509 -.0748
.1254 .1863*
-.2696%%  -.2311%*
.1752¢ .2821%*
-.1002 1171
-.0441 -.0401
-.2506%*  -.0779
-.0168 L1753
- 2014v  -.1360
.0699 .1472
.0628 L0217
- 4901**  -.4533*¢
.3913*%  .3295**
-.0824 -.2680""
.A507** 2638+
1168 .1468
.0165 .1197
(2-tailed)

* . " is printed if a coefficient cannct be computed

LOPSDNHT
LOSTFCHT
LOWLAPO_
LOW1OCPL
LOWERINB
LOWFHAGL
LOWRIAPO
LOWRIMPL
LOWRINB_
LCWRLIPE

MANDLGTH

ABPLANE ANE

.107M
.1611*
.4713**
.2201**
L2075
. 0450

=-.2811**

L3217
.1967*
.1636*
L0146
L3165

- Correlation Coefficiants

ANGOFCON
-.1061 ~.0588
-.1013 -.1233
L3159 .2019*
.2564*" L2411
L2533 +33158e¢
.0798 L0998
-.2428*" ~.2553+*
L2879 " L2193
~.3210** -.31580*"
-.3254** -. 4173+
.0829 .123%
-.3554** -.4106**
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ANSNOSTP  ANTCRBSE

~.5103*
L3098
~.14013
.1807*
L0526
~.0070
L2350+
L1474
-.115%6
2984
~.2026"
LGETI*™

~.4768%*
.3050%~
.0120
L1448
.0033
~.1364
.1973*
L1977
-.0177
L2184
-.0529
L3374

ANTFACHT

~.L158
- 1242
- 1833+
3784+
3356~
1.3000
4309+~
.Q0le
1767~
L4971
- 0070
. 3980 "
2466+
.5966"~
L1359
-.J1a5
-4009*~
-.Q024
-.0024
7908~
501"
-.3436*"
L0927
-.1586
-.0321
-.1148
.0679
.9977
.0562
.1039
.Q153
.0287
-.1426
2092
-.1786*
- 0974
=.7904+*~
.9088 >
L4871
L7322
- 1470
-.2460%~

I U |

ANTFACHT

~.7090°*"
.8296+~

~.2591**
.1286*
L1536
L4TAB"
L2738

-.0532

-~ 3201+~
L0155
-.1034
.7930%*"
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TGl - . Ttz iaeas I

3a- '};:. _ ';f?
ek i R - 333 REER
-~ Tz2a.2*" - - mTEilee Io23e- IR,

IASL2ANG _i2 1) 1 14.3 -

i 133ee 213 1334 - Thaz

1233 - - 2313 - 1473 - Llil R E

3313 itiiee I3giee 1313 LS
. b3 1338 - - ITa3 S5 ee 1336 --.-‘.:"
NUSEZ2RCM 1t43 - - _3%% 337" J2la= 32"
NSCHMLTH il PRDE 233" 3119~ LIl
NETYMASCN 1313 bt ) L3ITe 2493 2132
SCZLPLAN 23314 273 3l53er - 2393~ - 2333--~ - .3.3
SETLeLKI 1133 JLide PEEIA - 23128 1154 - 32T
-PG0GN - 213le~ - 13£2 - 1426 3332 - 1337 1737
CPINCLIN - Liee - 1453 - lal 1338 - /L2 3737
PALPLANE L4953 - 2215 - 2154 2.73e~ PR iadl
IFH_AFH - JlL - 237 - 1438 531" 3431 - lad
PMSANS .355" .3%3 1372 ji2lee 3335 53214~
PLOGUHPERP - il - 1337 -..793 -.1378 - 23584 1513
ITGCNNB - 1387 313" 4339~ - 4335~ - J3Love - 23T
FOGSTPOCG - 2235) il .25 2367+ L348¢" b B
* - Fignis, LE 15 *v - Fignii. Lz Ll r2-zarled)
* . ' L8 printed :f a coefficsient cannot ba computed

~ « QCorralacion Zoefficients - -
AZPLANE ANB ANGOFCON ANSNOSTP ANTCRBSE ANTFACHT

PORIONLC - L3986 -.1508" -,2023" 4272 4113 1317w
POSCRNBS 2379 - 2213 - 2391 4736*" L1919 $3313ve
POSFACHT -.21%3 - 3942 - 1355~ L6120 L3011 AR
FAMPOSTN 3133 2532~ 2225*" - 1.25% - 19459 - 172
RAMUSHGT -.1315" -.2524°" =, 3133 .5949°" 3259+~ 3755
SADANGLE 3271 - 2347 - 2340 2335 - 13C4 IT s
SE 2449 -.23195 - 2833 4363~ 1233 273
SL -, 3020 - 31138** = 3793w 2561 " L3385 - 2213
SL3DISTC -.9331 1347 1232 - 33Q7* - 1453~ - L83a"
SNA 1296** 4136°"* 2317 -.1115 2468 - 1333
3¥B -, J667"" - 3Lid*r - 2538*" cd92 560" EUE 1Y
SNFH L0300 . 3283 .2433 - 1344 - 2242" - 2133
SNLOWER1 =.373g*~ -.4189+*" - 330."" L3015 L3960 - L1333
SNMANDPL . 0451 1416 22Q02+" -.1906"* -.1538*" PR
SNOCCPLN .2339*" L2693 L3112 -.2840*" -.3g3l*" ~ L4639

* - 5ignif. LE .0S =+ - Signif. LE .21 (2-tarlad)
= . * is printed if a coefficient cannoct ba computed
-~ - Correlation Coefficiants - -
APONTSTA APTNPERP ARTANGLE SASNASON BOLFACPL 3PONTSTB

ABPLANE -.,2218*" L3070 L1379 -.0606 -. 4090~ .9135
ANB -. 2634 " 3774 L1887 -.1472 -. 4204 L3601
ANGOFCON -.31208°" 4085~ .13487~ -,2224>*" - 4259+ 2249
ANSNOSTP .6266"" -.3204*" -. 1440 L5729 2510+ LATTher
ANTCRBSE .4202*" -.1891* -.1188 -8108** 2932+ L3732
ANTFACHT .4909** L0010 L1767 4971+ -.J070 .3330""
APONTSTA 1.2000 -.0299 -.12%52 L4735 L3210 3543
APTNPERP -.0299 1.0000 .0678 -.lsga" .0280 -. 2328
ARTANGLE -.1252 .J678 1.0000 -.3050"" -, 2718 1183
BASNASON L4795 " -.1688" -.305Q*" 1.0000 .2426*~ L2986

. 139 - '



FATAKAGL
FACZEPTH
TaCLIVY
FACLOPTH
FACLLSTH
TACTARER
TITINAGL
TUIA
SCNANGLE
ZANGLE
4LINE

IL3DISTN
INCISROB
INCISROg
INTERINC
SNTLARGP
LIPEMBOPR
LLDISTAN
LOLlFACPL
_O1lPALPL
LCANDNHT
LCANFCHT
LOGONIAL
LOLIPLTH
LOLIPTHK
LOLPHLIN

* - Signaf.

LOPSDNHT
LOSTFCHT
LOWLAPO_
LOW1OCPL
LOWERLINB
LOWFHAGL
LOWRLAPO
LOWRIMPL
LOWRINB_
LCWRLIPE
MANDARC

MANDLGTH
MANPLAGL
MANPROGN
MAXDEPTH
MAXPROGN
MIDFCLTH
MLSHLINE
MLSULCUS
MNARCLTH
MOLRRELN
MXARCLTH
MXHEIGHT
MXMNDIFF
NASLBANG
NASOFACL
NASOFNTL
NASOMNTL
NOSELGTH
NOSEPROM
NSCHNLTH
NSTNASON

2246

LIITT
2126~
L1463

g
1717

L1347
.2587
L1281
L4333
-29%°"
L3279
L3136
L2299
.28439

LE .35

APONTSTA

1

4445~
.4359*"
L2726
.2384r"
L1344
.3100
.3522+*
L1513

. 2055+~
.0380
.1399
5779
.1489
.1900*
.07581
L2510+~
.4220+**
.238Q%~
L4156
L0167
L2465 "
.1404
.0630
L4440~
.1110
.2086*
L2196~
.2145*
L4103
.0058
L4155~
.1448

L2833 -

.x232 -.2725~

4732+ .3032
1683 - 1260
2481 - 1283

L2939 -.3951

1221 L2167

.Jase L3019
L2547 L3786

0941 - 2020
2073+ -.1315"

** - S1gnif. LE .01

APTNPERP ARTANGLE

Correlation Coafficients

.0914 - al13
2464 .1635"
L1030 - 0010
L3257 - Q415
0829 .08¢c2
L1714 L3922
.1663* -.0239
.9217 -.1401
.0802 -.1254
L0607 - 2234+
L1451 .1009
L0732 -.0448
0303 L3921~
8216** -.0292
L4584 .0078
.8570*" .0565
%894 - 2442+~
.2078* -.1329~
0622 -. 0402
0403 ~-.Qld1
.099% .0520
.0851 .0018
.0911 .2468*"
.1895* L1639~
.0338 L0178
L2053~ -.0968
. 0813 .1330
1912+ -,0830
.0407 . 0405
L5131 -.0547
.1538 .1518
L1772 .0257
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" 18 printaed 1f a coefficient cannot be computed

A A
~233 -
237y :
~139 - TE43~
231235 T333e-
1323 TZ13e
EEERS 137
ZTa5 3277
P A tE28
2149 - 4l34re
=30 33.5~
1391 RCLLL
J482 - 2323°¢
2350 5749"
2513 EPPERL
~450"~ -.5995
1235 - 1232
2841 - 1431
J666 - 3308
2321+~ 1762¢*
L7750+ 31074+~
5823 J97%
L2239 L1201
3330°" - 2999
3994"" 0374
275" - 3993*~
L3526 L2001~
1399 2823
.J666 2150**
{2-railad}
BASNASON BOLFTACPL
L4997 ~.1493
L3956 151§
2294 -.2057*
.2488*" -.Q005%
L0276 -.00859
0978 -.4915*"
1930 L2447~
L2148~ L2406
L0664 L2657
L2244 L2235
1570 - 2492**
.613Q*" L5224~
L2420 -. 5001+
.0549 L2389~
1576 L3118
.2082 -.0242
L6903*" LALL9*"
L3332 L2004
.1p36*" .289]
L0113 L0711
.04686 .316QL*
.0801 1757+
L0948 -.4329*~
2470 L3707
.0403 -.2109*~
.0817 .0604
L1430 -,2573*"
. 1400 -.0749
L4975 -.0259
L3506 -.0325
L4118 L0297
L1090 L2154+

LY RN

Lt
1

[
f
U aan

[P
£ B

J2ag--
3534
=422
2152
- LBV~
Mol
-, 9087
3238
- 2904
- 33§87
- 2064*
- 2839°"
S F N
t1623
- 35h2~~
- 2264*"
- 4494
L4L3gee
2009«
12647
-.3C95¢*"
- 337G

BPONTSTE

-, 40683~
3334
-.3525"~
2791~
.25399""
3492+~
L2TLET
L3358
~.4636*"
-, 2303
-.3532
3slar--
L1530
-.13186
-.0145
- 83912
.1321
-.3544""
-.0%17
.3765
.1043
L3501
L1139
.3402""
-.1127
.1230
-.0990
1377
2354""
L1774
.3559¢"
.08130
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EH S0l 1a%3 I -

STY_ATE Li85r - 1333 - i

Pu3ANS 1553 e Laz” - nos 233

FLGUPERD ~3.3 3Ll - 1377 EEERE ol

2TGIMNN3 - 12734 a3l PR %] - 1345~ -

PLGITING 134" - .3l” - 13I7 2333

* - ZFignii LE LIS TT - s.3nii LE Ll ‘d-naiied)

.5 printed :& cefitcient Tannot ca compured
- Corre.aticn Coefficients - -
APCNTSTA APTNPERP ARTANGLE BASNASON 30LFACPL IPONTSTS

PORIONLC 952" - 2292+ - Ji78 4364+~ 30656 <730
POSCRNBS L3313 -.2290 -.105% S064"" 1381 LT38"
PCSFACHT 5.54"" - 287 - JL1583 L3503 27273 id2le~
RAMPOSTN -.3334 .2365°*" L2137 -.2027 - 3206*~ - J72L
RAMUSHGT LS5133 - 1827 - L4310 5799+ L4401 3ldase
SADANGLE ,J982 -.1358 - 5320~ 2142* -.1057 L2239
5E L3030 - J9118 -. 6312 4439 -~ J3s50 1240
3L 2904 -. 3317 -.1062 1421+ ,81l78*" -.2080
SLSDISTC 2748 3555 . 24458 -~ 1824* 1147 . 2435
SNA -.2122 .3397 . 1307 -.0872 4685+~ L0713
SNB 1342 L1250 -.20682 2391 8061~ 2283
3NFH ~,27583 .81 - 1772~ -.1171 -~ 2828+~ -.1221
SNLOWERL -.3191 - 3054 -.0726 -.2030 ‘4311~ ~,213%L="
SNMANDPL - 1701l- 3348 L2635 ~.2719*" -.5820¢*~ . 28C0
SNOCCPLN ~.3422¢" .0492 1305+ -. 3848 -.689Q0%" - 1002

* - Sigmaf. LE .38 ** - Sign1f. LE .01 (2-zailed)

- 15 prainted Lf a coefficient cannot be computed

- - Corralation Coefficients - -
CANINREL CORPLGTH  CRANDEFL  CRBASAGL FACAXAGL FACCEBRTH

ABPLANE -.1094 - 3541~~ L0711 -.0365% Jillle- -~ 3933=-
ANB ~.0453 -, 4213 .09535 -.0703 ,3635%~ -.3335"~
ANGOFCON -.G110 - 4615°~ Q891 -.0406 3713+~ -, 3920
ANSNOSTP 2461 L5559~ ~. 800" L1452 -.1185 1130
ANTCRBSE 2938 L5289~ -,1955* -,0841 -, 2607~ L1232
ANTFACHT 2466 .6966%" 1359 - 0165 .4009*" - 3324
APONTSTA 1385+ .5629** -.3501 L3591 -.0768 2219+~
APTNPERP .1484 .0920 L1327 - 0991 1253 L1228
ARTANGLE 0309 -.0122 L2611 -.5822*" L4615 -.1733~
BASNASON .0576 L5113 -.1489 2574 -.133% .3325
BOLFACPL L1517 .5883e" = 3757~ L6199 -.7643%" L1533
BPONTSTB L1162 2543 -.0752 -.0078 L1741+ ~ 0552
CANINREL 1.0000 L2435 ~-.0545 - 0021 .0223 .J82%
CORPLGTH .2435*" 1.0000 -.1293 -.0867 -.2066" .4825¢""
CRANDEFL -.0545 ~.1293 1.6000 -.1807* .5108"" L1964~
CREASAGL -.0021 -.0887 -.1807* 1.0000 -.1288 - 3947
FACAXAGL L0223 ~.2066" .5109*" -.1288 1.0000 -.598L1*"
FACDEPTH .0829 L4825 .1964" -.0547 -.5981°*" 1.2300
FACLCNVX .0829 .4835*~ .1964* ~-.0547 ~.5981*" 1.0000¢~
FACLDPTHE .1092 L5972+~ -.0241 L0277 .1280 .0130
FACLLGTH L2510 8796~ -.0632 =,2343* -.0261 L3250
FACTAPER -.2162"" ~.2606%* -.1714"* .0842 ~.3246"* -.0610
FCCONAGL -,0738 -, 2404*" L1554 .0282 L3813 -~ 3511~*
FMIA -.0407 . 1540 L1479 ~.0389 -, 3777 L4984+
GONANGLE L1426 -.0a78 .1200 .0792 L1682 - 0854
HANGLE ~-.0617 -.3308°* .0571 .0099 .2382+* -.2391*"
HLINE L1011 L5242 =.2110** -.3313*> ~.5523~* L6037
ILSDISTN L1452 .2532%~ ~.0254 -.0662 -.1964"* .3472%"
INCISROB -.1748* -,1114 -.0819 -.0736 -.0652 -.1617*
INCISROJ .0199 ~-.1963* . 0443 -.019%23 .0648 ~.1605"

[P

1
o

[
'
ot
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[TTY I W,

SRR NPT - 343
-T??,, - 2343 - 1325+~
LIANFCHT Iid3er . j?i e
1IGINIAL it - 13y e litgee
LILIPLTH 1173 - %133 Tiiyee
LCLIPTHK - "1 - 1735 - by
LOLPHLIN - 13, - 1147 - T3m.
¢ - Zrgnii L2 I8 TT - 3.3nzi. LE i 12-na1lad)
-3 printed 1f a rseclicient zannot ce corpuced
- = ZS>3rrelatisn Csefficients - -
CANINREL CORPLGTE CRANDEFL CRIASAGL FACAXAGL FACZEDPTH
LOPSCNHT - L7315~ - 3284 231493 L2792 - 1433 - 1433
LOSTFCHT L2879 " 3735 Lid4l4 B i 1 2371+*" 1143
LOWLAPQ_, - 1397° - 2TITe 1343 L3637 . 2508 - 1133
LOWICCPL 35236 3308 - 1534 1539 1385 - 1312
LOWERLNEB 1234 BE i - 3339 .22.8 1403 - 1638
LOWTHAGL . 2948 -, 3451 L3375 w21l EEL R A ~.3764""
LSWR1APO 133 3313 -.20986 3325 - Q2745 .53~
LOWRIMPL ~.05237 -.3928 ~.1537 L3629 -, G907 -.0755
LOWRINB_ -..5%58 -.-992 2747 L3319 ~.260Lv" L1551
LOWRLIPE -.3301 173z~ - 0353 L1904 - 3074 2137«
MANDARC .1ilB - 383" 1112 .0638 .1956" - 1330~
MANDLGTH 2426"* 9118"+ -.1484 .c424 ~. 1679 L4069
MANPLAGL .1295% ~.2748 2249 L2376 6330*" - 5539**
MANPROGN . 1377 L3395 1135 -.3660 -.0441 303G~
MAXDEPTH 3752 L3376 L2667 e -.2958 - 2038+ 3639
MAXPROGN L1395 L2343 .2025¢ 0503 L2162+ . 3722
MIDFCLTH 345 .6062" ~.2468"* .0290 -.2563"" 2430+~
MLSHLINE ~ 0328 . 1698 -.3323 L0306 ~ 2645+ 1390
MLSULCUS .3035% .l818" -.0104 0898 -.013135 21735
MNARCLTH .2635 -.2373 ~.0829 . 12458 -.0489 -. 20310
MOLRRELN .2931-" .5238%" ~.0941 . 1843~ -.1309 L3317 -
MXARCLTH L2668 L1132 - 0647 .2080¢* - 0848 2963
MAHEIGHT . 2209 .3630 3403+~ . 29490 G470 - 2735~
MIMNDIFF L2254~ L7542 L2161 28913 - 0031 1614-="
NASLBANG -.0762 -.3781 L1671 3071 L1503 -.3679
NASOFACL -.0291 - Q020 -.1375 L3780 - 0449 -.Ji28
NASOFNTL L2146 -.%2473 . 1551 .cac2 .2485*~ =, 21.38""
NASOMNTL -.0788 -.J322 - 1139 1028 3524 - 1371
NOSELGTH .1399 4912+~ L3332 L0734 .238g*. - 3530
NOSEPROM -.1021 L1791 ~.1605* L1218 - 2305 - 1324
NSCHNLTH L2405~ .5918"~ .Q718 .0471 .33196"~ L2094
NSTNASON .1028 .2220** -.0406 1181 -.0634 . 1367
QCCLPLAN -.01640 -.3106** -.1324 L1373~ .4519°" - &673*~
QCCLPLXI -.1338 -.4345* c029 L0614 -.0316 -.1337*
CPGOGN .1617 L2209 .1626* L1210 L3110 - 1088
CPINCLIN .1605* L2335 .1920* .0151 .4256"*" -.1228
PALPLANE . 1453 L1039 ~.4168** .0048 -, 00540 -.2753
PFH_AFH -.045Q ,2041* =.2135+* L2753 - 3256** 2989+~
PNSANS L1652+ L3574 -.1209 L3040 -.1056 »329*
POGNPERF L1594 L3642 Q121 .0800 -.1231 3562+~
POGCNNB .1285 -.2868"* .018S .043¢ .1196 - J79%
POGSTPOG .1610" L1358 ~.0674 L0630 ~-.0548 .081313
* - Signif. LE .05 ** - Signif. LE .01 (2-tailed)
= . " is printed if a coefficient cannot be computed
- Correlation Coefficients -
CANINREL CORPLGTH CRANDEFL CRBASAGL FACAXAGL FACDEPTH
PORIONLC .1182 4053+~ ~.3022*" . 0044 -. 3345~ 1353
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Lia7 E - - i3
- LBl - .4 - iz
-331 “.lde- - P -
- T23l - LT - =Elict -
- 0 PEF - 33132~
ITid ITLavt - - lajle- - g
ti3” - i3 - - 1231) - Il13
324 ERES - - 43547 - 3135ee
-;EL $llEe- - - 421377 - Flaive
R - JiTlve 3132~ izl
3NLCWERL -3 WA - -, 2442 - a3alee
S::‘L:\.::DPL :.:'; = :.—?'9' ::_:I'lrv 5717..
Z0CTALN - 1122 - 331z47 1333 T34l
* - Fignii. LE .35 ** - Sigmalf, LE L 2-tayled)
* 1s prinzed 1f a coefficient cannct be computed
-~ - Correlation Ccefficients
FACLCNWVX  PACLOPTH  FACLLGTH  FACTAPER  FCCOMAGL
ABPLANE - 3933=" 2129 -, 2651~ 2441~ L5923
ANB - 3335-"" - D732 -.2381"" L1L17 5364
ANGOFCON -.3920+" - L7777 -.3386"" L0178 66Q7~~
ANSNOSTP L1130 .5822" .5223"* L1328 L2720
ANTCRBSE L w292 L3063 .5306%" 2877 %~ ~ 0425
ANTFACHT -.3024 7903%" 3501+~ -.3436*" L0927
APONTSTA 2219+~ .5245" L5511 .2130 L2699
APTNPERP 1008 -..358 -.3663 - 1081 ,2085"
ARTANGLE - 1732 - 3238 L1285 -.3403~~ L1152
SASNASON . 3325 L7393 .5745** .2660*" 0149
S0LFACPL 7533 L1147 L4077 0529 -. 4194~
SPONTSTB - 1852 L3296 1694 -.1422 .0362
CANINREL ,3829 L1392 2519+~* -.2182"" -.3738
CORPLGTH L4825 " .5872* BI96*r -, 2606%" ~.2404""
CRANDEFL 1964¢ - J241 ~-.3632 - 1714+ 1554
CRBASAGL -.0547 L3277 -.2343*" L2842 .Q282
FACAXAGL -.598L*" .1280 - 0261 -.3246"" L3813
FACDEPTH 1.0000*" 0130 3250~ -.36190 -.3511""
FACLCONVX 1.200C L3130 L3250 ~,0610 - 3511+"
FACLDPTH .0130 1.00c0 7634 L2740~ .0877
FACLLGTH L3250 L7834 1.2000 -.3296*" -.1174
FACTAPER -.0610 L2740 -.22%6"" 1.0000 0501
FCCONAGL -, 3511+~ .0877 -.1174 .0501 1.2000
FMIA DT S -.1671L" .0182 -.0387 - 3367+
GONANGLE -.2854 - 4761+ -.130s6 ~.6402** L2191
HANGLE = 299%1*~ -.0506 -.2315¢*~ L1043 L7207
HLINE 09T~ L0773 L4274 " -.058%4 -.7355""
ILSDISTIN L3472 - 2833~ -.0038 ~.2465"" ~.5494*"
INCISROB ~.1617* 2296~ -.3J208 L4068+ L3524
INCISROJ -.16805* .0lleé -.1237 .1366* 1403+~
INTERINC -.0686 ~.0265 -.0458 L0070 .0105
INTLABGP -.0719 -.1064 -.0301 -.2123"* .0200
LIPEMBOP .0296 .0224 -.0723 2111+" .0505
LLDISTAN .llal " -.1908* L0869 -.2T49%" -.53954""
LOLFACPL .1583 .0219 -.0705 L1208 -.2441""
LO1PALPL L3529 - 1121 L0663 -.0373 -.,2925*~
LOANDNHT L0106 -.7218*~ -, 7276 L1739 -.2007*
LOANFCHT .0197 L8345 " L7953 -.4386"" ~-.0004
LOGONIAL ~.2329*" - 1184 L1776% -, 8515 L1442
LOLIPLTH L2143+~ .5562*" .7015¢** - 2635~ -.1348
LOLIPTHK L1151 L0811 -.0791 LJET9 " -.0056
LOLPHLIN .1971=* -.01386 -.1032 L3472 -.3gaz*
* - Signif. LE .05 *» - sagnmif. LE .01 (2-tailed)
“ . * i35 printed if a coefficient cannot be computed
- - Corraslation Coefficients -
FACLCNVX  FACLDPTH  FACLLGTH  FACTAPER  FCCONAGL
+ .
143

TMIA
=325
- 4194"
- 4248
-.039%

.3078
-.1335
-.0503

L3013
- 1442
-.2480

3315~
- 2637~
- 1407

1540
1475
- 7389
- 3‘?";"’."
L4394
+934"-
-.1871"
132
~. 3187
-, 3367
1.303%

. 2839
- 4042

L4574

3lia--
l303

LT3

8272~

-.0133
-.0858

1549
L7919
.8865"~

562"

-, ui79
-.1573%

-9174

1929+~

.45355*"

FMIA



pA ATy
b PR

MIZFQLTH
MLSHLINE
MLIULIY
“NARCLTH
MOLFRELY
MXARCLTH
UXHEISHT
MOMNDIF
NASLBANG
STASOFACL
HASCFENTL
MASCMTL
NCSELGTH
NOSEPROM
NSCTHNLTH
MSTIASON
CCCLPLAN
2CCLPLKI
QPGOGN
JPINCLIN
2ALPLANE
PFH_AFH
PNSANS
POGNPERP
POGONNB
POGSTROG

* - Signif.

PORIONLC
POSCRNES
POSFACHT
RAMPOSTN
RAMUSHGT
SADANGLE
s

sSL
SLSOISTC
SNA

SNB

SNFM
SNLOWERL
SNMANDPL
SNOCCPLN

2330

1375

- 275w

AEDR R

-.2753
.2999*"
1320
.3562*"

- 3738
3813

LE .35

FACLONVX

1338
.0202
.1803-

-.54483""
.3l64*
~.1429%
~.09487
6424
L0569
L3766
L6831 e
L1770
.4180*~
-.4148**
=. 3104+

* - Signif. LE .09

- a3

1524+~
- 2914
-39
- o332
JT3iee
4235~
.52
:428
i%e8d
. .489
L5532
L2288
5.L36°"
.2336""
- 2383*"
-.2913d
-.373%
234
L1074
.4621*"
5050~
-.3608
~.4584"~
.a309°*"

*v - Fignaf.

et
[P T IR PN S B |
IS P R TR P PR PR B Y1 )
. LI )
. .

Cow

FLRT YIS I I R PU R S SR Y]
-
L3

b
[F 1N e P

P

M )
3333~
1232
L3237
1675
373"~
..353
L4251
L7833
L2205
879
7354
.Jl68
3304
L3301
L7136
L2172
L2615
LJ425e
L2433
.1230°"
-1
3c07 >
5l4der
.1353
IQ7Qv.
252Q*"

Le .31

» 13 prantad i1f a coefficient canncot be computad

- Correlation Coefficiencs

FACLDPTH

. 34423
.7810""
.10
-.3073
_13120.
.236L"
.6140°*
L2032~
- 2583**
-.0290
0266
-.1420
- 1982
- 2797~
-.3052*

ev - Signif.

FACLLGTH

.4889%*"
L6415~
L7632
L2595
L7259
.1887*
2209
.5Q7Q%"
Lios
.2316*
L4539
L3301
L1443
.1601
.4438"

LE .01

« . * is printed if a coefficient cannot be computed

- Corraslation Coefficients

144

- _"_:"-v
lai_ ="
M
- 13
- 3333~
iIzlactc
2llsee -
1233
L3l4 -
-3':.-
ol I - L
1513 331
1213 1233~
2435 323~
1233¢«-~ - L1397
I5836~ 1334
L1408 3373
1533 - 31381~
3534 2133
2924+~ 1544
2332+ - 32C5ee
2459 i594-"
1934 4136
J431 $393
1323 5340~
1098 3045
1304 L745"
L3277 2.22""
L1654 - 26313
L2404-" L2413 "
L1946 1375"
.7308e" - J400
L5397~ L3218
.0079 L2727
Tr25%* -,
L3910 23Q01"-
.09480 -.1315*
L3837 1528
1990 - 1734"
({2-cailed)
FACTAPER FCCINAGL
.J813 - 23021
.2403=" . L1256
2730 " 2687
.lglae .3028"
L3031 -.1268%
,227G%" 0649
L3169 " .1132
L3l -.3368 "
-.1487 -.4021°"
.QLleé L1430
~. 0648 -.3664°"
-.0939 L1218
-.0001 =,3733*
-, 7582+ .2106"*
-.2784"" L2981~
{2-tailed)

LN RN 3 PR
LR TN

[ I I |
LT b
[TTNC P )
[N
[N R o
- ]
L]

L}
(W]
o
“w
-

TMIA

- 3811

- 34550

- 2.3

R T P

- J218

- 1833

-.1228
L3Lade

- -35L

-.0131
L2544~
L1244
L9254
-.1347"
-.1312"



AEPLANE

A am

)
LIGCFTIN
SISNCET?
ANTTF35E
RUTTACHT
APCNTST
LPTUPERD
ARTANGLE
3A3NASCN
ACLFACPL
IPCHTSTE
TANDNREL
ZORPLGTH
ZPANDEFL
P3ASAGL
FACAZAGL
TACDEPTH
FACLONVK
FACLOPTH
FACLLGTH
FTACTAPER
FTCONAGL
TMIA
SONANGLE
HANGLE
dLINE
TL3DISTH
INCISROB
UCISRCT
INTERINC
INTLABGP
~LPEMBECP
LLDIST
LOLFACPL
LOLPALPL
LOANDNHT
LOANFCHT
LOGONIAL
LOLIPLTH
LOLIPTHK
LOLPHLIN

LOPSDNHT
LOSTFCHT
LOW1ARO_
LCW10CPL
LOWERLINB
LOWFHAGL
LOWRLAPO
LOWR1MPL
LOWRIND_
LOWRLIPE
MANDARC

MANDLGTH
MANPLAGL
MANPROGN
MAXDEPTM
MAXPROGN
MIDFCLTH
MLSHLINE
MLSULCUS

L3 S T B

e

475l
1338
L4402~
219l
.2538
bl
2257
3966
L1282
076 "
. 3991
3148
2038"
L3263
.L256
.2050"
il
.J655
.0881
LBTLT "
. 3548
L1908~
L1965

. LE .0S

GONANGLE

.2897¢r
.0l89
.1856*
.1913*

-.0664

L3613
.1404
LAETT
L0748
L1978+
<5365+
L1724
L5856
L0411
.023)
L0571
L2740
L2829
.1896*

L

1243
7237er
i2427
3257

00

L3123
.5375="

Il22wr
PYY:

2337

-.2327

2653

-.3862°*"

S3811er

1040*"
1728~
1523

. 3048

.2879+**
.2884""
.3202*~

[t

1
F VTRV TS PO IR YT UNT )

[ I I AP

-.J966
- 3123+
1.3300

L5526

-, 237>
-.3620¢*"

.09%6

-.566l
- 1083

L4431
L2836~
L4532~
.0592
L1309

-..950"

3105~
L2235~
1346~

«r - Signif. LE .J1

Correlacion Coefficients
HANGLE
L0821

L1739~
L0872

3207~

, 330500
3022
L0734

3094

L1503~
.5176*>
.1340
L2778
L0948

2840

L3391
.1316
.1943
L2178
L2642

HLINE

-.0300
.2153*
- 1825+
-.2423*"
-.2239""
- 2236°**
.l5l8"
-.2020*
.2602%*
L4452
-.214%3""
L4638
-.3198%*
L3268
-.0457
-.1113
L0960
L2509
~. 0947

145

* 13 printed i1f a coefficient cannot he computed

- 153y v-
- 1333ew
- l333*r
- 21l
- L3
- 1334
SR R
- 12<3
Jolat"
P
2452
2532-~
-.J2%4
- 1862
- L394-*
L1472
L3472 - L3517
- 2832+~ 2296
-.23038 - 2239
-.2465"" 1C6ar""
- 5494 1524
L3li2er Jaas
L1262 - 1076**
-, 53375 L3122
.5526"" = 237} -
2.300Q - 1647
- 4647 1.39940
-, 3285~ 38l
142 L3745
- J851 - 1aQ2
- L1315 .2821
.3130"" - 4086*~
L0361 2512
L3172 .2350
L1903 -,2239*
L0851 - 1779+
.2577 -~ 1542
L2536+ - 5985
- 1911-* 2246~
.Q1a4 3702
(2-tailed)
ILSDISTN INCISROB
L1721 -. 1448
1566 -,1681"
-.2361°"" 4957
-.2359*" -.1143
-.1444 -.208L"
-.1133 -, 2877
33181 -.3393*"
-.2889*" .2930
L1434 L1941
L0506 .1l68
-.0947 - 1609*
L3461 -.0605%
-.9036 -. 2420
LTLS4 -.1942"
-.0171 0728
L2688 .0076
-.2702** .}088e
-.3019"" 31T
-.4381*" L1823

]
]
w
i
(=]
-

L2091

.4228¢°

36207

L3293

.3i3lee

.2000

- 1314°
.2979¢
L2941

- 3278
.1934

- 3713

- 2974

-7

-.13482

- 2292+
1572
21l

e

INCISROJ

- 3071
-.045%
L4474
L3311
- 1181
- J)636
-, 3342+~
.0337
L3831
- 20a&8
.0518
-.1538
-.J598
- 3701
2580°"
1191
L2001
L1742
.2566*%"



- 91 . 43 - -2 .
i EREH S D T
SASLIANG et . RS CEI 5 SN SO P M
NASSFACL - i3 : - Iiizes L 33nges TIiiee  sIilL
NASCFNTL 2213 3 S - 373 - il B
NASIETL - Tal TIilve - 3E32ee - §3iiee 1ii5ee ;i
NCSILGTH - .- 2323 - 173 - l3z5%" = .55
uasIeReM - Ll3T TR 1343 - T2l LT LR
ETHENLTY bR hEh L - 145 - 1133 - 172
SSTUASON - IEdleT - l1idee Te3pe 1133 372 12
toTLELAN 155 1344 - l23gee L 1318 1349 . 157
TRCLPLAI - 5319 153l - 2135 . ziize 25307 Cimyg
22G2GY 13330 - 1212 . In 1333 - 3546 - 1134
IPINCLIY 24530 t.id - 1842 2259 - 3130t - l3s
PALPLANE -. 5342 - 1153 2232 3298 L 3541 - LTETe
DFH_AFH - 5335° - 1533 1690 - 3399 2723 1228
PNSANS SR FL LY L0l -, 2278 2537 .351°
PCGNPERP 2223 - 29457 L1524+ L7348 - 20B6* - 173g
FPRGCNNB 3731 233 - 1715¢ L2124 -.3448°% - 137§
POGSTEOG -, 551 -.I%30 1351~ - 1239 39318 L3433
* - Signyf, LE 29 ** - Zignif, LE .31 t2-zailaed)
* . * 13 printed 1% a coefficiant cannot te computed
- ~ Zarralation Ccefficiants - =~
FONANGLE  HANGLE HLINE ILSDISTN  INCISROB  INCISROJ
PORIONLC ~.2586%* - 1313 L2637 - 1738* 2986 -.3529
POSCRNBS -.2325%%  -.2396 1148 -.2037 2138 L1152
POSFACHT - 5078 s -.1331 .2221%  -.l311 L1599 - 3%39
FAMPOSTN -,8%9 .L1361" - 31483e" .3228 J631 1499
RAMUSHGT -.3632**  -.2126*~ 1949 - 3444 1639 ~.1339
SADANGLE - 3239 L2300 - 2785 -.l191 -.0129 - 9084
SE -..365 1139 - 1409 -.2081 .1281 7852
SL - 2312% - 2515°* 6964~ L2121 .3973 - 2474
SLSDISTC 1164 3386 L0222 .5307r  -.2558ee 1327
SNA -.1650" 2784+ 2332+ 3213 L1570 2138
3N8 -.142% - 2376e~ 12307 L3723 -.3929 - 1332
SNFH .2093¢ .2519 -.31502*  -.0509% -.115% L3074
SNLOWERL -, 3175 -.4126°" 5789 3220 L1312 34
3NMANDPL 5229 ..388 - 4513+  -,0277 - 2307*+ - 350)
SNOCCPLN L3281 L1578 -.5469"*  -.1449 -.0316 - 3377
* - Signif. LE .09 *+ - 3ignif. LE .01 (2-talled)
* * 13 printed if a cosfficient cannot De computad
- - C(Correlation Coefficiencs - -
INTERINC INTLABGP LIPEMBOP LLDISTAN LOLFACPL  LOLPALPL
ABPLANE .0001 L0169 .1432 -.4578*%+ - 1403 - 13750
ANB -.06%1 0572 .1728¢ -, 3667 -.3404%*  -.4154°"
ANGOFGON -.0889 L0703 L1783 - 2871°"  -,4624** - 1133°"
ANSNOSTP -. 0441 -.2%06**  -.016% -.2014" .0699 5628
ANTCRASE -.0401 -.0779 L1783 -.1%60 L1472 L3247
ANTFACHT -.01%9 3287 -.1426 .0092 -.1786" -.0974
APONTSTA -.2126%* -.1463 L1717 .0347 -.0587 - 9281
APTNPERP .0320 .0278 .1202 L4732 -.16R3" 3481
ARTANGLE L1174 .0972 -.272%** .0033 -.1260 -.1283
BASNASON -.0841 -.0668 L2321 -.17%0° .0823 -.0219
BOLFACPL -.1403 -.0%08 .1762* L3074 .097% S3201 e
BBONTSTB -.2064" -.2639"  -.1799* .0628 -.3802°  -.2264°"*
CANINREL -.0400 L1637+ L1245 1482 -.1818°* L3292
CORPLGTH -.029% -.1061 -.0677 L3l168*" ,0262 ,L368*
CRANDEFL .0790 .1020 -. 1366 -.0161 0546 -.0%40
CRBASAGL -.1245% -. 0495 .1166 -.0780 -.0438 -.0348
FACAXAGL .0593 L1473 -.2018¢ -.1243 -.2822%*  -.1683°"
L} 1

. 146



-t i - e S
il - - ‘.-"" -_.’:‘3 - 3
FIIINAGL Bt iTE Dnit R
L L . . 313 Tl T ) :
- 133 233 - v I
- it . Zifiee o 3idies . t3iiee o 3RaT
-335 - - i SEE ML MERELY i3z
2Ll - - .38 311y 115, 172
3Ta5er - M - al35e Igiiee P
- linde 13l - 1iTges R - 173
M) - - 1333%+ - 137§ P T 13 cee
- 1394 i Liis - 1537 - iTis - :;51
- 13- DR - 1345 - 1124 - 37g
- 1978 - - 1343 MERRLL - 1351 1375
51237 - - 1134 - 1151 1,131 ERERTR
FERD AL - - 1375 1879 ERE LA Loline
L JANTNHT a4 - 441 1193 1013 2477
LIANFCHT - 1732 - 1133 1235 - 2534 - 327
LIGONIAL 1374 - 2453-" Y| - 1333 - _531
LOLIPLTH 1239 -2 - JLZge L1420 - 2990 1534
LILIPTHK 1464 - 1512 - 4726°* 365" 333z~
LILPHLIN 2335 " 1333 - 2337 5564 423"
* - Signif, Lz .55 ** . Srgn:f. LE LJ1 2-rallad)

* ., " 13 printed % a ccaefficient cannot be computed
- - Zarrelation Coefficrents - -

INTERINC SWTLARGP LIPEMBOP LLDISTAN LILFACPL LOLPALPL

LOPSONHT L1233 1507~ - 3803 L7649 L2433 ,3107""
LOSTFCHT -.2918 L3949 -.2778 2672 -, 2411~ -.1999
LCWlAPO_ LB213" - L25 - J2.6 - 31542"" it LA RELT LA
LIOW10CPL =.7333" ~.32238 .2369°* -.J569 -.5629"" -.305Q*"
LIWERLINB ~ 7590«* - J.39 1251 L3137 -.7887¢*" - 3IEL*T
LOWFHAGL -.3797 2.7G% -.2670v -.J457 -.3592* -.368L""
LOWR1APO - T192** -.26Q6 1219 1439 -. 4887~ - 92237~
LOWRLMPL -.553Q"" - 1447 2L57- - 1701" -.3990" - 33T
LOWRLINB_ 8753~ -.2538 -.3%71 ~.J492 L3276~ LT433
LOWRLIPE 3480°" - .321* - 3573 -, 1372* 5464 1367
MANDARC -.3234 L1238 -.3526 - 2940 - 1231 - L8413
MANDLGTH ~.078% - 2698 -.0428 .1235 -.3269 Li81
MANPLAGL .0380 L2201 -.1340"* Q388 -.36833*" - L3la-
MANPROGN .J966 ~-.J488 L3142 E712** 7386 1230
MAXDEPTH -.1506 1018 1330* S43s - 2793 - 2337
VAXPROGN L3785 -.Q0110 1431 L2702 - 1966 5381
MICFCLTH -.1074 - 113l 2305 - LB55* - 0739 -.2354
MLSHLINE L1434 -.0200 ,229%*" - 2813+~ 1919~ M
MLSULCUS -.1247 -.0064 L2823 -.1937 L3014 - 1521
MNARCLTH -.3665"" L0439 L1399 L2620 -, 3705 - 3383-"
YOLRRELN .0024 .oa02 -.1040 L3350 .0139 2480°"
MXARCLTH ~.441Q°** 1770 L1991 L2328 -.2230*" - 2353
MXHEIGHT L1623 .0110 -.3218 -.1082 J448 pRa-1-1
MXMNDIFP ~.0125 L0042 -,2772 L3314 .0304 L2002
NASLBANG L2977 L1053 -.1589 -.488%¢*" L1739 1983
NASOFACL -.1278 -.1ll40 1250 -.1509 - 2384"" - 1943*
NASOFNTL .1690" .1722- -.2086" -.0986 1493 2631
NASOMNTL -.0470 - 14793* L0799 -, 3343 -.2LLlL*" -, L743"
NOSELGTH .0528 -.0707 -.0%53% -.20082* - d410 J1i8
NOSEPROM .12623 -.1821" ~.1704a" -.522Q*" .117% L0208
NSCHNLTH ~.1471 .131) -.0407 L0226 -.3601"" - 27Q01°"
NSTNASON L1131 -.0210 -.0248 .0187 .1428 L1114
OCCLPLAN L2837 L0960 -.2%20"* =.1634" -.0616 - 1308
CCCLPLXI .1240 - 0438 0399 ~.2787** L1257 -.3730
QPGOGN ~.2288*" .1850" L0195 L2319~ =-.3733* - 3390
OPINCLIN -.2208"* .1092 -.0787 L1545 -.3751°" - 1334*
PALPLANE L1043 -.1079 -.0103% .9323 -.01%9 296Q*"
PFH_AFH -.0384 -.18982" L1536 -.08%6 1713 L0441
PNSANS -.0385% -.0276 .1e98* ~.1421 -.0781 -.045¢
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* - Zignmii LE Z TTo- Fayn.d L2 Ll c-ta.lad;
-3 prpzazad A ftelfic_ ams zannst 2o Iirpated
- - Iizra_a=i.zn Izalliiz_agmn - .
INTEAING ITNTIARS?  LIFEN3CP LLiIsTml LILFACIL
PCRIINLS - 1337 - 1132 Tl < .+33 - 1733
133 L3 - lalt ERE - .35 b -
F2SFACET - 1257 - o333 - 2237 - 1832 - 1323
HAMPCITN 1335 - .133 PERY: P e L5483
JAMUSHGT - 73 - .93 bEDEY 2L 1331
SADANGLE - 2323 - 233% L1133 - 1229 ta27
3B - 3337 23303 L2238 ~. 1374 %91
st - 2429 - 1147 427 2338" 1329+
3L35I8T - 25839°*" 2323 L5653 5469~ - 2497
SNA - 134 - 32386 L34 2329 - 2860i~"
3NA - 3729 - 830 1718 L3531 - 3237
SNFH - 223 z333 -. 1387 - 24631 2127
SNLOWERL gLAT" - 3237 - 3692 L74B" 5735~
SWMANDPL Lsol” 22313 - L3317 1042 - 3135+~
FHOCCPLN 23102«+ 3738 - 2313~ - l3g9r~ -.3379
* - gignif, L2 2§ *+ - Fign:if. _E .31 {2-talied)
* ' 15 printed 1f a coefficient cannot be computed .
- - Correlation Coefficiants - -
LOANDNHT LCANFCHT LOGONTIAL LOLIFLTH LOLIPTHK
ABPLANE - 1064 -.1552* -.282¢ ~.2303"" .92513
ANB -.1472 - 235 L1439 -.2378*" - 1308
ANGOFCON ~.1238 - 1350 1274 -~ 2666%* -, 2269
ANSNOSTP -.490L*" L3913 -.082¢ L4807~ .1168
ANTCRBSE - 4553~ 3298 -.2680°*" 2658¢*" 14568
ANTFACHT -.7504"" . 3033~ 4671~ Ti22°" - 1470
APONTSTA -, 4823 1291~ -.0279 .4196*~ ~-.0259
APTNPERP -.2939 .L303 .3853 1647~ -, 3941
ARTANGLE -.0951 .37 L3019 L0756 -.2020*
BASNASON -,5330*" 3994~ -.2378" L3526 L1399
SOLFACPL -.2909 .2378 ~.3993 "~ L2001 .3823
BPONTSTH -. 4494 " 4139 .2009* 4264 ~.3C35¢*"
CANINREL =,2103*" L2343 L2227 L1378 -.0739
CORPLGTH ~.5619"" 6585~ 977s L7304 - Q751
CRANDEFL -.2078 .1284 L3279~ .Q793 2136
CRBASAGL L0442 -.1109 -, 0464 -.0308 9795
FACAXAGL -.26368"*" .398a=" .8535¢** L1551 - 2472+
FACDEPTH .0108 L0197 -~ 2329+~ L2i43r L1181
FACLCNVX .0106 .Q197 +.2329*" L2l4de L1151
FACLDPTH -.7218"~ .53145%* - 1184 .5562"" .J811
FACLLGTH -.1276*" L7953 .1776* L7015 " -.0791
FACTAPER L1739 - 4386** -. 8515 -.2615"" L1679
FCCONAGL -~.2007* -.0004 1442 =.1348 -, 0056
FMIA .2562%* -.1479 -.157¢ L0174 .31929*"
GONANGLE L0655 .J8a81 G717 -.0548 -.1908"
HANGLE ~.1728°* -.1528 -.0048 -.2878*~ -.2084°"
HLINE .0592 .1309 -.1950* L3105 L2435
ILSDISTN .1903* .055% L0877 L2538 -.1911"*
INCISROS -,2238*" -.177%* -.1543°" -.098% L2246
INCISROJ -.0974 - 0744 -.1342 -.2292°** .1572..
INTERINC L1634 - 0792 L0074 .0099 L1484
INTLABGP Q746 L0910 L2159 -.3638" -.0711
LIPEMBCP -.1441 ~-.1308%9 -,24%5"" -.3129*" .0512"
LLDISTAN .0193 L1503 L1148 .3412 -.4725..
LOLFACPL .4033** ~.2604"" -.39%93" -.099%0 .6456..
LO1PALPL L2477 -.1827* -,1581 L0524 .]8!2"
LOANDNHT 1.000¢ ~,7878** -,4883** -.6254°" L4741
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B |
14L3
P |
-342
<245
slT
1718
L3
473
PR B
R
.3%3
3315
~370
323

“CLPHLIN

227Q+""
18QQ*"
3333er
l14%
.37

-3
2343
273"
315"
t4a86
2133~
1473~
3331
ts2l
2559
2347
1539~
L8371
371
L3136
L2332
L3472
1382+
4553

-..963"
-.5202*"

L4546
L0368
L3702
.0211
2995**
L3083
-1k

=.2397*"

.B664""
L4241
.3838 "



~IPSCNHT
LI3TFCHT
LSHALARQL
LCWICCPL
LSWERLNB
SOWFHAGL
LOWR1IAPO
LIWRIMPL
LSWRINB_
LOWRLIPE
MANDARC
MANDLGTH
MANPLAGL
MANPFOGN
MAXDEPTH
VAXPROGN
MIDFCLTH
MLSHLINE
MLSULCUS
MNARCLTH
MOLRRELN
MXARCLTH
MXHEIGHT
MUXMNDIFF
NASLBANG
NASOFACL
JAMASOFNTL
NASCMNTL
NOSELGTH
NOSEPROM
NSCHNLTH
NSTNASON
QCCLPLAN
OCCLPLXI
JFGOGN
QPINCLIN
PALPLANE
PFH_AFH
PNSANS
POGNPERP
POGONNE
POGSTROG

LTANTHHT

3342~
- 7332+
2335~
3743~
.=933r
- 1473
- 2414
148
3008
1730
1983
- 5663**
- 1513
.3230
L1130
216"
.5278""
3377
L3401~
L3718
.Ll154
L1539
.1186
. 3809
aL71
L2363
A7
-.2676"
-.532682¢*"
.1543*
-.7306%~
.1810"
.18%3*
L1638
L3349~
.4041""
.g224
.1490
-.5920°**
.0147
.0560
-.3458"~

| N B B ] SN T S | ] 1

L I R A |

| S B |

* - Signif. LE .03

ool
[*%)
[+)]
L4
o
-
Ll

2463""
3738~
-.1228
.2385%
-.2343
L3621
L1068
.2781="
L6940 "
L2457
L0697
-. 0409
Q216
L4684
.13397
L3279
L1249
.0490
.2858¢+
L4633~
L3130
.2830
-.0649
L4536
.1430
-. 1336
-1693"

LOGONIAL

- S44l
$36L~
- 3139e~
- 1430
L1377
kTR
=922
;475--
3204~
- 3323+~
3gll--
.06L%
3513~
2391
-.0873
L1695
-.2927""
4207+~
L1924
.0910
L2375
-.0308
L4653~
L3627
L9956
-.0817
L1541
-.074%
LL382"
-.0269
4243
-.1541
L3304
~. 2054
-1 LT A
.6148*"
L0037
L6438
-.0963
-.0213
233400
~.05%53

[}

1

** - Signif. LE .01

LILIPLTH

* , % is printed if a cosfficisnt cannot be computed

PORIONLC
POSCRNES
POSFACHT
RAMPOSTN
RAMUSHGT
SADANGLE
SE

5L

LOANDNHT

-, 3797
-, 5624
~. 6328
L1026
~. 5656
-.0238
~.3419*"
-.1248

LOANFCHT

L2554
LATAQ"
L6Lll4 "
-.0883
.5079*"
-.03538
L2383
L0445

Correlation Ccefficiants

LOGONIAL

.1705*
. 1327
.1438
L0749
.1718¢
.1061
-.1334
-. 4888

[ T N B |
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ToLIITYR

- E75ew 2319
75330 - 2.38""
~ 2567+~ 3443
4338 = 3q4Lee
LA721 - d443Ll°-
L2690 " - 3453~
2425"" - 279%e"
~,3733 - L517
- 2021* LSTYLee
w27 3959~
~. 1456 - 1427
L5306 " -.03%8
2901 «. 3770
L3372 L2679
-.J310 -.1104
.2929=~ L4371
L3518 L0561
-.3942 §198ve
L0779 -.0963
-.1483 -.3223*"
L3374 -.3724Q
- 0711 - 2023*
L2671 -.3037
.6559°"~ -.1041
-.0628 3831
.0464 -.1134
-.0927 .1287
L0220 -.0344
L4547+ . 3949
L1353 L2390~
L6361 - 2745
.1851* ..588
-. 13547 -.2792
~-.3418"" .2463""
3106+ =.3993*"
1917~ -.4036*"
L0844 0174
.9817 .2140°*
.3845" 3269
.3113** L0518
-.1874" -.4312**
.1950" L1173
(2-tailed)
LOLIPLTH LOLIPTHX
.2013* L1204
L4064 L0979
L5960 L0766
-.0542 -.0117
5395 L0736
.0190 .108¢
L2510+ .1832
.1711° L1278

LILPHLIY

«750"
- 3233
307"
- JTE]'I
- 4659"
- 3495--
- .3490
- 23t
43"
3233+
-.1337
-.0480
- 4298°~
.263%
~.2133"
-, 1845
-, 0787
L5889
~.J9§7
- 287 T e
L3763
-.1393~
- 0969
L9032
L1533~
-, 3134~
L1302~
=, 32083~
-.1625"
L55Ce
-.402%
caddT"
- L3586
208"
.3330-"
1395~
~.3369
L2334 "
-.1.36
.Q634
- 192Q*~
L1391

LOLPHLIN

0340
Jols
-.0039
-.3739
.0602
.9392
.0423
.2321*"



I

[
[
-

<. - 4} . it e
- FEE] N - sy o -,
2433 - L33 - lin 2:e -3
ST - .1 - T4 t2maew TIt
- i ITi5e. i L 3iTi.. il
suceTALy 5T R T Jlinn.. i S
* -~ Signif. 2 L5 v - 3.gnnioLTolL Z-mailads
.3 pgrontaed 12 2 feffngiant cannmIit ze camputed
- - Z3rra.at.sn T:gificianmng - -
LOPSOMHT  LISTFCHT LIWIAPO_  LOWLICPL  LIWERLNB  LinFHASL
ABPLANE ..l - 5L RS LR 2291=" 2:7%e -.24%0
AB - 1351 - 1213 L3L53"e 2554 2333 17349
ANGOFCON - 3533 - 233 L2213 PEYOR A 3315 . 2393
ANSNOSTP -.5131e~ L3599 - 1403 1307e . 3824 - 357
ANTCRASE ~.4763"" 3359 L0120 L1448 . 2012 -.0184
ANTFACHT -390 3296°*  -.2531+* .36 1536 1743
APONTSTA - 4445 1359« - I7Zgve 23134 L1344 -
ADPTNPERP -.3914 24640 17230 - 9257 1329 - lTLg
ARTANGLE -.0113 1535w - 30L3 -.3415 3302 L3322
BASNASON - 4397 1356 -.1294 .,2488°" 1276 - 3979
30LFACPL - 13493 1318 -.2257¢ -.2508 - 32%0 -, 1915
3PONTSTB -.4063"" 3134%% - 33C6*e L2791 " .239%0. L3492~
CANINREL -, LT35" L2379 - 1397 . 3806 1784 . 3948
ZCRALGTH - 5234 573§ - 2737ew .3308 411 -. 3451
CRANDEFL .3333 L1414 L343 -.0684 -.3599 L3375
ZRBASAGL L3792 -.1113 -.637 L1330 J218 -,1211
FACAXAGL -.143 2973w .300% .108% 1403 5987~
FACDEPTH -.0430 1349 -.1133 -.1012 -.36808 -, 3756
TACLCNVX -.0450 . 1349 -.1133 -.1912 -.3608 - 3756%~
FACLOPTH -.3054+" 5916% - 1%63 L3360 1418 .2907
FACLLGTH -.5963*" LT - 2754°* . 1153 .1127 2076
FACTAPER -.1029 -.31765"%" L3481 L1779 -.0197 11 EEE
FCTOMNAGL -.1320 -, 3734 2153+ L1314 LY L2717
FMIA L2676 -,29867 L4720 -.82952¢** -, 30883" -~ 2342**
GONANGLE .2897%" .038% -.1896* -.1913" -.2664 1513 "
HANGLE -.0521 -.1739* 0872 3207"" .313080" bie-b
HLINE -. 2520 153 - 1825 -.2423" -.2299" -.2236*"
ILSDISTN L1721 1546 - 2561+~ -.2369"" - 1144 - n
INCISRCB ~. 1446 -, .581" L4957 -.1143 ~.238L" - 377"
INCISRGJ -.0071 -.J459 d4T4r 0311 - 1051 -.3416
INTERINC .1233 -.0918 L62L3**  -.7903** -, TI9Q0~r - 1787
INTLABGP .1607" L3949 -.32%91 - 0218 -.9139 L2L7ge
LIPEMBOP -.3803 - 9778 -.0216 L2569 1251 - 2879="
LDISTAN 0649 L2672%*  -~.3642** - 3569 L0197 - 1467
LOL1FACPL 2493%%  -.24ller LTT34%  -.6629%° - 7E8Tes . 1592e*
LO1PALPL L2107 -.1299 .4544%*  -.8%0%0°* - .336L** -, 166Ll*"
LOANDNHT L3342 ~-.7432*" .2986*" =.3743" -.2933 " = 3473
LOANFCHT -. 8757~ L3077 -, 3399 .1763* .1682* LALGA
LOGONIAL -.0441 L4361 - 3180** -.0430 1677 773G
LOLIFLTH -. 5768 7639 -.2567*" 3988 L0721 2630~
LOLIPTHK L2839 -, 2105 L5443 =.3441°" -.4431"" =.3450""
LOLPHLIN L1791 -.2289** .4076¢" =,3723r~ ~. 4669+ - 3498
* - gignif. LB .0% *+ . Signif, LE .01 (2-tailed)

* ., " {g princed if a coefficient cannot ba computed
- =« (Corrslatiocn Coefficients -~ -

LOPSONHT LOSTFCHT LOW1APO_ LOWIGCPL  LOWERINB  LOWFHAGL

LOPSDNHT 1.0000 ~. 6548 .1920* ~.3061** -.3069"" -.1372-
LOSTFCHT -.5548%" 1.0000 -.3129** .1733" L1737 1440~
LOWLARO_, .1330* ~. 3125 1.0000 -.5539¢~ ~-.654Q8°*" - 2975
LOW1OCPL -.3061*" L1733 -.58390e 1.0000 L8818 L1123
LOWERINE -.3069*" L1737 -.§408** .38135%* 1.0000 .15929
LOWFHAGL -.1872* .4440** -.29775" L1118 .1829 1.9030
* . [}
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T : 1odare TTTLee
.= i - TEzgee - =allrve
s et : SRR LA E VA R
wlilitto - - 134 - L2
s 3Tt 2453 e
— T - .373 33"
FANTRCGH - 13 z - LEilT - .73
MAKCERTH -.niid P R REFE RS
TAXPRCGH - 313 E: - 13 1139
vIZFILTY - £33z°" ot 2755 e R L
ML SHLINE - .3138 - 3] - 35833 - 2330+~
L 3ULCUS ~ 1la3 P D L2&S -333-"- 233z
INMARCLTH bR | - 3132 - 2339 2450"" 1213
MCLAFELN - LEq4” 1472°" -.15585"" ~.1229 - 249
MXARCLTY La L1152 - L3isa L1712 1352+
MXHEIGHT - 272% 2129~ 297 -.J528 - 2437
COMDIFT - 33135 333Q0"" ~.4249*" - 3444 - 3372
JASLIANG -.257 - 23u4 L2311 - 1312+ - 2313
NASOFACL - 1237 .353 1969 1342° L8548
MASCFNTL 23465 - 2318 1542 - 12386 -.523%
NASOMNTL E A - 2225 . L.99 20315~ L3531
NOSELGTH - 4337 3357 -.95740 ..495 348
NOSEPROM - 23927 - 2373 L3412 1360 - 2222
NSCHNLTH ~,58240*~ “9law- - 333" .3a08e" 1225+
NSTNASON -.3315""~ ..338 742 - Q377 - 32130
CCCLPLAN L1659 -..297 434 -.3028*~ 3087
JCCLALXI -.1lg32* - 2347 3279+ - 1841° -,3198
OPGOGN L2984 3929~ -.4133*" .L941L* J360
CPINCLIR -.2428 L2294 -.3914+*" 1680+ 1548
PALFLANE -.%319 -.2334 -.01237 -.3073 3871
PFH_AFH - 3945"* .3.52 .3739 .1979* 9697
PNSANS -.3325"" 4523 L0109 L2246 13r0
POGNPERP =.3343 L2387 1087 -, 1944 -.1322 °*
POGONNB L1860 -.2924 -.3608*~ .J182 JLB6*"
POGSTPOG -.3347 2556 ~.1640Q" .1596* 1220
* - Signif. L= .38 *+ . Signif. LE .01 {2-tajilaed)
= . % 1a printed 1f a coefficient cannot be computed
- = Correlation Cosfficiencs - -
LOPSONHT LOSTFCHT LOW1APO_ LOW1OCPL LOWERINB
PORIONLC ~.4062*"* 2624°" -.1239% L1363 L1004
POSCRNES -.5263*~ L4578 L0331 .1568 L oA4TY
POSFACHT -.3253°** .6065** ~-.0938 L2584 1793
RAMPOSTN L1138 -.7880 L2155 . 3252 -.J173
RAMUSHGT =.7101*"* L5224 -.1966"* L2700 1455
SADANGLE -.07%4 -.J66% L3094 .150% L0129
SE ~. 42683~ L2171 L0301 L2024 L9370
SL -.2102*" L1144 - 0866 -.0496 -. 0546
SLSDISTC L1136 .0930 =-.2034* L1274 .1997
SNA =.20084" .096Y L0026 L1148 L2419
SNB -.1163 L1752 -, 23144 -.0712 L0334
SNFH L1790 -.0991 0749 -.0042 -. 0408
SNLOWERL .1928* -.0572 .4305"" -.3012*" -, 3484
SNMANDPL .1840* L1615 * -.1643" -.0804 L0432
SNOCCPFLN L1684 -.1786" L1764 -.2820°" -.019%7
" - gignif. LE .09 v+ . Signif. LE .01 {1-tailed)
» , " ig printed if a coefficient cannot be computed
- - Correlaticn Coefficients - -
LOWRIAPO LOWRIMPL LOWRINS_ LOWRLIPE  MANDARC
ABPLANE -.2%11"" L32LTee - 1567 -.1636° L0146
AND -.24280 L2879 - 3210%  -.3334"° .0820
ANGOFCCN ~.2953 " L2393 -,3580*"* - 4172 .1238
ANSNOST? .29%0"" L1474 ~.1158 2304 -.2028"
L 4 v
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- “.3:4.-
11370

2335
1233~
. .94
2134
372

oGJB
3433~
I3~
tcdd
- 533
-455
- 1315
323
pL-BA
4681""
-.1328
L2991~
-.1434
57197~
.6456°"
-.1315"*
-.4483¢"
-.1266
-.2944°"
.1153
2528

[ R T T B

LOWFHAGL

- 2439
L3346
2232
-, L33
-.053%
-..017
- 3739
- 4335*"
.0419
-.2885"
-.36Q2% "
L1224
- 3227
L6734
1324

MANDLGTH

- Jle5e~
-, 3834
- 4106°"

L6673



T-ziee ‘-:‘:" - ",':_f .
. 13 : B

S .o SN LI -
3CLTACTL TR II3zee L Iizies SO
370YT5T3 SR T . e i
TANINRIL .13 . - - 1% L3 S
ZempraTH 131300 - - ;v - L3s3e 3.
sraNDEFL - LIS NS - 1353 il - i
TTIASAGL N S213 - 1304 - 1235 - fiZa
FATAXASL - oS NP . S ity 1355¢ - 1373s
FATDERTY i331r - 1743 2337 - 133:e FECFEY
FASLINTS L35L” - 31733 2317 - 1330 1343~
TacLzeTH 263" 1228 - 131Z* - 3551ee ~33qe-
ZACTIITH 3333 - 2113 - 2300 -..336 L3827~
FACTAPER -.327% LE35240 2746 " - 1]9gwe - 1324
FCOONAGL - -333 13312%  -.2531vs - 22667 2257 - 1Tg7e
TMIA - 8&3le"  -.73l6"" +397%r 15267 - 1429 L1558
SONANGLE - L434 - 46717 - 1748 -..973* 5185 - l71g°
HANGLE - 3734 3294°%  -.1333*% - 5176*r 1340 . 273w
ALINE 1516° - 2123° 25320 11520 - Z153*c L4613
1LSDISTN 2131 - 2353ee 1434 3506 -.2947 S461
INCISROB - 1393*c  .1330 BETTC .1368 - 1609* - 3608
INCZSROS - 3342%* 3337 1331 -.2068 3516 -.1528
TNTERING  -.7i132°c - 538Q°° 57530 3430%°  -.2214 -.3738
TNTLABGR  -.2608 - 1447 - 1338 - 1821° .1218 -.0698
LIPEMECP .2219 2157+ - 0971 -.0573 - 3526 -.9428
LLOISTAN 1499 .17 - 2493 -, 19720 - 3940 123%
TOLFACPL - 4367+ - 339Qe*  ,327§%*  .G4Gd*=  -.1231 -.0269
TOLPALPL  -.6223%  -.3367¢+  .7a9@**  .487**  -.0568 1131
LCANDNHT - 24l4*~ - 1416 .5008%%  ,1730° .0983" -.6563%
LOANFCHT .2665% - 1097 -.3698°%  -.0990 -.0415 7233
LOGONIAL  -.0022 -.447S°e  -.3204°%  -.3320°*  .391le* 3619
LOLIPLTH .2426°*  -.0788 -.2021* .1127 - 1456 §806°°
IOLIPTHK  -.2799<+  -.1317 5731+ .39%8es . 1427 -.0158
TOLBHLIN  -.1949*  -.1172 .61a3%  .8233*+  -.1337 - 2160
* - Signif, LE .09 ** - Signif. LE .01 {2-tailed)

= .+ 15 printed if a coefficient cannot ba computed
- - Corralacion Coefficiencs - -

ZOWR1APO LOWR1MPL LOWRINB_, LOWRLIPE  MANDARC MANDLGTH

LOPSDNHT -.3041"" -, 3277+ L1766 - 046 .2190Q+=" - 5745+~
»OSTFCHT .2514*" -.072% -.3273%" -.J)aald ~.1040 3394
LOWLAPQ_ -.7236*" - 2838~ L7576 L4ALTS -.0408 - 2332-~
LOW1QCPL LTT7SAer .328l* -. 7862 -, 3478 -.1304 =463
LOWERLNB L8204 772 - 451~ ~.4341°*" -.0209 1721
LOWFHAGL .089% -.22Q3"" -.3623~" -.3397" .3az2-" L1877
LOWRLARPG 1.0000 L5849 -.64533¢e" -.l828"* -.1122 L3702
LOWR1IMPL .GB43 " 1.0000 -.5393"" -.1607" -.2801"" <259
LOWRINE_ -.6455* -.5319)" 1.5000 .5531** ~.0441 - 1375*
LOWRLIPE -.1928" -.1607* L5821+ 1.0000 -.2151*" 1352
MANDARC -.11223 -.2801"" -, 0441 -.215L" 1.0000 -.2313""
MANDLGTR .3702*" . 269 -. 1879 .18%52* -.2318*" 1.3000
MANFPLAGL -.0938 ERE Y 11 M -.2798" -.3711-" L4384 - 119}
MANPROGH -.0501 -.1716" L1178 L2134 -.2316"" .18l
MAXDEPTR -.0699 .1384 -.1883* -.1708" -.0549 .0142
MAXPROGH -.0966 - 0479 -.0833 . 3608 ~.2113** .0987
MIDFCLTH .1854* L3341 ~.2043* L1338 =.2418" L12TLee
MLSHLINE -.0366 L1181 . 3551 L5593 -,138%¢ .1398
MLSULCUS .1943 L3234 -.139% -.1496 -.082% .2310""
MNARCLTH .1981° .2588°" =.3136** =,39%9> L0514 -.0939
MOLRRELN L2707 ~.2259%"** -.0182 .1237 -.00%87 L4813
MXARCLTH L1072 .118% -.218Q0"" -. 2634 L0713 L3716
MXHEIGHT .0019 -,1930* ~.01€3 .0483 .0las L1119
MXMNDIFF .31618** -.2727** -.0807 .1430 -.1097 ,7693 "
NASLBANG -.1825* -.0945% .15355 LL760" -.099¢0 -.J111
NASOFACL -.0517 .1019* -.2434** ~.2133** -.009%0 L0499
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2PTNCLIY
PALRLANE
PFH_AFH
PHIANS
PCGHNPERD
BTGINY

ITGITROG

° - Sign:i

RN O I
L PR TV RS PR IR TY I
10w

(LIRS Y | R

L RTHN LI T R Y T
L] .

‘. ' u§ printed if

PCRIONLC
POSCRNES
POSFACHT
PAMPOSTN
RAMUSHGT
SADANGLE
5E

sL
SLSOISTC
3NA

SNB

SNFH
SNLOWER)
SNMANDPL
SNCCCPLN

* - Signif.

-

ABPLANE

ANGOFCON
ANSNOSTP
ANTCRBSE
ANTFACHT
APCNTSTA
APTNPENDP
ARTANGLE
BASHASCR
BOLFACPL
SPCNTSTS
CANTNREL.
CONFLGTN
CRANDEFL
CRBASAGL,
FACAXAGL
FACTEPTN
FACLCNVX
FACLDPTH
FACLLGTM
FACTAPER
FCCONAGL
FMIA

TEYRILL Fav sk
LU )
I+
RN S FVILYS SN RIS SRV SRR VR TP W]
8 “ a
. . 4

ke O e
PRI IR I Y VTR TR SR S PR

ot

- 23945%~
- 1735

Tv - Jigmaf. LT .21

1 coefficrant sannot pe computad

SSWRLAPO

2411~
425
L3334
-. 1303
-35Q7 =~
.2378
L1096
1330
a1}
- 209§
LLTLTe
07133
L6194
L1131
.2201*"

LI I |

LE .35

- GCurzralac:ion Coeff.zients

LIWRIMPL

~383

2Ll
L1508

3890

L3305~
1312
2337w
922

LJLT]

..358"

L2207

. 3350

.GA4Lle~

-44dGe"

.1998*

LCWRINB.

- 1.34

- d4713

-.1372*
L3316

-.1539

- J0B3

-.J459
.128%

-. 1737~

-~ 2086~
L9212
.9661
L7429 "

~.2139*"
.0398

** - Signif, LE .01

- Correlation Coafficiantca

MANPROGN  MAXDEPTH  MAXPROGN  MIDFCLTH

MANPLAGL
L0344 -.1771
.1451 -. 1608
.2224%* -.1401

-.1582 -.1170

-.2938er - )597
L2880 1034

-.1489 .1300*
.0301 .A216"r
L3921+  -.0292

-.2420°*  -.0%549

-.5001% .23880¢
.1530 -.1316
.1299 1877

-.0748 .3399 %+
.0249 L1118

-.0376 - 0660
.6330° -, 0441

-.553%e .3036°

-.5539we L1036

-.2366** -.0334

-.00%3 .1081

-.7972%*  -.1230
1718 -.1454

- 27060 .2481""

L4016
.50232 "
LEBY S
-.2099*
~.1062
-.1388
-.0751
AR
L9078
-.1576"
RERRR- Lo
-.0149
.0752
0176
L2687
-.093%8
-. 2000
.5688*"
B 11-1 Lad
-. 1446
L0058
-.0530
L2391
.0787

153

* 13 printed if a coefficient cannot ba zomputed

.2156""
L2313
.2330%"

~-.J219
-. 0464

L2397
L2519
.857Q¢"
.0969%
L2082

-.0242

-.0693
.159%
L2243
.2023*

~-.0%03
L2162
9722
L0722
.08%1
.1130

-.1338
L4293~
.0067

-~ 1:%)
- 121
- 234l
~3lg"
- 2134
- 1333 1755
L - 5.
23247 - iTs5ee
b 3% - 2555+
2321 - 2523%s
- aT93e- 2305
..2681 - J97.
{2-zailed)
LCWRLIPE MANTCARC
1387 - 2471
L1T0Le -.2531""
.2J324* -.413Q""
-.0486 -.98131
2196~ -.4481*"
L1217 «=,1308
L2328 =, 2727
.2431e" -, 2227
~.3113e" L1362
-.1650" -.1319%
L3709 -.1988"
3217 1213
A3L2" -.0882
-~ 3217** 4673
-.13392 L3455
{2-cailed)

2202~
LL644
L0917
L5349
L8894
4941
.4420*"
.0894
-~ 2442°"
L6903+
.4119**
.1321*
L1349
L6082
-. 2468+
.0290
-.2961*"
.2430*"
.2430°"
L7238
L6558+
L2495
.1803"*
-.0927

- 333g5=-
:5]4--

MANTLGTH

L3073
L57L3 "
.7683"~
-.2293"
.7638""
-.01.3
1205
.93Q3e"
-.1228
1313~
1544
- 2445
.1%27
-.2213""
- ,;'t]]--

MLSHLINE

2324
L1339
- Z513*"
L2338 "
.3839¢%-
- 0154
L2380
-.2079"
-~ 1929*
LEX A
L4004
=.3344""
-.2328
LJ698
-.0323
L0306
-.2645~
.1190
.13%0
2773w
.12%0
+4285e
- 189%7*
L2051



.3a3 Paiee i Szl
- 1133 I - i To-: :::
- Ll - Si33es . 11!
INCIEASE - lalle - o1 ::E% MEREE A
- .5 - liile 13 Ry
2 MR «733 - tadd
IIitee . 1433 Tl e - R
- _34ie laz 1313 Sa3n Ii3ies
LLITSTAN EL 571" 1318 273zer . - Z313ee
LILFAZIL - 213w 1735 - ITilee . 1325 - PSR
La3TEALPL - .3l (S PR 1381 - S35
LIANDUET - lE.) - TE37 - L1312 - 2L4be" - 3377
LIANFCHT 1333~ ZTAse - 1738 24530 - 2343
LIGONIAL 333" 1331 -.3373 cz35 - - 1237
LoLIPLTH 235z 3372 - 331 23297 - t3q2
LILIPTHK - 3T L3671 - i34 1378 51330
LOLPHLIN - EE 3598 - 2153%*  -.1345* - 5335
* - Sign.f. LZ .35 *v - Signsf. LE LJL {2-railed)

» .3 printad :f a coefficient cannot Se computad
- - f~orrelat:ion Coefficiesnts - -

MANPLAGL MANPRCGN  MAXDEPTH  MAXPROGN MIDPCLTH  ML3SHLINE
LOPSINHT 1133 - 3551 - 1605 - 1908+ - 6832*"

- 0938
ZOSTFCHT L2127 33020~ L3340 L3418 1012+ -.22%0
TOWLAPO_ - 2226** - J159 L0620 .a704  ° .o173 L1633
LOWlocPL  -.3873 -.1540° 1290 -.3130 2756° - 1633
LCWERLNB L2637 -.1178 L2443 .6390 1979 -.2290°"
LOWFHAGL 6935 -, 2304  -.2307*% -.1072 - 2637+ -.3233°
LCWRIAPO  -.0938 -.1501 -.3699 -.3966 .LB54¢ -.2366
LOWRIMPL  ~.4464°* - 17367 .1394 -.2478 334l L1181
LOWRLINB_  -.2733°* 1178 -.1383 -.3812 - 2043 33510
LOWRLIPE - 3712*" .2134%*  -.1708°* .260% .1336 3533
MANDARC .1584%% - 2516°%  -.0549 -.2113*  -.2418"c - 1388
MANDLGTH - 1133 L1381 .0142 0947 L7271 1399
VANPLAGL  1,2000 - 0799 -.2996"" 0612 - 3586 - 3432
MANPROGN ~ ~.3799 1.3000 L1539 .8209* .0132 -l
MAXDEPTH  -.2996** .1539 1.0000 2721 L3043 -.1ll4
MAXPROGN L3612 3209*~ 2721 1.2000 .1590 - 1249
MIDFCLTH  -.3556** 3132 L3043 .1530 1.3000 234Lee
MLSHLINE - 4432** -.0107 -.1104 -.1249 .2341°*  1.3200
MLSULCUS  -.2278%*  -.094% L1078 .0180 4155 2322
MMARCLTN  -.0315 - 1312 .1308*  -.3390 cals4 - zmcane
MOLRRELN .3953 21077  -.1666° -.01%6 L3151 1334
MXARCLTH  -.0142 -.0%41 .2507** - 0204 .1342¢ - 3752
MXHEIGHT .4099%*  -.2083 -.3344°" .1200 - 1150 - 1539
MXMNDIFF .1592 1968 - 2628**  -.0052 .1207 -.3.38
VASLBANG .0038 -.0587 -.0493 .2148° 177 L3743
NASOFACL  -.0747 -.0211 L3431 L2171% .3l24%* - l442
NASOFNTL .1647* -.0077 -.2341° .0299 -.2066" L3753
NASOMNTL  -.0422 -.0627 .2966%" L3258 1821+ - 1133
NOSELGTH 1271 .0227 -.1280 L2548 . 4720 . 3638
NOSEPROM  -.0226 -.4430%  -.2462%*  -.2788°* L3140 1614
NSCHNLTH 26724 L1238 .0876 3081 50%4°  -.L743°
NSTNASON  -.2205°"* .1708* L1262 L1386 .2318°" 23560
OCCLPLAN .6043**  -.139% -.34620" .0187 -.3108* - 244d**
OCCLPLXI  -.2178¢+  -.1061 .0818 -.0173 .0032 1299
OPGOGH .6149°* L0441 -.02%2 .0605 -.1432 - 31770
OPINCLIN .§122%*  -.0418 -.0921 L0149 -.0911 -.2759¢"
PALPLANE .1733* .1278 ~.2750°* .16%52* 1113 -.0049
PFH_AFH -.77%2°%  -.0246 1344 -.08%1 ATTAr .13320
PNSANS -.1860° 0779 L2493 L2480°" L7443 1462
POGNPENP  -.1327 9736 1668 .1710%* .0270 -.2926
POGONNS .3430°* .0392 3083 .0598 -.2566%*  -.5ll9°**
POGSTPOG  -.1340 -.0194 0914 -.1074 L2484 47427
* - signif. LE .08 *+ - Signif. LE .01 (2-tailed)

* . * is printed if a coetficient capnoct be compuced
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PLIIANLC
PNETFNAS
PLSTACHT

FAMPCITN

FAMUSHGT

FIREL Y L

3NCCCPLN

* - Signif.

ABPLANE
A8
ANGOFCON
ANSNQSTP
ANTCRBSE
ANTEFACHT
APONTSTA
APTNPERP
ARTANGLE
SASNASON
BOLFACPL
IPONTSTB
CANINREL
CORPLGTH
CRANDEFL
CRBASAGL
FACAXAGL
FACDEPTH
FACLCNVX
FACLDPTH
FACLLGTH
FACTAPER
FCCONAGL
FMIA
GONANGLE
HANGLE
HLINE
ILSDISTN
INCISROB
INCISROJ
INTERINC
INTLABGP
LIPEMBOY
LLDISTAN
LO1FACPL
LO1PALPL
LOANDNHT
LOANFCHT
LOGONIAL
LOLIPLTH
LOLIPTHK
LOLPHLIN

< - Tirrz.at.:
TLIIPLASL WFRIIN AMZEPTH
- 323 -na} - %32
-~ laaTT" Zil - Lia9
- Jaidce L33 LILE
33T L3332 - Iliact
- amaaT B entd
- ol4] - 2723 - LTL7
- 2la3" i B o - LETTe
- 333Le- L7315 Z3L3er
MR DS JLag~~ L3327~
-~ C4LE** pings TiET e
-, 14923 Zid3e 3g5Q"~
- 22835 227 232"
- 1526*"* 2133°" - 2223
33314~ -.2630 - 1734
EEPE R - 1173 -, 2379
LE L I5 v - signif. LE .24

L

MLSULCUS

2873""
390"
L1371
L2913~
-d4112er
LuT75L"
4.56*"
-.2622
-.0402
.3836"
.28913
-.2537
.20138
.lelge
-.0104
- Ja9e
-.0335
.017%
L3178
L1624~
L2807 "
L2596
L1394
-.1780"
-.1896"*
2643
-.0947
=-. 4381
. 3833
2566
-.1247
-.0064
L2023
-.15%87
.0014
-.1531
-.1401°*"
.098%
-.1934~
Q779
-.0963
-. 0967

* - signif. LE .0F

(2-tairled)

* 13 prinzad :f a3 soefficient zannot za computed

- <Zorralation Coefficrants - -

MNARCLTH

L3354
L1443
313~
-.1732"
351l
-..515
.3187
L3303
-.Jl41
L3113
L0711
.376%
.063%
-.0373
-.282¢%
-.1246
-.0489
-.2030
-.0030
-.J934
~.067%
.040%
L2373
-.25480*
L0448
L3075
-.1514
.00%8
-.0518
L1234
-.3665*"
.0489
.133%
L0620
~. 3708
-.3118)3>"
-, 0715
-.0343
-.0930
-.1481
-.3233+"
-.2877*"

MOLRRELN  MXARCLTH  MMHEIGHT

1

25743
.3638+
-.5354*"
2232+~
L1294
.3502"
L2465
-.2999
. 2520
. 3466
.J6QLle~
L1343
,2931"~
L3238~
.0341
-134)
-.13Q9
L3370
L3370
1193
L4879
-.3593+*"
.4363""
1715
L1179
=.91%4°*"
.S7L0%"
L3530
=.3132+"
-.38734
.0024
.0802
.1040
L155Q "
3139
.2480*"
-.1164
L3621
LdITE*"
L3374
-.0730
.Q76%

*+ - gignif., LE .01

155

-

-

LAEY TR

43595~
$381*"

.J9690 .012%
.16909* -.3762
.1554" -.3747
.3871 L1971
1574 - 1383
.028% 4957~
1404 .3530
.3851 -.3911
.J018 2468*~
2801 -.0543
L1757 -. 43529
.3301 .1139
.N6686 .0209
L1132 1630
31647 3403¢"
.2080" .1940
L0848 470
1960 -.2735°"
09640 - 2735*"
.9332 L2730
10468 .LE2Ll”
L3534 - 2924*"
3393 L1544
.1182 -.3994
.1061 .J102
L2560 " -.061%
.0489 ~.2228""
.J428 -.11%7
L0242 -.0923
L9130 -.1971"
.4410** L1623
L1770 L0110
.1991" ~.321%""
L0328 -.1088
.2230*" L0448
.2093 L0166
L1339 -.1186
L1066 .2791"*
.0308 .46%59"
L0731 L2671
.2023* -.0037
.1893* -.0969
{2-tailed)

i3
-7.a"

~ e
-t -'.

233l
1537w
2827
TIs
b
37
I513e.

-.33-

L 237)

139
PRBE |
339"
137 %
2245~

MOINDIFF

.66LlE""
.6456Q""
L5784~

1679~

L2223
L5377
L4440 "

L1395

L1839

2470*"
37T e
313"

L2354
L7842
V38l

L9393

031
IGIgr-

L1514

1215~
EEEE R
1532~

L4205~

1739~

L2106

$448v-
58QL="

.3165""

1727

38 VAR
L3123
.2042
L2772 es
L33L4me
L9304
.2002*
L1809~
.5940""

L3627

L5983

L1041
L3332



.......... I3 1iTs.Taz
- Iirzelaz.in Zzasi_-iants - -
MLIULIUE  CDIAPCLTH MOLFAELN CRARCLTH  MKHEIIHT  onrmeew
TIPSINHT - 1Zidee 1373 - L354r S1o3 =23
L2ETTCHT SCRLt - i Titie e T .. BB
LIWLARO, L3 - lEid)es - 1i35ee _ :5;; 7:;q ) ?3?4-‘
sc2t Zizaes Siltee 41133 Size - 5323 AN
LIWERLND .i3ze iiier - 1133 J2Ele - LT RS
TouFHAGL - .ni3 EEE 1172 3273 53-0 1433+~
1242 133Le ITITer 1072 §§?9 ii?:..
1234+ I33Zee - .2253%e 1133 P E PR3
-.1135 - 3138%+ - 3132 - 2730 - oi4) RS
TINRZIZE - lid6 - 3359 1237 - 2634w e “330
MANTARC - 1329 3514 -.3057 3713 L3326 - 1397
VANCLETH 233 -.3339 i8l3*s 371 1113 ~693e~
MANPLAGL - 2z-3++¢ - 131§ .39%3 - 3142 1399+~ 1392
UANDROGN - 1935 - 1312 11377+ - 3541 - 33233 1355+
UAXDEBTH 137§ 1378¢  -.1566¢ L2307 - 33447+ - 2§23ve
MAKPROGN 130 -, 3990 -.3136 - 3204 1230 - 3c%2
MTTFCLTH 41557 1814 L3151 1342 - 1159 . izae
MLIHLINE 53z2°% - 2732°+  .5384 - 3782 -.1539 -.3133
MLSULCYS  1.3COC -.3192 -.33%9 .1538 - 2373 - 2314
VNARCLTH  -.3132 1 2230 - 1322 S=1G2ee - 2827**  -.21l3°*
VOLRRELN - 3359 - tazze  1.3000 1127 1388 .5308%"
MXARCLTH 1539 71520 .1107 1.3000 - 33Lles  -.3679
MXHEIGHT - 3875 . 2927+« 0888 -.331l**  1.00¢0 12692+
WOINDIFF  -.3516 -.2:19**  .5308"* - 2679 26925 1.1050
VASLBANG  -.057% -.1323 -.0956 -.1329¢ .2100%*  -.3336
NASOFACL 1582 1914 -.3309%*  .1818*  -.2268**  -.2183°*
NASOFNTL  -.l436 - 2292**  .5803 ..2081* (2365 -.0174
NASCMNTL .1990° .3537 -.3841e*  .0577 -.0608 - 2873
NOSELGTH 3188+ -.2139%  .2132%¢  -.1321 (3608+"  .378§e*
NCSEPROM L3205 -.2526**  .053% -.2666%=  .236%¢+  .2119¢%
NSCHNLTH 1782 1299 1775 L1748 2593+ .4876¢"
NSTNASON 1tiie -.3438 1134 .22318 -.03%% 2376
OCCLPLAN  -.1909+% .2232 -.079% -.0822 .2871%  ~.2157%*
OCCLPLXI 1369 1134 -.2848%  -.207% -.2348%¢ - 50a1ee
OPGOGN ~.3917 -.3531 1997« .28 2223 1135~
OPINCLIN - 9015 -.C947 1798 0196 31800 .4Z73ee
PALPLANE .2396 - 1926* 1767¢  -.1370¢ 24340 271
PFH_AFH 3036**  .3864 13173 3857 - 33040 2232
PNSANS 3282+ 0171 .1100 .1787*  -.0806 212Lve
POGNPERP  -.1338 - ¢799 (21940 -.2174 -.3593 LgTTe
POGONNB -73198%c  .2763*v  -.3709 .3996 -.1359 . 2530
POGSTPOG azl9*e  -.06%5A L0994 L0279 -.c728 1337
+ - Signif. LE .05 et - Signif. LE .01 {2-taslad]

= . * is printed 1f a coefficient cannot be computad
~ - Correlation Coefficients - -

MLSULCUS MNARCLTH  MOLRRELN  MNARCLTH  MXHEIGHT (OOMNDIFF

PORICNLC L2206 ~.0499 .1940~ L0040 =, 2317 L3287
POSCRNES L2707 L0186 .07658 .Q79¢ .1924* ,2363"
POSFACKT L3237 -.092% .2016" -.0344 <1995 L4810~
RAMPOSTH .Q103 L0694 =.3067"" -.0125 L2844 -.295Q""
RAMUSHGT L2994 -.3837 -3209¢" L3024 -.0155% L5173
SADANGLE -.0378 -.13717 ~.1737* -, 2217+ .2218** -.1136
st L1150 -.0942 -.089% -.1210 .2860** .0460
1 L2116 1328 L3298 L2315 -.35258" L2911+
SLSDISTC -.0454 L2244 -.0018 L2371 -.2401%"" -.0752
SNA .1626* L2644 -.0244 L3360 - 474" -.1432
SNB .0210 .1696" L3969 .2460*" - 4426~ L3478
SNFH -.0989 -.154] ~.1749"* -.1987* L2679 -.121]
SNLOWERL -.134% -.1893¢ .2340%" -.0388 -.1998¢ .2169"
SNMANDPL ~.2511¢+" -.1003 .0038 -.1054 L4933 .0847
SNOCCPLN -.2360Q*" -.0727 ~.1798* -.20358" .4QL7** -.2764""
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AIFPLANE
e
WNGOFCSY
ANSNCST?
WRTRESE
ANTFACHT
APANTSTA
APTIPERP
ARTANGLE
SASNASCN
30LFACPL
JPONTSTB
TANINREL
CORPLGTH
CRANCEFL
CRBASAGL
FACAXAGL
FACDEPTH
FACLCONVX
FACLOPTH
FACLLGTH
FACTAFER
FCCONAGL
TMIA
GONANGLE
HANGLE
HLINE
ILSDISTN
SNCISROB
INCISROJ
INTERINC
INTLABGR
LIPEMBEOP
LLDISTAN
LOLFACPL
LOLPALPL
LOANDNHT
LOANFCHT
LOGONIAL
LOLIPLTH
LOLIPTHK
LOLPHLIN

o

L2988
L3151
-.3122

-.1068
=.1542""

.2ldarr

-.0200

1977
L1383

-.1589
-.4985"*

L1739~
.3983

-. 3171

L3457
.9956

~.2828

.1831"
.16%3"

* - 3ignif. LE .0S

1337ee
1133
2434
1242
2135
2:33
3963

b g

.56824

2233
2291

L3923
L1379

L2730

L0349

1.8

L1286

L3426

L3079

1984

L4335

1334
1268

-4383
.283a**

2322**

L2294
.2564°"
L1278
.1140

1290

.1509
L2434
-1343
L2163
.J697
.0B17
. 468
L1394
L3104

23
- I.3
- 2335
- 473
- a4l
2137
-.2.36""
-3
-:330
- 14390
-, 2537 *"
-.J3%0
Jid6
- 347N
L2531
-.2802
L2485 "
2119+«»
-.21.3°"
.I080
3954
.09431
L2353
. 2082
.2218
274
.0497
L1378
-.0148
L0434
L1690
.7322*
-.20896"
-, 0986
L1492
L0631
.1178
- 34909
L1541
~.9927
L1287
.1302*

LT 1Y

i

t

*+ . Signif. LE .01

* ., * ig printed if a coefficient cannot be computed

LOPSONHT

LOW1OCPL
LOWFNAGL
LOWR1IMPL
LOWRLINE_
LOWRLIPE

MANDLGTN
MANPLAGL

-

NASLBANG  NASOFACL

~-.0674
-.0314
.2311%*
-,1813~
-.1610*
L0244
-.1823"
-.0945%
.153%
.1760*
-.0990
-.0111
.0038

L1687
.0858
L0060
L1842
.1636*
L0531
.0s17
.1815*
L2434
.211)er
.009%¢
L0499
L0747

NASOFNTL  NASOMNTL

L0843
~.0915
.1543
-.1204
-.1296
.140%
-.1086
-.1317
L1354
1514
-.01%6
-. 1447
.1647"
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3233 PR
AT3lee .27
<3557 537w
3N 143§°""
3734 b RLEX)
L2245 41230
LBl - 497
-, 1630 2459
~400 4875
- 3749 - 1299
1377 L2554
- J738 1193
- J322 +312~-
-.1 .3312
323 L3734
L0824 .2339 "
- 1371 -.3530
-.1371 -.2%3Q
1460 -6532+"
0146 -5904v
.15013 -.1236
.5340°" -303%~
-.2034" -.1397,
- 2792 -.11686
.5843 nsas
-. 4452 -.0739
-.4306"" -.2825""
L3606 1243
L2752 -.0517
-.0470 L0323
- 1679* -.0707
.1799 -.033%
-.3543" -,2082*
-.2L1% -.0410
-.1749" .Jli8
-.267§** - 5263+~
L9216 L4684
-.3748 .1982*
0220 L4547
-.0344 .3549
=.3200"" -.1626"
(2-tarled)
NOSELGTH
-. 2071 -.4937"
-.0229% .3887"
1139 ~-.0%70
.2038" .1499%
.1593 0948
-.1036 1023
-.0988 L1673
L2183 .0431
-, 2473 -.1869*
-.0962 L2023
-.0708 -.1975"
.0464 .S65L"
-.0422 L1272

Correlation Coefficients - -

L3301~
-1004
L1745
.le2l
L1137
.1987*

JBed

.AT2L"

2018

L1792
..252

L3325

P
52235~
173
2238
1343
1337
2249
1333
233"

530"

NOSEPROM

L2492
L3374
2412
2560
.Q223
.61
2336
.3738
L0107
L3939~
. 3969
.3486**
L0226



MLITLCUS
IDIARCLTH
YCLARRELY
VARCLTH
VHEDSHT
LODDIFF

NASLIANG
NASOFACL
ASCENTL
LASCIOITT
NI3ELGTH
NCSEPROM
NSCHNLTH
NSTNASON
2CCLPLAN
QCTLPLXI
JPGCGN
CPINCLIN
PALPLANE
PFH_AFH
PNSANS
SCGNPERP
PCGONNE
POGSTPOG

* - Signif.

-

PORIONLC
POSCRNES
POSFACHT
FAMPOSTN
RAMUSHGT
SADANGLE
SE

SL
SLSDISTC
SNA

SNB

SNFH
SNLOWERL
SNMANDPL
SNOCCPLN

tar

sl

PR P T Y YT B I B RS
P RrAsLIAN I G

LE .33

NASLBANG

L1248

2971
L1399
.3440
-34849
.2287
LITL8

-.1228
-.7915**
-.12%96

.1736"
.1259
L0489
.0632
L2082

* - Signif. LE .03

** < S:ignmalf.

L
PN N N I
EILTS SUAFIRVE R Y B
LRGN Y RN TR R TRNY |

-.3752
1353~
L1904
L3498
L2234
L3354

“aa
-al

L3362
L1377
L2648
J34L
L1340

e doa

LE .32

* 15 printed 1f a coefficient cannot be computed

Corzelation Coefficients -

NASOFACL

L2364
-0477
.2882

133

.0604
.2369
L0511
.0369
L3876

3430~
1524

LJ67L
L1111
.0979
-.1110

NASOFNTL  NASOMNTL

-.1715*
.3241
-. 0561
31399
-.1321
L3114
.0338
-.2649"
~.1340
-.2582*"
-.2538%*
L0752
- 0212
L1833~
L2233

** - Signif. LE .01

* . * is printed if a cocefficient cannot be compucad

ABRFLARK
ANGOFCON

ANTCRESE
ANTPACHT
APONTSTA
APTNPERP
ARTANGLE

BOLFACPL

NSCHNLTH

.0418
L0919
.Q709
L4290
<3139+~
L8102
L4155
.1818
.1518
.4llage~
.0297

NSTNASON

.1019
.0542
.0097

1907~

.14%9
.1382
.1448
L1772
.0257
.1090
L2154

Corralacion Coefficients

OCCLPLAN  OCCLPLXI

L2534
a7
L1068
.2193ee
.1588+"
. 0913

<3183
.0419

L3133+
=.3395e"
~. 557"

[ I S |

158

ST I3t
L33 1L
2317 - 233

- 3341-- ::.12"
iz - il
0323 1+5:3r"
2373~ 1733
“ell FR
3315w - 1333
2353 1€33

L.2230 335
1335 1.3
27:4.. Gla'rco
2595 1539+~

.3%00 1425
L3629 - .83
1754 - 2333
1582 =491
017 22712
L2433 1173
3772 L5421
L3542 L3614
Jga3 - 1143
36¢3 - 2913+~
L0041 .3931
(2-tatlad)
NOSELGTH
L1077 L3212+~
L1320 LS51l73="
L1421 L5442
L1723 19§
.96136 L4233~
.0940 L1741~
.ld41 449"

-.0489 - QglLza

~.1702" ~ 3716*"
2840~ -.2916

-.0as58 -.332)

-.2374 -.J279

~.1837+ - 1257

-.Q551 L1307

-.0248 - 0326
(2-tailed)

QPGOGHN
.3188* -.2130*~
.J108** -.0962
.2891 - . 0424

-.2008* .0332
. 0064 -.0887

-.33590" L3797

~. 2454 .1321
L0819 -.0028

-.1909" .1878*

-.0997 L0351

-.2166** -.0608

14 4
oo
TN

v ed

rr skt R th L)
T 4 e a
T & % s

[SER VN SV IV S SRR S

PR TR VT SV R I s

PVETIF VO N S« DIET T P

2724
33T~

MR |
273
Lha2
.32

- 2373

- 437
LT
1737
MEE DY
1263~

-.1596""

- 3131~
.o396

HOSEPROM

23224

2347

BE PR
- .43§
L3353
P 1P
L2302 "
21586
5527
1837~
1965
3755
1314
-.0354
- 3181

[ I B §

OPINCLIN

-.1421
~.0463
-.02121
L1198
-.0612
LAT7§Te
.2018"
-.3772
L0840
L9571
-. 1447



[
L |
1

w
]

+
1
'

- - -::-; -3 - av s
N - SN - 18 Ll
- 413~ - Ti.5 1w ;5
- RETEIr - 537 - 233 -
- 387300 L 23”e - ;235 -
AT E ST M - 7 _:
- aT.itT - 1423 Za33c" ki
- - Iilgee 1948 - T133% . g
- Sendve =375~ = a3l 2233
FMIA - + o335~ -, 393L - La33 - L9d3T
FNANGLE - a.dge" - 2539 1963"" 2432~
<ANGLE - 1184 15350 - 1232 T3
4LINE - - 133%*+ - 2235*- - 1183 - 1543
sL30I5TN - - - L2ls - 233 2333 t2g
INCISFOB - 1545 2539"" - 3346*v -, 3L3cee
INCISROJ - - 3877 2394 - 3154 - 1136
INTERING -l 2837 L1242 - 2238+ - 2ZI3ce
INTLABGP - 3559 - 3458 13584~ 1i92
LiPEMBOP -. - 1246 - 2320~ 2899 198 - 75
LLDISTAN 2226 3167 - 1514 -.2737"" .2319°" 2545
LJLFACPL «, 631" L1423 - .4l8 L1237 -.3793 - 3750~
LOLZALZL -,2703°" 1L -,.308 -.3790 - 2990 -..334"
LOANDNHT - 7128*" - 251" Z353" 1638 - 3149 - 4141l
LOANFCHT 3273 L2243 - 2430 - 2358~ 1635 .5L3C*"
LIGONIAL 4233 -.1841 3384 - 2854~ L5367 L6148~
LOLIPLTH L6361 1353 - 1954°* -.3413** 136" L3917
LOLIPTHK -.2745% 1533 - 3792 L2463 -.3393 ¢ . 015"~
LOLPHLIN - 4029 2142%  -,1368 1308 - 3830%* - 403%e
* - Signif. LE .25 ** - gignif. LE .01 (2-cailed)
" * 18 priated 1f a coefficient cannot be computed
~ - Carrelation Coefficients - -
NSCHNLTH NSTNASON QCCLPLAN QCCLPLXI OPGOGN SPINCLIN
LOPSDNHT -_.624Q** ~.3015"" 2668 -,.1692" L0984 - 7423
LOSTFCHT L7913 .1938" -.1297 =-.,2847 L3929 " 2234
LOWLARPO_ -~ 303a*" L1742~ 1404 .3278*" -.4138e" =.33La""
LOW10CPL Eoio): Lo -.3377 -.1324*> ~ L341* .94l 338%e"
LOWERLNB L1226 =-.2239 .00%7 -.J198 . 3860 “348
LOWFHAGL L4651 -.1306 2391~ -,14%4 ,871ge" .9455~
LOWRLAPO 322« - 2283 -.1387* - 1735* 0877 - b
LOWRIMPL 0762 .J%68 -, 2518 .2161=" - 3828 - Ll42°
LOWRLINE_ ~. 4574 29911 -.0007 .1487 ~.3430"" -.3391%"
LOWRLIPE -.1501 L2338 - 1736¢* L2821 -,29C9"" ~ 2334~
MANDARC -.0281 -.2480°" L2326 -. 3366 L3015~ 2735
MANDLGTHM 6616°* L2227 - 3501°*" -, 3487~ L1948~ L2586
MANPLAGL L2672+~ ~.2205*" L6043 -.2178"" L5149 ji22=~
MANPROGN .10238 .1705" ~.1399 -.1061 L0441 -.345.3
MAXDEPTH L0878 L1262 ~.3462°*" 0815 ~.02%2 - 2921
MAXPROGN L1081 .1386 o107 -.0173 .Q80% 0li%
MIDFCLTH L5054 L2518 -.3108"" .0032 -.1432 - 3911
MLSHLINE =.1743" 2356~ - 2444 .129% -, 3177 ~.2753""
MLSULCUS L1702 L1714 -.%309* .2169 ~-.0817 - 341%
MNARCLTH .029% -.0433 .0232 L1104 -.0581 -.23947
MOLRRELN L1778 L1134 -.079% -. 2848 L1997~ .1738"
MXARCLTH L1048 L2238 -.0922 -.007% .0828 L0194
MXKEIGHT 2595 -.015% L2571 =, 2448 L2223 .313Q+"
MXMNDIFP L4876 .0a78 -. 2167 -.5081** L4155 L4870 "
NASLBANG L0444 L3233 .139% L2011 -.15%39 -.1702"*
NASOFACL L2824 -.7872 -.0761 .0%20 -.0183 .3041
NASOFNTL -.0702 L4953 L1904 .0496 L0034 L3064
NASOMNTL L2588 -.0400 -.0020 L0754 -.0552 -.9117
MOSELGTH L4559 .0426 -.0148% -.1999* .1493 L2372
NOSEPRCM L2179 .0812 .0102 -.9370 -.04087 L2417
NSCHNLTH 1.0000 L1541 -.0134 - 2564 L3508 .4388"
NSTNASON .1541 1.0000 -.0393 L1371 -.2357"" - 1734*
OCCLPLAN -.0334 -.0393 1.0000Q L4295 -. 24587~ -.2455¢*~
) 159



- tiaic - -
St ey

- 13T -

- e - 4Ll - LTi3ee
- L3 LY E
- 5'55 - z - L ol3
- 12419 1 Y-
- 472 3 231
-taz’lad
sarputad
- - Zlarra.ation Coarficienzy - -
NECHEMLTH  NSTNASON  ICCLPLAN  2CSLPLXI ZPGOGN TPrNCLIN
PORIONLC 28303+ L2482 - 1460 -. 35344 - 254 - %M
2OSCENBS L4574 L3831~ - 1342 1123 - 2336 T
PCSFACHT 2306 3153~ - 3012-~ -~ 3734 - 24G9 - 3
RAMPOSTN - 2340 L] 1578~ -.3229 - 273 -~ 16832
PAMUSHGT 1804 3197~ -.4321°" - 2228 - L3135 -
SADANGLE - 1233 - 1549 - - tl2i .Jas8 - 2438 - 3733
3E L2813 LATLe - L6d8" .2899 - 1209 -.3874
sL pE PR L2153 -.432L*" -. 0796 2164 - 2471~
3L3DISTC - 3128 - 442 - 2733 - 37N LL3T - L
SNA 1333 2254 - l626" . 489 ~ 1324 -.1330
3N 2693 L734" - 3753 -.1327* - 1666 -.1399
SNTH -.5843 - 2434 - 2322* 0317 .2824" 2233
SNLCWERL -.2425"" P -.2037* -.0786 ~..397 -.1927"
SNMANDPL L1399 -.263Q0r" L4478 -, L3804 .6262"" L3334
SNOCCPLN -.lals - 1236 L3010 .4168*" - 1298 - L7811
* - Signif. LE .05 ** - Signif. LE .01 {2-tailed)
" “ i3 princed 1f a ccefficient cannot be compuced
- - Correlation Coafficients - -
PALPLANE ?FH_AFH PNSANS POGNPERP FOGONNB POGETING
ABPLANE .2469 -.0025 ,1858" - 2203* ~.J867 - 32853
ANB - 3218 - 2807 L1548 -, .937" Lal19* L3%22
ANGOFCON -.0054 -.1438 L3872 -.1790" 1199*" L2L2
ANSNOSTP L2173 .2691"" .3321" -.137% - 43315°** 2387
ANTCRBSE L2304 L3433 L5395 -.3554 -.4310"" L1349
ANTFACHT .1222 ~. 3145 L5014 L0604 -.2307*" L32L"
APONTSTA .0468 L2262 L1568 L1518 =. 10340 L4154
APINPERP .091¢ -.0896 .1427 L3211+ L2491~ - 1127
ARTANGLE .0303 - 2317 -.1350Q -.0877 L2543 -.J3527
JASNASCON -0509 L3167 " .5884r°" -.0628 -. 1645 243"
BOLFACPL -.9012 L4383 L2854+ L3048 -~ 1157 2504
3PONTSTB .Q6813 .0464 L1777 ~.1918" -.1019 4172
CANINREL L1453 - 2450 1652 L1594 .128%9 LLE10"
CORPLGTH .1019 L2041 L3574 L1542 -.2368*" L1583
CRANDEPL -. 4168 ~.213%5*" -.1209 L9721 0199 - 2674
CRBASAGL L0048 -,2753 ~ Q040 -.0800 .3490 3630
FACAXAGL -.00%0 -. 4236+ -.1036 -.1231 L1196 -.J548
FACDEPTR -.27%3*~ L2389 .1920" .3563*" -.079% 2813
FACLCNVX -.2753* .298%°*" .1820" .3362*" -.Q0799% .0831
FACLDPTH L1074 .4621"" .6Q0%0°" -.0606 -. 4584 L2909
FACLLGTH L1066 .300T7e" LGL42er .10%8 -.3070*" L2520
FACTAPER -.007% .T126°* L0910 -.0980 -. 31937 0990
FCCONAGL Q727 -.1103 L2301+ -.1915%"* .0628 -.1734"
FMIA -.1789*~ .Q37? -.0574 L2807 -.1149 -.2627
GONANGLE -, 0942 -.53830*" -.1794°* .2229 .1701*" -.1951
HANGLE -.0268 -.06%% .0808 -.2948 .2230** -.2040
HLINE .02323 L3690 L1001 L3504 -. 1715 L9%L*
ILSDISTN .029% -.0949 -.2278*" L7445 L2124 -.1219
INCISROB L0541 L2123 L2557 -.2086&" = 2446 BLRY.
INCISROJ -. 1767 .022% .19%3- -.07a%8 -.0976 .483
INTERINC L1043 - 0384 -.058% .0968 -.1276 -.11i8
L4 L]
] 160



T

)
1uveah &
v
[

- 1133 e .. .it3 - . E
i ial - Tli3er - 3 L
- 1332 SR “ildes 233 -3 Tohiv
ligeuzal - 13T S P P N EPE PO
Tf?:'L?: S344 tE - 1335~ 1ty - _3vy- 3
LoLIPTHK ST llalee 233 1535 . lyinew oL
SILPHLIN - Liad Jizave - l.a8 1334 - L3lliee L2
* - 3.3n:f = I§ ** - Sugnii Lz 12-=m:>ad]
s printed I a zcefficient cannat se ceomputed
- - Cgzrrelation Zraff:ztentg - -
PALPLANE  PFH_AFH PNSANS PCGNPERP  ?2GONNB FOG3TING
LCPSINHT - LIL3 - 3345+ - 5323-~ = 1343 ~300 - 134T
LOSTFCHT - 23343 i.52 1523~ 2987« ~.2924 23545~
LOWLAPO - 3137 27ig B DA 1087 - 3838~ ~,a342"
LOWICC?L - 2973 2373 2246 ~ 1344* 3152 L334
LOWERLNB 371 . 24937 L1300 - 1322 2.36"" 2299
LIOWFHAGL -, 915" - 3431°- - 1266 = 2944 " . .45% i52%
LOWRLIARO 2551 .333* L1583 -.238% -.1309 L1124
LOWR1IMPL . o481 L3157 ..329"* -,1673" -.1324 L1817
LOWRLINB_ - 3337 871 -~ L346" LL6L1" - 2356°* - 1795%*
LOWRLIPE 1234 2324°"" L2911 2223 - 4783~ L1261
MANDARC -, 159 -~ 755" L1 1A -.2523«+ ° 2208*" - 3371
MANDLGTH L2l L3l3lee 5258 .1479 -~ 3396°* L2534
MANPLAGL 2733 - 7752 ~ 1360+ - 1327 .3430°" - 2340
MANPROGN 1278 - 1246 L3779 3736~ 033927 <1134
MAXDEPTH - 2753~ L33l L2493 L1663 3283r" L3914
MAXPROGN 1552* -.2891 2480~ 771 L3538 -. 1074
MIDFCLTH 112 4774 " T4 .0274Q - 2566 2484+~
MLSHLINE - J043 . 3332+ L1462 -.0526 -.5119** 1742
MLSULCUS L3196 L3C36ee 3282+ -.1318 =.3198 4219
MNARCLTH ~.3924" pr-1-1} L3171 -.9790 2763~ -, .533
MOLRRELN LLTRT. 1373 1100 L2L34 - 2709 2394
MXARCLTH - .970° 1857 L1737 - 3174 0996 2273
MXHEIGHT L2334 =.3304°*" -.2806 -.059) -.135% - 178
VMXMNDIFF 3719 .2n82 2121** L1877 ~.253Q0** 1157
NASLBANG L3047 .Jl46 L1493 -.35%33 - 198690 - 1277
NASOFACL ~.1222 .3914 L2814 -.2224 L1021 1333
NASOFNTL L1148 -.J3962 - L3777 ~.2668 -.3841 - 440
NASOMNTL 2491 L3772 I342°" - 2888 .2003 -. 3341
NOSELGTH L3ILTR . .0421 L4614 ~ 0143 -.2919¢*" L2931
NOSEPRCM L1797 . 1481 1360+~ -.4596"" -.31181*" 25386
NSCHNLTH .3080 -.0045 .S5213*"* L2770 -.3604 3918
NSTNASCN L1045 .3060Q" .LB00* 1865+ - 1772 L2LLGr"
QCCLPLAN L3193 ~., 31397 =.2942*" -.1426 .1633¢* - 2324+
QCCLPLXI -.0317 .1702° -.1109 -.0768 -.3068 -.3472
CPGOGN =.1338 -.561Q°" .0501 -.0142 L2183 2526
COPINCLIN -.0%63 -.3548"" .J802 ~.1109 L1248 1283
PALPLANE 1.0000 L0149 .c228 L1141 -.0307 L2208
PFH_AFH .0149 1.3000 L3363 L0119 - 1042+ L2302
PNSANS .0228 .3163*" 1.3000 L9813 -.2270"* 305"
POGNPERP L1141 JLl9 L0812 1.0000 Q087 ~ 15871
POGONND ~.0307 ~. 3042 ~.327Q0*> .00687 1.0000 .J412
POGSTPOG .0208 L2302 .1908* -.1571 .0412 1.2000
¢ - Signif. LE .05 ~* . Sjignif. LE .01 {d-tailed)
= . * ig printed if a coefficient cannot be computed
- - Correlation Coefficients - -
PALPLANE PFH_AFH PNSANS POGNPERP POGONNS POGSTPOG
PORIONLC L1362 28%58** L3582 -.1126 - 2416 14970
POSCRNES L0454 .3327*" L3125 L0189 =.3304"" 1530
v ' .

lel



ACT Tl ar e

2

uTH

NLIWERL
IIMANCPL
INCCTRLY

Lo Geb g L) bas bey by dig Wl

tsy

4 < .3

AIPLANE
AN
ANGOFCCN
ANSNOSTP
ANTCRBSE
ANTFACHT
ABCNTSTA
APTNPERP
ARTANGLE
BASNASON
SOLFACPL
BPCNTSTE
CANINREL
CORPLGTH
CRANDEFL
CRBASAGL
FACAXAGL
FACDEPTH
FACLCNVX
FACLDPTH
FACLLGTH
FACTAPER
FCCCNAGL
FMIA
GONANGLE
HANGLE
HLI
ILSDISTN
INCISROB
LNCISROJ
INTERINC
INTLABGP
LIPEMECP
LLDISTAN
LOLFACPL
LOLPALPL
LOANDNHT
LOANFCHT
LOGONIAL
LOLIPLTH
LOLIPTHK
LOLPHLIN

I

Lgni

"

3

U g
P
LT PRV |

AN TYRN e Y
g

-
Lty de

hoa
Lo

P

1
PPN BN ]
U W |
(RS2
[FRR T TI

I

1
[}
L)
[y

\
33
(R}
®
[
1]
It
™

-~ 1298

- 15833~

-~ aaJ28"
4272+

Tt e
b-d.

3317
L2952+~
- 238:e-
-.31713
4l64~~
10667
L2790
.l.32
4353~
-.3222*~
L3044
- 3343e*
.1358
13498
4422**
4885
2813
~.3503
-.0533
-,2584**
-.981%
L2637
- 176"
.20545*
-.060%
-.0317
-.0082
.0702
-.1438
-.0030
.0113
~. 3797~
L2554~
-, 1708*
L2013~
L1204
.0940

* - gignif. LE .08

233 Sadl
Y - ez
PR R - 213w
LD PR
31320~ -.23
Taal |
"33 -.22383
.33 ML
-7 L3312
12=-nal.ad)
safiicient cannot oe computed
- Correlarcren Isefficients
PCSCRNBS 2CSFACHT RAMPOSTY FAMUSHGT
1373 - 2153 3.0Q~~ -.1315*
- 221 - 1342 2532~ - 1824+~
- 2991 - 1355~ 2235~ = 3133+~
47467 312" .1.28 3349~
33l 3)ilve L3949 3253
L3333~ TLTLee L9732 376849
3919*" .3164°*" L3344 L5183~
- 2230 - 2287 2865 - 1327
-.1233 -.32150 LJIL37 ~.243Q°"
L3384 L3603 L9027 L3799~
L2351 2729+~ ja2ger. .440%""
b1 L4 3423~ L3721 3lide"
1579 .1540 L1251 L1831
4307~ G269 L3304 LALO9 .
L2300 ~-.0299 .1833- -.17648"*
- 2433 - Ja16 .J82% a073
LL17S .2526 L1350 -.2L1B*"
L3202 L1803 .5482¢~ L3164
L3202 .1303+ 482" 1154
73120 L3L1T e .3073 TRl
L8415 76312%" L2595 L7258
.2403 " L2740 L5838 3031
L1354 L3267 .2026"* - 1288
-.J660 -.1213 2441~ -,2218
~.2825*° -.5078"" L2850 -.35%2""
-.3096 -.1031 L2381 - 2126""*
L1348 L2221 3433 3949+~
-.2037* - 1411 .0228 -.0444
L2198 L1699 L0631 L3639
L1182 - Q%39 . 145% - 1339
.0128 -.0287 .J6%6 - 3791
- 0407 -.1538 ,1269 -.1469
L0618 -. 0087 .J4313 .3304
- 1546 -.06832 9324 L3218
.367% -.0028 .056% L3001
~. 2419 -.0708 -.1342 L0249
~ 624" -.8926*" L1036 - 5656°*"
.4740°" LBl1l4°" -.0883 .3079*"
-,1327 -.1418 ~.0749% -, 1719
L4064~ .5963¢ " -.0%42 .5398""
L0979 L0766 -.0117 L0716
.0018 -.0009 -.079¢ 2602
** - gignif, LE .91 {2-tailed)

* . * ig printed 1f a coefficient cannot be computed

PORIONLC

- Corralation Cosfficiencs - -

POSCRNBS

POSFACHT RAMPOSTN  RAMUSHGT

162

]

FADANGLE

B,
2t

2347
33139
2235
1324
377
2932
1954

.5329*"

2142-~

.L357
L1299

3890
2871
0910
1624

b
P

L 425

445
2lsl

PEE I
2279
2543
;818
2213

-

L2302
L2785

P Y

L3.28

L2083

1323
.889

L1138

Lel9

2227

Y- A

.2238
3338
.Li8l
198
.12386
2392

SADANGLE



LIWRLNPL
LIWRLNS_
~IWRLIZE
YANDARC
“ANDLGTH
v PLAGL
MANPRIGH
TALZEPTH
MALPACGN
MISFILTE
MLSHLINE
MLSULIUS
YNARCLTH
MOLRRELN
MXARCLTH
MXHEIGHT
MOMNDIFF
NASLBANG
NASOFACL
MASCEFNTL
NASOMNTL
NOSELGTH
HOSEPROM
NSCHNLTH
NSTNASON
CCCLPLAN
SCCLPLXI
TPGOGN
QPINCLIY
PALZLANE
PFH_AFH
FNSANS
PCGNPERP
2OGONNB
POGSTPOG

* - Signif.,

PORIONLC
POSCRNBS
POSFACHT
RAMPOSTN
RAMUSHGT
SADANGLE
SE

-1
SLSDISTC
SNA

SNB
SEFR
SHLOWERL
SNMANDPL
SNOCCPLN

* - Signitf.

3213~
1224~
2333
. 2462

- 23N

- 3544

- 3514

-.20713
L1382
2358
.3582*"

~.1126

-.2416*"
2497

LE .35

PORIONLC

1.0000
L3005
2393L"

-. 3706
43192~

-.0266
.1447
L3906+

-.213%8*
.1648*
L2896

-.309%""
.0669

~.2827*

DEEDS- £ LA

LE .03

3346

LR TS
¢

1]
e
ra
=
L]

4574~
383+
1342

.J129
L3386
.3973

454

L3327
L5128 "
.0149

L3304

1530

S

" e
a e

4
+ &

-
-

5395w

LTI

L3237

1328

L2l.5"

1344

335"

1830""

L339

L2382

Az

L3541

1421

L3442

** . Sigmif.

POSCRNBS

L3005
L2000
L7409 >
L3639
5384¢"
.235%0
.6061"
L2691+
L1848
.1925%"
.2062*
LI4Td
L0687
-354Le"
,31547"

3410
3306

23163
L3012«
L0784

1409

.3803

2990

.3946*"
L5334
L0848

.4248**

3109

LtE 2

J393Le-
L7409
.3000
-.0670
L9852

.38&d

L4972 "
3129%¢*"
L2037
-1418

.2199*~
L2071

~.Q03184
-. 4034

.4043**

*v - gignif. LE .01

Correlation Coefficients

* 15 printed if a coefficient cannct be computed

- 31"5
- L1l -
- 313 v
332 .
i3 -
- 1338 Geo
-.131L - Lee
- 1232 L
L3IZT - LR
-332¢

- .84~
27.5"" 2539

- 3334 L3135 "

- 3131 2527
2108 <338
2394 - 2337

- 36T J229*-

-.3128 L2224
2844 - J18%

-.29G80¢e" 3173

- 2440 2830
1131 L3604
L3130 - 1321
L1723~ .w836
L3198 239"

- 1435 L3058

-.3340 « 43C6*"
.21496 L319T e
L1673 " -. 4323~

-.J1G0 -.1208

-.127% - 1319

-.J6%2 L2518

2137~ 2353
-.1411 6945
-.0536 L5457

.1826* L0899

-.0784 =.31493¢"

- 1538 L3479
{2-tailad)

POSFACHT  RAMPOSTN  RAMUSHGT

~-.3706*"* .3392e
L0639 L3184
-.0670 .3552°**
1.0000 =.2433%>
-.2433~ 1.9000
L1773 L1104
.1804" L4014
=.3133" 4774
L1186 -.1798"
-.1727~ L1729
-.3728*~ .369L*"
-.1433 -.2376*"
-.1933" L0639
L1094 -.5102**
L2533 -. 5443
(2-tailed)

* ., * is printed if a coefficient cannot be computed

- Correlation Ccefficiencs
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R
ST R T
LN} LY
F VOl VIV P L

SADANGLE

- 8265
L3353
. 2868
ey i
1124
1.3000
313~
- 4419*"
-.3992
-.487Q""
- 4823+
1354
-~ 26879e
.1348
L4326"



-y
o

A23NCST?
ANTIRASE
ANTTACHT
APCONTITA
APTNPERP
ARTANCLE
IAZUASON
3CLFACRL
32CNTSTR
JANIIFEL
CIRALITH
TRANDEFL
CR3ASAGL
FACAXAGL
FACIEPTH
FACLCYVX
FACLZPTH
FACLLSTH
FACTAPER
FCCONAGL
TMIA
GCNANGLE
HANGLE
ALINE
ILSDISTN
INCTI3ROB
INCISROJ
~NTERINC
INTLABG?
LIPEMBOP
LLOISTAN
~CLlFACPL
LOLPALPL
LOANDNHT
LOANFCHT
LOGONIAL
LOLIPLTH
LOLIPTHR
LIOLPHLIN

* - Signif.

rw

ZE .35

- -~ L4123
Y
- 1853~
R
- 11235
1337
- 3314
-. 33501 - 2382
- 38312°+" - 2813
- T32Ge- - 2138
3424 1589
3424~ 1569
2212 - 2335¢r
FiT7lee - 1338
3. - 1487
- 3Sga-- - 4021~
J1l2te- - 2851
- 2113~ Lil64
= 2515+~ 2888
L3984 2222
2121+" 3407w
2973 -.2538 ¢
-.247 3329
-.2429 - 2819r~
- 1147 1429
L1427 L9568
.2356" G469
L1328 - 2497w
L3110 -.147M
-, 1248 1259
L2445 L4110
~ 4088+ 1344
L7111 1297
..278 - 4312°*"
2121w = 2427
** - Signif. LE .91

" . " 18 printed if a coefficisnt cannct be computed

LOPSONHT
LOSTFCHT
LOWIAPO_
LOWloCPL
LCWERLINS
LOWFHAGL
LOWR1APC
LOWRIMPL
LOWRLNE_
LOWRLIPR
MANDARC

MANDLGTH
MANFLAGL
MANPROGN
MAXDEPTM
MAXPROGN
MIDFCLTH
MLSHLINE
MLSULCUS
MNARCLTH

SE

-. 4263~
L2171e-
.0301
-2024~
.0370
.0709
.1098
2387w
-.0450
.2028
= 2727
<3205
-. 2048
-.03m:2
-.1677*
. 0608
44820
L1679
.113¢
.0%42

Correlacion Cosfficients
SL
L2102

1344
.0666

2496

.2546

18952

.1830~
.0922

1289

-2431~
L2227
23308~
5482
1735
-2313+er
-3454
.5109°""
L2615~
L2116+
.1326

SLSDISTC

4

i

1138
.0930
-2034*
.1274
-1597
-043%

3759
L3170
L1707
23318~
.1362
.1228
.0891
231330
-18327»
. 0507
.110%
.2081*
.0494
L2244

164

L ¥R - lETe.
AL 3T I
1137 L I3z
- liis tE32
1333 L33
- 1353 - 1134
- .2 L34
13370 .23
Laz- - llsn
- 572 1131
3335w EDESRR
bt :23)
l324 LaLs
375 Iii5ee
- 241 - 2354
ER HLT AL NS S T
3156 . gzq0en
1756 5393«
3756 2393e
- 2290 3258
23ig%~ 4333w
1.58 - 1548
1410 - 3l8ggew
-.0191 L2944
- 185Q" - 1428
2734 . 2375+~
2022+ .T23Q
121 L1723 .
i579 -.31329
.2198 L f1332e
-.1154 -.3729
-,02136 ~ 1680
.1924¢ L3118
3829 331
-.2660*" - 3217
- 3131 L2972
-. 1972« -.1944
-.0049% L0700
-.2184%* . 2g2gee
.0L9s L1370
- 1397 -.359¢
-.1985" 0626
tZ2-cailed)
SNA SNB
- 2084" -.1363
.2969 L1752
.0026 - 2346**
1144 -.3712
L2419 .2334
-.28%55*" . 3G02°e«
-.009% L1717
.1956 -.0207
-.2096* .Q212
~.1650" .0709
-.1319 ~.1986"
L1815 .AS44"
-.2418"* - 1529+«
.1220 .2483w¢
L7367 L3950
.1845¢ .018%
L4189 L3319
-.09713 .0029
L1626~ L0210
L2645 L1696+

FICEEN S
R B |
LELILY PR S Py

33132
3332~

lilnwe
LR T
-
- J'
-

= Ld2l

[}

J¥2le-
$313

1A
-

2244
2:93-
8.3
3502~
3539
1365
31374
2
13138
2157
1633
1327
3519

.ael29

913
2271

S5881

Lak 1y
[ SR

-
~
-

SNFH

L7350
JI51
749
342
2428
1224
37318
2950
J661
L9217
.1211
-2448 ¢~
.0288
L3207
.2002-
L3798
2473
.30913
.9939
-1543



NASCFACL Bl
SASCENTL 2133
NASIYTL Laal

arm mmy s

NCEELINT 234377

- R -
N R oy
N - - Li3% -
133000

-3l
NS DA -

- .35 -

- 2itee - =

NCSEPRCH Z3lo - - Lg3"e -
NICHRILTH 2923 - 1353
NITHMASCN 79 - 2i%4-
SCITLPLAN -, 223" - 1525w -
ICTL2LKI 2399 - - 439 -
PGOGN - L3 - - 23124 -
cPINCLIY - 474 - -.2133 -
PALPLANE i52L - il
PFH_AFH 2°95" - 13354+
PNSANS KRR A Jazaer - L 1571
PLGNPERP - 23827 o443 L8572 .3333r""
POGCNMB = 2433 - 21Z3e- 227~ 1326
POGSTRCG 1327 422 1192 .24
* - S1gnif. LT .I5 *+ - Zigmal. LE i (2-zailad)
. 15 printed 1f a coeffigient Zannot be computed
- = Correlacion Coafficients - -

SE sL SL3DISTC SNA + 3NB
PORICNLC 1447 3306 -.2L35°*" .1g48* .2896*
P0SCRNBS 5J61*" L2691 ~ 1848+ .1825" L2062
POSFACHT 1372+ L3295 -.2037* .1438 2199~
RAMPOSTN L2304 - 3133 .1386 ~.1727" - 3723e"
RAMUSHGT .4314°"" 1771 -.1798" L1729 L1691 "
SACANGLE 3113 -.4439" -,2992 - 487C*~ -.4829*"
S5E 1.02000 ~ 2002 -.1817" -.2732°*" ~ 2642°*"*
sL -.2002* 1.30400 L3390 .5945"" L3757
SLSDISTC -.1317~ J31%0 1.00C0 .1987* .l472
SNA -.2782** .5945*" 1887+ 1.2000 L7326
SNB -, 2644 9757+~ L1472 .1326*~ 1.20Q0
SNFH 1390~ -.5425*~ - 963 -.3159°"" ~.3535*"
SNLOWERL -.1722* L3115 -.35616 L1735 L3307
SNMANDPL -.2947 =.7485"*" L6531 -.4587e" ~.53848*"
SNOCCPLN -.J408 ~. 7407 -.1018 ~ 4652** -.8897*"
* - gignif. LE .90S ev . Signif. LE .J1 {2-tailed)

= . * iz printed if a c

SNLOWERL
ABPLANE ~.3739e"
AND ~.4189*"
ANGOFCON ~. 4301
ANSNOSTP Q018
ANTCRESE . 0860
ANTFACHT -.1403
APONTSTA -.0191
APTNPERP -.0054

ARTANGLE -.0726

BASNASON -.0030
BOLFACPL L4311
BPONTSTB =-.2101*"
CANINREL -.Q301
CCRPLGTH .2409*"

CRANDEFL -.0988

CRBASAGL -.2442""
FACAXAGL -.4321*"
FACDEPTH .4180*"

cafficient cannot be computed

- (Correlation Cosfficients - -

SNMANDPL SNOCCPLN
. 0451 2539~
L1426 L2693~
2202 L3LlL2e~
-.19086"* -.2840*"
-.31588" -.3631""
L2408 -.0699
-.1701" -.3423**
L0348 L0492
.2689°" .180%*
-~ 2719+~ =. 1046
~.5820°** -.GB690*"
.Qso0¢ -.1002
L1043 -.0302
-, 1789" -, 4326
L3197 L2633
L2187 .1553
LBTLT" .5540°*

-.4148"" =-.5104°*"
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Fanwt 1 ali 1 B BT huober
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W s de Dt e

R

SNFH

I I T T )

LI SO S B |

3095

L3472
.2071-
L2433
L2376

4854+

.Ll3%c

3425""

. 15813

t2A
5L840°"

.5325

2500

-.2539""

S443Lr
L1242



INCIsRZ3

[P
-t =-"-i

~oGONIAL
LOLIPLTH
LOLIPTHK
LILPHLIN

* - Siynif,

LOPSDNHT
~Q5TFCHT
LOWLAPOL
LOWLOCPL
LCWERLNB
LOWFHAGL
LOWR1APC
LCWR1IMPL
LCWR1NB_
LOWRLIPE
MANDARC

MANDLGTH
MANPLAGL
MANPROGN
MAADEFTH
MAXPROGN
MIDFCLTH
MLSHLINE
MLSULCUS
MNARCLTH
MOLRRELN
) LTH
MXHEIGHT
MXMNDIFP
NASLBANG
NASOFACL
NASOFNTL
NASOMNTL
NOSELGTH
NOSEPRAM
NSCHNLTH
NSTNASON
OCCLPLAN
QCCLPLXZI
OPGOGH

OPINCLIN
PALPLANE
PFH_AFH

PNSANS

POGNFPERP

-

LI I |

-

'
I

'
L.
L]

1
P YT VU IR AR SV R TR 25 T B Y AN O B

LYY VPR

v

R

Ler WED e L #
" a
.« a4 n

PRI I PV )

FITIN.N T I SRR PO Y B R T R L

(% I  E W R WY F R |
4

1 1

JEee
ELD-2d
2333
P
232l

L2419

-3323"
“3-"'.'

LE 35

SNLOWERL

.1323*
1572
L4305
3012+~
.3484* "
3227+~
6la4=~
.S341"
P
43:2**
Jaaz
.1527
.2526"*
2319+
.0023
L0231
L0048
<1599
L1348
L1893
L2340
.0388
1998+
L2165
.0489
Jd
.03212
L1837+
.123%7
L0318
L2425
.1130
L2037
.0786
L1097
L1827+
.0358
.2108*"
.0223
L2788

a2
1394~
2207
2258
g |

(Z-tarlad)

* 18 printed £ a ccefficient cannot be computed

- ZIorrelacion Coefficients - -

3:MANDPL

L1340
515"

- 1542*

. 2804
S432
§734"
1291

L4446t

L2139
1217

.4675""

.2218**
3934

-.3630
-.1756"

9311
L4351
L397Qe

~-.231L*"
-.10013

.0Q38
1054
L4933
. 0847
.2622
.J979
L1333
.2551
.1o07

. 0554
.1999*
.26830*"
L4478
.1804"
.G262*"
4986="

-.015Q
-. 9086

L2624

-.1266

SNOCCPLY

L1634
.i786*

1764

.2820*~
LJ187
L1424~

1201~~
1996*
2398

-1452
,3455""

4733+~
409"

L1173

13790

L3579

438L+"

L2245
L2160

.0727

-.1798~*

[ A | L

2058~
L4017
L2764
.2062~
L1M10
L2233
.0248
0326

0361
.0a16
.1208
.8010*~
L4163
.1298%
L1731
L9693
.G464""
L3873
.1417

166



¢ . T e & T H e I -
F.3n-f L= H F.3T . -z - -za__3z
_5 pronzed .2 a :3if_s_anct 1annat e z:imootad
= = ZzIrzelati:in T:aflf-z.anty - -
INLIWERL EC R hitel- EdieTulat-bil
1293 = 2327 - lL33r
1337 LT YA -~ 1245
- 23134 -~ allire . 3lddcc
- l332* I 2533
1539 - ZLIavt - 3442
- 1§7Gr- 1145 328"
- lriae - 2947 - 143
JLLIv - T355*" - T4CTee
3L3DI3TC - 8.5 353t - L3.8
3NA LTas. - 3587~ - i532°"
N 3337 - 3334~ - 3337~
SNFH ~. 2639 " 443l 4242
3NLOWERL 1.3%2 - 31431~~ - 3482¢"
INMANDPL = 3491 L2233 3343~
SNOCCPLN -~ 31482« 5345"* 1.2200
* - s1gmif,. LE 25 s« - Sigmaf. LE 31 t2-taLried)

- 13 prinzed 1¥ a coefficient cannot oe compuced

- - CCorralation Coefficirants - -

SNPALZLN SPDISTHNC STCONVEX STFACAGL STOINLTH JLFACPLN
SNPALPLY 1 2000 - 2095 2916 - 41.9"" 1402 -, 2343
SPDISTNC - 1095 1.3300 1941** - 4133°" .34132 L3939~
STCONVEX .J9LE L4941 1.94000 -.1330 0522 .41L8"~
STFACAGL - 4119+~ - 4133*~ -.1330 1.3000 . 1310* - 13035
STOINLTH 1402 0432 L3522 L1810* 1.3000 - ax322**
UlFACPLN - 1343 L3930 L4115 -,1809"* -~ 4822** 1.32330
“FH L4198 Z148*~ 2593 ~-.1231 L3258 - 2213
CUFH_LFH 308"~ L2203 1582 -. 12158 3127~ - 2283
UFH_LFH1 .2817*" L3906 1944~ - l692° 2340%~ -.1334"
JLDISTAN -,:014 - 3570** - 2787 L2180 -.3638 3453
JPANDNHT .4760"* ~-.2831** - 3353 1468 - J190 - L3944
UPERLIPE .16825" =377 " - 11130 .L980" ..%68 - 3312°"
JPGONIAL ~.2839 -.1333 -,2253 1280 -, 1779" - 3212
PLIPLTH -.2B835** 31QL1** 4373 -.1019 -.1158 2307
JPLIPTHK L1743 -.1279 - 0415 .J122 L2281 - 3794+~
UPLPCURL -, 3744 L3917 LL6T78" -, 2454*" -.1938* 2827
UCPLPLGTH -.2074" L0278 2372 .13a% L1297 2133
UPPERIAV -.1184 - 718" -.0583 L2411t -.4612*" 15"
UPPERLFH -.1685* -.2293r" -.121¢ L3348 -.4559"" L1538
UPPR1APO -.109%7 L1218 L1594 -.0472 - G912°* TEITee
UPPRINA -.1262 -.2435*" -.2409*" .1939* -.43143+*~ 1949*
JPPRINA_ .1902* L1710 L1728 -.2086" L1866 -.2374""
JPRPREPTV L1051 - 4127 L1796 L2493 0277 2977
UPPSDNHT -.12%0 .0260 -.0201 -.1499 -. 0447 -. 2439
UPRIARO_ L2019 - 2332+ ~. 2474 0430 L5425 - 3138
UPSTFCHT L2512~ L.2702"" L1080 -.0741 2929 - 1285
VERLPCHN -.2822" 2219*" .11a7 L0174 -.0959Q L3l
WITSANAL L1034 ~.21668"" -.1008 .1824* -.0091 -~ 2345
YAXIS L1106 L3331 " L1178 -.5019" -.0154 2271+
YAXISSN L1954 .3325" .0834 -. 8272 -.0864 L22240""
ZANGLE -.0804 -_6T745°"* -.5222** 5692 .0208 -, 53114""
e - Signif. LE .08 *« - Signif. LE .01 (2-tailed)

. * is printed if a coafficient cannot be computed

- - Correslacion Cosfficients - -
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.
1
)
1
]
]
'
]
1
!
I
1
"y
1

. 3 are R - L LT e e
e Al St F.fve -oEITIeeoolinoe. L TeIDL,
STIINVE L3321 T R - ITsTer - 3T
STFACAGL B LY - 332 I 33 z3 BN
3TIINLT 1233 it Iidier - .333 - Tl
JLFACRLY - Lo - llfiee - 34 _I55 - Losiit,
-7 S 131 1334t - Iligee - 113
ot A £ SO S S EE AN £ 135
SPH_LFYL Z3laT vt S | - 4375 FROEN
JLOISTAN - Ila3TT - ILldtt - g3TEes a4 - T1g5ee
LPANTUHT - 1437 3 e ML DA R . . i3l
JPERLIZE izgLve 1325 T - 3333 - Lo
IPGONTAL - 434 1322 1833 N o - 133
wPnIPnTH 2525 7 - FL43TT - Z34dev - 11323 - - L)
TILIPTHK 1345 1319- 511 s . 733gGew 3.
TPLPCURL - 1271 1373 2333 - 54)8%~ 937
TPLPLGTH 1343 - 33137 - 3332 1old - - 2713
SPPERLAY - 14l - 1371 - 4546 L4673 -, 1537
TPPERLFH - 1352+ - 1312 - 1913 2338°" - 234
“PPR1APO - z38%**  -.1237 -..273 2342+ - 3745
TPPRIMA -.1155 - 1295 - 1243 .2253*" 225§ 1143
UPPRLNA 154 2133e 714 - 1930 1925 - L33
TPPREPTV 28L3° - 1451 - 3391e~ L2196 - 1379 hE R
PPSONHT - 5523~ 2337 1335¢ 2054 3969 - 3433
CPRIAPO_ LI31 1314 2146%« - 2118°« EY IR 37750
TPSTFCHT .3037"" 24867 5539+« - 237Q%* . 3743 L3609
ERLPCHN ~..300" - oind - 2837+~ .Jt21 -.1347 -.3154+%
WITSANAL 1545 - 1330 - 1574 124 - 2474 .2088"
TALIS LJ6A9 Y - 1331e 1659 - 1848 - 505L**  -.7964
YAXISSN L37T46%  -.2330 L3272 - 1234 -.3602** ., 1253
ZANGLE -, 2275 -.1253 -.1943¢ 3550 .1366 .5633"
* - s1gnif. LE .28 ** - Signif. LB .01 {2-talled)
* . " 18 priated .f a cocefficlent cannot bea computed
- = Corraelacion Coafficisncs - -

TPGCNIAL  JPLIPLTH  UPLIPTHX  JPLPCURL  JPLPLGTH  TPPERLAY
SNPALPLN - 2919 -, 2886 L1743 -.0744 - 2074 - 1.3
SPDISTNC -.1333 Ildies - 1279 L3917 . 3275 - 4TL3ee
STCONVEX -.0251 .3370 - 3419 .1678* 2372 - 3333
STFACAGL .1280 -.1319 L3122 -, 2454 .1385 RESBRLS
STOINLTH -.1779" - 1156 .328% -.1398* 1237 - 4512+~
T1IFACPLN -.3210 2907eY - 4394 . 3527 213g* 42157~
UFH - 4814v* 2629~ .1348 -.1271 1943 - 1241
UFH_LFH .0982 -.5448%" L 1939* 1073 - 3919%+ - 137Lee
UFH_LFHL .0%03 - . 2846 2511 2839%*  -.3332*+ - _1545*"
ULDISTAN .0192 -.3323% -.7226% - §408-" L1014 4673 "
UPANDNHT .4685%* - 797Be+ .0961 0197 -, 4821 - 1355
UPERLIPE -.0331 -.1306 L7721 L2977 -.2033¢ 2537
UPGONIAL 1.0000 -.3259"" .0634 L1144 -.2657"e o2
UPLIPLTH -.3259*¢  1.2000 - 2265"* 3241 5172% 3513
UPLIPTHE L0634 -,226%** 1.0000 .3869%+  -.2310** -.1515"
UPLPCURL L1144 L3241 31369+  1.0000 -, 3947 - 3357w
UPLPLGTHN -.2657*" L6172+ -.2510%"  -.0947 1.0000 121y
UPPERLIAV .1222 L0618 -.1616" - 3897 L1531 1.29¢3
UPPERLFH .2863** -, 180§ -.17%3* -.1608" -.3231 L7204
UPPRLAPOQ L2173 0L%4 - 1336%" .0182 .3003 .5753 e
UPPRINA L2644  ~.0516 -.0742 -.1437 -.o:s; 3:22--
UPPRINA_ -.1319 - 1609* . 0897 20867 -.0%3 -. v
UPPREPTV -.0548 2341 0877 -, 2734"" .2361" L4927+
UPPSDNKT L4538 - 5402**  -.0416 .1956* -.3576** - 2538-*
UPRLARO_ -.0430 -.3061"" L4384 L0549 -.200L° -~ §TLLT
UPSTFCHT -. 4094 LILETve .1727° -.0198 L0213 -.1657*
VERLPCHN .0606 .4253%*  -.31013** L1138 .6545** - 1221
WITSANAL -.054% L0763 L0610 -.2410"" 0946 L1727
YAXIS -, 5588 L4531 -.1261 .035% .226Q0°*" - 15383
YAXISSN -. 4798+ L33447 -, 0629 L1129 .1196 -. 1355
ZANGLE L1150 -.1616* L4870 -.1131 -.0601 L2199

] [
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INPALALY
3p2IsTNC
STIINVER
3TFATAGL

- wrey

TFH_LFH
YFH_LFH1
ULOIETAN
CPANTNHT
UPERLIPE
“PTONIAL
UPLIPLT
TPLIPTHK
JPLPCURL
CPLPLGTH
TPPER1AV
“PPERLFH
S“PPR1APO
CPPRLNA
UPPRLMA_
JPPREPTV
CPPSONHT
UPRIAPO_
SPSTFCHT
VERLPCHN
NITSANAL
YAXIS
TAXISSN
ZANGLE

* - Signif. LE

SNPALPLN
SPDISTNC
STCONVEX
STFACAGL
STOINLTH
ULFACPLN
UFH
JFH_LFH
UFH_LFH1
ULDISTAN
UPANDNHT
UPERLIPE
UPGONTIAL
UPLIPLTH
UPLIPTMK
UPLPCURL
UPLPLGTN
UPPERLAV
UPPERLFH
UPPRIARO
UPPRINA
UPPRINA_
UPEREPTV
UPPSDNHT

o

Ly
LYORTY)
+ a
1)

-]
IRV RYTR T IS
L L PO P
LT VIIPITIGN
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CARIMAK rstazion L for axtraction 1 in analysis

JARIMAX conwvarged in I4 itarations

Ancaced Factor Marrix:

Factar 1 Factor 2 Factor 3
ANTTACHT 33799 -.17832
TACLLGTH .91539 26790 -.1561%
FACLOPTH 39259
MANDLGTYH .87857 L 34912 -.17941

----------- FACTOR ANALYSIS

Factor 1 Factor 2 Factor 1
LOANFCHT .36113 -.14421 =-.104%8
20SFACHT 4161
LCANDNHT -,33753 -.20288
LCPSDNHT -.81421 -,12088
LOSTFCHT .80B11 -.12268
NSCHNLTH .3072% .15890
JPPSDNHT -, 77043 16473
CORPLGTH 76932 .39822 -.2460)
POSCRNBS .7310%4
LCLZIPLTH L7257 -.172238
UPANDNHT =.71940 .2617Q
RAMUSHGT 71640 26797 -.13799
JFH .719%2 -.185448
MIDFCLTH 69497 L3738 .33096
NCSELGTH .637131 =-.13106
PNSANS .65303 .27012 .3n24s
UPSTFCHT 64540 -.1331%9
ANSNOSTP .64421 .11004
UPLIPLTH .619%7 -.19239¢
BASNASON .6313%0
MXMNDIF?P .62072 .1%3a8 ~.56807
FORIONLG .45109 .27324
FACDEPTHN .101%9 .34489 -~ 213310
FACLCHVX -10199 . 84489 -.21330
BOLFACPL .17209 .83935 -,21527
SNB .1601S .23840 -.17648
STFACAGL .15272 . 82318 =.17941
sL 23149 .79846 -.1561%
FACAXAGL, L1977 -.792%2 L15603
YAXISSH .18799 -.78%%0 .10792
YAXIS .34792 -.71559 L10174
SNA L6541 .44392
MAXDEPTM .60741 .52%2%
SNOCCPLN -.25581 -.58932
MXHEIGHT .28508 -.5330% -.11548
LOWFHAGL 29784 -.51202
RAMPOSTN -, 10417 -. 59" .19567
ANB -. 20440 .85484
ABPLANE -.22340 .846826
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Factor 4

Fac

o 3
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- 17315

Factor 4
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.13334
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-.14089
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~.10716
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L4861
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ANALYSIS
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Faczar 3 Taczar L3
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Faccor &§ Factor 7 Fagtor 8 Factor 9 Ffactor 10
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UPLPCURL

APONTSTA

INTLABGP
BPONTSTB
POGSTFOG

NASOFNTL
NSTNASON

CANINREL
WITSANAL

ANTFACHT
FACLLGTH
FACLDPTH
MANDLGTH
LOANFCHT
POSFACHT
LOANDNHT
LOPSDNHT
LOSTFCHT
NSCHNLTH
UPPSDNHT
CORPLGTH

- - . .-

POSCRNDS
LOLIPLTH
UPANDNHT
RAMUSHGT
UFH
MIDFCLTH
NOSELGTH
PNSANS
UPSTFCHT
ANSNOST?
UPLIPLTH
BASNASON

Faczor L1l Facusr LI FTactor U3
333179
- 32399
- 12515 R
- L4ni4 $27°%
- 14239 - 33148
- L8144
. 12724
- n.913 -~ 20546
.57434
.44188
~-,158360Q
. 13425
13707 -.12419%
- 13682
ractor 16 Factor 17 Factor 18
- 12281
-.13210
12264
.11410
------ FACTOR ANALY SIS
Facteor 16 Factor 17 Factor 18
.36864
.12160
~-.10339
-.1486%
.11291
. 416758 .22163
-.16166
.12546

79459
35259
53236

13907

Factor 19

Fagtor 19

.315%3

-.153690
-.1722%

~.23129

Factor 29
-.135113

.1.607
.17250Q
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SISCRIMINANT

ANALTSIS:

Jata writien To the working fila.
21 variaples and 50 cases wricten.

12 YZAR QLD

A3
F8.2
F8.1
F8.2
F8.2
Fe.2
F8.2
Fe.2
F8.2
F§.2
Fi.2
Fe.2
rs.2
F8.2
F8.2
F8.2
0.2
.2 .
F8.2
F8.2 )
F8.2

ANAMLYSTIS

LOWIARPO_

-. 84313
~1.43333

~1.14813
MANPLAGL

26.21667
23.5%000

15.90313

LOWRIMPL

90.40000
93.40000

91.%0000
MANPROGN

-%.343133
-7.04667

-8.19%5Q¢Q

PALPLANE

Jarsabla: 3_NO Type: Scring Formae:
‘Jarzable: GRQUP Type: Number Formace:
variable: SADANGLE Type: Number Formae:
‘Jariable: SNA Type: Number Formarg:
Variable: SNB Type: Number Formae:
Yariable: POSFACHT Type: Number Formar:
YVariable: FACLCNVX T™vpe: Number Format:
Variable: LCWRLIPE Type: Number Formare:
Var:able: LOWLAPO_ Type: Number Format:
Variable: UPLPLGTH T™Ype: Numbear Format:
7ariabhle: MANPLAGL TYpa: Numbar Formas:
Variablae: PALPLANE Type: Numbaer Format:
Variable: CCCLPFLAN Type: Number Format:
‘Jariable: LOWRIMPL Type: Number Format:
Jariable: UPPERIFH Type: Number Format:
Variable: APTNPERF Type: Numbar Format:
Variabla: MANDLGTH Type: Numbar Formar:
Variable: NASLBANG Type: Number Formae:
Variable: MANPROGN Type: Number Format:
Variable: MLSULCUS Type: Number Formar:
Variable: UFH_LFH Type: Numbar Formac:
- -4 - - = - DISCRIMINANT
On groups defined by GROUP
60 (Unweighted) cases ware processed.
0 of thess wera axcluded from che analysis.
60 (Unweighted) cases will be used in the analysis.
Number of cases by group
Number of cases
GROUP Unweighted Weighted Label
Q 30 30.0
1 30 310.0
Total 60 6G.0
Group means
GROUP APTNPERP FACLCNVX
1] -3.9%000 865.48000
1 ~3.46667 86.58447
Total -3,20833 96.733313
GROQU? LOWRLIPE MANDLGTH
0 4.2%000 110.503131
1 -.311667 113.02000
Total .968687 111.768167
GRQUP MLSULCUS NASLBANG
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SACTD PIETACRT IAZANGLE SUA ENY-|
: RIEEEED 122 12337 3L "3557 =3 331311
L 3308 Dl I I iT 33113 "7 134887
Tazal IR R 222,323 EAE P T3 L4302
SICU? UFH_LFH CPLALITH UPPERLFH
b 36.34332 22 139223 137 383311
1 32,2587 23.3135487 11) 30647
Taral 34.43500 21.3830 129.18529
Group standard dev:iat:ions
SROUP APTNPERP FACLCY LOWLAPO LOWRIMPL
3 2.84141 Z2 48171 1.22494 1.39909
1 4 31910 2.37063 2,29914 T Q5073
Tozal 3.32477 2.72531 1 35212 6.200483
SROUP LOWRLIZE YANDLGTH MANPLAGL ) MANPROGN
2 2.07027 3.756128 3.02972 4.35175
1 2.35285% 3.13458 4.958469 g L2353
Total 2.7946% 4.56758 4.10142 7.3489097
GROUP MLSULCUS NASLBANG OCCLPLAN PALPLANE
3 1.3.878 11.21313}) 2.3073& 31.09457
1 1.48109 11.12668 4.12733 3.2489%7
Tocal 1.85110 11.45163 3.59981% 31.39145%
SROUP POSFACHT SADANGLE SNA N8
0 4.196864 3.3ca08 2.50620 2.324%7
1 4.30278 5.1157§ 3.72974 3 22087
Total 4.95198 4.2730§ 3.18113 2.91329
GROUP UFH_LFH UPLPLGTH UPPERLIFH
Q 6.80678 2.04001 1.7931%0
1 9.1567% 2.15838 T.9946%
Tocal 8.35969 2.40615 6.41589
-------- DISCRIMINANT ANALYSIS - - == - - - -

Oon groupa defined by GROUP
Analysis number 1

Direct mechod: all variables passing the tolerance test are entered.

Minimum tolerance level.................- .00100
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M Jancnizal  Afzar  Iilxs

F 3 -
Fon Sigenval.e JarLance  Pct Zarr Fen  Lampda

Chi-squara 4f

3173413 34.37¢ 23
LT 4.7584 L132.21 130.3¢ 3032

i3

* Marks =zae ! cancnical discriminant Ifunctions remaining Ln :he analys:is

Standardizaed zanon:ical discriminant funczion coefficients

Fune 1
APTNPERP .79C93
TACLONVK L3L13L
LOWIARO 29228 .
LCWRIMPL .74367
LCWRLIPE - 26868
MANDLGTH -, 17653
MANPLAGL 74128
MANPRCGN 11628
ML SULCUS .20308
NASLAANG -.13017
OCCLPLAN .46079
PALPLANE -.921143
POSFACHT .96211
SADANGLE - 02332
SNA ~-.360%0
SNB - 11527
UFH_LFH L21544
UPLPLGTH -1.02G67
UPPERLFH .84939

Structure macrix:

Fooled within-groups correlations betwaen discriminating variables
and canonical digcriminant functions
(variables ordered by size of correlation withan function)

Func 1
PALPLANR -,.33354%
LOWRLIPR -,239132
POSFACHT .41798
UPLPLGTH -.210%8
SNB -, 14071
UFM_LFH ~.139Q7
MLSULCUS .13%62
MANDLGTHN .12940
UPPERLFHN 12074
NASLBANG -, 12046
LOWRLMPL L11511
APTNPERP .088%2
OCCLPLAN -.08460
LOWIAPO ~-. 07714
MANPROGYH .07297
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FiILIY
LMPLASL -

SAZANGLE -

vnstandard:izad caronizal dnzzyieoinann fomse- -

APTNPERP 22331335
FACLONVK 2u3Tisz
LOWLARPO 1335339
=OWRIMPL . 2223246
LOWRLIPE - 1274782
MANDLGTH - 23139635
MANPLAGL 2739333
MANPROGN 11535519
ML3ULCY 2.153134215E-4313
NASLBANG - JL15837
SCCLPLAN 1290578
PALPLANE - 2872368
POSFACHT 2113323
SADANGLE ~-5.41337244E2-33
SNA ~.2729430
SNB ~-.1122442
JFH_LFH .3293064
UPLPLGTH -.4629024
UPPERIFH L 2397450
«Constant) -11.3083732

Canonical discriminant functions evaluated at ¢group means (group centroids)

Group Fune 1

b] -2.146852

1 2.14652
Case Mis Actual Highest Probability 2nd Highest Jiacr.m
Numbex Val Sal Group Group P{D/G) PIG/D) Group P(G/D) 3ccras
1 2 9 .51 .9984 1 .2018 -1 31979
2 0 0 .13%93 .9729 1 .1271 -.3338
3 b} b} 2201 3811 1 .3139 -.9203
4 2 0 .3230 .9934 1 .0066 -..258)
5 v} 0 .8420 1.2000 1 000 -2.31499
-1 0 0 .7G96 9998 L 0008 -1.7741
7 ¢ Q 3376 .3946 1 J014 -1.5301
3 s} 0 .7280 1.,0000 1 .2000 -2.4943
9 0 0 .1481 .99238 1 .3472 -.7302
19 9 Q0 .5213 1.0000 1 .0000 -2 73713
11 ] Q¢ .7330 1.00400 1 .0000 -2.4030
12 0 g .0460 1.0000 1 .0004 -4, 0417
13 0 ) 4S80 .3%76 1 .0024 =1.40%7
14 0 ¢ .9053 .999% 1 .0002 -2.3274
13 0 0 .5922 1.0000 1 .000¢ -2.58212
16 0 Q0 .2638 1.0000 1 .0000 =3.264%
17 0 0 .70)7 1.0000 1 .0000 -2.526%
18 Q 0 .6180 .5992 1 .ocos -1.6732
13 b} Q0 .3858 .999%% 1 .o0001 =2.3137
20 0 0 .2687 1.0000 1 .Q000 =3.2927
21 0 0 .7550 1.0000 1 .00090 -2.4536
22 0 0 .21468 .9799 I .0201 -.33%6
23 Q 0 .16%3 1.0000 1 .%000 -3.5341
24 o] Q .6166 1.0000 1 .0000 -2.6471
2% 0 Q0 .83%7 1.Q000 1 .0000 -2.33139

] N .
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Case

Numbar

49
39
31
52
31
54
35
56
57
S8
59
50

Symbol

“OpecAQAenn

1
4

. P EEEE -
N o s _
: D434 L Ltz ) s s i
3 : 3377 333¢% . tise -z
z 13234 3933 T I 5 oiilg
: L3878 3393 Y o237y
M : 3273 3338 2 P L 3L3:2
< l .332 3743 H t2s2 D |
M - 3982 3399 J 1201 2,.3113
. : 2336 1 39233 b} 223 3 a7s5L
L 1 3224 3392 b .:i8 1.5340
1 M 3339 L an0a ] <22 $.2203
1 H 3642 1.:309 bl 238D 2 3328
i 1 3aoL 3957 PR B S | 1 2839
1 v 0 3683 3261 1 “397 - 31214
i 1 1663 35217 D] 3153 7549
1 1 .5647 1.3900 9 .3300 2.7224
i L .2650 L.3000 3 .3200 3.2512
L 1 2013 L.2J000 } 2230 I 4242
1 1 9599 . 3999 3 i 2.2382
1 1 237% 1.3000 7 .32000 1.2257
Mis Aczual Highest Probabilicy 2nd Highast 2iscrum
‘al Sel Jroup Group P(D/G) PI(G/D) Group P(G,D} Scores
1 L .7279 1.123000 J  .J0og 2.49434
1 1 .3660 1.2000 J  .Can0 3.J%508
1 1 8168 1.0000 2 .000¢0 2.1792
1 L .538%  _999% 2 .co0L 2.3433
1 L .956% .9999 g .3%01 2.2336
1 1 .8247 .9997 9 .%003 1.92%¢Q
1 1 .6104 .99 2 .2J09 1.58370
i 1 .6334 .5992 g .004¢8 1.56986
1 1 .3238 1.0000 g .3000 2.3169%2
1 1 .0673 .7358 Q 2042 ERY-1 ]
1 L .9217 .9999 0 .2001 2 2421
1 1 .3916 .93961 3 .20319 L 2998
Symbols used in plots
Group Label
Q
1
All-groups Stacked Histogram
Canonical Discriminant Function 1
1
1
- 1 2 32 -
1 2 22
11 1 2 222 ,
11 1 2 232
- i 111 11 11 2 22122222 2 2 -
L 111 11 112 2212 22212 r} 2
1 1111 111112111111 222 2 22222222 2
1 1111 11itiiriiil 1 X 2222 ?2222222 lz <
X t T + ' !
out -4.0 -3.0 Q 2.0 4.0 out

Class

1111111111122112322211112311111212222222
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‘

Tlassifrzacizn ras.lis -

ty i dradictad 3ro.p Mermzersa:
Act.al Sooup Zaz=s p . @
Jroup b iz 13 M
PRSI LY
FTIuLp 1 3 . 29
3.8 5.7y

Parcant of “grouped® casgsas carractly classifiad: 38.331%
Zlagsificacion Srecassing summary

3] Unweirghted) casaes wers procassed,
J cases wera excl.ded for missing or out-of-ranga group codas.
1 casaes nad at least sne missing discriminacing variaola.

60 (Unweaignted) casas w~ere used for printed outpucr.

-------- JISTRIMINANT ANALY SIS =t e === .

On groups defined by SROUP '

60 :Unweightaed) cases wers procassad.
0 of chese wera excluded from the analysis.
60 {(Unweighted) cages will pe used 1n :the analysis.

Number of cases by group

Number of cagas

GRQUP Unwaighted Waighted Label
3 10 30.2
1 10 10.0
Total 80 60.0
-------- DISCRIMINANT ANALYSIS =~~~

On groups defined by GROUP

Analysis number 1

Stepwise variable selection
Selection rule: minimize Wilks' Lambda

Maxizum aumber of StapS.......css0anvs0000 i
Minimum tolerance lavel.................. .00100
MIinimum P CO @NCAT . ..o v vsrvrsrronnsnnnns 3.84000
Maximum F tO reFOvVe............ vesessrers £.T71000

Canonical Discriminant Functions
Maximum number of functions.............. 1
Minimum cusulative percent of variance... 100.00
Maximum significance of Wilks' Lambda.... 1.0000

Prior probability for each group is .350000
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‘arianla  To.sranza

APTUPERR L -Itil bl

mar m——noTTIILIZ - -383323 3234343
TRELEMR L oLifiiiz 3113382 3312183
SOWRLMPL L 11TITUT 38423132 3423333
LSWRLIPE L lltliln : 23 33398232 “382813
MANDLOTH  L.IlI353 . 4+ 5233341 324,333
MANPLAGL 1.2332320 & 3453931 3345537
MANPROGN L DIIldiY L 147139353 3752615
MTULIUS  L.iodclid L 5.2344011 31243132
MASLIBANG L.2T23233 L 3 4.3117448 9133087
AZmeALAN LLIII0007 L olTlIega 1 3794943 3572137
SALPLANE L.32332320 1 3386733 12.739%Q034 .55345.2
SCSFACHT L1.23232333 L 2003363 23.1335059 31533632
SADANGLE 1.32022090  L.2339CC0 J5187%7 .3391C64
NA L 23323323 1.3333003 L.2123771 .2795249
59B 1,0252C23 1.3Ca38230 5.473131394 .3137538
CFH_LFH 1.2035200  1.328802G0 5.346%8749 9155980
CTRLPLGTH 1 223532230 L.223304% 12 2590447 3235145
CPPERLFH O L.2C023C3) L 22t 4.332005803 23333¢7

T ® F P F R T YN F SR FT T RN RN WK NN Y TR TR T E T RS Y YT OE X E S

At step 1. PALPLANE was included in the analysis.

Degrees of Freedom Sigmit. Satween Groups

Wilks' Lambda .52349 L 1 58 ¢
Equivalent F 30.739350 1 £3.49 .9000
---------------- Variables in the Analysis aftay Scap l --~e~ccccccccea-

Jariabla Tolerance F :to Ramove Wilks*® Lambda

PALPLANE 1.2000000 10.7595
---------------- Variablas not in che Analysig after Step L -----------o--a-
Minimum

Variable Tolerancs Tolarance F to Enter Wilks' Lambda
APTNPERP .9930061 .9930061 .665695% 6453077
FACLCNVX . 71493826 .7149826 4.5227604 .60541236
LOWLARO_ .9890286 .9850286 .31%6212 .6498074
LOWRIMPL .3999%389 .3999189 2.2470147 62086682
LOWRLIPE .9979314 .9979114 8.3382501 .3648727
MANDLGTH .9963972 .9963972 2.1316041 .6298352
MANPLAGL .935899%7 .9358957 .4385926 .6481383
MANPROGN  .59088%53 .9908893 .102%683 6499963
MLSULCUS .9980064 .9980064 2.5925081 .625023%
NASLBANG . 366033) .9660%21 .6398166 .6461977
OCCLPLAN  .72%176¢4 .7291768 1.9249541L .6321042
POSFACHT  .9972%33 .9972935 9.8572791 .5571079
SADANGLE .9978137 .3978137 . 0006411 .6534433
SNA .9913541 .99113521 1.6934189 .634%%78
SNB .9785267 .9785267 §.3211880 .3863660
UFH_LFN .7107814 .7107818 L 4060434 .6409292
UPLPLGTH . 90513328 .9053%28 1%.235715)1 .4385730
UPPERLFH .3262071 .9262Q071 .1739634 .6514629

T T B T T T T R Y D I BN DN B I B B A
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2% s52ap I JPLPLITH .as .ro..zed Lnotnag ana.,s:s
Z2greas 3f Freedom 3igm:id TamNgan Cee o
41.43 —armoda 1333” EAY s3p o FasNeen Sriozs
Egiivalent T NERE X P Z =3 T
---------------- TATLAS.2S . In@ ANAL,S1S ASu8r 35ap 2 -m-ccmemmaea-onoo
variaple Tolarance T -3 Yamove AL.<3' Lambda
PALPLANE .903%3323 313 103 3253155%
CPLPLITH 30583528 L3 2157 5534512
---------------- Jar:ables not in the Analysis after Stap 2 -=-=-esc-cccaaa-
Mainimum
Variaple Toleranca Talaerance F =o Enter Ailks' Lambda
APTMPERP 3455475 1423393 2.+0450L2 3533778
TACLCNVE .6645539 3031339 3 3615087 42379112
LOWLAPO_ 9383797 3539890 L 3799557 4727122
LIWR1IMPL .3970983 .3627793 2.2119545 4700081
LOWRLIPE 98701147 3954461 3.8320728% .4220147
MANDLGTH .3486221%§ 37791345 3.7442224 .4573518
MANPLAGL .3229462 .33163642 1.3576399% 1795153
YANPROGN .9011742 .32338589 2.824697) .46%1123
MLSULCUS .9978777 .3039783 2.%242622 .47139285§
NASLBANG .9613270 .3835098 .9019820 .4808118 -
OCCLPLAN 7228082 .6589279 2.4113214 4634039
POSFACHT .3113864 .71653486 22.3729433 .346283¢
SADANGLE .9846991 3334535 .1697107 .4B70969
SNA .9650711 3813517 J.264581% .4632202
3NB .9628825 8765391 7 2119292 43281311
UFH_LFH .§5101013 L5513123 1.37079M] .34719634
UPPERLIFH .3178717 .33100868 .0000Q008 . 4885710

4 %W % F ¥ # ¥ W ® ¥ W N F O W F R R AR R E R WS EE R T T T LT R NS oW

At step 3. POSFACHT was included in the analysis.

Dagraes of Frasdom sSignif. Batwaan 3roups
Wilks* Lambda .14689 3 1 58.1
SEquivalenc F 35.14504 3 56.0 .03%00
et L ST L L Variables in the Analysis after Step 3 -------==<se--=-

variable Tolerancs F to Remove Wilks' Lambda

PALPLANE .869788) 17.7145 .5905088
POSFACHT .8113864 22.8728 . 4885710
UPLILGTH .T7I65846 331.9368 .5571079
-------- cemas=«- Variables not 1n che Analysis after Step 3 -<-----w==-===---
Minimum
Variable Tolerance Tolerance F to Enter Wilks* Lambda
APTNFERP .9080120 .7266783 .25716318 3452742
FACLCNVX .6592460 .57%8705 7.%9060722 .3032914
LOW1ARO_ .9347%82 .6974635 1.947297¢ .33%0268
LOWRIMPL .9758219 .7364173 4432277 LI1441155%
LOWRLIPE .9691%%7 .7134463 9.2810398 .2968041
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5355732
SCCLPTAN Y Do
FAZANGLE Fadilal
INA 3338432
Epo- | E - D
UTY_LFH 4337374 J1i-33
JPPERLFH ERE- Mt 1453307
At step 4. 3NB ~ag inzl.ded in :he analysis.

Degreas of Fraedom Signif. datwean Sroups
Wilks' Lamhda 29325 4 1 58.2
Squivalant F 3% 31386 3 55.9 1390
---------- ~=-=-- Yariaplea in the Analysis afver Scaep 4 --~=-c~==cacaooao
Variable Tolerance 7 o Pemove Ailks' Lambda
FALPLANE 3139521 42 277% 1356676
POSFACHT .7374859 29.9435 .432831L
SNB .3751839 13.0788 .3458888
JPLPLGTH .03085%37 33.9592 .4797595
“ess-semomena--= Variables not in the Analysis after Step ¢ -----c-mecmceaaa
Minimum

Varrable Tolerance Tolerance F o Entcer Wilks' Lambda
APTNPERP . 7417894 .5523245 4.0980851 L2604791
FACLCNVX 3393519 .3331819 . 1313008 .2795642
LOWLAPO_ .9334446¢0 .6352118 4.22153188% 25992468
LOWR1MPL 37294138 .5903109% .1751938 .2793407
LOWRLIPE 9612231 .5798161 5.3134282 .2525868
MANDLGTH .6115594 .5302930 2113769 .280189%%
MANPLAGL .8301368 .66T4448 1.6505639 .27193%1
MANPROGN .6640012 .8257382 4.1464062 L2602627
MLSULCUS .341148) .590337% .25484%6 27893426
NASLBANG .89600%7 L6751250 3.1767451 .24846747
QCCLPLAN .379865%3 .57936%9 .1323462 .2795619
SADANGLE . 7681933 .67584688 1.2820198 .2737479
SNA .36142%3 35159%%0 0838071 2793128
UFH_LFH .44765%52 . 4476552 .4610429 .2778736
UPPERIFH .6€13393 .6326298 4.9370377 .23567678

* ® & ® & % % P ¥ & & 4 & ¥ @ T @« 8 & @ VS & 0w #® F T X T W F T T s EFN

At scep 5. LOWRLIPE was included in che analysis.

Degrees of Freedom Signif. Betweean Groups

Wilka' Lambda .25259 L] 1 58.0
Equivalent F 31.35758 5 54.0 .0000
---------------- Variables in ths Analysis after Step § ------swmnoa-oae

Variable Tolearance F to Remove Wilks*® Lambda
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1 e s

B I I +.3e3l3
13 lsi 1324020
-3 a3l RELE IR
i3 Tli3 4335239

- -

@ inalssig after 3Tep J ----emececasaeaaa

Loamum

‘lar.apla Tolaranzce Toleranze P oo Inter N1.<5 Lamhda
APTNPERP “437773 3437337 ¥ 3i33ci 137=-=3
FACLCNVX 2998238 2398236 2180338 25183517
LIWIAFO_ .7413887 53515384 L 2233873 2463651
LOWRIMPL 34333100 .467334939 .3549027 2522779
MANDLGTH .5236537 .548661%5 1647948 25822731
MANPLAGL L7233 .56334238 .3790239 .2507932
MANPROGN 6413415 6053614 5 6379104 2282232
MLSULCUS 3437934 .B792149 1947693 Le517393
NASLBANG .9749948 .5678860 1.392797% .2442866
CCCLPLAN 3815300 .561391300 .0017256 .252555%0
SADANGLE 7331766 8715839 .)253886 2510455
SNA . 34839530 .3369852 .31272238 2324578
UFH_LFH .4459174 1459174 . .2470968 .2514146
UPPERIFH .6214253 50504592 2.4815599 2412892

& ¥ ® ® ® ® ¥ ¥ W B W W & N T ® € F 4k E M k& W E W E F R E N EEF T TN

At step 6. MANPROGN was included in the analysis.

Degrees of Freedom Signif. Batwaen GSroups
Wilks' Lambda .22822 ] 1 58.40
Equivalent F 29.97147 6 53.¢ L0000
--------- waam=== Variables in the Analysis after Step 6 -=--------------

variahle Tolerance F to Ramove Wilks' Lambda

LOWRLIPE .9284203 T 4409 .2602627
MANPROGN .6413418 5.6%7% .2525868
PALPLANE .815185%57 31.8314 .36%2921
POSFACHT LT7201014 20.0461 L3145436
SNB .6917131 14.8221 2920486
UPLPLGTH .6058614 46.1518 . 4269573
T L ~=== Variables not in the Analysis afrer Step 6 ---==-====------
Minimum

Variable Tolerance Tolarance [ to Enter Wilks' Lambda

APTNPERP .2931232 .2937767 .00179%9 .2282183
FACLCNVX .2946102 2946102 .0211720 .2281301
LOWIAPO_,  .7048134 .54573351 2.4977132 L2177634
LOWR1MPL .919717% .6047951 .507379¢8 .2256740
MANDLGTH  .6286014 .5436%92 .04749703 . 2280146
MANPLAGL . 7697022 .5939978 .2842261. .2269423%
MLSULCUS .9131559 .6014481 .0005133 .228220%
NASLBANG .8133747 .5961761 .49169%81 .2261284
OCCLPLAN .5160%13 .536091) .187352% .2274018
SADANGLE LT17L168 .3422718 LT126424 .2351377
SNA .34793%0 .3130304 .0704230 .2279145%
UFH_LFH .4452901 .4452901 .14768%7 .2275768
UPPERLIFH .57%3201 .4508123 4.5793327 2097516
’ [} L]
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AT 3tap PPEPLIH .as .rs._zad notna anapsis
cagrees sf Treadom 3ignLs - e
4ilxs  Larpda 11373 N z i3 7 saneen Ssizs
Equiralent ¥ IT 3Ty - 32.1 1
---------------- Yariazias .o Tna AnAl,313 af-ar 388D T c-qeememccaccoaaa
arsaple Thlarancae T 12 Femove Wil<s Lamnda
LOWRLIFE 393683L7 1.2253 22531913
MANPROGN 5973344 7 3.36 2412392
PALPLANE .73364831 20 5331 2315338
POSFACHT 5911327 22.4244 3332247
3NB .45¢3122 20.2908 .2915386
UPLPLGTH 3941366 16 5498 3375136
TPPERIFH 5793200 34.5793 2232232
---------------- Jariables not in the Analysis after Step 7 ---=-=c-cce-~ua-
Minzmum
Variable Tolarance Tolarance F %9 Enter Nilks*® Lambda
APTNPERP 237.541 2371541 . 3876623 2161533
FACLCNVX .2757386 .2757986 .1504121 .209L348
LOWLAPO_ .5496637 .4333291 31340026 .2081841
LOWRLMPL .91856802 4500668 4915300 2077493
MANDLGTH .5823066 .4508043 1279574 .2092266
MANPLAGL .7443928 . 4507763 .7508377 .2069485%
MLSULCUS .8968749 ,4092692 .0643677 2094872
NASLBANG .7499287 1493101 30949787 .2797142
QCCL2LAN .1875773 .3375778 3.02309518 .19798%2
SADANGLE £345713 .3424766 1.5959226 .2033371
SNA .2913475 .1795717 1309679 .2081964
UFH_LFH . 44300685 .44076286 . 1483636 .209%%28

F level or tolerance or VIN insufficient for further computation.

Summary Table

Action Vars Wilks'
Stap Entered Removed 1in Lambda Sig. Label

1 PALPLANE 1 55345 .Q0Q00
2 UPLPLGTH 2 .488%7 .0Q00
1 POSFACHT 3 .34689 .0000
4 SNB q .2802% .0000
5 LOWRLIPE ] 2%259 .Q0Q00
¢ MANPROGH ] .22822 .0090
7 UPPERIFN 7 .2097%  .J000

Canonical Discriminant Functions

Pce of Cum Canonical After Wilks'

Fen Eigenvalue Variance Pct Corr Fcn Lambda Chi-scquare df Sig
: 0 .2097%2 8%.120 T .5000

1 1.767% 100.00 100.GC0 L3890 :

* Marks the L canonical discriminant functicns rsmaining in the analysis,
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LIWPLIPE

HALIPROGN -
PALPLANE
PTETACHT -
303

TFLPLSTH L
SJPPERITH -

Jbaty

LB LU

PR PR P VeV P

ks

PR P Y )

FRTTRre
[V I I

b ket
e

F PSS
[ I

Scructure natrix:

fnolaed within-groups corrslationg between discriminating variablas
and cancnical discrinipant funczTiong
Jar.aplas orderad by size of correlatisn within funetioa )

Fune L
PALPLANE 17519
LCWRLIPE 253138
OCCLPLAN 26538
POSFACHT -,24518
JPLPLGTH 231636
MLSULCUS -.13038
MANDLGTH - 13854
MANPLAGL ,=9067 !
3NB .15327
SADANGLE - 13924
UPPERLFH -.13580
SFH_LFH .131316
SNA .1.836
NASLBANG .12250
MANPROGN - 38207
FACLCNVX - 28058
APTNPERP -.0277
LCWR1LMPL -, 32387
LOWLAPO_ .01439

nnsvandardized canonical discriminant function coefficients

Func 1
LOWRLIPE .1294104
MANPROGN -.0717379
PALPLANE .2122164
BOSFACHT -.1646621
SNB .31596121
UPLPLGTN . 4548923
UPPERIFH -.067136%

{Constant) -15.6330280

Canonical diseriminant functions evaluated at group means (gzreoup centroids)

Group Fune L
0 1.9508239
1 -1.90839

Symbois used in plots
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Lll-3roups 3tacked distagram

Zanznizal Toscrimainans Funeticn

3 - -
r 5 - -
a
1 2 1
" 2 1
a 4 - 2 2 2 1 -
a 22 2 i
< 2 2 2 2 be 111
v 22 2 2 1 111
2 ~ 22 22 222 2 2 1 11111 11 -
22 22 222 2 2 1 11111 11
2 22 222222222 12 11 1izz:iziir il by
2 22 222222222 12 11 11121111 Lill 1
X X
sut -4.3 -2.0 d 2.0 4.0 oue

Tlass 2222222222222222222222222222252111111111111111111111111111111
Centroids 2 1

Clagssificacion results -

No. of Predicted Group Membership
Actual Group Cases ] i

. - - —— - - -

Group o] g 29 1
96.7% 3.1%

Group 1 30 1 29
31.3% 36.7%

Parcant of *grouped" cases correctly classified: 96.67%
Clagsification processiig SUmMMary

50 (Unweighted) cases were processed.

0 cases were excluded for missing or out-of-range group codes.

0 cases had at least one missing discriminacing variable.
60 (Unweighted) cases were used Zor printad ocutput.
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DISCRIMINANT ANALYSTS:

cata ~Tizten =2 tha working £il
i sar.ables and 3100 ~asas ~ritten.

‘ariaple.

3_0

sWarning ¥ 9415,
>Tha format of the variable c¢an't be translated. The variable was drapped.

>Error * 9436

>There are no
»Thig command

»Erzor # 10S.
>This commrand
>»This command

Type:

varsiables to copy.
not aexecuted.

sLring Format:

Taxt: VAR

Command name: EXECUTE

13 not valid befors a working
not axscutaed.

Data wrizten to the working fila.
2] variables and 300 cases

Variable:
Variable:
Variable:
Variable:
Variable:
Variable:
Variable:
Variabla:
Jariable:
Variable:
Variable:
Variable:
Variable:
Variables
Variable:
Vvariable:
Variable:
Yariable:
Variable:
Variable:
Variable:

B_NO
GROUP
SADANGLE
SNA

SNB
POSFACHT
FACLCONVX
LOWRLIPE
LOWLAPO_
UPLPLGTH
MANPLAGL
PALPLANE
OCCLPLAN
LOWR1MPL
UPPERLIFH
APTNPERP
MANDLGTH
NASLBANG
MANFPROGN
MLSULCUS
UFH_LFH

- W m m W e o=

Type:
Typs:
TYpe:
Type:
Type:
TYpe:
TYDe:
Type:
Type:
Type:
Type:
Type:
Type:
Typa:
TYpe:
Typa:
Type:
Typs:
Type:
Typa:
Type:

pDrsc

On groups defined by GROUP

WELTTan.

String Format:
Number Format:
Number Format:
Number Format:
Numbar  Formact:
Numbar Format:
Number Formac:
Number Format:
Number Format:
Number Format:
Number Format:
Number Format:
Number Format:
Nuxber Format:
Number  Format:
Number Format:
Number  Formac:
Numbar  Format:
Number Format:
Number Format:
Number  Pormact:

RIMINANT

AS

Perhaps they were dropped.

file has baen defined.

A8

Fll.2
F11.2
Fl1.2
Fll.2
Fil.4
F1l.2
F11.2
Fll.2
Fll.1
Fili.2
F11.2
Fll.2
Fil.2
rii.2
F1l1.2
F11.2
F11.2
Fll1.2
F11.1
F11.2

ANALYSIS

300 (Unweighted) cases wers processed.
0 of these ware excluded from the analysis.

3100 (Unweighted) cases will be used in the analysis.

Numbar of cases by group

Number of cases

GROUP Unwaighted
0 150

1 1%0

Teotal 100

Group means

Weighted Label
150.0
150.0

100.0
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SROUP

w

Total

SROUP

w

Toral

GROUP

Total

LIWRLIzE

2 <3113

32323

4.23387
POSFACHT

71 §4267
§3.75367

66.18487
CFH_LFH

95.17467
79.91667

32.55567

Group standard daviations

GROUP

]
1
Total

GROUP

Total

Total

GROUP

APTNPERP
3.15546
5.24064
4.55316

LOWRLIPE
2.5895)

2.65300
2.81870

MLSULCUS
2.2461)
1.53369
2.01749

POSFACHT
8.52704

7.02112
9.516%0

UFH_LFH

MANTLITH

113 757
-13.332)

MDA B S Aeh

NASLBANG

125 22200
L23..4600

124.28400
SADANGLE

121.50800
122.12400

121.31600
UPLPLGTH

22.114847
20.7%467

21.43767

FACLONVX
2.75703
3.12747
2.35622

MANDLGTH

10.623578

B.47139
9.73292

NASLBANG
11.14426
14.309¢6
12.83179%6¢
SADANGLE

4.097310

5.37452
4.78074

UPLPLGTH

198

JCTLPLAN

13.13239
3.46000

2.23600
SNA

92.292567
31.14220

91.59733
UPPERLFH .

124.29487
112.54067

108.41767

LOW1APO_
1.61184
2.59909
2.260851

MANPLAGL
1.283%90

$.13027
4.33320

OCCLPLAN
1.59766
4.08927
3.93%01

SNA
2.90204

3.92301
3.48934

UPPERLIFH

ANPRLGN

-7 33133
hEREETE!

-4 337312

FALPLANE

2.7
-1 36387

3741

LOWRIMPL

5..4196
T.41428%
6.5.9C8

MANPROGN
6.23943

13.202586
8.31589

PALPLANE

1,1567§
1.35099
3.83837

SNB
2.73588

3.78582
3.38189



2
1
(XTI PO
110 a
ey
[P B
Frveg

i
]
ke,

S T SIS TAIHINANT AMAL IG5 e m e e o
n ogro.ps Zdedined zy RCUR
AnAL/S1S a.Tper ;

Sirect —athod: all var:iables passing tne talerance tast are sncarad

Minimum “olerance level......... ..... L3310
Taronical Jiscriminant Functions

Maximum numbar of funcTions.. ..., e 1

Minioum cumulative pavcent of +variance... 130,30

Maximum significance of Wilks Lambda... l.230¢0

?rior probability for each group 18 .3530C0
Canonical discriminant Functions

Pocr of Cum Canonical Afver wWilks:
Fen Eigenvalue Variance et Corr Fen  Lambda Chi-gquarae df 313

: ¢ .122614 505.479% 13 .0000
1l- 7.1557 100.20 130.20 L9387

* Marks the 1 canon:cal diseriminant functions remaining in zhe analysis.

Standardized canonical d:iscriminant function coafficrants

Fune 1
APTNPERP 37199
FACLONVX 1.00248
LOW1ARO_ .13368
LOWR1MPL ~.29130
LOWRLLPE .13045%
MANDLGTH -2.54400
MANPLAGL . 74892
MANPROGN -. 77118
MLSULCUS -.0%6%]1
NASLBANG -.14876
CCCLPLAN ~-.00890
PALPLANE .489%6
POSFACHT 2.26038%
SADANGLE .34091
SNA -.523744
SNB 64281
UFH_LFM .00826
UPLPLGTH .25214
UPPERLFH 11142

Structure matrix:
Pooled within-groups correlations between discriminating variablaes

and canonical discriminant functions
{Variables ordered by size of correlacion within function)
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Case
Numberxr

49
50
sl
52
53
34
55
56
57
58
59
&0
61
62
§3
4
&3
66
67
&8
&9
70
71
72
73
74

Mis Actual
val Sel Graup
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Y EEEEE

NA Lk ad L s

QOOQQDUOOOGJQDUUUUUOQL‘UDUUL}\J!.J-J

LrEean

Highast Probability
Group P{D/G)

o

"
0
0
9
0
Q
Q
0
0
¢
g
Q
9
Q
0
Q
0
Q
0
0
0
Q
0
0
0

4778
.4092
L1908
L6738
.4666
.9363
.7616
.945%53
.1788
. 4468
.J61%
.612%
L9824
.9881
.25432
. 4080
L2362
.9502
L4711
L0904
.2044
.6463
.5627
.7089
L0517
L9389

201

P{G/D)

1.2000
1.3000
1.0000
L.o00c0
1.0000
1.00400
1.9000
1.0000
L9991
1.0000
1.0000
1.%000
1.0000
1.0000
.3997
.9999
1.J000
1.0000
1.0000
.995%
.999%4
1.0000
1.0000
1.0000
L9790
1.0000
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2nd Highast
Group P(G/D)

ol

Ha*rnwrar-wuar-wnﬂr-w-r-HnAr-ro4r-Hr4rAH

2230
.3300
L9000

1909

3690

30049
.30G0

7000
L3009
.J000
.2000

Jago
.2000
.3000
.9001
L0001
.0000
.0000
,0000
L0048
.000Q6
.0Qo00
. 0000
.00090
.0210
.9400

w ot

T

o
Cads o det w1t

N

R DR Tl

LY N L S

LR
-

1

L DR IR T o
S s LA L B L

[l W )

NNNNUHP‘P'r‘NNUHIJIII.;-'t-l.-l-lul'l‘ll‘lllalnll-
[y [ 1)
1
o
w

[SETV: WS N VN R
« = b 8 v
4
-3
(1)
oed

RN N S
[
~
-
o



Casea
Number

37
98
99
130
121
102
103
104
199
~06
197
108
109
110
111
12
113
114
113
116
117
118
119
120
121
122
121
124
123
12&
127
129
128
130
i
132
133
134
135
13¢
137
138
139
140
141

Lrsdatndar s

e

]
J
J
3
3
3
pl
)
¢
Mis Aczual
val 3Sel Jroup

OOOODODODOOQOOOOOODOOOGDQDUQOOOQQDOUOQDOUQQUU

D Ad A 6 W L L) LI LB RS L VPRI L

e

3i33
~:i3
1211
831
4334
4232
3319
.27
3349
33.)
T125
.7ate
,335%
3802
L3350
.2454
1378
7778
5133
25286

e

RN EN N TN N

Highest Probapilitcy
Sroup 2(D/G)

0
2
bl

]
2
d
0
0
0
0
0
Q
Q
¢
0
0
Q
0
0
Q
0
Q
Q
0
Q
0
0
]
Q
a
¢
9
o
0
0
Q
0
0
0
0
Q
]
0
0
Q

202

.0573
L3447
.7246
0267
.6487
L7610
.95357
L7917
.8174
.5087
.4126
-4371
.956%
.3672
.2763}
.2684
-3617
L6174
L3240

7569
L7734
.2389
.2408
.2403
1244
.8107
L0132
.2654
.8733
.0444
.7253
L8711
-1924
.9946
.0%63
.1849
L1378
.9161
.5573
.2827
.655%
.593%
.5413
.0077
.4821

2{G/D)

.9833
1.0000
1.43000

L9167
1.0009
1.004%0
1.0000
1.3900
1.04900
1.9000

. 9999
1.3000
1.0000
1.0000

3998
1.9300
1.3000
1.000¢
1.3000
1.0000
1.0000

.9996
1.%000
1.0000
1.0000
1.0000
1.0000

.9997
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

.9828

. 9991
1.0000
1.0000
1.0000

.99%0
1.0000
1.0000
1.0000
1.0000

.39

. 113G
- pieiole)
- b
} P h
- bR
1 .29
1 2303
H 2390
1 2330
1 3330
i 2620
1 Pl
1 3523

2nd Highast
Sroup PIG/D)

1 .J16%
L .3900
1 .0000
1 .3813
1+ .2000
1 .2300
1 .20490
1l 0¢0
1 .0030
1L .300C0
1 .0001
1 .Qcoo
1 .02000
L .2000
1 .0002
1 .2oc0
1 .0000
1 .3000
1 .3000
1 .0000
1 .0000
1 .0004
1 .oSo00
1 .0000
1 .9000
1 .0000
1 .0000
1 .3003
1 .0000
1 .000Q
1 .C0000
1 .Q000
1 .000¢
1 .00Q00
1 .0172
1 .0Qos
1 .0000
1 .0000
1 .0Qa0
1 .o0002
1 .00Q0
1 .00Q0
1 .0000
1 .0000
1 .0002

Pt

b datd B
T TR R YL T LU I U A

WP B RN TN A

s a

Y R YN LR L]

P R TRy Wi X I P N N N R E L R
o
1
w
]

Jiscrim
3coras

76469
L5l
L3383
L4497
L2379
L1619
L5133
.9302
.8970
.3308
-3453
L4432

72901
L3313

3774
-
.33857
L1337
L2323
.35833
. 9540
1.4383
3.3397
1 3406
4.2327
2.4265
5.1443
1.5324
2.5266
4.8767
31.317%
31.9908
4.7972
2.6091

L7591
1.3404
1.0148
2.394¢6
3.2522
1.5918
3.22Q00
3.1992
2.25%2
5 3328
1.5508
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-te

Zasae
Namnpar

case

193
194
195
19¢
197
198
199
200
201
202
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»

ol
1F 3
)

o

)
b

il
'

ot
[N}
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Mis Actual
Val Sel Group

[ el el al ol o

LR )

2473

-

[}
I

4.3nest dr:spasiiity

ITIp PO

3379
<374
L334
1362
.599L
4034
j3g2
1436
L3208
L71.2
3094
2020
.3521
.8381
.4238
3527
L3339
-2217
L7224
.8924
.47LS
L1754
.3927
L3021
.9501
3681
.5205
.8231
L6417
. 5486
.57%7
9217
-46%1
L4155
1611
L6238
.5378
.4220
.6937
L1798
.0352
.7053
L1814
.3126
L1173
.a112

HO‘U—'!—'HH.—‘P‘HHHFHF"'!‘HHPU“!“I")—‘.—‘i"l“l“‘l"l“lﬁ‘l—“l"l-‘l"t-‘C)I‘r‘l—"—'uux)LJg;ta
e

il3 L
~e33 0

2 3.0

- -
- v
-

[

[¥ R )

Loaid

L3334
.23
L.3000
1.3030

3399

L3999
l1.30C0

-3660
~.3339
1.2€00
1.2360
1 0000
1.2000
1.0000

.9939
L9999
.999%
i.2000
1.000G0
1.9000
1.9000
1.3000

.9998
1.0000

.3889
1.0004Q
1.0000
1.0000
1.0000
1.0000
1.0000
1.3%000
1.0000

L9599
1.9000
1.300¢0
1.0000
1.9000
1.3000
1.0000
1.04000

.9999

L9430
1.0000
9993

Highest Probabilicy

Group P(D/G)

1 .1997
3313
.8754
L9746
.512%
L3671
.917%
.2201
1344
L1337

e

203

PIG/D}

1.0000
1.0000
1.000¢
1.0000
1.0000
1.0000
1.0000

.399%
1.0000
1.0000Q

ind digznast

ITILp P3O

IEEXSEYEY)
P YR
Oy L3 LD L

P ETREEN]

<320
239
230
Q01
.9201
2330
L340
ppLb)

G0
-~
Risie i

L3200
3002
3091
031

L0008

.3000
2000

.30049
2000

.3000

L3002

.JoQo

L3111

.Jcae
2000

.0000

.Cgoon

.3000

.00020

.3000

.30%0

L0001

L3000
<000

.000¢
Q000

.0000

.0000

L0000

.000L

.0%62

.2Q00

.Qo0%

OOODDOOOODOOOOOQOOOOQOOOOQUOQOOUOUOI—‘Uuuur—r4r4;lrlp4
oo

2nd Highest
Group P(G/D}

Q .0000
0 .0000
¢ .o0coo0
o .0000
o .0000
0 .oo00
¢ .0000
o .000%
0 .0000
@ .0000

3300 .

-2.287%
-1.7907

- 3289
-4.21322
-1.41%7

Discrim
Scores

-3.5082
-1.8627
~2.8229%
-2.6979
~1.3304
-1.3680
-2.7691
-1.419%
-4.1631
-2.1325%
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241
242
243
244
245
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7
240
249
230
251
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253
54
259
1236
257
238
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264
265
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3904
.3023
.2563

L3749
L3708
.7347
L3956

3263
3187

2220
3796

7012
5317
1880

.7919
L3514
.2853
.T497
.6610
.3140
L1471
L2657

1413

.5309

P W N L D e U ) O s B ER

P I I UP RN
AL AB st
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r
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o
(=]

N N e e N N el ol ol
“r
a
e)
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Higheat Probability
Sroup PID/G)

[ T O o ol R N N oA SN N A N el ol o
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L9091
.5203
.1723
.1873
L5172
L3733
-0430
.8306
Q208

.5009
.261%
.686%
1426
.8331
.4295
.0181
.1149
.1927
. 7464
L5611
.8330
.7610
.1391
.5073
.4589
.0733
. T488
.6131
.0438

PIG/DY

1.0000
1.0000
.39%90
.9992
1.0000
1.000¢
1.0000
1.0000
1.0000
1.90000
.9997
1.0000
.3981
1.0000
1.0000
1.0000
.3999
.9983
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.90000
1.000¢
1.4000
1.000¢
1.0000

0O OOOOULOOOOOUUOL LVUOOOULOOUODUOWLWLILI LIS LILIAI s tats s s
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>
oy
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L2300

Jgog
Joca
L3220
3Ga0

L3000
.GGJ0
.2390
L0830
.3000
.J000
.Go00
.0002
L3000
.Q000
.20400

Q2018

.0003
.Q000
-3009

2nd Highest
Group P(G/D)

OQQOOOOOODODOOOOOOOOOQOOOOODQ

0000
.5000
2010
L0008
-9990
-2030
.0000
.0000
5000
.0000
L0003
.a009
.0017
.Q000
.Q000
.0900
0001
.a007
.Q000
L0000
.0000
L0000
.0000
.Q000
.0000
.0000
.0000
.QQ00
.0000

I T B T
I S IR SF Y SRR
[TTINY POEY P )

]
(¥}
[T
(W]

LK V]

.o

1Ry
.
h
'
L}

-1.5441
-2.262%
-1..3948
-2.21568
-3.45682
-5.4330%
-1.55810
-1.3639
-2.3427
-2.0848
-2.4519
-2.9703
-4.0742
-3.3292
-1.4067
~4.4570
-2 1458
-3.1718
-4.6854
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d-

Eh . RS T . sl
% - D13 3339 Do -D Lt
-4 - e A Ph oo P
75 . L2150 3395 T -1 i3t
i3 : S S e -1 i3e.
I : 1oLt 333 S EEES 2 ok
:,3 L z 7231 L 32 M P} -2..733
273 . 13239 3393 SRRt -..5323
23 L 13145 L.:a93 oI -2.3461
231 t L3853 L 1363 13 -2.5723
232 : 1 “3.5 3986 ] oz -2.232)
233 1 . 3374 L 321 J T3 -1 L9342
K i 1 353% 1.3000 3 32120 -2.7.77
235 pa 1 T4%1 L 3009 b peb ] -2.3462
235 M L 5036 1.2)030 bl 3200 -1.3972
237 - 1 4720 1.2000 J 23350 -3.3354
238 1 1 2768 3998 Q jcQ2 -1.3735
Cage Mig Actual Hdighest Probability 2nd Highest 2iscrim
Number 'fal 3al 3raup Group 2(D:G) PIG/D) sJroup PG/ Dt 3cores
289 1 1 .0811 1.0000 0 .0000 -4 4136
290 L 1 .3120 1.2000 1+ 03Ca -5.1717%
291 1 1 .37%% .993% 0 .0001 -1.7799
292 L L .7294 1.0000 9 .3049 -3.J1121
293 1 1 .4084 .3999 2 .3901 -1.3334
294 L L .8422 1.0000 ' ¢ .2000 -2.4670
295 L 1 .1384 1.0000 o .0000 -4.1477
296 1 1 .5399 1.2000 0+ .J3000 -3.2791
237 1 1 6367 1.0000 2 3090 ~3.2334
2583 L 1 8042 1.3000 Q J09¢ -2.41382
299 1 1 .8331 1.20400 ] 2000 -2.3768
100 1 1 .2239 .9996 o 3004 ~1.4497
Symbols used in plocs
Symbol Group Label
1 Q
2 1
AlL-groups Stacked Higtogram
Canonical Discriminant Function 1
20 - i -
1
1
F 1
r 185 - 1 -
- 1
q 22 2 111
u 22 2 2 11 11 13
] 10 - 22 222 222 111111l I -
n 24 222 222 1111111 1
- 22222222222 11 111111111
Y 222222222222 111111111111
g - 2 222233332222 1111111111111 -
22223222322223432 1 1111111111111l
2 2222222230222232332 2 2 11 111i1l11iiliiii ol 1
222222222222222222222 22 2 11 111111111111111111l1 11 |
X + T i — } X
out -4.0 -2.0 .0 a.0 4.0 out
Class 2222322222222222222222222222223111111111111211231121211111111111
Centroids 2 1

. 205



J.assii_cat.im r3s..13 -

. BT Praziztad jro.p Yemzersaip
ACT 4. 3IT2.LD Zasas . .
Jraoup 3 253 L33 3
v | i
Group . il - 149
R 39.:3%

farcent 2f 'grouped' :asas <Torractly :slassidiad: 39 5%
Zlasgificatizn processing summary
300 ‘Unweirghted) casas were processad.
0 cases w~ere excluded Zor missing or out-of-range group codas.

J cases nad ac least one missang discriminacing variabla.
100 Unweighted) cases were used for princad sucput.

-------- DIS5TRIMINANT ANALYS3IIS - == = s e - -
°n groups defined oy GROUP
130 “nweaighred) casas ware procegsed,

2 of thesa were excluded from the analysis.
330 (Unweighted) casas will be used 1n the analys:s.

Numbey of cases by group

Numbar cf cases

GROUP Unweightad WNeighted Label
0 150 1%590.0
1 15¢ 15G¢.0
Total ELDv} 3100.9
-------- DISCRIMINANT ANALYSIS R L

on groups dsfined by GROUP

Analysis number i

Stepwisa variable selsction
Selection rule: minimize Wilks' Lambda

Maximum numbar of steps..............0u0 kY: |
Minimum tolerance level.............c000n .30100
Minimum F O SnCOY......cco0reanes ee-s.. 3.B4000
Maximum P to remove...... e rereser e 2.71000

Cancnical Discriminant Functions
Maximum number of functions.............. 1
Minimum cumulative percent of variance... 100.00
Maximum significance of Wilks' Lambda.... 1.0000

Prior prebability for each group is .50000

S e=wes Variables not in the Analysis after Step 0 --=-------- -—————
Minimum

: 206



LIWRIMPL
LIWRLIPE
MANDLSTH
JANPLAGL
MANPROGN

arve mee
MLIULCT

NASL3ANG
ICILPLAM
PALPLANE
POSTACHT
SAZANGLE
3MA

sNB
UFH_LFH
UPLPLGTH
JPPERLFH

. * w e ¥

.........

1.30823¢00
1.223332
L.32333400
1.230333
1.300002
1.3c000cC0
1.3432030
1.3330009

* ¥ ® ®

S LR R

5 S ]

L323C27%0
.2292¢C20
23004000
2502090

“ma

3332029

. 2358372
§379944
145.8231133

L.2462063

7 773814
.7613391
19.6271862
16.7764449
27.47521318

3232192
3927535
3TLIL
3334743
.331.232
Faa333L
3946437
3347532
.7.63866
5714402
33583319
3745362
. 3407712
3826303
3467538
9155843

® F ®W W ¥ ® @& F ¥ € @ ® & & * ¥ P W T T E T s

At step 1., POSFACHT was included in the analysis.

Dagraes of Freedom Signit,

Batweaan Groups

Wilks' Lambda .67L44 1 1 298.0

Squivalenc F 145.82211 l 258.0 .20Q9

----------- we=== Variablag in the Analysis after Step 1 ---==-===-==----

variable Tolerancea § to Remove Wilks' Lambda

POSFACHT 1.0000000 145.8221

----- wcuemmme=== Variables not in the Analysis after Step 1 ----==-=--=-------
Minimum

variable Tolarance Tolerance F to Enter

APTNPERP
FACLCNVX
LOWLAPO_
LOWR1MPL
LOWRLIFE
MANDLGTN

UPPERLFH

* * B ® &

At step 2.

.9981440
.9214252
.9902430
.92131873
.8996753
.27158%8
.90013887
.96959240
.2629921
.I9LET74Y
.4803003
.972013¢
.9982031
.9527028
.8911691
.9980391
.7536117
.9859201

-'.."I"t'l.'."'l"i..-...-t'-I

.9981440
.321429%2
.9902490
.921187%
.39867%3
.27158%8
.9003887
.9699240
.3529931
L991674Y
.8801003
.3720330
.99828212
.9%27028
.8911691
.9980291
.7%36137
.9855201

22.6623%187
18.2462566
28.869%9976
49.5192633
6.8934619
433.4279443
15.0956142
45.7555549
58.0574372
.01815A6
47,996021)
51.5698406
1.7522549
.0182996¢
.0907983
11.2807124
3.1992990
10.3379244

Wilks' Lambda

.52381343

.6325776

.6L19556

.5754882

.6562094
.2710149

.8390453
.5818074
,5616492
.a713987
.3781967
.5686766
.6675018
.67139%88
.6712330
.6074462
.6642848
.6091963

MANDLGTH was included in the analysis.
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2FT324s - Fragmc-
taa®td  Larcda T z . 33 SEesEERL -7
Iyi-ralan: 7 133 aldss z Sy s .
------------ 7ar.aples .o ina Analysis afTar FUep 2 cmmm-mcecaeeocaa
var.able Toleranca F T3 Pamove d1.45 lampda
MINDLGTH -TL33s%3 +33 1232 §TLd422
POSFACHT ZTL33z3 T23.352% 3ITLIILS
---------------- variaples not i1 thae Analysis after Stap 2 -e-=s=smcssemsanao
Minimum
‘7ariable Tolerance Tolarancs 7 Lo Enter Wilks' Lambda
APTNFERP 9943535 L2732008 14.4223412 .2601308%
FACLCNVX .7748130 ,2295518 7 3831303 .2663384
LOWLAPO, .3407811 2530187 .2212526 .2728112
LIOWRIMPL .80293387 ,2188670 97.76%4080 .20522%9
LOWRLIPE .3367159 2679778 13 1711498 .26837729
MANPLAGL .8652821 .242513%2 26.50083C06 .250580%
MANPROGN ,9560228 2673037 7 5251999 2661548
MLSULCUS 8591636 2655196 1%.91%51286 .2531677
NASLBANG .370933%1 .26369353 3.4209779 .2598954
OCCLPLAN .B569682 L26431874 5.1910180 .263309%
?ALPLANE .3891959 2707931 29 2248998 2486345
SADANGLE .3896640 L2632411 LL52405%4 2728744
SNA .3922609% .2690154 .1382146 .272887%
SNB .2153130 2484746 17.3383071 .25716%8
UFH_LFH .9921712 .26959917 6.5177706 2671128
UPLPLGTH .7491015 .2576421 0128774 .2730030
UPPERLEFH 93162976 ,257916% .2927349 L2T727T452
"Q'.-.'I.l!.".ii.""'..'.-.t.t".t"'
At scep 1, LOWRIMPL was included in the analysis.
Degress of Freedom Signif. Satwean Sroups
Wilks' Lambda .208213 3 1 298.9
Equivalent F 382.09%51¢C 3 2%6.0 .000Q0
e DL LT T « Yariables in the Analysis after Step 3 ---=====----o---
variable Tolerance F to Remove Wilks' Lambda
LOWR1MPL .9029867 97.7654 .2730149
MANDLGTN .2366062 534.0181 .5754882
POSFACHT .2188670 1010.9574 ,3081712
—meee—— was====-= Variables not in the Analysis after Step } ---w------==--- -
Minimum
Variable Tolerance Tolerance F to Enter Wilks' Lambda
APTNPERP .9947815 .31785%90 11.20983245% .1976652
FACLCNVXE .7748%392 .2031541 6§.29808%2 .20092359
LOW1ARO_ .T639074 .1944796 13.46430%07 .19628%2
LOWALIPE ,84602%8 .2120917 .95833021 .2045688
MANPLAGL .795391% .2110331 4.31894655 .2022209
MANPROGN . 9420602 .2184037 11.9000942) .197273190
MLSULCUS .8345612 .4180283% 4.09291%0 .2024214
NASLAANG .9%91636 .210035% 6.5483262 L2007731
OCCLPLAN .84586504 .a183660 .99373221 .2045408
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FRLALANE 2533333

£33 EEEETR Y iy
ZAZANSLE 1944730 loTi§t3433 11313t
SNA IRERRE Lo33s3Lig I4l1t3
a3 323331- .1 3415333 1373339
CFH_LF 7322343 3.5333224 1333013
CPLALGTH  -33:1ss 1383914 143124
TPPERLFH 3413367 3 7333733 2112313

l'.--"CII‘I'vI!"'-D."....'..'.'.
T T * v = o

At szap 4. PALPLANE ~as :ncl.Zed .2 the analys:s.

. Sagrees of Freedom Signif.  3etween 3roups
Wilxs' Lambda 223033 4 i 298.9
Zquivalant F J12.635870 4 29%.2 L3230
---------------- 7ariables 1n the Analysis after Step 4 ---ccecmuwooeooo.

Variabla Toleranca £ > Remove Wilks' Lambda

LCWR1MPL .3028136 37.3469 ,2486345

MANDLGTH .2342019% 477.44%7 .5024407

PALPLANE .3539%94 20 3398 .3532299

POSFACHT .218435%3 536.45359 .544728%
-------------- -~ Variaples not 13 the Analysis af:tsr Stap 4 -=--e-cr-ccce---

Minimum

Yariables Tclerance Tilerance F =0 Enter Wilks* Lambda
APTNPERP . 3941484 L2173974 9.8136295 1856346
FACLCNVX .6218371 . 2924326 24.0906140 L1771056
LOWLARO_ .763031) .1939302 11.3094126 . 1946072
LOWRLIPE 33354407 .2127884 .1779382 .1917181
MANPLAGL .711896% .2084668 .4060262 .191569¢
MANPROGN . 9420550 .21797L7 11.3175083 .1949049
MLSULCUS .8313367 .217530% 2.3342228 .130002%
NASLBANG .9568119 .2097981 7.2364087 .13722%8
OCCLPLAN 6798634 .2183%.3 1,1389728 .1910615
SADANGLE .9634037 .2154139 1.4575629 .13960413
SNA .3403302 ,2L81050 1.217%217 1916430
SNB .8112841 .2179663 8.7151832 .1963112
UFH_LFH .T4687476 .2182076 9201%Q7 .1912386
UPLPLGTH 6764212 .2106897 4.2166943 .1891490
UPPERLIFH .8131969% .2035024 9.8%92249 .185%6104

* ® & & &P E PN R ST R R R NN R F Y TR TR R R RN C N

Ac step 3, PACLCNVX was included in the analysis.

Degreea of freedom Signif. Between Groups
Wilks* Lambda 17731 s L 198.0
Equivalent F 272.83048 5 294.0 .¢000

~eeacececc-c-e-- Variables in the Analysis after SEepP 8 --===-=--em-o-a-

Variable Tolerance ¥ to Remove Wilks' Lambda

FACLCNVE  .6319371 24.0908 .1918341
LOWR1MPL -3026¢39 80.3301 .2257450
MANDLGTH .192452¢ 925.1909 4941504
PALPLANE .7740786 39,1994 . 2009199
209



Tarwapla

APTUPERP
LIWLARPO_
LCWRLIPE
MANPLAGL
MANPROGY
ML3ULITS
NASL3ANG
SCILPLAN
SADANGLE
SNA

SNB
UFH_LFH
CPLPLGTH
UPPERLFH

*« ® % w € ® ° wW w® ¥

Talerance

F.3439
BE W P
LTEETI2
1727338
t223379
3233452
.3557388
43571344
.9447472
"351388
5399071
.6341384
52035651
7991304

‘ar.an.as nit

drniam

Tzl.arance

333534
L3l5474
1324228
L333:92
~334.¢é2
2307483
.1366719
L1324123
354827
. 1394425
1324353
1355937
.1914465
17830440

* ® =

3.
3 4033217
7.4927238
3 1273348
§.37137513

. 7235587
.J179052
.2143372

12.:306138

5.7616754

-0 TRG AnALsSL3 alser 3tap 3

d12K8

warcda

s
LR F LI BT LAY 1}

ek
PR VR I VT E)
DI RE SRl
[ TN T
LD = L

L3L0572
1732658

LL723345

1754923
1737993

.l7636%2
.1772943

1771756
1702346

.1738862

At step 6, MANPROGN was included in the analysis.

Wilks'

Yariable

FACLCNVX
LOWR1MPL
MANDLGTH
MANPROGN
PALPLANE
POSFACHT

variable

APTNPERP
LOWIAPO_
LCWRLIPE
MANPLAGL
MLSULCUS
NASLBANG
OCCLPLAN
SADANGLE
INA

SNB
UFM_LFR
UPLPLGTH
UPPERLIFN

'.‘I.l"t'..ﬂ..."ﬂt.'ﬂ'."‘

Lambda
Equivalent F

.16006

296.26600

Tolerance F to Remove

.5168186
.78729668

1894163
.7328309
.T443121
.2073722

Tolerance

.2971336
7442700
.7584163
-36806%0
.8274232
. 9468314
. 4856024
-9438454
.T7953448
-5386601
.60600358
. 6027608
. 7990829

3.
a7.
499.
l.
49.
673.

4861
2627
6679
5749
6378
1399

Minimum
Tolerance

.1860992
.1586552
.1878368
.1493157
.1875409
.1B29746
.189369%
.1323898
.1863179
.1893711
.1784131
.1765858
.1765450

Degrees of Freedom é;qni!.

& 1
6

238
293

Wilks' Lambda

1345049
.2077262
4330108
.17730586
.1871817
.5278Q07

F to Enter

.0138797
16.95166413
.2018482
32.4733461
2.2308768)
9.7796710
2.308499%0
§.2634332
.9141038
.016600%
5.56569131
18.15656833
5.45535970

.0
-0

variablas not in the Analysis after Step 6

Wilks' Lambda

.16004%6
.151275%1

.1599%466

.1440385

AC step 7, MANPLAGL was included in the analysis.

210 °

.1588434
. 1548702
.1584786
.1586960
.15935877
.1600481
.1570100
.1506874
.1571216

@ ® ® % ® ¥ ® & # @ €W P W e W F & ® ;@ W 4 R e e w
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. . Zagraes 2
iL.X3 Lamcda TP = - -33 3
Zguittalant 7 JaT 35138 - 232.3 Ll

................ VArLaAplas Li Tae AnALYSLS ALTAr 3Iap T ee-cecca-ooooo..

‘Jartahle Taolarance T <t Pamave Jel«<s Lamoda
FACLOWVK 27348130 2 3413 1349027
_LIWR1IMPL .5791338 19,2027 ,1537331%
MANDLSTH 1493157 5°4.353086 12748631
MANPLAGL .3aa08940 312.4716 .1632572
MANPROGN L1723314 35.3926 L25.3908
PALPLANE 7437750 16..724 L.1663148%
POSFACHT 1676931 7683,14%6 .3204953

---------------- Jartables not :a the Analydgis after Stap 7 ---=-==----==aa-

M1inimum

‘7ariable Tolerance Tolerance F Lo Entar Wilks' Lambda
APTNPERP ,2812997 . 1447522 1.3989282 .1433699
LOW1APO_, .3327431 14501758 1.4594454 L1423197
LOWRLIPE .6783787 L1485578 1.95296384 .1430783
ML SULCUS .32568328 ~477466 1.5591964 . 1432713
NASLBANG .9458601 ,=459436 7.7897598 .1402833
OCCLPLAN .4491131 . 1473050 .0195168 .1440288
SADANGLE .85736891 1347342 17.64%7%98 .135803¢6
SNA . 7638507 429981 4.0937392 .1420403
SNB .5342832  .1488380 1738776 .1438%37 )
UFH_LFH .51697858 .1486028 .21161318 .1439338
UPLPLGTH .5503661 . 1475840 6.54283164 .1408712
UPPERLIFH .7990772 1412791 4.3292920 .1416871

% & ®W ® ® W € ® @& & * £ K ¥ 4 & € ® * & & & ¥ & F ¥ & T ¥ F ¥ € K F ¥ F T

At step 8, SADANGLE was i1ncluded 1n the analysis.

Dagraes of Freedom Signif. Becween Sroups

Wilks' Lambda 13540 8 1 298.90
Equivalent F 211.47504 8 231.0 .Qgoo0
------- asmm-=a-= Varjables in the Analysis after Stap 8 -~--------c------

Variable Tolerance F tco Remove Wilks' Lambda

FACLCNVX .2%29473 101.1340 .1830244

LOWRIMPL .67814080 2%.8517 .1497348

MANDLGTH 1347342 621.835%0 . 4269343

MAMNPLAGL .1343446 44.768) .1566960

MANPROGH . 7691874 16.9032 .1510256

PALPLANE .7310001 %1.269) .1%97329%

POSFACHT .155745¢ 423.8390 .52029%3

SADANGLE .2573691 17.6458 .144038%

cesemmes=e-e-=== Variables not in the Analysis after Step 8 ------------ -
Minimum

variable Tolerance Tolerance F to Enter Wilks' Lambda

APTNPERP ,280817% .1292148 .92632990 .13%3712

LOWLAPO_ .%5322010 .1316268 1.0850717 .1352974

LOWRLIPE L6770893 .1343728 1.3157792 .1351903

' 211



LEULIUS i1i23350 J31l3245 ZT.TLN T
NASLIAG 144217 JilaiTT 3 .143:223
ICTLRLAN 1233354 2133423 1333323
ENEY 1313737 -242539 1l.323)
5NB 31534323 L i | 4 "5331583
UFH_LFH 3233737 L31223245 2 1279272 .14350%
SPLPLGTH 3482237 -31273533 7 2533373 11235248
JPPERLIFH .7332367 .o363138 $.3:22713 1131352313
P T N I I D B I N A T D D T T R I A 2 I T R
At s-ep 9. NASLBANG w~as :ncluded i1a the analys:is.
Dagress of Freedom Signif. Jetwean Sroups
Wilks' Lambda 13222 ] 1 298.0
Ecquivalent F 211,343135 9 2%0.90 .2000
----- amsumse==w== ariables in the Analysis aftar Step J --------e--mwe--
variable Tolerancs F to Remove Wilks' Lambda
FACLONVZ .2825100 +30.5G81 LL777792
LOWR1MPL L567143% 12.373i6 .14701361)
MANDLGTH .13145877 543.4768 .4249686]
MANPLAGL .3342425 42.3718 .151313%
MANPROGN . 7623716 319.2306 .1498826
NASLBANG .9441371 8.3049 .1358036
PALPLANE .7261908 53.2532 .1562664 .
POSFACHT .1504968 832.5568 .3201501
SADANGLE .3558072 18.1449 .1402833
---------- wm==== Variablas not in che Analysis after Step 9 ------=cececcc====
Minimum
yvariahlae Tolerance Tolerance F to Enter Wilks® Lambda
APTNPERP L27831884 .1268533 .47122238 .1318079
LOW1APO_, .5166606 .1293714 .30140250 .131385%4
LOWRLIPE .6672559 .1308066 2.1953510 .131027%
MLSULCUS .9188247 .1304349 1.320778% .1311811
OCCLPLAN .4370825% .131c272 .8695283 .1316268
SNA .%5923223 .1309303 .0184559 ,1320144
SNB .3425069 .1292241 2.812667% .1307%Q3
UFH_LFM .50%8359 .1292960 1.4497054 .13136139
UPLPLGTH .35438267 ,1259170 6.093493% .1292966
UPPERLFH .7303373 .1264200 2.A797874 .1307202

'-."..'.I‘.'.I.-.'I..'i."."'l."ll"l'

At step 10, UPLPLGTH was included in the analysis.

Degrees of Freedom Signif. Batween Groups

Wilks' Lambda .12930 10 1 298.0
Equivalent F 194.61708% 10 209%.0 .0000
D bttt e== Variables in the Analysis after Step 10 ------ “emem—m——= -

variable Tolerance F to Ramove Wilks' Laxbda

FACLCNVX .2511739 102.2334 .1750307
LOWR1MPL ,61582303 37.1793 .1461970
MANDLGTR  .12%9170 651.8860 . 4209459
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2 PLASL 1..3334 2FoE3)
LANPRTGH “477152 S 3434
HASLAANG 3153379 3 3222
PALPLANE 3344220 33 713}
PCSFACHT LegfasL PR -k |
SADANGLE .3523%393 -3 1273 13173338
“PLPLSTH 3433257 3.3913 2325233

---------------- Yarraples noT i tne Analysis af.ar Step 1)

ALnioum
Jar:able Tolarance Talarance F T2 Zntar JilL43' tambda
APTNPERP 2712151 . 2244573 1.1743332 1287715
LOWLAPOL .3146602 1279323 2312978 .1291660
LOWRLIPE 5483342 24389879 1.8174001 ,a278927
MLSULCUS 9140325 1239909 2.3332472 . 12821134
CCCLPLAN 4349363 1293646 .3461922 .129051%
SNA .5343130 12915290 ~31528% .12921492
SNB 3421580 .1273451 2.4957364 .1281353
UFH_LFH .47683153 1284866 1327622 1291250
UPPERLFH .7850184 1245279 3 54522468 L1277244

F laval or tolerance or VIN insufficient for furthar computation.

Summary Table

Action Jars ‘Nilks®
stap Enterad Removed n Lamibda Sig. Label
1 POSFACHT 1 67144 .00Q0Q
2 MANDLGTH 2 .27301 3000
3] LOWRIMPL 3 .20523 .0000
4 PALPLANE 4 .19183 .0000
5 FACLCNVX 5 17731 .0000
6 MANPROGN ] .16006 .Q000
7 MANPLAGL 7 .14404 .00d0
8 SADANGLE 3 .13%30 .0000
3 NASLBANG 9 .13202  .0000
10 UYJPLPLGTH 190 .125%30 .2000
Canonical Discriminant Functions
Pct of Cum Canonical After Wilks'
Fen Eigenvalue Variance FPct Corr fcrn  Lambdia Chi-square df 3s.g
: 0 .1292%7 559.374 19 .0000
1* 6.7342 100.00 100.00 .3331

* Marks the 1 canonical discriminant functions remaining in the analysis.

Standardized canonical discriminant function coefficlents

Fune 1
FACLCHVE 1.0%304
LOWRIMPL - . 45717
MANDLGTR ~2.4748%
MANPLAGL .341%0
MANPROGH -, 443%7
NASLBANG -.16819%
PALPLANE L5783
POSFACHT 2.26027
SADANGLE 28847
UPLPLGTH .2088]
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STLrucIire matrix:

?00led within-groups Tarrelations cetween A1SCriMLnAting variaples

and caronizal discriminant f.nctizns
Jariablag srdered oy size sf carrelarion wiznin fune-iso

F.nc L
POSFACHT .259986
PALPLANE 24213
JPPERIFY - 22216
JFH_LFH .15749
LOWLARO_ 14378
MANPRCGN - 13469
LOWRIMPL - .J87%8
UPLPLGTH L2914]
SNA 18279
APTNPERP - 33251
MANDLGTH - 526800
LOWRLIZE 15742
JCCLPLAN .28316
SNA .33831
TACLCNVX -~ 03633
NASLBANG .32828
SADANGLE - 2492
MANPLAGL L1539
MLSULCUS - 00450

Ungtandardized canonical discriminant function cocefficiencs

Func 1
FACLONVX 370760%
LOWRLMPL -.Q0715463
MANDLGTH -~.2575456
MANPLAGL .1341711
MANPROGN -.0532583
NASLBANG -.Q131119
PALPLANE .17869768
POSFACHT .2903809
SADANGLE .0603652
UPLPLGTH .07231354
(Constant) ~27.10708400

Canonical diseriainant functions evaluated at group means (group centroids)

Group Fune 1
0 1.58816
1 -2.586316

Symbola used in plots

All-groups Stacked Histogranm
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X k4
gut -4.20 -2.9 | 2.9 4.0 =111 4

Class 2222222222222222222222222222222 L1 L1111 L1211l

Centroids 2 1

Clasgification resulcs -

No. of Predictad Group Membership
1

Actual Group Cagas 0
Group b} 150 150 0 :
100.0% %
Group 1 159Q 2 148
1.3% 98.7%

Parcent of "grouped® cases correctly clasaified: 99%.33%
Clagsification procassing summary
3100 (Unweightad) cases were processed.
0 casaes ware exciuded for migging or cut~of-range group codea,

0 cases had at least one missing discriminating variabla.
100 (Unweighted) caseas were used for printed output.
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