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ASSESSMENT OF ORTHODONTIC 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 ofacephalometric 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
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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 1 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 needed

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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24TRODUCTION

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.
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Cephalometric analyses as used today, describe only a portion of the total

variability in the craniofacial complex. 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 interrelated 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.
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REVIEW OF THE LrrERATURE

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.

3



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 treni

A method of assessment of anterior-posterior dysplasia was developed by

Wylic (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 airived 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 treatment planning of malocclusions was the end result of
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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 650 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 modern 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 (SDI) 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
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because they are located in the midsagittal 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 basal 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 results 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.
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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.

J.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 eighteen years of age. With growth the skeletal and

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

of the face, the denture in the face, and evaluate the profile. Six of the eleven

measurements are aimed at locating 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.
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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 felt 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
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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 n 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 m

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 Iabial 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 atrue 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 pan 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 arbitrarily 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 analyses 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 results. 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 pails (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 can 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 disease. 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 -I'reatment 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 occiusal 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, Barrett, and Darroch in 1965. Selected

body measurements of Central Australian Aborigines as pait 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

15



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

cruniofacial 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

16



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.
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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 males No. of females TOTAL

6.0-08.6 15 15  30
8.7-11.0 15 15 30

11.1-13.6 15 15 30

13.7-16.0 15 15 30

16.1-18.6 15 15 30

 Total ' 75 75 150

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 cephalomenic radiographs.

Thc second aim of the study did not requtre»Ja sample of subjecs. The third

aim required two groups of samples.
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cephalogram is termed the midline-lateral film distance (ML). The MI. distances of

the cephalograms were not recorded in each and every case, but the average range of

ML used with this cephalometer was from 1 10-130 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

al 1 of them were taken in maximum intercuspation.

L.ateral 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 IBM computer

was used to digitize all the landmarks in this study, while the computer software

utilized was Dentofacial PlannerTY (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 Anal,sts

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
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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 Fj is: .

9 = wjtx 1+Wjzx2+ .......+Wjpxp

The Ws 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 emailed 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 (see 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 basia of observation of several variables. This statistical method attempts 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 tile 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' I.ambda.

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 Will[s' Lambda for the discriminant

function were selected for entry. The equation used for the discriminant function

calculation was as follows:

D =Bo+BIX 1+89[2+·······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 eigenvaluc 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 discrimtnant

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.
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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, 6-8.6 y, 8.7-11.0 y, 11.1-13.6 y, 13.7-16.0 y and 16.1-18.6 y

and included an equal 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). Sce 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., eigenvalue * 2, as determined by the scree plot and atleast three variables had

to load (2: 02: 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 eigenvalues for each of
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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 13.11 10.1 52.0

5 7.89 6.1 58.0

6 6.06 4.7 62.7

7 5.16 4.0 66.7

8 4.37 3.4 70.0

9 3.65 2.8 72.9

1 0 3.42 2.6 75.5

11 3.08 2.4 77.9

12 2.74 2.1 80.0

13 2.25 1.7 81.7

14 2.19 1.7 83.4

'15 1.86 1.4 84.8

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

20 1.11 0.9 90.1

21 1.07 0.8 91.0

22 1.02 0.8 91.8

23 0.92 0.7 92.5

24 0.85 0.7 93.1
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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 variables 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 anteroposterier 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 rotated 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 TSSUE FACE HEIGHT 0.80

NOSE TO CHIN LENGTH 0.80

UPPER POSTERIOR 0ENTAL HEIGHT -0.77

CORPUS LENGTH 0.76

POSTERIOR CRANIAL BASE 0.73

LOWER UP LENGTH 0.72

UPPER ANTERIOR DENTAL HEIGHT -0.71

RAMUS HEIGHT 0.71

UPPER FACE HEIGHT 0.71

MIDFACE LENGTH 0.69

NOSELENGTH 0.68

PNSTOANS 0.65

UPPER SOFTTISSUE FACE HEIGHT 0.64

ANSTO NOSE TIP 0.64

UPPER UP 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
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Figure 3. Factor 1 rotation solution. Contributes16.4% of the
common variance. (Vertical and AP aspects of

craniofacial development)



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

VARIABLES FACTOR 2

FACIAL DEPTH 0.84

FACIAL CONVEXITY 0.84

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

Y AXIS

|SNA

-0.73

0.65

MAXIUARY DEPTH 0.60

SN TO OCCLUSAL PLANE 0.58

MAXIUARY HEIGHT 0.53

|ZANGLE 0.53

|H UNE 0.57

SN TO MANDIBULAR PLANE 0.54

MANDIBULAR PLANE ANGLE 0.52

OCCUJSAL 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 5

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 poitive 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". Sce Table 9 for a display of the positive and

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

VARIABLES FACTOR 3

MAX:MAND DIFFERENTIAL -0.56

MAXILLARY DEPTH 0.52

ANB 0.85

AB PLANE 0.84

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 UNE -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
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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
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Table 6--Varimax rotated factor solution for Factor 4

VARIABLES 1 FACTOR 4

LOWER 1 TO NB -0.94

FMIA  0.86

LOWER 1 TO OCCLUSAL PLANE -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 TO MANDIBULAR PLANE -0.77

INTERINCISAL 0.71

LOWER 1 TO FACIAL PLANE 0.71

LOWER 1 TO APo (LINEAR) 0.66
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Figure 6. Factor 4 rotation solution. Contributes 10.1% of the
common variance. (Lower incisor position)
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Table 7.-Varimax rotated factor solution for 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

MAJ<ILLARY PROGNATHISM 0.87

SP DISTANCE -0.68

UPPER 6 TO PTV 0.67

ILS DISTANCE 0.62

LL DISTANCE 0.60

UPPER 1 TO A VERTICAL 0.52
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Figure 7. Factor 5 rotation solution. Contributes 6.1% of the
common variance. (Mandibular shape angle)
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Figure 8. for Factor 6 rotation solution. Contributes 4.7% of the
common variance. (Unear 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 varlance. (Unear and angular position of the

upper incisor)



Factor 8

With a contribution of 3.4% of the common variance, this factor was (Table

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 fice". Sce 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 am 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)



Table 1 1.--Varimax rotated factor solution for Factor 9

VARIABLES FACTOR 9

SLS DISTANCE -0.85

NASOLABIAL ANGLE 0.84

UPPER LIP DISTANCE -0.78

UPPER LIP THICKNESS 0.74

Table 1 2.--Varimax rotated factor solution for Factor 10

VARIABLES FACTOR 10

UFH-LFH 0.78

UFH-LFH (SOFT TISSUE) 0.61

SN PALATAL PLANE 0.60

PALATAL PLANE 0.58

UPPER FACE HEIGHT 0.57

NOSE LENGTH 0.51

Table 13.--Varimax rotated factor solution for Factor 11
--- I ------- 1

VARIABLES FACTOR 11

LOWER UP TO E PLANE 0.72

LOWER UP THICKNESS 0.72

LOWER UP TO H UNE 0.69

MENTOLABIAL SULCUS TO H UNE 0.57
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D

000
Figure 11. Factor 9 rotation solution. Contributes 2.8% of the

common variance. (Upper lip relationships)



D

Figure 12. Factor 10 rotation solution. Contributes 2.6% of the
common variance. (Vertical facial proportions)
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Figure 13. Factor 11 rotation solution. Contributes 2.4% of the
common variance. (Lower lip relationships)



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 1 5.--Varimax rotated factor solution for Factor 13

VARIABLES FACTOR 13

OCCLUSAL PLANE TO XI -0.82

OCCLUSAL PLANE INCUNATION 0.71

OCCLUSAL PLANE TO GOGN 0.62

OCCLUSAL PLANE ANGLE -0.53

Table 16.--Varimax rotated factor solution for Factor 14

J VARIABLES FACTOR 14 
VERTICAL UP TO CHIN RATIO 0.78

UP EMBRASURE TO OCCLUSAL PLANE 0.65

UPPER UP 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)
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Figure 15. Factor 13 rotation solution. Contributes 1.7% of the
common variance. (Occlusal plane relationships)
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Figure 16. Factor 14 rotation solution. Contributes 1.756 of the
common variance. (Vertical relationship of the upper lip)



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 (Sce 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

55



On

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

5. Facial convexity angle-Factor 3

6. Lower incisor to mandibular plane-Factor 4

7. Lower incisor to APo (Linear)-Factor 4

8. Mandibular plane angle-Factor 5

9. 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. Nasolabial angle-Factor 9

14. UFH:LFH (Hard tissue)-Factor 10

15. Mentolabial sulcus-Factor 11

16.Lower lip to E plane-Factor 11

17. Palatal 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 (Sec 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 1 7.-Means and Standard Deviations

of twelve year old age groups

Variables 12 year old

TNN TN

Mean S.D. Mean S.D.

Aptnprp -3.95 2.64 -2.46 4.81

Fclcnvx 86.48 2.48 86.98 2.97

Lwl Apo -0.84 1.22 -1.45 2.29

Lwrl mp 90.40 4.89 93.40 7.05

LowrIDE 2.25 2.07 -0.31 2.86

Mandlth 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 11.20 124.10 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 122.40 3.30 122.10 5.11

SNA 81.79 2.50 80.89 3.72

SNB 78.99 2.32 77.29 3.22

Ufh-Lfh 86.84 6.80 82.02 9.15

Uglolth 22.38 2.04 20.38 2,35

Uoorlfh 107.50 3.79 110.80 7.99

TNN: Treatment not needed group
TN: Treatment needed group
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Enrced_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 correctly 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 additionally 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

tile 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 smaller 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

VARIABLES COEFFICIENTS

A POINT TO N PERPENDICULAR 0.20

FACIAL CONVEXITY 0.11 Il

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 UP LENGTH -0.46

UPPER1FH 0.13

CONSTANT -11.90
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Table 1 9--Classification results of two methods

of variable selection (Forced-entry and

Stepwise method,12 yr. old)

No. of Cases i Forced-entry  Stepwise method

Non-treated 30 30 (100%) 30 (100%)

Treated 30 29 (96.7%) 29 (96.7%)

Eigenvalue 4.76 3.76

Canon. Corn o.go 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%)

Treated 150 149 (99.3%) 148 (98.7%)

Eigenvalue 7.15 6.73

Canon. Corr. 0.93 0.93
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equation for the best model derived from the "forced entry" variable method is given
as follows:

D = 0.20(AFTNPERP) + 0.11(FACLCNVX + 0.15(LOWIAPOD + 0.12
CLOWRIMPL) - 0.02(LOWRLIPE) - 0.03(MANDLGTH)+ 0.17
(MANPLAGL) + 0.01(MANPROGN) + 2.05(MLSULCUS) - 0.01
(NASLBANG) + 0.12(OCCLPLAN) - 0.28(PALPLANE) + 0.21
(POSFACHT) - 5.41(SADANGU) - 0.27(SNA) - 0.11(SNB) + 0.02.
(UFH_LFH) - 0.46(UPLPLGTH) + 0.13(UPPERIFID.

Further, discriminant function was computed also for the entire sample. The

means and standard deviations of the cephalometric variables was calculated and is

displayed in Table 21. Similarly, the nineteen variables were entered 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 correctly 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 'INN 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 smaller

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

6-18 year old age group

Variables 6-18 year old

TNN TN

Mean S.D. .Mean S.D.

Aptnprp -2.80 3.25 -0.13 5.24

Fclcnvx 86.55 2.75 87.10 3.12

Lwl Apo -0.50 1.61 -1.83 2.59

Lwrl mp 89.30 5.14 92.89 7.41

LowrIDE 2.40 2.58 0.31 2.65

Mandlth 110.20 10.60 113.50 8.47

Manglag 26.10 3.28 25.75 5.18

Manprog -7.90 6.23 -2.09 10.00

MIslcus 4.45 2.24 5.40 1.63

Nslabag 125.00 11.10 123.10 14.30

Occlpla 10.10 3.59 8.46 4.08

Palplan 2.11 3.15 -1.96 3.35

Posfcht 71.64 8.52 60.75 7.02

SadanqI 121.50 4.09 122.10 5.37

SNA 82.25 2.90 , 81.14 3.92

SNB 79.40 2.73 77.76 3.75

Ufh-Lfh 85.17 6.71 79.93 7.66

Uplglth 22.11 2.72 20.75 1 3.02

'Uoorl fh 104.20 17.30 112.50 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 POINTTO 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

UFH_LFH 1.14

UPPER UP LENGTH 0.08

UPPER1FH 8.17

CONSTANT -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. PI. 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



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 0 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 intra-class correlation coefficients ranged

from 0.902 to 0.99. A portion of the results from the intra-class correlation tests are

presented in Table 23.
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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 the 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 laborious 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 overall craniofacial structures. Low 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 Bolton 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 occlusal 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 1 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 suggests an

individual with increased overjet and upright lower incisors.

Factor 5 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 anteropostenor 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 maxilla and mandible.

Factor 7 assessed the "linear and angular position of the upper incisor".

Basically the measurements upper 1 to facial planc, interincisor angle, upper 1 to NA,

upper 1 to FH define the angular protrusion or procumbency of the upper incisors,

ant upper 1 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 angle (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 FED. would describe a facial profile with an increased

dimension of the upper half 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 treannent needed) were compared and the risk

factors (variables) for the 'IN 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

(Spillas 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 simultaneously 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 result. 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 angle. 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
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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 base 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

anteropostcrior 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 am of the APo line and conversely will flatten the far behind they are of the line.

The SNA. SNB angles were developed by Riedel (195D and gave the angular

relationship of the maxilla and the mandible in an anteropostcrior 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

74



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 horizontal 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 considerable 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 cruption 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 planning 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 considerations 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 spec. A high value would indicate that the occlusal plane is tipped down in the

interior 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 articularc. 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 proctination 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 csthetically undesirable. Hence a consideration of this relationship is

valuable in targeting the problems in the required area and thus having optimum

treatment results.

Cephalometric Ind-

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 m

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 stepwisc

method in discriminating the two groups. Previous studies (Broadbent 1937, Brodie

1940) have stated that the palatal plane appeared to maintain a parallel 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 maxillaand 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 skcletal vertical problems. The vertical rotational changes were also

demonstrated 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 80 downward and

backward to -50 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

maxilla 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 1.950 with a standard deviation of 3.090. The treatment needed group had a

mean angulation of -2.590 with a standard deviation of 3.240.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 landmark lateral to the sagittal plane by varying head position. Julius (1971) found

that patients could rotate their head as much as 30 and tip their heads 50 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 either 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 U 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 individuals 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 varieties 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, although 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 U malocclusion. The present study showed

similar results in that SNB was one of the 19 predictor variables in distinguishing

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 n 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

females 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 00. 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 FIL A mean of 106.90 was demonstrated by Petraitis (1957) and a

range of 94-120.50 was found to be normal. Riedel (1957) found a mean value of

1110. 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, mandibular

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). Cond)dion 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 900+50. 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. Twed 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 87.80 to 950 with a mean

value of 820 The present showed an average value of 86.550 for the non-treatment

group and 87.10 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 16-350 and the

average being 250. 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 22-280. 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 (1995)

studied five measurements to determine if there were predictive characteristics of

Class U malocclusion and found that the weighted values of these measurements

(FMA included) seemed to have significant predictive value in the differential

diagnosis of Class II malocclusion. Thus, although the FMA is not a good indicator

of the overbitc 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 Finell

(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 1220+50. 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), Jarvinen (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. Thul 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 labrate superius, the mean value of which was determined to

be 740. It is important to note that this angle is influenced by the position of the

antcrior maxilla, the shape of the nose and habitual tensing of the upper lip.

Fitzgerald et al., (1992) found the mean values to be 114.080+ 9.580. 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 control 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. Inspire 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 old 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 sce if the predictor

variables change over a period of time.

Another interesting prospect related to the present investigation would be to

assess treatment outcome by obtaining posttreatment lateral cephalograms and

conducting discriminant analysis to sce 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 females (all caucasian) in each group. In an effort to locate

specific areas of variability within the craniofacial complex faqtor 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 thereafter 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 canonical 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 treatment 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
Lower anterior face height
Nose to chin length
PNS to ANS

Basion to Nasion

Ramus height
Anterior cranial base

Nose length
ANS to nose tip
Upper posterior dental height
Lower posterior dental height
Upper soft tissue face height
Lower soft tissue face height
Posterior cranial base

Lower lip length
Max-Mand differential

Porlon location

Upper anterior dental height
A-Point to soft tissue A

SL

Pogortion to NB
Upper lip length
Maxillary arch length
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In regard to Factor 2, please choose the three variables you find most
valuable in Cephalometric Analysis:

SNA

Bolton facial plane
SNB

4 Maxillary depth
5. Facial axis angle
6. Y axis to SN

7. Y axis

8. Maxillary height
9. Lower facial height angle
10. Ramus position
11. Facial convexity

12. Soft tissue facial angle
13. Z angle

14. H angle
15. H line
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In regard to Factor 3, please choose the two variables you find most
valuable in Cephalometric analysis:

1. Maxillomandibular differential
2. ANB

3. AB plane

4. Nasomental angle
5. Angle of convexity
6. Soft tissue convexity
7. Facial convexity angle
8. Nasofacial angle
9. Molar relation



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 (angular)
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)
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In regard to Factor 5, please choose the orle variable you find most
valuable in Cephalometric analysis:

1. Facial taper

2. Gonial angle
3. Lower gonial angle
4. Sn to mandibular plane
5. Mandibular plane angle
6. PFHAFH

7. Mandibular arc
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In regard to Factor 6, please choose the t_variables you find most
valuable in Cephalometric analysis:

1. Mandibular prognathism
2. Pogonion to N perpendicular
3. A point to N perpendicular
4. Maxillary prognathism
5. Soft tissue pogonion distance
6. Upper 6 to pterygoid vertical
7. Interlabial sulcus distance

8. Lower lip distance
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In regard to Factor 7, please choose the twa variable you find most
valuable in Cephalometric analysis:

1. Upper 1 to facial plane
2. Uper 1 to APo (angular)
3. Upper 1 to NA (angular)
4. Upper 1 to APo (linear)
5. Upper 1 to FH
6. Upper 1 to NA (linear)
7. Upper 1 to A vertical
8. Maxillary arch length
9. Incisor overjet
10. Stomion incisor length
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In regard to Factor 8, please choose the one variable you find most
valuable in Cephalometric analysis:

1. Saddle angle
2. Cranial base angle

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

1. Superior labial sulcus distance
2. Nasolabial angle
3. Upper lip distance
4. Upper lip thickness
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In regard to Factor 10, please choose the one variable you find most
valuable in Cephalometric analysis:

1. UFH

2. UFH:LFH

3. UFH:LFH (soft tissue)
4. Nose length
5. SN to palatal plane
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In regard to Factor 11, please choose the one variable you find most
valuable in Cephalometric analysis:

1. Lowr lip to E plane
2. Lower lip thickness
3. Lower lip to H line
4. Mentolabial sulcus to H line



108

In regard to Factor 12, please choose the one_ variable you find most
valuable 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 Dne_variable you find most
valuable in Cephalometric analysis:

1. SN to occlusal plane
2. Occlusal plane to XI point
3. Occlusal plane inclination
4. Oclusal plane to GoGn
5. Occlusal plane
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In regard to Factor 14, please choose the one 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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CRU--LANQMARK REMMEN

Points 1-25: Soft tissue outline:

1 : Glabella

2: Supertor Namon
3: Nasion

4: Inferior Nasion

5: Nasal Oorsum

6: Inferior Dorsum

7: Superior Nasall
8: Pronasall
9: Inferior Nasale
10: Columnella

11: Subnasale
- I

12: Philtrum

13: Labrall Superius

14: Middle Uppor Lip
15: Stomion Superior
16: Stomion Inferior

17: Middle Lower Lip
1 0: Labrall Inferius

19: Superior Labio-mental Fold
20: Labio-mental Fold

21: Inferior Labic-mental Fold

22: Pogonion
23: Gnathion

24: Merrton

25: Civical Point

Points 20-31: Frontal landmarks:

2.: Frontal 1

27: Frontal 2

20: Nasion

20: Nal

30: Nasal 2

31: Nala13

Point 32: Orbital•
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Points 33-38: Ptorygomaxillary fluure:

33: Ptrn 1

34: Ptm

35: Ptm 2

36: Ptm 3
37: Ptm 4

Points 38-50: Maxilla (Note: points 3a and 50 are similar):

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: Antenor Nasal Spine
45: Sub-ANS

40: A-Point

47: Inferior Maxilla 1

41: Inferior Maxilla 2

40: Inferior Maxilla 3

50: Postedor Nasal Spine

Polms 51-53: Soft pilit•:

51 : Uvula 1

52: Uvula 2

53: Uvula 3

Polm' 54-10: poete,101 pharyng..1 W•11:

54: Pharyngeal W 1
(The point d which a rle from the most super,or.
po*'Aor point on thi soft pild' paratding to th'
8-(30 0.1, '8·po•Ir to 'Gonionl line. intersects
the phyng.,1 IND.

55: Phiyngiel Wal 2
(The point a which tho lunctbonal occluall plani
int=sects mophyngd via.
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56: Pharyngeal Wall 3
CThe point at which a line from the Infenor tip of
the soft palate paralleling the B-Go line. Intersects
the pharyngeal wall).

Points 57-59: Maxillary Inclam plul the center of rotation:

57: Upper 1 Root Apex
58: Upper 1 Cusp Tip
59: Upper 1 Center of Rotgtion

Points 60-41: Maxillary canine:

80: Upper 3 Root Apex

61 : Upper 3 Cu® Tip

Point .2: Cuip tip of mixillary flrit blcuipld

Points 6344: Mixillary firm molar:

63: Upper 6 Root Apex
64: Upper 6 Cum TIP (Middle)

Points 6540: Mandlbular ll,81 molar:

65: Lower 6 Cuse Tip (Middle)
61: Lower 6 Root Apex (Middle)

Point .7: Cua, tip of mandlbular firet blcuipld

polme u...: Mandlbul- canin•:

18: Lo- 3 Cu® Tip
10: Low« 3 Root Apex

Point. 70-72: Mandlbula, Inclic, plue the cent= 01 rotation

70: Lower 1 Cus. Tip

71: Law- 1 Root Apox
72: Lower 1 Center of Rotdon
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Points 73-75: Innir cortical plate of mandibular symphy,li:

73: Internal Cortex 1

74: Internal Cortex 2

75: Internal Cortex 3

Points 71-71: Outw cortical plate of mandlbular oymphysia

76: External Cortex 1

77: External Cortex 2
78: External Cortex 3

Points 7943: Bpoint to mandlbular eymphylle:

79: 8-point

80: Anterlor Genioplasty Point
81: Pogonion
82: Gnathion

83: Menton

Points 84-87: Lowit bordor of mandlble:

84: Posterior Gertioplasty Point
85: Antegonial
8.: Inferior Gortion

87: Gonion

Point. 1.40: Poet.*. r.mui:

81: Posterlor Gonion
10: Posterior Ramul
00: Anatomic Aracularl

Cond¥1•:

90: Anatomic Ulcu".I
01: Condyll 1
02: Condylion
02: Condyle 2
94: Condyl• 3
91: Condy» 4
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Points 96-99: Sigmoid noUA:

96: Sigmoid 1
97: Sigmoid
98: Sigmoid 2
99: Coronoid 1

Points 100-104: Coronoid and interior ramus:

100: Coronoid

101: Coronoid 2

102: Anterior Ramus 1

103: Anterior Ramus

1 04: Anterior Ramus 2

Point 105: Center of rotation of mandlble

Points 106-111: Sphono-occlpital-synchondrolls to Basion
(Note: points 90 and 107 are similar):

106: Spheno·occipital-synchondrosis
107: Anatomic Articularl

108: Basion 1

109: Basion

110: Basion 2
111 : Posterior Clinoid 1

Points 112-111: Planum sphonoldall to cribriform plate:

112: Tubirculum Sell• 3
113: Planum Sphinoidale
114: Cribriform 1
115: Cribriform 2
111: Crtriform 3
117: Cribriform 4

111: Cribriform 5

Points 110123: Anterlor cranial bal:

11 : Antorlor Cranial Ball 1
120: AnteriN Cranial Bal 2
121: Antedor Cranial Bul 3
122: Ant*or Cranial Bul 4
123: Anter»f Cranial Ba- 5

..



Points 124-127: Ethmold tri17 for superimposition:
124: Ethmold Triangle 1
125: Ethmoid Triangle 2
126: Ethmoid Tnangle 3
127: Ethmoid Triangle 4

Point 128: Sella

Point 129: Porion

Point 130: Bolton articulare

Point 131: Bolton point

Point 132: (3-interior Inferior point on third cervical
venebri

.

Point 133: Base of epiglottll

Point 134: Hyoidall-superlo, anterior point on hyoid body

Point 135: Most posterior occlusal contact of maxillary
and mandibular molari on functional
occlulal plane.

Points 131-137: Fiducial points for supirimpolition of cranial
ball:

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

Points 138-131: Flducial points for supl,Impolition of maxilla:

130: Maxillary Fiductal 1
130: Madllary Fiducial 2

Point, 140•141: Fiducill poinm for eupirimpoeition of
mandlble:

140: Mandvular Fiducial 1

141: Mandmular Fiducid 2
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Points 142-146: Key ridge outline:

142: Key Ridge 1
143: Key Ridge 2
144: Key Ridge 3
145: Key Ridge
146: Key Ridge 4

Points 147-148: Fiducial vertical lines:

147: Vertical Fiducial 1

148: Vertical Fiducial 2

Points 149-152: Corner flducial points:

149: Vertical Fiducial 1

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

Jarabak An,lvals:

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

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

3. Gonial angle (The angle formed by the anatomical landmarks:
Articulare. Gortion. Menton).

. I

4. Anterlor cranial bal (The (millimeter) linear distance between
Sella and Nasion).

5. Posterior cranial base (The (millimeter) linear distance between
Sella and Articulare).

6. Upper gonlal ingle (Th, angle formed by the anatomical
landmarks: Articulare, Gonion, Nasion).

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

8. Ramul height (The (millmiter) linew distance between Articulare
and Gonion).

9. Sody length (The (millimoter) linear distance botweon Gonion and
Minton).

10. SNA an,l• m• angle formed by thi anatomical ludmarks: Soila
Nasion, A point).

11. SNI ingle (The angle formed by tho anatomical landmarks: Sella.
Nasion, B point).
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12. ANB Ingle (The angle formed by the anatomical landmarks- A point,
Naston. 8 point)

13, SN-GoGn angle (The angle formed by the anatomical landmarks.
Sella, Naston and the plane: Gonion-Gnathion).

14 Facial depth (The (millimeter) linear distance between Naston and
Gonion).

15. Facial length (The (millimeter) linear distance between Sella and
Gnathion).

16. Y-axll to SN ingle (The angle formed by the anatomical planes:
Y-axis and Sella-Naston).

17 Poitiflor face height (The (millimeter) linear distance between
Sella and Gonion).

. I

18. Antorior face holght (The (millimetef) linear distance between
Nasion and Menton).

19 Pootorlor face height : Anterlor face height (The ratio between
measurement '17: and measurement '18: expressed
as a percentage)

20. SNPg Ingle (The angle formed by the anatomical landmarks: Sella.
Nason. Pogonion).

21. F.1.1 Convoxity (The angle formed by the anatomcal
plarias: Franklort Horizontal and Nasion-Pogonion).

22. OP-Go@n ingle (The angle formed by the anatomical planes:
Occluall Plarl and Gonlon-Gnathlon).

23. Int-Incloal ingle (The ingle formid by thi anatomical planes: ng
axil of Upper l and long ®ds 01 Lowu l).

24. Low- 1 to Go@n (The angle formed by the anatomical planes: long
axis of lower 1 and Gonion-Gnathion).

25. Lo-, 1 to GoGn' (The (milimeter) Ilnelf diatance between thi
plinel: bog axis of lowl 1 and Gonion-Gnathion).

121



26. Uppor 1 to SN (The angle formed by the anatomical planes: long
axis of Upper 1 and Sella-Naston).

27 Upper 1 to facial plane (The (millimeter) linear distance between
Upper incisor edge and the plane: Naston-Pogonion).

28. Low- 1 to facial plan• (The (millimeter) linear distance between
Lower Incisor edge and the plarle: Nason-Pogortion).

29. Upper lip to E (The (mlilimeter) linear distance between the most
prominent point on upper lip and the Esthetic [nose-
chin] plane).

30. Lowir lip to E (The (millimeter) linew distance between the most

prominent point on lowef lip and the Esthetic [nosi
chin] plane)

Rk*-a Ant¥/a:

31. Molar relitlon (The (millimetu) linmlf distance between the distal
surfaces of the permanent upper and lower first molars

measured along the occlu- plane).

32. Canine relation (The (millimeter) linear distance between the cusp
0ps of upper and lower carinel measured along the
occlusal plarle).

33. Incllof ovortle (The (milll,noter) line distance betwelm the incls,1
pl of the upper and iower incisors measured aiong the
occlus.1 ...).

34. Incloof overblle (The (millimeter) Ilne= dist-ce between the tips of
tho upper and lower Inciaors measured perpendicular to
9/ occlus•1 PI-').

35. Lowl, Inello, milruilion (The (muln/,r) Unig diliici bilween
the Up of thi kllw hclaor -d ele 00*sal man/).

30. Im-Incleal angle (The mgle formed by tho bno I of the cin).1
incisors).
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37 A-point convixity (The (millimeter) linear distance between A-point
and the facial plane [Nason-Pogonion] ).

38. Lower face height angle (The angle formed by the anatomical
landmarks: antenor nasal spine. center of the ramus
[Xl], PM)

39. Uppir 1 to PTV (The (millimeter) linear distance between the
anatomical plane: pterygoid vertical [the back of the
maxilla] and the distal of the upper first molar).

40. Lower 1 to A-PO' (The (millimeter) linear distance between the cusp
tip of the lower incisor and the line defining the jaws. the
'A-point to Pogonion' plane).

41. Upp- 1 to A-PO' (The (millimeter) linear distance between the cum
tip of the upper incisor and the 'A-point to Pogonton'
plane).

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. Uppl, 1 to A-PO (The angle formed by tho anatomical planes: the
long axis 01 the upper incisor and the *A-point to
Pogonion" plane).

44. Occluall plane to XI point (The (millimeter) linear distance
between the oodusal plarle and the center of the ramus
[xbmint})

45. Occluill pline Inclination (The counterdockwise angle formed by
tho matoinu 4,ve: tho comus a,do of the mandible
and N occlu-1 0 an•).

41 Lo-, ll, to E (The (mimmetir) Ilwi distii,co bet,-n me lowe, lip
0•bral. inkfual and *„0#*B[no.chin! p,ne).

47. UPP- Ill len01, (The (millm-) lin- distance
betwe,n thel/2** 'Im/': Int,nor na- *ne
'Imlemer-ure ./aolmell).
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48. LIp embra,url to occlueal plane (The (millimeter) linear distance
between the embrasure area of the lips and the
occlusal plane).

49. Facial dipth angle (The angle formed by the anatomical planes: the
facial plane and the Frankfort Honzontal Plane [i e.,
Downs facial angle] ).

50. Facial axle angle (The angle formed by the anatomical planes:
the facial axis plane [Pt to Gn] and Eason-Nasion).

51. Facial tap- angle (The angle formed by the ang:omical planes: the
mandibular plane measured to the facial plane).

52 Mandlbular plane ingle (The angle formed by the anatomical
planes: Mandibular plane measured to the Franklort
Horizontal plane).

-

53. Maxillary dipth ingle (The angle formed by the anatomical planes:
Franktort Hortzonal plane and the pline from Nasion to
Point A).

54. Maxillary height angle (The angle formed by the anatomical
landmarks: Nasion, CF [the intersection of Franktort and
PTV] and 'A-poinr).

55, P•lital PIM• •nel• (The angle formed by the anatomical
planel: Franldort Horizonl plano and the palatal
Plan.).

56. Cranlal dellection ing' (Thi angle formed by 0,0 ang"mle'
Ane* 81,10,Nadon and Franklort Horntal *al).

57. An:-10 cranial le,10h (The (milimeter) INer distce b-een
CC-point and Nalion).

51 Fo-101 fl- holght (The (milinit=) linl di-co betwein
Gonion ind CF·point).

59. Remul poiltlon an,le (The -0 formid by mi anmomu
40100: 48 Frdort Honzontal *an, and
mi CF-XI PI-).
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60. Porion location [TM.Il (The (millimeter) linear distance between the
anatomical landmarks. Ponon and Pterygold vertical).

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

62. Corpu• langth (The (millimeter) linear distance between Xi-point and
the intersection of the planes: Xi-PM and A-PO).

001"Analvale;

63. Facial angle (The angle formed by the anatomical planes:
Frankfort Horizontal plane and factal plane).

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

65. A-B plani angle (The angle formed by the facial plane and the line
constructed from 'A-point' to 'Bpoint').

66. Mandlbul•F plane ingll (The angle formed by the anatomical
planes: Mandibular plane and Franklort Honzontal
plane).

67. Y. Axla anglo (The angle famed by the Frankfort Horizontal plane
and the line con*ucted from Salla-Gnathion).

68. Occluall plan' Ingle (Th' angle formed by th' anatomical planes:
Franklort Horizontal plane and thi occlusal plane).

69. Intorinallal angle (The angle formed by th• Ag axelof the central
inaaors).

70. Lov- Inel- to al*ull pllne (Thi aite formed by the kong
®ds 01 the #wl indlor [docinviail ind th, oodusal
plane mle,ured from tho occlus,1 01- perpendicull.

71. Low•• Ill•!- fl mandlbul- plane (The ang» formed by the
mandmu 0-0 Ir. the vng ®ds 01 the Iow 1nciao,
[clo-Sil)
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72. Upper incisor to A-Pg (The (millimeter) linear distance between the
upper Incisor edge to the A-point - Pogonton plane).

Harvold Analysis:

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

74. Maxillary unit length (The (millimeter) linear distance from
Condylion to Anterior Nasal Spine).

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

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

21*IngLAnalialit

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

78. SNe angle (The angle formed by the anatomical landmarks: Sella,
Nasion, 8.point).

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

80. Upplf 1 to NA (The angle formed by tho kng axis of Upper 1 and
the Nasion - A-point plan•).

81. Upper 1 to NA' (The (millim«or) linear distance from the Upper
incisor edge to the Na,ion - A.point plano).

82. Lowi/ 1 to NI (Thi ingle formid by thi »ng ®ds of Lowe, 1 and
Nasion- 8•point plan•).

83. Low« 1 to NI' (The (milim«M lin- distance from the
Lower livisor Idge to the Nalion - B.point plane).
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84. Pogonion to NB (The (millimeter) linear distance from Pogonon to
the Nasion - B.point plane).

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

86. S L (The (millimeter) linear distance from Sella to Pogonion measured
along the Sella-Nasion plane).

87. S E (The (millimeter) 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 angle formed by the anatomical planes: Sella-Nasion
plane and the Occlusal plane).

.-

90. SN to GoGn (The angle formed by the anatomical planes: Sella-
Nasion plani and the Gonion-Gnathion plarle).

R.idel Analvill:

91. SNA ingle (The angle formed by the anatomical landmarks: Sella.
Nasion, Apoint).

92. SNS Ingle (The angle formed by the anatomical landmarks: Sella.
Nasion, 8-point).

93. AMI angle (The angle formed by the anatomical landmarks: A.point,
Nision, Ngo int).

94. Upper 1 to FH (The angle formed by the long axis of Upper 1 and
the Franldon Horizontal plene).

95. PH-NA (The angle formed by thi anatomical plan-: Franldon
Horizontal plane and tho Nasion - A-point plan.).

Ii"'*BIA"in

96. FMA (The angle formed by the anatomical plar-: Mandbular pmne
and thi Franldort Hortzontal *ne).
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97. IMPA (The angle formed by the anatomical Plane: Mand,bular plane
and the long axis of Lower 1).

98. FMIA (The angle formed by the anatomical plane: Frankfort Horizontal
plane and the long axis of Lower 1).

McNarnar, Analvals:

99. A point to N perpendicular (The (millimeter) linear distance from
A-point to Nasion-perpendicular [to Frankfort
Horizontal] ).

100. Mandibular length (The (millimeter) linear distance from
Condylion to Gnathion).

101. Mldface length (The (millimeter) linear distance from Condylion to A-
point). ..

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

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

104. Mandlbular plane angle (The angle formed by the anatomical
planes: Mandibular plan, and the Frankfort Honzontal
plane).

105. Facill Axil Ingle (The angle formed by the anatomical planes:
Franldort Hortzomal plane and the facial axis).

106. Pogonion to N-porpondlcular (The (millim«er) linear distance
from Pogonion to Nalion·porpondicular [to Franldort
Hortzontall).

107. Upper 1 to AV (The (millimetor) Ilneer distance from the Upper
inc- edge to A-pol viltk# [popindkulu to
Franldortl ).

108. Lowu 1 to A-Pg (The (millmet«) Unlu diltance from Low« incaof
edge toth' A,pot-PogoNon *ar/).
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109, SNA angle (The angle formed by the anatomical landmarks: Sella
Nasion, A-point).

110. SNB Ingle (The angle formed by the anatomical landmarks: Sella,
Naslon, 8-point).

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

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

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

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

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

116. Facial plan, angle (Th, angle formed by the anatomical planes:
Franklort Horizontal plane and the facial plane).

117. Uppe, 1 to SN (The angle formed by the tong axis of Upper 1 and
the Selle.Nasion plane).

118. Lowl 1 to APoe (Tho (millmeter) IlneW dist,nce from the Lowef
indsor edge to thi Apoint - Pogorwon plane).

119. Al,Int te Boint (The (mimmeter) lin- di-- from me
perpendlcular lin- drawn from the fundonal occlus,1
0„70 to A-poll and B·mint, me-red along the
funcoonal occlus,1 plane).
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Softdissue Analvsis:
(Powell and Humphreys)

120. Nasofrontal angle (The angle formed by a line rangerlt to soft-
tissue Glabella through Nasion, [the deevest
depression at the roof of the nosel, which will intersect a
line tangent to the nasal dorsum).

121. Nesofacial angle (The angle formed by a vertical line touching the
forehead [Glabella} and chin [Pogortionl, and
intersected by the dorsal plane of the nose).

122. Nasomintal angle (The angle formed by the nasal dorsal line and
the nasomental line Inasal tip to soft-tissue Pogortion]).

ioft-Tissui Analvals:
(Holdaway)

123. H angle (The angle formed by a straight lino from the point of the soR.
tissue chin tangent to the upper lip, and the N.Po
plane).

124, H lino (The angle formed by a tangent to the soft-tissue chin and the
upper lip, and the plan, Selli-Nasion).

Soft-Ttiou. Analvila:
C Spradlly « al.)

125. SLS dillance (The (millimetor) horizontal di*ance from thi suplfiof
labial sulcul to Subnisall [located by bisocting the
angle formed by tho columnelle of tho nose and the
dram 01 thi upper lipl vertical perpendicular to the
Franldort Horizontal plane).

128. UL dlitance (The (milimetor) horizontal di-nce from the mom
ant«lor pol of the Upper lip [Labrale Supillu,1
to Subnalile vefttal).

127. LL dietanol (The (milimetlf) horimnt,1 diltince from thi most
anterlor point O/ 0/ Low•, ll' [Lab- Infelluel to
Subnaiall v.fic,0.



128. ILS dletance (The (millimeter) honzantal distance from the infenor
labial sulcus to Subnasale vertical)

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

Son-TI-ue Analvala:

(Mernfield)

130. Z Ingle (The inleriof angle formed by the intersection of the Profile
line [a line' tangent to the soft-tissue chin and to the
mo* antenor point of the upper lip]. and Franklort
Horizontal).

Se#Ah=IAnalv[al
%-

(Burstone)

131. Intulabial gap (The (millimeter) vertical distance between Upper lip
stomion and Lowm lip stomion).

132. Upper lip longth (The (mimmeter) linear distance from Subnasale to
upper lip Stomion).

133. Lowil lip longth (The (millimeter) linear distance from lower lip
Stomen to Son-tisaul Gnathion).

134. Stomlon-Inclelon length (The linog distance from Upper lip
Stomion to tho M®dUary central incisor edge).

135. Uppe• 11 thicknle, (The (millimeter) pemendicular distance from
solt-tialue Subrluile·Pogortion pline to Labrale
Sup'llus).

13& lm- 1* thickl (The (mimm-) perpendicul distance from
soft-Ralul Subnalll·Pogonion ple to Labrale
Inh'*U.).

137 Nalolabl•l ••91• (Tho angle formed b¥ Coknnela and Ine drapo
of ell Upper lip).
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138. Upper soft-tissue facial height (The (millimeter) vertical distance
from Glabella to Subrlasale).

139. Lower soft-tissue facial height (The (millimeter) vertical distance
from Subnasale to Mentor'I).

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

Soft-Tissue Analysis:
(Burstone and Legan)

141. Facial convexity angle (The angle formed by the soR-tissue
Glabella-Subnasall plane and Subnasal,Pogonion
plane).

142. Maxillary Prognathism (The (millimeter) horizontal distance 41 -
Subnasall to the plane Glabella-gemendlcular).

143. Mandlbular Prognathilm (The (millimoter) horizontal distance
of son-tissue Pogonion to the plane Glabella-
perpendicular).

144. Vertical lip / chin ratio (The ratio between the measurement:
Subrlasali -Upper lip stomion and the measurement:
Lowir lip stomion - Gnathlon, expressed as a
percomage).

145. Mentolabill sulcul (The (millimeter) horizontal distance from tho
Mentolibial sulcui to the plane Labfale inferlus -
Pogonlon).

225&11'.U• An...1.
(Hold-ay)

148. Soll-:Illue faclal angle (The Ingle formed by the anatomic pline:
S,0,Nesion and thi Inaternie MndmarIc Soft-Ossul
Pogonion).



147 NoN prominence (The (millimeter) linear distance of the tip of the
nose to a line perpendicular to Frankfort honzontal and
running tangent to Labrale Sugenus).

148. UppU lip curl (The (millimeter) linear distance of the Upper lip
sulcus depth to a line perpendicular to Franktort

horizontal and running tangent to Labrale Superius).

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

150. Skilital profile convixity (The (millimeter) linear distance of A-

point to the plane Nasion-Pogonion).

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

152. Mentolablal sulcul to H Ilne (The (millimeter) linear distance from 
the mentolabial sulcus to the soft-tissue plane: Nasion-
Pogonion).

Saft.TI-u' Analval':

(Gonzales-Ulloa)

153. Ziro digroo Merldian (The (millimeter) horizontal distance from
the chin to a line pemendlcular to Franktort plane
through soft-tissue Nasion).

M--Unliou•:

154. 8- N (The (mimmeter) linear distance from Sella to Nasion).

155. Y·,xle length (The (milllmeter) linear distance from Sella to
Gnathion).

156. Polt-10, crinlal ba- (The (millimeter) linear distance from Sella
to Balion).

157. Ballon-Nallon (The (millimoter) line dist,nce from Basion to
Nasion).
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158. PNS-ANS (The (millimeter) linear distance from Postenor nasal spine
to Antenor nasal spine).

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

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

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

162. Bolton to facial plani (The angle formed by the anatomic planes:
Bolton plane and the Facial plane). ,

163. Na.lon to lon-tl-ul Nallon (The (millimeter) linear distance from'
Nasion to Solt-tissue Nasion).

164. ANS-tip of nou (The (millimeter) lineu di*ance from Anterlor nasal
spine to the lp 01 the nose).

165. A-point to loft-11-ul A (The (millimeter) linear distance from A-
poim to Soft-tissue A-point).

166. B-point to loft-tle,ul B (The (millimeter) linear distance from B
point to Soft-tissue B.point).

167. PG to Ion-41-ul Pg (The (milltmeter) linear distance from
Pogonion to Soft-saue Pogonion).

168. Nele Ilgth (The (mIHImeter) linear distance from Son-Issue Nasicn
toth. Tip olthe noal).

1- No-chin lingth (The (mimmeter) lin- distance from the Tip 01
the noal to Soft-AsaA, Pogonlon).

170. TFH (TIM (mimmoter) lin- dlitance from Nulon to Minton).

171. U FH (The (millimeter) Ilrt= dist-co from Na•M to Anterlor na••I
spine).
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172. LFH (The (m,Ilimeter) linear distance from Anterior nasal spine to
Menton).

173. UFH : LFH (The ratio between U FH 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 mind. plane (The angle formed by the anatomic planes:
Sella-Nasion and the mandibular plane).

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

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

178. SN-Palatal 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
it,cisor).

181. Upper 1 to pal. pline (The angle formed by the long axis of the
maxillary central Indoor and the Palmal plane).

182. Lo.u 1 to pal. plane (The angle formed by the long axis of the
mandibular contral incisor and the Palatal plane).

183. PH-NA (The angle formed by tho anatomic planes: Franldon
Horizontal plane and thi Naaic#A point plane).

184. Uppor ante,lor dental height (The (millimoten lineer distance from
the Maxillary inciaor edge to tho Palital plane).
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185. Upp- polterlor dental height (The (millimeter) linear distance
from the memo-buccal cusp tip of the Maxillary first
molar to the Palatal plane).

186 Low- interior dental height (The (millimeter) linear distance from
the Mandibular Incisor edge to the Mandibular plane).

187. Lower poiterior dental height (The (millimeter) linear distance
from the mesio-buccal cum tip of the Mandibular first

molar to the Mandibular plane).
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SNA 3296 .. 4186•• 4337•• -.1115 :468 - 5355

SNB -.3667•• - 3113•• - 2698•• 2392 1660• ..:234
SNFH .0300 .]283 .0433 - 1044 - 2042• - )363

SNLOWERl ..3739** -.4189•• - 4301.. .0015 .2960 - 14)3

SNMANDPL .0451 1436 2202 .. -.1906• -.3588•• Z 1:B•

SNOCCPLN .2539 .. .2693•• .3112 .. -.2840•• -.36]1•• - :699

Signif. LE .05 •• - Signif. LE .01 (2-tailed)

• is printed if a coefficient cannot be computed

- - Correlation Coefficients - -

APONTSTA APTNPERP ARTANGLE BASNASON BOLFACPL BPONTSTB

-.2218•• .3070•. .1375 ..0606 -.4090•• .0135

-.2634•• 3774•• .1887• -.1472 -.4204•• .0601

-.3205•• 4085·• .1857• -.2224•• - 4259•• :249

.6266•• -·3204•• -.1440 .5729•• 2610 .. .3-76••

.4202•• -.1091• -.1185 .8105•• 2932•• . 2-732

.4909•• .0010 .1767• 4971 .. ..0070 .3330••

1.0000 -.0299 -.1252 .4795" .3210•• 3543 ..

..0299 1.0000 ·0678 -.1688• .0280 -.1426

-.1262 .0678 1.0000 -.3050•• ..2718*. 1]63

.4795 .. -.1688• -.3050" 1.0000 .2426•• .1296

.

.
..

..

. 19 i:,9 ..
..

..

23-3·· *33 2 311••
'ZI.12.CLTH ..34 P.3· ' "' r./ lf,1
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'1:TH E€13•. :32: EE:1•

139-

IASAGL :331 - :331 - 25'4 ..
12001 - il.52 12 E 3 4613•. - 1339 - -€43··

..22213.· - 1-33• 2]25 -333••
:1 27/X :213" .2:3 - 1-33• :325 -513••
'LOPTH 5245·- - 1353 - 2236 7333"

. .€53 1Z15 5-45·
TAPER :13D - 1:91 - 34]3•• 2663·. .=9.

SNAGL .€33 -055• .132 :149 - 4134••
4 - .5.:3 0213 - 1442 - :430 3313

ANGLE - 1351 :625 - 2410•• -.1391 - 190:.

U.Z. 162'• .1325 3898 - 0460 - 2323 ..

NE r639 -.2698 - 3909 .3350 .6749"

:DISTN - 0994 .4646•• -.0265 - 2512•• 3214 ..

ZSROB 0246 - 0512 .0127 2450•• -.0995

'ZSROJ . 2 0 -7 .1335• - 0455 .1285 - 1232

'ERINC - 2126•• .0320 11'4 - 0841 - 1403

'LABGP -.1463 .)275 ,:972 - 0666 - 0908

EMBOP .1202 -.2725•• 2321 .. .1'62•

lISTAN .)347 4732 .. .3032 - 1750• 3074 ..

FACPL -.0587 - 1683• - 1260 0823 0975

PALPL -.1281 2481 - 1283 -.0239 .3201••

NONHT -.4923 .. -.0939 -.3951 - 5330•• - 0909
MFCHT .4291·- 1003 .2167•• 3994•• 0376

ONIAL -·0279 .0858 .3019 ./ - 2075• - 3993•.

:PLTH .4196·• .1647• .0756 .3526•• .2001•

I PTHK -.2259 - 0941 - 2020• 1399 0823

PHLIN -.0849 - 2078• -.1915• .0666 2150 ..

.E52

652

3236··

3534••

1422

0362

2537•.
...

LI3J

.0/67

J105

3904

3857

2C 64•

2639··

1-33•

·2628

3502 ..

2264 ..

4494••

.4139••

2009•

.4264·-

.3695••

3479 ..

Signif. LE .15 •• - Signit. LE .01 (2-tailed)

· is printed lE a coefficient cannot be computed

- - Correlation Coefficients - -

APONTSTA APTNPERP ARTANGLE BASNASON BOLFACPL BPONTSTE

- 4445•• -.0914 - 0113 -·4997•• -.1493 -.4063-•

.4559 .. 2464•• .1685• .3956 .. 1515 3334·•

-.2726•* .1030 - 0010 - 0294 -.2057• -.3506•-

.2384 .. -.0257 - 0415 .2488•• -.0005 2791•

.1344 0829 .0802 .0276 -.0050 .2599•-

-.0100 -.1714• .3922 .. - 0975 -.4915•• 3492•

.3522 .. -.1669• -.0239 1930• .2447•• .2'16 ..

.1513 -.0217 -.1401 .2148 .. .0406 .1336

-.2055• -.0802 -.1254 -.0664 .0657 -.4656••

.0380 -.0607 - 2234•• .2244 .. .2235•• -.2003•

-.1399 -.1491 .1009 - 1570 - 2492*• -.0532

.5779•• -.0732 -.0448 .6150 .. .5224 .. 3518•'

-.1489 0303 .3921 .. -.2420-* -.5001*• 1530

.1900• 8216•• -.0292 ..0549 .2389 .. -.1316

-.0751 .4584 .. .0078 - 1676• .3119•• -.0145

.2510•• .8570 .. .0565 .0082 -.0242 - 0693

.4220 .* 0894 - 2442•* .6903 .. .4119•• .1821•

.2380 .. -.2078• -.1829• .3332 .. .2004• -.3544••

.4156•• -.0622 -.0402 .3836•• .0893 -.0537

.0167 .0403 -.0141 .0113 .0711 .0765

.2465 .. ..0999 .0520 .0466 .3601•• .1043

.1404 .0851 .0018 .0801 .1757• .0501

.0630 -.0911 .2468 .. -.0545 -.4529*' .1139

.4440•* -.1895• .1639• .2470 .. .3707•• .3403••

-.1110 -.0338 .0175 .0403 -.2105•• -.1127

.208G• .2053* -.0968 .0817 .0604 .1230

-.2196•* -.0813 .1330 -.1430 -.2573•• -.0990

.2145 .. 1912• -.0,30 .1400 ..0749 1377

.4103 .. -.0407 .0405 .4575 .. -.0299 2554••

-.0058 -.5131 .. -·0547 .3506 .. -.0325 .1774•

.4155 .. .1538 .1518 .4118•• .0297 .3559•

1448 .1772• ·0257 .1090 .2154•• .0830

.T3 .E:-

EL :EE· -434
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P;L2

3,4-

Pcs:I

?CGG

PCGS

:4€B

AFH 2-63·• - :33
Ks

PE?2 LEL8

:2:3 11.9,/• L43

--FOG 4134-· - .12

3 EL.3

6 - 211-•• 3

CE4] - 3

5:3 -€83
16-•• 4335•.

./1

334·· -354·- 1---
3049•• - 1313•

€43'' - 115-

433•• 1504• 41-3

- LE : 1 '2 -tai Led)ign=f LE .J5 -- - S.:nic

princed :S a coefficient :annot se compuced

Correlation Coefficients

APCNTS:A APTNPERP ARTANGLE 3ASNASON BOLFACPL SPONTS:B

PORZONLC :952·· - 2082· - )178 4364 .. 3066•• 1-30.

POSCRNBS .3919•• -.C290 ..1059 5064 .. 0391 1-56•

POSFACHT 5164·· - S:87 - 015J .5503„• 272)•- 3421•

RAMPOSTN ..0344 .2365 .. .0137 -·0027 - 32C6•• - 0721
RAMUSHGT .5153•· 0827 - 2430•, 5799•• .4401·• .0148•
SADANGLE .3982 -.1256 - 6820•• 2142 .. ..1057 .0239

SE .3030.• - 3919 -.6012 .. 4489•• - 0350 1240
SL 2904-• -·)017 -.1062 3421•' .8178•• -.0080

SLSDISTC 0748 3655•• .:445 - 1824• 1147 .1435

SNA -.0122 .3397•• 1307 ..0672 4685•• .0710

SNB 1342• .1250 -.0062 0391 8061•• 0283

3NFH ..)763 0181 - 1772• -.1171 - 2828•• -.1221
SNLOWER1 -.0191 - 3054 -.0'26 -.0030 ·.4311*• -.2101-
SNMANDPL - 1701. )348 .2685•• -.2719•• -.5820•• .2800

SNOCCPLN -.3422•• .0492 1905• -.3846*• -.6890•• - 1002

Signif. LE .05 •• - Siinif. LE .01 (2-tailed)

' is printed if a coefficient cannot be computed

- - Correlation Coefficients - -

CANINREL CORPLGTH CRANDEFL CRBASAGL FACAXAGL FACDEPTH

ABPLANE -.1094 - 3941•• .0711 -.0365 3111•• - 3933..

-.0453 -.4219•• .C955 -.0703 .3635•• -.]935••

ANGOFCON -.0110 - 4635•• 0891 -.0406 3713 .. ..3920••

ANSNOSTP 0461 .5559 .. -.1800• .1452 -.1195 1190

ANTCRBSE 0938 .5289 .. -.1955• -.0941 -.2607•• .1292

ANTFACHT 2466•• .6966 .. 1359 - 0165 .4009*• - 0024

APONTSTA 1885• .5629•• -.]501 .0591 ..0768 2219•'

APTNPERP .1484 .0920 .1327 - 0991 1253 .1038

ARTANGLE 0309 -.0122 .2611 .. -.5822•• .4615•• -.1783•

BASNASON .0576 .5113 .. -.1489 .2574•• -.1339 .0325

BOLFACPL .1517 .5883 .. -.3757•• .C199 ..7643•• .7533 ..

BPONTSTB .1162 2543 .. -.0752 ..0075 .1741• - 0552

CAB;INREL 1.0000 .2435•• -.0545 - 0021 .0223 .0829

CORPLGTH .2435•• 1.0000 -.1293 -.0867 -.2066• .4825••

CRANDEFL -.0545 -.1293 1.0000 -.1807• .5109** .1964•

CRBASAGL -.0021 -.0867 -·1807• 1.0000 -.1288 - 0547

FACAXAGL .0223 -.2066• .5109•• -.1288 1.0000 -.5981••

FACDEPTH .0829 .4825 .. .1964• ..0547 -.5981•• 1.:000

FACLCNVX .0829 .4825 .. .1964• -.0547 -.5981•• 1.0000•*

FACLDFTM .1092 .5972•• -.0241 .0277 .1280 .0130

FACLLGTH .2510•• 8796•* -.0632 -.2343•• -.0261 .3250 ..

?ACTAPER -.2162•• -.2606•• -.1714• .0842 -.3246•• ..0610

FCCONAGL -.0738 -.2404•• .1554 .0282 .3813 .. - 3511 ..

FMIA -·0407 .1540 .1475 -.0389 ..3777•• .4984••

GONANGLE .1426 -.0878 .1200 .0792 .1652• - 0854

HANGLE -.0617 -.3308•• .0571 .0099 .2382 .. -.2991••

HLINE .1011 .5242 .. -.2110•* -.2313•• ..5523•• .6097••

ILSDISTN .1452 .2532 .. -.0254 -.0662 -.1964• .3472 ..

INCISROB -.1748• -.1114 -.0819 -.073G -.0652 -.1617•

INCISROJ .0199 -.1963• .0443 -.0198 .0648 -.1605•

..

..

-1*·
.€:6
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1 - PE::362
--

.El€ - 2415 .. .36]151?ALPL .*32 13€2" - :34: :343 . 3€83·· ]E-3 ·
-..1.. - 1:-8 :442 - 2€35.. ...C* .....CHT 2343••

:234 3338 .. IL3,- 11:3
.--5 - :4€4 €335·,---

-I:4••
-1-'

13-3 1-35 - :]:8 1EEL 2143·
- --33 ..36 6-35 - 24-2•• '-'

1012HLEN - :553 i]47 . ]683••

i gni 5 LE . :5 •• - 3.gnif. LE 91 2-tailed,

.s princed 15 a :ze=2:clent =anno= ce ccrpuced

Correlation Coefficients

CAMINREL CORPLGTH DRANDEFL CRBASAGL FACAXAGL FACZEPTH

LOPSCNHT - 1"35• . 3284•· )]93 . 9792 - 1433 - .451
LOSTFCHT .2879 .. 6785.. .1414 -.1113 2973-• 1343
L:WZAPO_ - 1997. - 2*0-•• 1343 -.3687 .:005 - 1133
LOW10CPL )506 3305 - :684 1500 1385

L0WER1NB 1284 .. - 0539 .0218 1403 - 2608
LOWFHAGL .0946 -.3451 .3375 .. - 1211 6987 ./ -+3766.•
16'1R1APO 1019 ]313•• ..1096 0325 . 0745 :651-
L0WR1MPL -.0527 ..]908 -.1537 .C629 -.0907 -+0765
10.'Rlf_ -.1558 --2992 0747 -.0319 -.2601•• .1551
LOWRLIPE -.0301 1-32• - 0358 .0904 -.3074•• 233-7 ..
MANDARC . ....W - 1363• 1112 -.0636 .1956• - 1930•
MANDLGTH 2426 .. 9118 .. -.1484 -.0424 -.1679• .4069••
MANPLAGL .1295 -.0748 0249 -.0376 6330 .. - 5539••
MANPROGN .1377• .3395 .. 1135 -.]660 -.0441 3036••
MAXDEPTH 0752 .0376 .2667•• -.0958 - 2088• 5688••
MAXPROGN .1595 .2343 .. .2025• - 0503 .2162•• .0722
MIDFCLTH .1345 .6062•• -.2468•• .0290 -.2563•• 2430••

MLSHLINE - 0328 .)698 -.0323 .0306 - 2645•• 1390
MLSULCUS .3035 .1618• -.0104 - 0898 -.0335 D175
MNARCLTH .0635 -.0373 -.0829 -.1246 -.0489 -.0030

MOLRRELN .2931•• .5238•• -.0541 -.1843• ..1309 .33-0..

MXARCLTH . 0666 .1132 - 0647 -.2080• - 0848 0960

MXHEIGHT .0209 .0680 3403•• .0940 .6470.• - 2735··

MXMNDIFF .2254 .. .7542•• .0161 - 0893 - 0031 3614••
NASLBANG -.0762 -.3761 .1671• - 0071 .1503 -.]679
NASOFACL -.0291 - 0020 -.1375 .0780 - 0449 -.0126

NASOFNTL .0146 ..1473 .1551 -.0802 .2485•• ...2113-•

NASOMNTL ..0788 -.0322 - 1109 1028 0524 - 13/1

NOSELGTH .1399 4912 .. .0332 .0734 .2389 .. - 3590

NOSEPROM -.1021 .1791• -.1605• .1218 - 0305 - 1024

NSCHNLTH .2405•• .5918•• ,0716 -.0471 .3396•• .2094

NSTNASON .1028 .2220 ./ -.0406 - 1191 -.0634 .1367

OCCLPLAN -.0160 -.3106 ./ -.1334 ..1873• .4519 .. - 6678•.
OCCLPLXI -.1358 -.4345•• 0029 -.0614 -.0316 -.1837•

OPGOGN .1637• .2209 .. .1626• .1210 .3110 .. - 0086

OPINCLIN .1605• .2335 .. .1920• .0151 .4256•• -.1026

PALPLANE .1453 .1039 -.4168•• .0048 -.0050 -.2753·•

PFH_AFH -.0450 .2041• -.2135•* -.2753•• - 4256•• 2989••

PNSANS .1652• .5574•• -.1209 -.0040 -.1056 1320•

POGNPERP .1594 .3642 .. .0721 -.0800 -.1231 3562••

POGONNB .1285 -.2868•• .0195 .0490 .1196 - 0795

POGSTPOG .1610• .1358 -.0674 .0630 -.0548 .0833

• - 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•• 1358
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Zerxx ...... * -362
3033•-

· 7=1. -=• -- -- 2-tailed,

is prir.=ed i.f a ==effic:ens =irr·.c= ce :c:puted

:orrelation 2=e:51=:er:=3

LC./.'2T LGANFCX: L:GONZAL 10:.:PLTH LCL:77HK 1212HLIN

12?SENHT 3342•• - 6575.•· - 1441 - 5-69•• :339 .-51•
- 7432•• 33.-v• 4361•· -635•• - 2105·• - 2239••

12W1APO_ 2336•• - 3335•• - 3130•• - 2567•- 3443·• 40-6··

LCW10CPL . 3"43•• 1-65• - 2430 I3@8 - 3441•• - 3723"

LOWERINB -.2938•• 1€82• - .J721 - 4431•• - 4669••

LCWFHAGL - 3473•• 6 1 33•• --736.• .2690•• - 3466·• - 3495••
LOWRLAPO - 24 14•• 2565•• - 2022 2425•• - 2739·· - .349•

127.-RlMPL - 1415 -·1097 - 4475•• -+0738 - 1017 - 13-2

LOWR-B_ 3008 .. -.3638•• - 3204.• - 2021• .57]l•• 6145•.

LOWRLIPE 1730• - 0990 - 3320•• 1127 3959•• 3233••
MANDARC )993 0415 3911 .. -.1456 - 1427 -·1337

MANDLGTH - 5668•• .7239 .. .0619 .6806•• -.0358 -.0460
MANPLAGL - 1513 .3539•• 3513•• 0901 -.3770•. - 4099•'

MANPPOGN -.0230 .1748• 0391 .3372•• .0670 .3685

MAXDEPTH -.1130 -.0795 --0873 -.0310 -.11C4 -.2153••

MAXPROGN - 2146•• 2463•• .1695• .2929•• .0371 -.1845•

MIJFCLTH -.6278•• 3798*. -·2927•• .3535 .. .0561 ..0757
MLSMLINE 0377 -.1208 - 4207•• -.0942 5199•• .5885••

MLSULCUS -.3401•• .0985 -.19]4• .0779 -.0963 -.0967

MNARCLTH ..0715 -.3343 -.0930 -.1463 -.3223•• -·2877••

MOLRRELN -.1164 .3621 .. .2376•• .3374•• -.3720 .0769

MXARCLTH -.1539 .1066 -.0306 - 0731 - 2023• -.1892•

MXMEIGHT -.1136 .2781•• .4659•• .2671•• -.0037 - 0969

MXXNDIFF -.3809•• .6940•• .3627 .. .6558•• -.1041 .0032

NASLaANG - 0171 .2457 .0956 -.0628 .3831•- .1593•

NASOFACL -.2363•• .0697 -.0817 .0468 -.1394 -,3104••

NASOFNTL .1178 -.0409 .1541 -.0927 .1287 .1802•

NASOMNTL -.2676•• .0216 -.0749 .0220 -.0346 -.3203•.

NOSELGTH -.5262•• .4684 .. .1382• .4547•• .1549 -.1625•

NOSEPROM -.1943• .1397 -.0269 .1553 .2590 .. 155)•

NSCHNLTH ..7306*. .8279•• .4243 .. .6561 .. -.2745 .. -.4029••

NSTNASON ..1610• .1249 -.1541 .1853• .1588 2142••

OCCLPLAN .1859• -.0490 .3384 .. -.1354• -+1792 - 1366

OCCLPLXI .1638• -.2858•• -.2854•• -.341@•• .2463•• 1308•

OPGOGN -.3349•• .46]5•• .6867 .. .3106•• - 3993.. -.3830-•

OPINCLIN -.4041*' .5130 .. .6148•• 3917•• -.4036•• - 4095••

PALPIANE -.0222 ..0830 -·0037 .0844 0174 -.]369

PFH..AFH -.1430 -.0649 -.6438•• .0817 .2140•• .2334 ..

PNSANS -.5920•* .4536 .. -.09,3 .3845•• 026 -.1146

POSNDER» .0147 .1430 -.0233 .3119•• .0535 .0654

POGONNB .0560 -.1321 .3340 .. -.1874• -.4312•• - 3920••

POGSTPOG -.3458•* .1692• -.0553 .1950• .1173 .1891•

- Signit. LE .05 -• - Signif. LE .01 (2-called)

. • i, printed if a coefficient cannot be computed

- - Correlation Coofficiants - -

LOANDNHT LOANFCHT LOGONIAL LOLIPLTH LOLIFTHK LOLPHLIN

PORIOZC -.3797•• .2554•' -.1705• .2013• .1204 .0340

POSCRNBS -.5424•• .4740 .. -.1327 .4064 .. .0979 0018

POSFACHT -.6921•' .6114 .. -.1438 .5911•• .07.6 -.0009

RAMPOS'IN .1030 -.0883 ..0749 -.0542 ..0117 -.0799

RAMUSHGT -.5656•• .5079 .. -.1715• .5395•• .0731 .0602

SADANGLE -.0230 -.0538 -.1011 .01.se .108< .0392

SE -.3413•• .2383•• -.1554 .2530•• .1532 .0423

SL -.1246 .0445 -.4818•• .1711• .1270 .2321 ..

l

-

-...
.-

.. ..

..

133.

149



f: 3 344 : - 2€23·•

EFH
.

5:712'.·939 1 -.. ...... . -7....

32 - '443 .....
EXCCPLN 4234 ..

- i).

i E]

4-3 1523·'

3,7-15. LE :3 ....... --.- 2-taiLed:

.s p=:r:zed id a =zed:i=:en= =ar.m: Z ce =crpu=ed

13?SENHT - - ..™rru¥ ._OWLAPO. 1:WER:Na Ly,·,FHAG:.

ABPLANE ...' .4-13.• 2201.- 2:-5• -.2450

.MIB - 1)51 - 1213 .3133•• 2564•• 233]•• 0-39

ANGOFCON - ]588 - 1233 .2013• 2411•. 3315·· :398

ANSNOSTP -.5133•• .3Q98•• - 1403 1307• .0525 - 00-0

ANTCR3SE -.4768•• 3050•• .0120 .1445 :032 ..1354

AN.FACHT -.-290•• 3296•• -+2531•• 1886* .1566 4.48•·

APONTSTA - 4445*• 4559•• - 2-26·• 2384 .. .1344 - =123

APTNPERP ..0914 -464•• .1030 - 0257 I829 - 2-14.

ARTANGLE -.3113 :635· - 0016 -.0415 :802 .]922••

BASNASON ..4397•• 3356•• -.2294 .2488•• 3276 - ]995

30LFACPL - 1493 1315 -·2:57• ..2005 - 0050 - 4915·

BPONTSTO -.4063-• 3134•• - 3506•' .2791•• .2595•• .3432•-

CANINREL ..1735• 2379•• - 1997• .0506 1084 .0946

.CRPLGTH - 6284•• 6735•• - 2707•• .0105 :411 ..0451

CUNDEF'L .J]83 . 1414 1343 -.0684 -':655 .3075••

CRBASAGL .0792 -.1113 -·J687 .1500 0218 -.1211

FACAXAGL -.1433 .993 .. .0005 .1085 .1403 .6987••

FACDEPTH -.0450 1349 -.1133 -.1012 ..3808 -.3756••

FACLCNVX -.0450 .1349 -.1133 -.1012 -.0608 - 3766••

FACLOPTH -.8054•• 5916•• - 0568 .30G0•• 141S .0907

FACLLGTH -.6963•- .613•. -.2754·• .1369 .1127 .2096•

FACTAPER -.1029 -,3769•• .3491•• .177g• -·0397 -.5583•'

FCCONAGL -.1320 ..0734 2153 .. .1914• .2077• .)779

FMIA .2676•• -·0967 .4720 .. -.8252•• ..8883•• - 2842••

GONANGLE .2897•- .0389 -.1856• -.1913• -.0664 3613 ..

HANGLE -.0521 -.1739• 0872 3207•• .3305•• :22

HLINE -.3500 215]*' - 1825• ..2423•• -.2259•• -.2236•·

ILSDISTN .1721* 1566 - 2561•• ..2369•• - 1444 - 1133

INCISROB -.1446 -.1681• .4957•- -.1143 -.2081• - 2377••

INCISROJ -.0071 ..1455 4474.. 0311 - 1051 -.0636

:NTERINC .1233 -.0918 .6213 .. -.7903•• -·7590•. - 0737

INTLABG P .1607• .0943 -.0291 - 0235 -.0139 .21-5••

LIPEMBOP -.0803 . 0775 -.0216 .2569 .. 1251 - 2670--

LLDISTAN .0649 .2672 .. ..3642•• - 0569 .0197 - 2467

L01FACPL 2493 .. -.2411•• .7704 .. ..6629•• - 7887•. - 3592••

LolPALPL .2107•• ..1099 .4544•• -.9050•• -.8361•• -.3661•.

LOANDNHT .8342 .. ..7432•• .2986 .. -.3743.• -.2933•• - 3473••

LOANECHT -.6757•, .9077•• ..3395•• .1765• .1682• .6193••

LOGONIAL -.0441 .4361 .. -.3180•* -.0430 1077 7-'96*'

LOLIPLTM -.576•• 7635•• -·2567•• 0988 .0721 2690••

LOLIPTHK .0139 -.2105•• .5443 .. -.3441•' -.4431•• -.3450••

LOLPHLIN .1751• -.2289** .4076•• ..1723•' -.4669•• - 3495••

- Signit. LE . 05 •• - Signif. LE .01 (2-tailid)

. • 1/ printid if a cooffictant cannot be computed

- - Correlation Coofficiont, - -

LOPSONHT LOSTFCHT LOW1APO_ LOWLOCPL LOWER1NB LOWFHAGL

Lopsmmr 1.0000 -.6548" .1920• -.3061** -.306•' --1572•

LOSTFCHT -.6548•• 1.0000 -.3129•* .1733• .1737• 4440••

LOWIAPO_ .1920• ..3125•• 1.0000 ..5539•• -.6405•• - 2975••
LOW1OCPL -.3041•• .1733• -.553S•• 1.0000 .8815•• .1113

LOWER1NB -.306•• .1737• -.*405•• .8815 .. 1.0000 .1529

LOWFHAGL -.1872* .4440 .. -.2375•• .1118 .1829 1.0000
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.--

:233 - - 1(54 - :214..

2243·• - :6€. 2244.· - ..5-: 61f:
244-.. .,r€ ZZ1E•• ....

2--5•• .26€ - 4€E€••

1315·· . .3,8 - :932
2:3€ - .53- ./.... 9

:€Z9 - :]:3

· C-;5 ..9-

·2531• - =-65 1551

1,551• - 1-65 155L

2363·' 1226•• - 1342•

3383 .. - 2233 - 2233••

..:0.5 .53:4•• 2213••

:39] 1332• -.2631'•

.5661·• -.•4:6•• .897-·

1404 - 467-•• - 0-43

2734 3G94 .. ..3503••

2616• - 2320• 2522•·

23B1 - 2859•• L434

3393•• .2930 .1341•

3342•• :337 3831

-7132•, . 6080.• 5753 ..

.:606 - 1447 - 0535

.)219 2157•• . 0971

1499 *.1-:3• - 0492

4867•• - 1990" .3275••

5223•• -.6367•• *7498..

2414•• - 1416 .5008••

.2665 .. - 1097 -.3698••

·0022 -·4475•• ..3204•·

·2426•• -.0788 -.2021•

·2799" -·1017 .5731"

.1949• -.1372 .6145••

- :532 3513·•

. 31.ZE•..J.. -0.0 ...,

- .363·

1 2]53         - .484
....

:3:4 - :536 - I,-•

3:-4•• .956• 15'9•

233-·· . 133L• .4:53•-

233-·· . 1930• 4063··

1312• - 3551•• -334•

1200 -.1596 .332,·.

.2-46 .. - 4099" - 1525

.2256•' :257 - 1-57•

4526•• - :423 .:5D5

.4973• .5355•- .- 1-24·

5176•• .1340 . 2.-8••

4452•• - 2153•• .4633••

D506 -·0947 :461

.1368 - 1609* - 0609

.C068 0516 -.1588

3430•• -.0234 ..1785

1821• .1238 -.0698

.0573 - 0526 -.0428

.1972• - 0940 1235

.6464•• -.1231 -.0269

.4/67 .. -·0668 .1131

.1730• .0983· ..6668••

.0990 -.0415 7239'

.3320•• 3911•• 0619

.1127 - 1456 6806••

.8959•• - 1427 -.0358

.8233 .. -.1337 - :460

Lit. LE .05 •• - Signif. LE .01 12-tailed)

printed if a coefficient cannot be computed

- - Correlation Coefficients - -

L0WR1APO L0WR1MPL LOWR'NB_ LOWRLIPE MANDARC MANDLGTH

-.3041•• ..3277•• .376, .. - 0046 .2190•• - 6745••

.2614•• -.0725 -.3272•• ..1660 -.1040 5991••

..7236" - 2838•• .7576 .. .4175•• -.0408 - 2832••

.7733 .* .8281 .. ..78620' -.3478•• ..1304 1469

.8204 .. .7772 .. - 8451•* -.4541•• ..0209 1021

0899 -.2203•• -.3623•• .,]]97•• .3322.• .2677

1.0000 .5849•• -.6455•• -.1821• -.1122 .3702..

5849 .. 1.0000 -.5393·• -.1607• -.2801•• ¢259

-.6455•• -.5393•• 1.0000 .5521 .. -.0441 - 1875•

0.1828' -.1607• .5521 .. 1.0000 -.2151•• 1362•

-.1122 -.2801•• -.0441 -.2151•• 1.0000 -.2318••

.3702 .. .0269 -·1875• .1852• -.2318•• 1.0000

-.0,31 ..4464•• -.2789•• ..3711" .4684 .. - 1193

-.osol -.1736• .1175 .2134 .. -.2S1G•• .1381

-.069, .1384 -.1183• -.1708• -.0549 .0142

-.0961 - 0471 -.0833 .0605 -.2113•• .0987

1854• .3341•• -.204]• .1331 -.2415•• .7271"

-.036. .1181 .3551•• .5303*• -.1885• .1398

.1542 .3234 .. -.1395 -.1496 -.082; .2310••

.1981• .2586•• -.3130•• -·3,5,•• .0514 -.0939

.2707•• -.2259•• -.0182 .1237 -.0037 .4813 ..

.1072 .1185 ..2180•• -.2634•• .0713 .0716

.0019 -.1930• ..0153 .0483 .0306 .1119

.3618•• -.2727•• -.0807 .1430 -.1097 .7693 ..

-.1825• -.0945 .1S55 .1760• -.0,90 -.3111

-.0517 .1819' -.2434*• -.2133•• -.0090 .0499

A.
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SEL 374 -6-3•

NEZEFFCM :33€

.;5CHNLTH ..--
:'32'ASON . ::93

ECTLPLAN . 133-•

-.1-35·

=PGCGN . ....

12:3·

PALPLU:E ----

r:M_le„ -3-3.

2.:SANS 1163

PCGNPERP - :335

- 13:9

PCGSTPOG 1.24

.

- .3€3• . 21-

.:it·
:-62 . 43-4·. - 132: . :IE]
I)€8 :3:1 233'•• - 2462••

Z3 Z€•· - 13:1·
-48' . 0 -1. - :356

3023•· - 93:3•· 3:15·· .349·
2:42. - 2331·· - 2836•. 2-35•· -=40·
..0- - :33- ..:54 - :513 ----
5257•• :6-1

3-3.•2324·• 4-€6·•
LB23• - 1345• D313 - 2544•• 6153•
16-3• 1511• 2023• - 2523•• :.4-9
1324 - 2396•• - 4793•• :226·• . ]336·
1317 . 1-35• .1261 - 1971 2534•

Signit LE .05 -- - Signif. LE .01 (2-tailed)

is princed 12 3 coefficient cannot ne computed

Correlacion Coefficients

LCWRLAPO 13'.+.-RLXPL LCWRZNB_ LOWRLZPE MANDARC .'ANDLS,7.i

PCRIONLC 2411-• 1363 - 1134 1887• 1471 .5070••
POSCRNBS 1425 4... - 0'13 .1701• -.2581·• .5713••-.....

POSFACHT .3354•• .3508•• -.1972• .2024• -.4130•• .7683··
FAMPOSTN -.1303 0900 .3316 -.0486 -.08]1 -.2292••
RAMUSHGT -3507•. .3305•• -.1539 2196•• -.4481•• .7688..
SADANGLE .0378 1512 - 0083 .1217 ·-.1508 -.0113

SE .1096 2337•• -.0450 .2028• -.2727•• 3205 ..
SL 1330• 2922 .1299 .2431•• -.2227•• .5309••
SLSDISTC 3-59 .]170 -.1707• -.3318•• .1]62 -.1228
SNA - C095 .1356• - 2096• -.1650• -.1319 1815•

SNa .1'17• -·0207 .0212 .0709 -.1988• 4544 ..
SNEH - 0735 -.0950 .0661 1217 .1213 - 2445••
SNLOWERL -.6194•• -.6841•• .7429" .4312 .. -.0982 .1327
SNMANDPL -.1191 -.4446•• -.2189•• - 3217•• 4675•• -.2219••
SNOCCPLN ..2201•• -.1996• .0398 -.14S2 .3455•' - 41]3·•

- Signit. LE .05 •• - Signif. LE .01 (2-tailedl

 is printed it a coefficient cannot be computed

- - Correlation Coefficients - -

MANPLAGL MANPROGN MAIDEP™ MAXPROGN MIDFCLTH MLSHLNE

ABPLANE .0344 -.1771• .4016•• .2156•• 2202•• :304

ANB .1451 ..1608• .5022 .. .2313•• .1644• -.1389

ANGOFCON .2224 .. -.1401 3]14 .. .2330 .. .0917 - 2513••

ANSNomp -.1582 -.1170 -.2099•• -.0219 .5349*, .2336••

ANTCRBSE -.2935•• -.0597 -.1062 -.0464 .6894 .. .3839••

AstrACE! .2880•• .1034 -.1388 .2397•• 4941 .. - 0154

APONTSTA -.1489 .1500• -.0751 .2510•• .4220•• .2380••

APTNPERP .0303 .8216 .. .45@4•• .8570 .. .0894 -.2079•

ARTAN-1-1 .3921•* -.0292 .0071 .0565 - 2442•• - 1929•

SASNASON -.2420•• -.0549 -·1676• .0082 .6903•• 3332"

BOLFACPL -.5001•• .238'•• .3119" -.0242 .4119•• .2004•

BPONTSm .1530 -.1316 -.0145 -.0693 .1821• -.3644••

CANINRE. .1295 .1877• .0752 .1595 .1345 -+3328

COR,LGTI -.0748 .3395•• .0376 .2343•• .6062 .. .]691

CRANDEFL .024 9 .113S .26/7" .2025• -.2468•• -.0323

CREASAGL -.0371 - 06,0 ..0,5. -.0503 .0290 .0301

FACAXAGL .6330•' -.0441 -.2011• .2162•• -.2563•' -.2645„

9 1(1221'TR -.553'•• .30]6•. .5688*• .0722 .2430•• .1390

FACLCNVI -.5535•0 .3036•. 568... .0722 .2430•• .1350

FACLD,rlt -.2366•• ..0384 -.1441 .0853 .7235 .. 2772 ..

FACLLGTM -.0053 .1011 .0051 .1130 .6598•• .1050

YAMMER -.7972'0 -.1230 -.0530 -.1230 .2415" :4285••

FeCONAGL .1718• -.1494 .2591*• .4292 .. .1805• - 1897•

FMIA -.2706•• .24@1 .. .0757 .0007 -.0927 .2051•
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'33      ,--. - :333 6346·•
....

H-2 - 3413•- .35. €365•• 24-1.·
mr -332• I :334 . 2321
GT ./... :639 €]85·· .4....

- :.23 .. - :284 1-57 :-Z5-- ...0
- 2243• .132 .6:6 4482 .. ,.....

1-35· . :4342513*.

-0 9.

=.C .:331 3132·• 1327• :307 -
:513..

- 2416•• ....
--,3 - 2:33·
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PL 3834'• ..0630 . 1-56• :911 - 4351•. - 3370.·
LN :423.. - 1173 ..1379• 0379 - 4391•• - 2249 ..

LE . 15 ·• - Sign= f. LE , 21 (2-cailed}

printed :f a zoeffic=ent cannot .ce compuced

Correlation Coefficiants

MLSULCUS XMARCLTH MOLRRELN '©CARCLTH >L'CHEIGHT >COO,DIF

2873•• .3354 -.5-43•• .0960 .0125 -.5616••

1990* .1448 -.5638•• .1699• -.0762 ..6560-•

.1071 1313• *.5354•• .1554• ..0747 *.6784••

.2913•• ..1'32• 2232 .. ..0871 .1971• 4679 ..

.4]12 .. 0511 .1294 :574 - 1983• .2223••

.1751• .,151S .3502 .. -.0285 4957'• .6377••

4156 .. ·3157 .2465•• 1404 .0630 .4440„

-.'2622 .2403 -.3999 .3551 -·0911 -.1395•

..0402 -.0141 .0520 .0018 2468•• .1639•

.18]6 .. .0113 . 2466 3801 -.0945 2470 ..

.0893 .0711 .3601 .. .1757• -.452"• 3707••
-.0537 .0765 .1043 . 0501 .1139 ]403 ..

.0035 .0635 .2931 .. .0666 .0209 .2254·•

.1618• ..0373 .5238•• .1132 )680 ."542-·

-.0104 -.2829 ..0541 - 0647 3403 .. .]151

- 039@ -.1246 -.1843• -.2080• .J 940 -.0993

-.0335 -.0480 -.1309 -.0848 6470 .. 3031

.0175 ..0030 .3370•• 1960 -.2735•* 3614 ..

.0175 -.0030 .3370•• 0960 - 2735·• .3514••

.3624 .. ..09]4 1393 -.0332 .2730 .. 4235•'

.2507 .. -.0675 .4879•• 1Q68 .1621• 7539,-
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re.a=.in Ice:!fic:en=3

:.A3132:0 13(3'ZL NAECT:Te ::CSELS:H NDSEPFCM

A3"-2 .L:2 .. . i35 EZ33•• I538

eiB .0 - :2:3

12;GOFCEN .3E3 :83-·· - :336 4-31 •

ANSNOSTP :323 .235 - .E4-6 2366·· €570.-

127-:CRBSE :415 - :330 3436·'

12;TFACHT - :242 :337 J7J1
APONTS=A - 2:86· -+2136•. .2148.• .41:3•·

AP'ZIPERP - :338 2-53• -·:913 1912• - 3407

ARTANGLE ]1-5 - 3968 .1330 -.0630 0405

BA-NASON .2403 :317 - 1430 1400 4575••

BOLFACPL . 2105•. .36-4 -.2573•• - 0749 - )299

SPONTSTB 1127 1230 -.0390 1377 .2554·•

CANINREL ..)-62 - :291 :146 - 3738 1399

CORPLGTH .,1761 -.:020 - 147] - 0322 4912••

CRANDEFL .16'1• -.1375 .1551 -.11:9 .)332

CRBASAGL .3-,30 -.2802 1023 .]734

FACAXAGL .1303 -.0449 .2485•• .0524 .2389••

FACDEPTH - 3679 - 0126 - 2119•• - 1371 -.0590

FACLCNVX -.0679 -.0126 -.2113•• -.1371 -.1530

FACLOP'51 1152 .J426 .0060 1460 .5532•*

FACLLGTH D2Z5 .3079 - :854 0166 .5904 ..

FACTAPER . J459 0984 -.0431 .1503 -.1096

FCCONAGL 4634" .43]5•• .0353 .6940•• .3085 ..

FMIA .:986 - 1434 .0082 -.2034• -.1397,
GONANGLE .)161 - ]265 .0235 - 0792 -.1166

HANGLE -.0122 .4358•• -.2714•• .5843•• 0528

HLZNE ..1068 -.2858•• -·0497 -.4452•• ..0739

ILSDISTN -.3642•• - 2322•• ..)375 ..4306•• -.2825••

:NCISROB .2144•* .2294•• -.0148 .3606•• 1243

INCISROJ -.0200 .2564•• -.0434 .2752 .. -·0517

INTERINC 2977•• -·1278 .1690• -·0470 .0525

:31 4 L.ABuP .1053 -.1140 .1722• - 1679• -.0707

LIPEMBOP -.1589 1250 -.2086• .0799 -.0535

LLDISTAN -.4885•• -.1509 -,0986 -.3543•• -.2082•

L01FACPL .1739• ..2484•• .1493 -.2111•' -.0410

L.01PALPL .0983 -.1343• .0631 -.17490 .0118

LOANDNHT -·]171 -.2363•• .1178 -.2675•• - 5262•.

LOANFCHT .0457 .0697 - 0409 .0216 .4684 ..

LOGONIAL .0956 -.0817 .1541 -.0749 .1982•

LOLIPLTM -.0628 .046@ -·0927 0220 .4547••

LOLIPTHK .3831•• -.1394 .1287 -.034G .5549

LOLPHLIN .1693• -.3104•• .1802• -.3200•• -.1626•

637.·•

3Z:3..

::59

6547

3535·•

:3 Z 5

1:21

1791*

1603•

1213

0305

.1024

.1024

428G ..

.3301••

·1004

.1745•

.)621

.1397

.1987•

3865

,4721••

2019•

.1792•

.1262

.1821•

3223·-

11-5

5208

1343•
1387

0259

1553

Z33D••

1550•

Signit. LE .05 •• - Signif. LE .01 (2-tailed)

• 1, printld if a coefficient cannot bi computed

- Correlation Coofficionts - -

NASLBANG NASOFACL NASOFNrL NASODOITL NOSELGTH NOSEPROM

LO,Smorr -.0G74 -·1687• .0845 -.2071· -.4937•• -.2492••

LOSHCHT· -.0314 .0858 -.0915 -.022S .3857 .. ..0374

LolflARL .2311 .. .0060 .1542 119 -·0170 2412

LOW10CM. -.1812• .1842' -.1204 .2035• .1495 0560

LOWEB,NI -.1110• .1656• -.121 .1553 .0941 ..0222

LOWFRAOL .0244 -.0531 .1405 -.1031 .1023 .2611

LOWRUPO -.1829• -·0517 -.1086 -.0988 1673• D336

LOWRIMPL -.0945 .1819• -·1217 .2183•• .0421 .0736

LOWZUNB_ .1555 -.2434•• .1354 -.2475•• -.1869• -·0107

LOWRLIPE .1760• -.2133•• .1514 ..0,62 .2023• .3969•·

MANDARC -. 0990 ..00,0 -.03;1 -.0700 -.1875• -.0961

MANDLGTI -.0111 .04" -.1447 .0464 .5651•. .3486 ..

MANPLAGL .0031 -.0747 .1647• -.0422 .1272 -.0226

3 pr.nied -Z R ::4/f-=.en·: Cli:.tr Ze :2-p.Zed
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'A_<22 ZGN

*-43

MiSULCUS - IE-E

:C.ARCLTH - 1523

"CLAP.ELN - :356

'CGAP.CL'211 - -3-3.

*COIDIFF - :325

NASLE.UG 1 :I:I

NASOFACL

:.Ascyor .-136

:,ASC'.i.1 ·,.1

NCSEPROM 3:23..

NSCHNLTM i444

MS·;MASON .2235

SCCLPLAN 1335

OCCLPLXI .2,11'

OPGCGN -.1539

CPINCLIN . 1•:2•

PALPLANE 2247

254_AFH . :146

PNSANS 1453

?CGNPERP - 2533

PCGONNB - 1260

POGSTPOG -·1277

.. :133.

- 2:66.

€32· - 1455

1. .. ..

:803

313· - 2:51·

22€3•• :?€5••

L.5 .-36

.. 1833·•
4933•·

.3335•• - 2365·-

-553 1699

.C]21 1487

.:324•• ..3702

.:372 4958••

.3761 .1904•

.0520 .1496

JL83 .0034

)041 .0354
L222 1145

2314 -.0362

.2314•• -·1877•

-.0668

- 0941---4

2433 -.1440

1239••

- ..13

1330.

:537

- 3841··

3?36••

- 2345·•

1336

27:4·•
2595••

-.:400

-.3028

1-'54

- 3552
-.0117

.3493

37-2
.3542 ..

- 0383

0003

·.0041

25.f..
..

..

:€JE

2163•· ...

. 232€•-

2132•' :€35
1321 - ZE€€--

4613·• 2363••

3-36·.

3023••

1E53 ..4-

Y€39 .49

L395 27=4•·

5137••

5137•• 1.:200

4559•-

0426 .I312

9165 0102
1339• - 23-0

1493 : 7437

2272•• :417

.31-3·• 1-3-•

.1421 1481

.4614•• 3061•-

1143 ..4536·•

2918•• - 3131••

.0931 .:596

Sign,Z. LE . 13 ·• - Signi:. LE .01 (2-Dailed)

· is printed lE a coefficient cannot b. computed

- - Correlation Coefficients - -

NASLBANG NASOFACL NASOFNTL NASOMNTL NOSELGTH NOSEPRCM

PORIONLC .]246 .0964 -.1735• .1077 .3212 .. .3224••

POSCRNBS 0871 .0477 .0241 .1320 .5173•• 2347••

POSFACHT .1099 .2882 -.0561 .1421 .5442 .. 341:.0

RAMPOSTN -.0440 1131 0190 .1723• 0195 - 1485

RAMUSHGT .0580 .0604 -.1021 .0636 .4239•• .3133··

SADANGLE .0287 .0369 .0114 .0940 .1741• 1461

SE .0710 .0511 .0335 .1441 .4349 .. .2902"•

SL -.1221 .0569 -.2649•= -.0455 - 0128 2366

SLSDISTC -.7915*. .0576 -.1340 -.1702• - 3716•• - 652-

SNA -.1256 3450•• -.2582•• 2940 .. -.3916 - 1637•

SNB -.1736• 0624 -.2538•• -.0855 -.0823 - 0965

SNFH .1259 -.0671 .0752 -·0374 -·1271 - 0-55

SNLOWER/ .0489 -.1111 - 0212 -·1337• - 1257 - )315

SNMANDPL .0622 -.0979 .1833• ..0551 .1007 -.G554

SNOCCPLN .20G2• -.1110 .2233 .. -.0248 - 032G - 336]

- Signit. LE .05 .. - Signit. LE .01 (2-tailed)

• i, printed if a coefficient cannot bo computed

- - Correlation Coofficianci - -

NSCHNLTH NSTMASON OCCLPLAN OCCLPLII OPGOGN OPINCLIN

A.UNE .0418 .1039 .2534•• .3355•• -.2130•• -.1421

.093, .0542 .2713 .. .3108 .. -.0012 -.0463

ANGOFCON .0709 .0037 .3018•• .28'1 .. ..0421 -.0222

ANSNOSTP .4290 .. 1907• -.2393•• -.2008• .0332 .1306

ANTCRBSE .3339 .. .1459 -.2588 .. .0064 --0887 -.0612

ME'Zleka'et .8102•• .1382 -.0915 -.325*•• .3797•• ,4757.0

APONTSTA .4155•• .1448 -.3193•• -.2454•• .1331 .2018•

APTNIO.» .153§ .1772• .041S .0019 -.0020 -.0772

ARTANGLE .1518 .0257 3123 .. -.1309• .1878• .3084 ..

BASNASON .4118•• .1090 -.3395•• ..0,97 .0351 .0571

BOLFACPL .0297 .2154 .. -.5571•• -.2166•• -.0606 -.1447

-EFUH
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:-16

2:34 - . -i

ZZD4 -36- - -33-0 - .996
51 :€. ZE€€•• .... - .-35

flaz- u :-4:: - 344:: . -303••32--••
-433•·

13-3. - :432
2828•. :616 - 2335·· -.:53: - 2438

.:412 - 2540•- Z1€6•• - 1509 4965·•

1364 :631• - :232-.2214•·

rL€6         - 3335· - 2295•. - :283

.1:45 :269 - 1215 - 2010• 13]3
:298 1:72 :545 2609•• - 3646••

0172 C482 - 0--7 1554 - 0154

.'473 L131 . 1240 - 2238•-2637••

- 3230 3550 - 0458 1350•

.]431 - 2246 - 2320•• :999 :195

0226 :363 - 15]4• -.2787•• .2319·•

.36J1 .. .1428 - :616 .1237 -.3793 ..

.2703•. L114 -.1308 -.0790 - 2990

9306•• - 1510• 1359• 1638• - 3349••

8279 .. .1249 - 3490 - 2858•• 4635••

.4243•• -.1541 3384•• - 2854•• .6367 ..

.6561 .. 1353• .354• -.3418 .. 3106 ..

.2746•• 1538 . 0792 .2463•• -.3993••

4029•• 2.42 .. -.1366 1308• - 3930••

12. LE .05 •• - Signif. LE .01 (2-tailed)

printed 1 2 a coefficient cannot be computed

- - Correlation Coefficienti - -

NSCHNLTH NSTNASON OCCLPLAN OCCLPLXI 02<GOGN

-.6240 .. -.3015•• 0668 -.1592• .0984

.'910•• .1938• -.1297 -.2847•• .3929••

- 3036·• .1742• 1404 .3278•• -.4138••

-·0377 ..3026•• - 1841• .1941•

.]226 .. -.02]0 .0057 -.0198 .0860

.4651 .. -.1306 2891•. -.1454 .5719 ..

3022•• - 0283 -.1397• - 1795• 0877

0762 .0,61 ..1538 .2161 .. - 3828••

-.4574•• .3911 -.0007 .1487 -.3430••

-.1501 .2338 .. - 1726• .:921 -.2909••

-.0283 -.24G0•• .2926•' ..0366 .3015••

6616•• .2227 .. - 3601•• -·3487•. .1948•

.2672•• -.2205•• .6043•' -.2178•• .6149••

.1038 .1705• ..1395 ..1061 .0441

.0875 . 12/2 -.3462•• 0815 -.0252

.3051 .. .1386 0107 -·01.73 .0605

5054•• .2518•• -.3108•• .0032 -.1432

-.1743• 295G .. -.2444•• .1295 -+3177••

.1702• .1714• -.1909. .0369 -·0917

.0299 -.0438 .0232 .1104 -.0581

.1775• .1134 ..0795 -.28480• .1997•

.1045 .0230 -.0922 -.0075 .0828

2595•• -.0359 .2571 .. ..2448•* .2223•*

.4876 .. .0871 -.2167•• -.5081•• .4155 ..

0444 .0235 .1355 .2011• -.1539

.2824•• ..0872 .,0761 .0520 -.ola]

-.0702 .4958•- .1904• .049G .0034

2585•• -.0400 -.0021 .0754 -.0552

4559•• .0426 -.01G5 -.1999• .1493

.2179•• .0812 .0102 -.0370 ..0407

1.0000 .1541 0.03]4 -.2564•' .3505••

.1541 1.0000 -.03,3 .1371 -.2357••

-.0334 -.03,3 1.0000 4235•• -.2457••

@.

1 ,

...

'U

16• •, w 0 0 0 . *h W O . U CA N U 0 0 0 ul N i ti il *• P. C' 1•
ful.

O 4) 1, 4-

A -1 w b N H O 0 -1 M P w 1 •O 0 - w i - to + 1- m

00,0,-P„u, 41,1 1.Ild w ,•tath,•4-dii. w tjti....Ii, i.

6. w al M -1 " al b 0 -1 w W W A r LA e 6- N t• t. a. U. t.0 W &- o cn ,1. w ,•
4, U, 4• W

:4

u, L., r- A W ,6 - al ,• u, 4 •• Ul W W•hl'/14-W U., W MA)¢' 1,1 ,1 1

un M OD q N -1 A r• N 0 0 0, i -4 LA w D- M e gh H m LA w e N w U. 0, 4. A + W n
0 A -40) 0 1-· A •·u. 110-Chi)-Li wi, w w 4••.1• •3• 41• 41•i•• "•

...

...

........
...

'.

..

..

......

..

...

!1

..
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27*_AFH2,22 -
:243 .... - 133...

IS /--- -€22-

?CGNPERP .---. I .363• - 1426 - :-65

PCGCIND                                                                                                                              . I:€8

?CGSTPOG .3.5 z...·· - iii,

:'....

.5:1 ....

2353•* L248
.3-5 .211

linid LE :E 9-ta=Led

printed .1 a :,efilci en= can=l= ca =7:Pu=ed

20=re-acion Coefficzencs

NSCXNLTH NSTNASON XCLPLAN 2CCLPLX: Z?GOGN : PINCLIN

PORIONLC 2963•• .0462 - 1400 ..1544 - 0514 - :=73

POSCRNBS .4574•• 1383• - 1542 J1Z 9 - 1336

PCSFACHT 33:6•• 3163•• - 3012•• - 0734 . 1403 :9D3
RAMPOSTN - :340 :136 3678•• ..3100 - 12'S - :632

PAXUSHGT 480€·• 3197., -.4323" - 1208 - 1339 :515

SADANGLE - :19] - :643 + - 1121 .0858 - :438 - :.63
SE .2513•• . 0-19 - 1688• .)899 - 1205 ..]574

SL 0415 .2158•• -.4421•• -.0796 2164•• - 24-1•.

3LSDISTC - 0126 - 1442 - 0/24 . 1372 .1373• .1619·

SNA 1353 2354• - 1626• .0489 - 1324 -.1380

3NB 3693 1766. - 3750•• -·1327• - :666 ..1099

ENFM -.3840 - 1404 - 2022• 0317 .1614• 383S

SULCNERL -.2425•• 1130 ..2037• ..0796 ..1097 -.1927•

SNMANDPL .1999• -.2630•• .4478•* -.1804• .6262•• .4386••

SNOCCPLI -.0816 - 1206 .8010•• .4165•• - 1295 -.1751•

Signif. LE .05 •• - Slgnif. LE .01 (2-tailed)

ig printed if a coefficienc cannot be computed

- - correlation coefficients - -

PALPLANE ?FH _APH PNSANS 20·GNPERP FOGONNE ?CGST?OG

ABPLANE .0469 -.0025 .1856• - 2003• -.1667 - 0253

ANB - 0216 - 0907 .1568 ..1937• :819• .]:21

ANGOFCON -.0054 -.1491 .0872 -.1790• 4199•• .)125

ANSNOSTP .2173 .. .2691 .. .3321•• *.1375 - 4335•• 2367••

ANTCRBSE .0304 .3433•. .5395 .. -.3594 -.4310•• .1348•

ANTFACWT .1222 -.0143 .5014 ./ .0504 -.2307•• Z92:·

APONTSTA .0460 .2263 .. .3568•• .1518 ..3034*. .4154••

APTNPERP .0919 -.089. .1427 .8211•• .2491•• - 1327

UTANGLE .0303 --2317•• -.1050 -.0577 .0543 -·0527

BASNASON .0509 -3167•• .5884 .. -.0628 -.3645•• 2493••

BOLFACPL -·0012 .4388•• .2854 .. .3048•• - 1157 1504•

BPONTS'TB .0683 .0468 .1777• -.1918• -.1010 417]••

CANINREL .1453 - 3450 1652' .1594 .1285 .1510•

CORPLGTH .1039 .2041• .5574•• .3642 .. ..2868•• 1358

CRANDEFL ..4158" -.2135•• -.1209 .0721 0195 - 0674

CRBASAGL .0048 ..2751•• - 0040 -.0800 .0490 3630

FACAUGL -.0050 -.4256•• -.1056 -.1231 .1196 -.0548

FACOEPTII -.2753•• .2983 .. .1820• .3562•• -.0795 0833

FACLCNVI -.2753•· .2985•• .1820• .3562•• -.0799 .0833

FACLOPri .1074 .4621•• .6050•• ..0606 -.4584•* .2909 ..

FACLLGTM .1066 .3007•• .6142•• .1058 -.3070•• .2520••

FACTUER -.0079 .7126• .0910 ..0,80 -.3537•• 0990

FCCONAGL .0727 -.1102 .2301•• -.1915• .0628 -·1734•

FMIA ..1789• .0377 -.0574 .2807•• -.1149 -.3627

GONANGLE -.0942 -.5830•• -.1792* .0220 .3701" -.1551

HANGLE -.0268 -.0655 .0800 -.2945•• .2230 .. ..0040

HLINE .0232 .3690•• .1001 .3504•• -.1715• 1951•

ILSDISTN .0295 -.09.5 -.2278•• .7445•• .2124 .. -.1239

INCISROB .0541 .2723•• .2557•• -.2086• -.2440•• 0938

INCISROJ -.1757• .0225 .1853• ..0785 -.097G .0483

INERINC .1043 - 0384 -.0515 .09.8 -.1276 -.1115

LIE--·

2.CLIN
..
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121?ALP:.

- i.kiyCHT - :8]: - :43 .3.6-

- :353
-344

101:?TH.K ..-. .263
12 LPHLIN - :14? -334"

.233·· - 12€3

430 - .326 L€32•
Z]3 114:•• - .333

133:·
:5]5

.554 - 3-+." '.291·

.. - Signit LE .. Al-failedi

:s printed i= a =ce:!ficiene =anno= oe campuzed

Correlation Coefficients

PALPL'VE PFH_AFH PNSANS POGNPERP ?CGONNB ?CGS:FOG

LCPSENHT - ..... 5525•• - 1]43 1300• 334-··- 3945·• -

LaSTECHT - 0334 5152 4523,• 2987•• -+1924 2556··

LOWIAPO_ - 01:7 :-39 .)139 G057 - 3608" -11€40•
LOWLCCPL - 30-3 13-3. 2246•• - 1344• 0152 ..336·

LOWERINB 0571 .:697 .1310 - 1322 2186•. :200

LOWFHAGL -.1916• - 4483•• - 1366 -.2944•• . 1455 :525

13*81&20 :551 .303• .1169 -.0395 -.1309 .1124
LCWR1MPL .2461 .5257•* .1329• -.1673• -.1324 .1517

LOWRINB_ 0337 :671 - 1946• 1611• - 2396•• . 1795.

LOWRL:PE 1:54 2324·• .:313 2023• . 4783" .1261

MANDARC -. ]519 - 4-56•• -.2566•• -.2523•• ' 2206•• . 0971

MANDLGTH 1211 .3131'• 5258•• .1479 - 3396•• .2534 ..

MANPLAGL 1-33• - 7-52" - 1860• - 1327 .34·30•• - 1340

MANPROGN 12-3 - ]246 .07-9 .3736•· .0392 -.]194

MAXDEPTH - 2750•· 1344 .2493•• .1665• 3083" . 0914

MAXPROGN 1652• -.2891 .2480 .. .7'10*I .1598 -.1074
MIDFCLTH .1112 47'4 .. .7443•• .0270 - 2566•• 2484••

MLS HLINE - 0049 .3532•• .1462 -.0526 -.5119•• 4742••

MI.SULC[IS .0396 .3036•• 3282 .. -.1335 -.3198•• 42 13••

MNARCLTH -.1926• 0864 .0171 -.0790 2763 .. -.]633

MOLRRELN . 1767• ]373 1100 .2194•• - 0709 :394
MXARCLTH . 1970• 0857 .1787• - 0174 0996 ./90

MXHEIGHT .2434•• -*3304•• -.0806 -.0593 -.1355 - 0729

MXMNDIFF 0710 .0092 2121 .. .1877• -.1530•• 1357

NASLBANG . J 047 .0146 .1453 -.]583 - 1060 - 12-1

NASOFACL -.1222 .3914 .2314 .. -.0224 .1021 J43]

NASOFNTL .1145 -.0962 - 1377• -.0668 -.0841 - 1440

NASOMNTL 0493 . 0772 3342 .. - 0885 .0003 -.3041

NOSELGTH .3178 .. .0421 .4614 .. - 0143 -.2918•• .2931

NOSEPROM .1797• .1481 3060•• -.4596•• -.3181•• 3596

NSCHNLTH .0080 -.0045 .5213 .. .0770 -.0604 3916

:ISTNASON .1045 .3060•• .1800• 1865• -.1772• .2115•-

DCCLPLAN .3153•• ..3997•• -.2942'0 -.1426 .1688• - 2324••

OCCLPLII -.0317 .1702• -.1109 -.0765 -.0068 -.0472

OPGOGN -.1036 -.5610•• .0501 -.0142 .2353•• 0526

OPINCLIN -.0562 -.3548•• .0802 -.1109 .1248 128]

PALPLANE 1.0000 .0149 .0228 .1141 -·0307 .0205

PFH_APH .0149 1.0000 .3363 .. .0119 - 3042•• .2302 ..

PNSANS .0228 .3363 .. 1.0000 .0813 -·2270•• 1305•

POGNPERP .1141 0119 .081.3 1.0000 .0067 - 15'1

POGONN -.0307 -.3042•• -.2270•• .0067 1.0000 .0412

POGSTIOG .0205 .2302•• .1805• ..1571 .0412 1.0000

- Signif. LE .05 ·• - Signif. LE .01 (2-tailid)

. • i, printed if a coefficient cannot bi computed

- - Correlation Coofficionti - -

PALPLANE PFH_AFH PNSANS POGNPERP POGONNB POGSTPOG

PORIONLC .1362 2858 .. .3582 .. -.1126 -.2416•• 2497••

POSCRNPS .0454 .5327•• .5125 .. .0163 -.3304•• 1530

3 E:'3:2
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(2-called)be computedefficlents



p=.S=ed .5 3 -:eff_:-en= :-1..:0: ce =:-c.=ed

=rela.=198 -:2::L:len:s

3:y_U,221 SLU=213

POR I. EN:C -65 - 1134••

pcscniss )€87 - 3 341••

PCSFACHT - 2334 - 4:43.•

PA:1PCS'ZN - 1332• .**34 2533••

9AMU3HST :€39 - 5102• . 3442•'

SA.ANG.2 - -5-5•• 1]45 :326·

SE -
./13.
I.

- 2947 - 1436

SL 3.15•· - -465•• - -417••

SLSDI3TC - 3616 3531 - 1015

SNA 1-85• . 4587•• - 4652"

31,3 3307•• - 3335•• - 6397••

SNFM ..2609•• .4431·• 4242••

SNLOWERL 1.29:0 - 3491" - 3482••

5NMANDPL - 3491•• 4845••. I / A

SNOCCPLN - 2432•• 5845•• 1.1:00

Signif. LE 05 12-called)0 - - Signit. LE 31

1, prin.sad 12 a coefficient cannot De computed

Correlation Coefficiants - -

SNPALPLN SPDISTNC STCONVEX STFACAGL STOINLTH 21 FACPLN

SNPALPLN 1 0000 - 0095 0916 - 4119•• 1402 -,1343

SPDIS-INC - 3095 1.0000 4941•• - 4133•* .0432 .3930 ..

STCONVEX .0916 .4941•• 1.0000 -.1330 0322 .4116••

STFACAGL - 4119•• - 4133•• -.1330 1.0000 .1810• - 1309•

STOINLTH :402 0432 . J522 .1810• 1.0000 - 4322••

UlFACPLN - 1343 .3930 .. .4115•• -.1809• - 4822 .. 1. -:00

·.FH .4198•• 2148 .. 1593 -.1231 .3259" - 12-2

UFH_LFH 4308•• .2203•0 1582 -.1015 3127•• - 2-63••

UFH_LFHZ .2917•• .3906•• 1844• - 1692• 2340 .. - 1334•

ULDISTAN -+1014 - 5570" - 2-67•• .2150 .. ..0633 1365

upkNUNHT .2760•• -.2831" - 3953 1268 - 0100 . 1344.

UPERLIPE .1625• ..3778•• - 1130 .1980• .1:66 - 5412••
UPGONIAL -.0839 -.1333 -.0253 1280 -.1779• - 3210

UPLIPLTH -.2856•• 3101•• 0370 -.1019 -.1156 2307••

UPLIPTHK .1743* -.127g - 0415 .]122 ·)281 - 4394·•

UPLPCURL -.0744 .3917•. .1678• -.2454•• -.1998• 3627

UPLPLGTH -.2074• .0275 0872 .1385 1297 2130'•

UPPER1AV -.1184 - 4718" -.0553 .2411 .. -.4612•• 4 Z 16••

UPPER1FH ..1685• ..2293•• -.1210 .3348 .. -.4559•• .3539 ..

UPPR1APO -.1097 .1236 .1554 -,0472 - 5912•• '697••

UPPR1NA -.1262 -.2435•• -.2409•• .1339• -.4314•• 1949•

UPPRLD_ .1902• .1710· .172S• -.2096• .3866•• -·29'6"

UPPRGPTV .1051 - 4127•• .1791• .2453 .. .0277 3977

uppsmer -.1290 .0260 -.0203 -.1499 -.0447 -.2409

UPR1APO_ .2039• - 2332•• -.2474•• 0430 .5425•• - 3088••

UP STFCHT .2512 .. .2702 .. .1080 -.0741 2929 .. - 1255

VERLPCHN -.2522•• 2219•• .1187 .0174 -.0950 .3211••

WITSANAL .1034 -.216/•• -.1008 .1824• -.0091 - 0565

YAXIS .1106 .3331 .. .1176 -.5019•• -.0154 2271••

YAXISSN .3954 .. .3325•• .0884 -.8272•• -.0864 .2220••

ZANGLE -.0804 --6745•• -.5222•• 5693 .. .0208 -.5316••

- Signif. LE .05 .. - Signif. LE .01 (2-tailed)

. · is printed if a coefficiant cannot be computed

- - Correlation Coofficiants - -
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31 - .:lE . -€32· . -. .. 12€8 .3/
33•- 214)·. - .€33

-E55 ..

23]4.. - -243•. - 14:3··

.335
2334•·

. C:JJ I=16
3281.· 225 1641• - 3330·• .... . -1.1

4314•• I332 .E23 .... 4635••
2625• - 5143•. - 2346•- . :329 - -373•• - 13:6
1345 1339· 2511· - 7226•• 0961 -721••
12-'1

....e .339•• - 5408•• 0137 .371,

1343· - 3319'• - 5332•• 1J14 - 4821•• - 2233-

- 3871•• - 4546•• .4678•• ..0355 :33-

2062• - 1510 - 1913• 2333•• 2-51 .. - :234

2€63·. -.1257 -'12.3 2342•• .L.397• - 3-46••

.1365 - 1296 - 1 :4] .2258•• 2256·- 1:49

==64 2433•• 1"34• - 1980• J 925 - 1323

2€13•. - 1451 - 2301•• .2196•• - 1079 ..

5525 .. 233-•• 1835• 0064 3369•• - 3433'•
LG81 -934•• 2346•• - 2138'* 1341• 37,6•.

.3037•• 2486 .. 5539•• - 2870•• . 3743" .3669-•

.1800• - .414 - 2887•- .0021 -.1347 -.3135••
1645• - 1330 - :694 ..124 - 2474 .2086.

.3689•• - 1521• :059 - 3848 - 5051•• -.0964

.3746 .. ..3530 .0272 - 1234 -.3602•• -.1258

2275 -.1253 -.1943• 0550 .1366 .6568••

LE .25 ·- - Signif. LE .01 (2-tailed)

printed :f a coefficient cannot be computed

Correlation Coefficients

UPGCNIAL UPLIPLTH UPLIPTHK UPLPCURL UPLPLGTH UPPEPLAV

- 0939 ..2856•• .1-43• -+0744 - 2074• - 1134

..1333 3101•- - 1279 -3917*• . 0275 - 4-13..

-.0253 , 0370 - 3415 .1678• 0872 - 3353

.1280 -.1019 .0122 -.245400 .1385 2411 ..

-.1779• - 1156 .)281 -.1398• 1297 - 4612•

-.0210 2907•• - 4994•• ·0527 2130•- 4216·•

- 4814•• 2625•• .1345 -.1271 1943• - 1241

.0902 -.5448•, .1939• 1075 - 3919•• - 3371·•

.0503 -.2846•• 2511•• 2839•• -.5332•• -.4546••

.0192 -.0329 ..7226" - 6408•• .1014 46-8·•

.4685 .. . 7978 .. .0961 0197 -.4821•• - :056

-.0531 -.1306 .7121 .. ,0977 -.2033• 2537

1.0000 -.3259•• .0634 .1144 -.2657•• 1:22

-.3259•• 1.2000 - 2265•• .0241 6172 .. .0613

.0G34 -.2265•• 1.0000 .3869•• -.2510•• -.1616•

.1144 . 0241 3869•• 1.0000 -·0947 - 3357••

-.2657•• .5172•• -.2510•• -·0947 1.0000 i€3:.

.1222 .0618 -.1616• - 3857•• .1631• 1.Joco

.2863•• -.0805 -.1758• -.1608• -.0231 .7204••

.2173 .. 0154 - 3836•• .0182 .0003 .5759.-

2544•• -.0536 -.0742 -·1437 -.0867 5956 ..

-.1319 - 1609• .0197 .2086• -.0538 ..7865"

-.0546 .0541 0877 -.2734•• .2361•• .4927 ..

4538•• -.5402•• -.0416 .1956• -.3576•. - 2538 ·

-.0430 -.3061•• .4384 ./ .0545 -.2001• - 0.....

-.4094•• .3167•• .1727• -.0191 .0213 -·1657•

.0606 .4253 .. -.3013•• .1135 .6945•• - )221

-.0545 .0763 .C,10 -·2410*' .054G .1727•

..5585•• .4531•• -.1261 .0859 .2260•• - 1583

..4798•• .3344•• -.0629 .1129 .1195 -.1566

.1150 -.1616• .4670•• -.1131 -.0601 .2399••

-

4.33•• ..
..

..
..

"31

1. 1

N•< € Mc <C C C acc C Cc C CC C:. CCGCC{:Ccul Ul Ulu,U,
13 K •4 E ·

H 111 •d •a •0 •d U •d  4, 10 W 00 •a •U q, •0 41 e 41 91 41 e 4 • 1 •i •u 2

2 1 ),•r•i 4 4 44 4 4 4 4% u w 'U 'U 'U 'U 'd I'
'•1 0•1 '11 1••1•'•1 '•, t:

•1 W to M •0 v m - •O v •0 r r r r o m » U :4 :c :c •4 0 1 0 0 •U

4 4 X >4 •1 M En W •u '0 10 'U •U •u •U 1 ' r t' 1' Cl ln r U 21: .I: LlC ·•1 U ·4 i) c J 'U

90&!arir!9,»/»MM!,19•-4,-•Q*!WHI.1 2,¤*OH»

O •,H U,r,4 e lA 50 50 50 50 irt in •u o, •iltil•• /•.1 1
•U „4.1.1, i.
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:=rela=zin =:eff-:lanis

.·225?17* -+72? LAPO .P?PLKA .?991::A_ UP?9€27.' :PPED:
ase:=FLN - .695• - -262
EFD,327C - 2233·· ..1-

...1 - 2435•v
.

..

22&:%:27 - 15,6..
---1 ....- Z;:3•. .-23• .-3€•

-333.
Z43]•• - -433- 4339•• -

4314·• ]366••ULF: -217 :333·' -€3-•• ..343• -
28.€·· :377 . :4:9

;W
- 2:52• - 2€63•• - 1355 :064U=H_LFH - 1313 - 1251 - 1236 2493•• - 1451 ...,

---0

UFH_LEHI - 1313•
..1/ - 1:43 1-34·

2333•• 2253•' . 1390•
1335·2342••

UPANDNHT .--, 2.35•• 2=541997. 2256•• :326 . 1:-9 5349••UPERL:PE - .294 . 3745-• 1:49 -.1323 :331... - 3433••U?GONIAL :363•. 2173 .. 2644 .. - 1319 ..0546 4533·•UPLIPLTH - 5835 0154 - 3536 - 1609* 3541UPLIPTHK -.1-53• -.3335•• - 0742 3397    - 0416UPLPCURL :182 . 1437 2296• . 2-34•• :356•
-·1509.

UPLPLGTH - 3231 1203 - :867 - 0539 .2361 .. - 3575••UPPERIAV '224•- .3-33•• 6956•• - -365•• 4927 ..UPPER:FH .
./.U.... -335·• 3141 .. . 7729*• 1352 ..]554

- 2638•-

UPPR1APO .'335 .. 1.3000 .6897 .. -.5393•• -.0035 .1J52UPPRINA 9141•• .6897•. 1.3000 - 3-88•• ·J157 - 1041UPPR1NA_ - --23•• -.3393•• . 9798•• 1 00£0 -
1257 3313•·UPPR6 PTV .1052 - 0035 .0157 -·1257 1.1000 - 4223••UPPSDNHT - 0654 .1)52 -.1041 .3319•• - 4223•• 1.:CcoUPRiAPO_ -.6068•• -.3304•• - 5262" .6576•• -.1305 .:727'UPSTFCHT - 1309. -.2373•• - 0927 -.3254 . 1473 - 3198••VERLPCHN -.03.41 .1350• - 0926 0725 -.1096 .1410WI:SANAL .1164 -.0230 .0921 -.1169 1503 - 2469••'y.AXIS - 4653•• ..0754 -.2888•• .1566 ..0766 - 2676••YAXISSN -.3304•• -.0266 -.2255•• 1612• -·1179 - 1716•ZANGLE .3356 .. -.2287•• .3259 .. -.2973•• .2130•• - 2359•·

Signif . LE . 05 ·• - Signif. LE .01 (2-talled)

is printed if a coefficienc cannot be computed

Correlation Coefficlents -

UPR1APO_ UPSTFCHT VERLPCHN WITSANAL (AX-3 £'AX: SEN
SNPALPLN 2039• .2512•• -.2522•• 1034 1106 .3954••SPDISTNC -.2332•• ,2702•• 2213 .. - 2166•• 3331 .. 3325••STCONVEX -·2474•• .1080 .11@7 -.1008 .1176 .9384STFACAGL .0430 ..0741 .0174 .1824• ..5019•• - 3272••STOINLTH .5425•• 2929*• -.0950 -.0091 - 0154 -.0864UlFACPLN -.9088•• -.1255 .3211•* -.0565 .2271 .. .2220 ..UFH .1081 .8037•• - 1800• .1645• .3685•• 3-46••UFH_LFH .2934•• .2486•* - 1414 -.1530 -.1621• -.0580UFH_LFH1 .2346•• .5589" -.2887•• -.0674 0059 -1272ULDISTAN ..2138•· -·2870•• .0021 .1124 -.0848 - 1234UPANDNHT .1941• .,3743** -.1347 - 0474 - 5051•• - 3602••UPERLIPE .3776•• .3609•• -.5156•• .2086• -.0964 -,1253UPGONIAL -.0430 -.4094•• .0606 -.0545 -.5585•• -.4798••UPLIPLTH -.3061•• .3167•• .4253•• ,0763 .4531•• 3344••UPLIPT/K .4384*• .1727• -.3013•• .0610 -.1261 -.0629UPLPCURL .0845 0191 .1135 -.2410•0 .0859 .1129UPLPLGTM -.2001• .0213 .6945 .. .0546 .2260 .. 1196UPPER1AV -.6711•• -.1657• -.0221 .1727• -.1583 - 1566UPPER1FH -.6068•• -.1909• -·0041 .1164 -.4653.. - 3304··UPPR1APO -.8304•• -.2373•• .1850• -.0230 -.0754 - 0066UPPR1NA ..5262•' -.0927 -.0926 .0921 -.2888•• -.2265••UPPR1NA_ .6576•• -.0254 .0725 -.1161 .1566 1612•UPPRIPTV -.1305 .1479 -.1054 .1503 ..0766 -.1179UPPSDNHT .1727• -.5198•• .1410 -.2489•• -.2676•* -·1716•

--

-3 55-.zed 15 3 2:44,
:_92- -12..:t 29 i: .I.-

.-Zel
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:372:AL
.-

CAXIS .:33 I. . - 2222
- I)32

.4.-6

./-

SLIGLE
- 4136•

07:1= LE .5 --
9..- - -- .- 2-311 lal)

3 prinzed .2 8 2:efficient za:·.r.c= ce :=-pu=94

59.1=102 -=9221=.er.=3

ZANGLE

SNPALPLN - 29(4

SPDIS:NC ..5-45 ..

3-JECNVEX - 5222••

S:FACAGL 3693••

370 INLTH 0209
ULFACPLN - 5316••

UFH - 3275

UFH LFH -.1253

UFH-LFH1 - 1343•

ULDISTAN .0550

UPANDNHT 1366

UPERL-PE 6668·•

UPGONIAL .1150

UPLIPLTH - 1616•
UPLIPTHK 4670

UPLPCURL -.1131

UPLPLGTH -.0601
UPPERIAV 2]39•-

UPPERLFH 3356••

UPPR1APO -.2287••

UPPR1NA .3259••

UPPR1NA_ -.2973••

UPPR6PTV 2130 ..

UPPSDNHT -.2359••

UPR1APO_ .2903••

UPSTFCHT - 0284

VERLPCHN -.3026••

WITSANAL .2497••

YAXIS -.5324••

YAXISSN -.4356••

ZANGLE 1.0000

Signif. LE .05 -• - Signif. LE .01 '2-called)

is printed if a coofficient cannot bi computed

EFLP :HU
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7=33EE

A,:ACHT 3.-:2 . 6

.P'ENTS-

F.C:,1 4 'AL

ariacle :=r:.una..97 Facur E:ze.·tal.e ?== :f ·ar z_, p:

APTUPER.P 3341- • 3 4.3-€34 1 4 ..

-34623 • 3 3 559:3 2 8 --

313:;ASCN 5 ... I .2 3 4-445 -0

SCLFAC?L 3 33538 Z . --

32:ENES:3 363] ' & ..93

:.ti::,REL €9323 · i]

CORPLGTH 33€34 •. 14 2 1 36 65 :]

=PANDEFL ?:353 -  . 35463 -4

233AZAGL 34-63 • 15 - 5-301 - 3 66

F ACAXAGL 35468 * 17 1.34810 1 9
FACCEPTH 39230 - 13 1.33048 33

FACLCNVX 33230 - 13 1 23348 33

FACLDPTH 39-3 - 25 1.11156 9 30

FACLLGIH 3387: + 21 1 17-54 8 31
FACTAPER 39050 22 1.0.2KS 3 31.
FCCONAGL 36-57

FMZA 33-57 •
GONANGLE 33:55 ·

HANGLE 35314 •

MLINE 38032 •

2 132:321 3-901 '

INCISROB -4305 •

Z.IC P SROJ 301-2 •

ENTER:NC .37524 •

INTLABGP 8'173

LIPEMBOP -75150 •

LLDISTAN 95079

101 FACPL 34884

1012ALPL .35214

LOANDEbre 90574 •
LCANFCHT 93214

LCGONIAL .35237 -

LCLIPLTH 39327

93887 •
-*6.-

PTHK

LOLPHLIN 92737 •

LOPSONHT 90625 .

LOSTFCHT .93]79 •

LOWLAPO_ .94211 •

LCW10CPL .37729 .
LOWERJNB .98066 •

LOWFHAGL .95131 •

LOWRLAPO .97316 .

LOWR1MPL .99265 •

LCWR1NB.. .91887 0

LOWRLIPE 89893 •

MANDARC .69817 •

MANDLGTH .96742

3

3

3

3

3

FACTOR ANALYSIS

Variable communalicy • Factor Elgenvalue pco of Var Cum Pcc

MANPLAGL .98886

MANPROGN .98076
MAXDEPTH .99102

--

--
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-J----

•,7- gr.- -w e
4'Ywi - -U-

::AS.BANG

1.SCFACL

::ssELS=X

NESEPROM

dj-45

9€1:6

339€€

3131-

3343E

32346

85€35

.:32.'ASON

-CELPLAN 3-31/

SCCLPLXI jLL46

CPGOGN 36020

DPINCLIN 941-30

PALPLANE 663L5

PFH_AFH 33E9B

-2953

POGNPERP 33593

?CGONNB -9135

PCGS:PCG 35513

PORIONtC 59937

POSCRNBS 31122

PCSFACHT 34254

PAMPOSTN 648-6

RAMUSHGT 33641

SADANGLE .35467

SE 35247

SL 38818

SLSDISTC 337r4

SNA .98792
358 38709

SNFH .33442

SNLOWER1 .33173

SNMANDPL 93]38
SNOCCPLN 3-620

SNPALPLN .371:4

SPDISTNC 97280

---------- FACTOR ANALY

Variable Communality • Factor Eigenvalue Pct of Var 3.3 ?ct

STCONVEX .89240

STFACAGL .98381

STOINLTH .34212

ULFACPLN 97636
UPH ·94732

UFH-LFH .91244

UFH_LFIll .89015

ULDISTAN .96389

UpANONWT 89297

UPERLIPE .90542

UPGONIAL .95729

UPLIPLTH .92S51

UPLIPTHI .95670

UPLPCORL .78698

UPLPLGTM .90823

UPPER1AV .37816

UPPERIFH .95205

UPPR1APO .93149

UPPR1NA .942@2

UPPR1NA_ .97011

UPPR6PTV .94609

UPPSONHT .86399

'13:LiNE
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FACTOR ANALYSIS

Ca=lon : for excraction L in analygil 1 - Kaiser Nor:ali:acion.

verged in 24 1.terations

Rotaced Faccor Matrix:

Faccor 1 Factor 2 Factor 3 Factor 4 Factor 5

93790 -.17932 .9259

91839 26790 -.15635

89259 - 3-335

.87857 34913 -.17941

---- FACTOR ANALYSIS ---

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

.36113 -.14421 -.10458 .26631

34161 -.10659 -.42500

-.83753 -.20281 .13394

-.81421 -.12088 .20387 16353

.80831 -.12268 ..3-30

.80729 .15890 -.21192 23430

-,77043 .16473 .18715

76532 .39822 -.24603 ..0,3

.73054 - 33787

.72571 -.17238 11:33

-.71940 .26170 - 14360

71640 26797 ..13799 -.10860 - 40574

.71552 -.16548

69897 .37381 .33096 - 22071

.68733 -.13105

.65303 .27012 .30246 -'11131

.64540 -.13359

.64421 .11004

.63957 -.19296 -.21472 ZZ373

.63150 - 21239

.62072 .15588 ..56607 23179

.45109 .27324

.10159 .8448' - 213]0

-10155 .844@9 -.21330

.17209 .83925 -.21527 -.13104

.16015 .03840 ..17648

.15272 .82319 -.17941 -.19376

.2314S .79841 -.15615 - 25427

.19771 -.79252 .15&13 -.10042 24401

.1879, -.78590 .10752 -.12525 32986

.34792 ..73599 .10174 -.12516 21856

65431 .44352

.60741 .3252S

-.25563 ..58932 41749

.2890• -.5330 ..11541 19849

.29784 -.512/2 -.14019 48508

-.10417 -.50103 .18567 - 14861

-.20441 .85484 -.1.6974

-.22340 .84421 -.10716 - 11400
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.

Fac:=5 - Factor - Fa=:35 1 73:Z:r 4 31:

Z:AS-FACL 1./225 6-?32

-LE:.E . I.:Il:/

ULFACPLN

:'ELF.FELN 1:2:1
UPERL:22 :-329

INCZSROB .1:435

E-39' - 343.3 .3:€6

-1335 36-23 - 33]]0 ..€45

:€:53 - 36,6-3 ..--

L5515 - 46443 1]18-

43347 23434 - 313-9

LOWERINB .12523 14552 - 34679

FMIA 343-1 35234

LOWLOCPL 13752 ..6233 - 35364

LCWRIAPO Z5654 14119 - 30132 - 34316

SNLOWERL 4:338 - 219-70 .946+5

LolPALPL .28114 -.218€2 .86962

1:WR1NB_ - 25:22 - 23534 -3240 - 13:33

- 34332LOWRIMPL .19157 J ".

INTERINC . 12352 -1-85

- 23313121FACPL - 20893 --

LOW1APO_ ..16737 - 12123 .35992 66084 - 242-3

FACTAPER - 13273 13798 - 30333

GONANGLE -.13327 -9435

LEGONIAL 21233 -.36261 .78927

S NMAND P L - 54679
-2...

PFM_AFH .24100 .39678 -,7-3-5

MANPLAGL - 51607 7-:86

MANDARC - 20270 - 14254 36]39

MANPROGN 10341 -.14157 :1638

POGNPERP 17034 - 16107 13]13

APTNPERP .31506

XAXPROGN .18078 .31012

SPOISTNC -.23623 34347 - 14663

UPPRSPTV 43032 21340  - 11389

ILSDISTN *.14495 .17397 - 54334

LLDISTAN 17777 -.46134 .2496

NOSEPROM .36611

UPPR1APO -.19076 .23344 -.34551

UPPR1NA .17474 -.39841 -.17399

UPR1APO_ -.1C209 -·29457 38729

UPPERIFH .42152 - 17505 - 21036

UPPR1NA_ -.17226 -.12772 .37738 .21099

UPPER1AV .15500 .15388 -.15116 - 19518

>-<ARCLTH 18157 .15472

INCISROJ -.11172 35303 26882 . 1:449

STOINUTH .20481 18118 - 23:92

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

Factor 1 Factor 2 Factor 3 Factor 4 Faccor 5

SADANGLE ..24999

CRBASAGL -.11725

ARTANGLE -.224S1

SE .47386 -.21022

1:464

133-9

27381

SLSDISTC -.16221
..11'06
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.'FH_134
-FH_

r.:pA

:11?

LPL:I

L: VE

-1233

-CLPHLIN - -2312

PCGC:CIE;

·C:AFC:H 1.4.4

i..:31 .....

ES:

:6:43

- -1364

JAANDEFL . 13941 -1134

3.:FH - 13143 - a '.6 -351.

DCCLFLXI - 214€4 13654

2 22:CLIN :-0 0 - 223-- - -2458

:PGCGN 133€9 - 13389

DCCLPLAN - .3636 - 51918

'.'ERLPCHN 23184 - 21344

12'EMBOP --.-J L73 L9

UPLPLGTH 51363 - 19739

ANTCRBSE 533-4 13368 - 1.-519

UPGONIAL - 43133 32352 155S3 .]:LE

MLSULCUS 26392 23545 12368 - Lilli

MISHL.NE 12470 - 10633 .15383 - 23633
.....

UPLPCURL - 19792 15573

APCNTSTA .53360 12144

INTLABGP L5331

SPONTSTB 40519 -.19090

POGSTPOG :4379 .10791

NASOFNTL - 28276 - 16361

---------- FACTOR ANALYSI

Factor 1 Factor 2 Factor 3 Factor 4 Fic-Dr 6

NSTNASON 20490 .15633 - 1-392

CANINREL 20533 -1394

WITSANAL 24304 13368 -.16625 .13746

Factor 5 Factor 7 Factor 8 Factor 9 Fac=or 10

ANCY ACWZ

FACLLGTH -.19000

FACLOPTH

MANDLGTH

LOANFCHT .12527 ·· 23402

POSPACEr

LOANONHT

LOPSON}fr
LOSTFCHT .29443 -

25608

NSCHNLTH .11112 -
.8913

UPPSONHT
CORPLGTH 21666
POSCRNBS

1:862

LOLIPLTH .27632

UPANDNMT .15554 .15648 33956

RAMUSHGT .12161 10816

213 12'3

3. -1.

.
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u;SJ:379

UPL=Pl=H
313:LASON L]Z

7·CRIZNLZ - .C,]4

FACCEPTH .E€33

-3€83

30:.FACPL 1.343 ..1.3

3:,3 L3LE3

STFACAGL

SL - 253.4

FACAXAGL - 21715

·.'AX Z 3 SN . •1•-1

23346

YAXZS

SNA L]]51 - 35495

MAXDEPTH .1--35

ACTOR ANALY

Faccor 6 Fac=or 7 Factor 8 Faceor 3 Factor

SNOCCILN - 25455

MXHEIGHT :6442 10538 4:59:

L:WFHAGL - 22320 -.19547 - 1-433

RAMPOSTN 29504 - 13748

ANB

ABPLANE

NASOMNTL .12440 .14972

ANGOFCON

STCCNVEX 23455

FCCONAGL .39629 ....0

HANGLE -.13158 - 15139 .4,33

ZANGLE .15963

NASCFACL .14506 - 24238

HLINE 13609 ..13096 - 11333

UlFACPLN .57867 - .-364

:[CLARELN -.14007

UPERLIPE .15016 - 12040 .11-26 3530. .3343

:NCISROB -.15122 -.18296

LCWERLNB 10320

FMIA

LOW1OCPL .22821
L0WR1APO 12749

SNLOWER1 -.12653

LOIPALPL .16254 -.14977 Z3B14

LOWR1NB_ -.18887

LOWR11!PL

IN'TERINC -.64733 12738

L01FACPL - 16704

LOWZAPO- - 20670

FACTAPER .15922

CONANGLE .13082 .12173 ..133:9

LOGONIAL -.11283

SNMANDPL

PFH_AFH -.11030

MANPLAGL -.15928

MANDARC -.25986 -.15185 -.19668

MANPROGN 95576

90GMPE .94263

APTNPERP .89666 -.11437

MAXPROGN .87475 .16727
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NESEPRCM - 4€8-2 - 1€613
4€E-4

(::31UPPPLAPO
9:-€2 -

15333U??FLUA
-3487

1333].-99:.APO_ - -242)

.3.352225313'H --341 :2256 - ;2460:2991NA_ - --:39
UPPERLAV =/.

-2332 .....: DLARC L TH

-9399 .......
€57-5 -

13335 - 1:€36 - .52·53INCISROJ

:0STC EN.TH

. 0.-2
SADANGLE

32148
.2326

CRBASAGL
333B9ARTANGLE -

24371 - -9904SE

68953
-6:43

SLSDISTC Z8073 13147 -
85436 - 1-3222:ASLaANG -.11695

.34106ULDISTAN .....
..0,4 ...5319 , ..78945UPL:2TKK -

16481
-4316

UFH_LFH - 19251 - 17143 .16662 .11567 -3641UTH_LFH1 - 44760 -.11312 11952 .16149 .61499ENPALPLN 20011 - 1-6-73 34500 .11684 60564PALPLANE 17333 -.13350
.3489

LOWRLIPE
.10361 21390 .3333LOLIPTHK

.34612LOLPHLIN
16256POGONNB L1631

KNARCLTH - 10238 .34416 -+13267 . .5394
CRANDEFL 10109 -

17977EDITH

47549

OCCLPLXI  - 16333
.12€56 - .2€46OPINCLIN

·L-7942 - 11377 - 12746OPGOGN
.25353

OCCLPLAN - 27984 - 22865

VERLPCHN -
23642LIPEMBOP 19206 .13151 - 14193UPLPLGTH

14015 -
29059

ANTCR.3SE -.11731

----------- FACTOR ANALYS:S -----------

Factor 6 Factor 7 Factor 8 Factor 9 Factor 10

.13808 23329

.11821

.37886 --1133G .24624

.10123 .17667
-.13:79

.20]56
..1=903

:77:97. .

-

. J

F3:Z3=

- :.*.*- 4 *A---- 1 73:
22 Z STAN
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LEW.GCPL ...--

LE'WRLAPO

3:ILChERL

101?ALPL
1 ---4.

13-SPINE- QEE35

1 -WRLMPL

H.TE? INC

121-AC?L 33532 - 11333 LL398
1-411

12-,1420. ----4
1388' - 13:32

FACTAPER 14622 - 12637 -- -

SCNANGLE - 11330 2]333

ACT DR ANALYS

Factir 11 Faccor 12 Factor 13 Faccor 1.4 5,2.or

LCGONIAL ......... 129-8 11574

SNMANDPL 25299

259_AFH - 10908

MANPLAGL - 13987 - 22093

MANDARC 22333

MANPROGN

POGNPERP

APTNPERP

MAXPROGN

SPDISTNC - 12050

UPPR6PTV 18423

ILSDISTN - 11590 - 14429

LLDISTAN -.28899 .10643 - 14471

NOSEPROM 31939 -.15774 - 21261

UPPR1APO

UPPR1 NA .11359

UPRLAPO_ 14458 -.10891

UPPER1FH .17705

UPPR1NA_ - 16617

UPPER1AV .12146

MXARCLTH -.22445 -.13014 .17582

iNCISROJ 15164

STOINLTM -.12517

SADANGLE

CRBASAGL .12057

ARTANGLE .15922 - 19061

SE -.11370 -.13612

SLSDISTC -.10579

NASLBANG .11783 -.10703

ULDISTAN -.25169

UPLIPTMK .39796 - 15086

UFH_LFH

UFH_LFH1 -.12059

SOALPIN
-.13978

PALPLANE -.55271 -.14524

LOWRLIPE .72877

LOLIPTMK .72763 -.14161

LOLPHLIN .69877 -.11875 .10110

POGONNB -.46987 .28099 -.18864

.CIARCLTH -.44765 -.19085 .25105 13204

?EPL:PE -3€3-

iNCZE?Za

LE.:ER 1:IB -21I6

3-MIA
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Factor 11 Fact:r 1.2 Factor 13 Factor 14 Fic=:r LE

=RANDEFL 333.0

SNFH -V.

OCCLPLXI - 92499

OPINCLIN - 12515 ...9 -

.--3

3?GOGN - 14114 62--3

DCULPLAN - 34239 - 53146

VERLPCHN - 15144 .'9450

LIPEMBOP €5260 1-334

UPLPLGTH 53236

ANTCRBSE .12724 .53616
UPGONIAL - 11913 - 20546 EG:3Z

Mt.SULCUS 19952 -3485

MLSHLINE .5-740,1 13293 11140

UPLPCURL .34188 10061 .12505

APONTSTA 15970

INTLABGP

BPONTSTB -.15560 ..18990 ..16350

POGSTPOG .18425 25268 -.17:20

NASOFNTL

NSTNASON .13707 -.12419

CANINREL 13007

WITSANAL - 10652

Factor 16 Factor 17 Factor 18 Factor 19 Factor

ANTFACHT

FACLLGTH

FACLDPTH

MANDLGTH

LOANFCHT

POSFACHT

LOANDNHT - 12283

LOPSDNHT -.13210

LOSTFCHT .12264

NSCHNLTH

UPPSDNHT -.13309

CORPLGTH .11410

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

Factor 16 Factor 17 Factor 18 Factor 19 Factor 20

POSCRNBS
-.13513

LOLIPLTN .368G4

UPANDNHT
.11607

RAMUSHGT .12160 .17250

UFH

MIDFCLTH -.10339

NOSELGTH

PNSANS -.14865

UPSTFCHT .11291 .31553

ANSNOSTP .41675 .22163

UPLIPLTH -.16166

BASNASON .12546

A
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DISCRIMINANT ANALYSIS: 12 YEAR OLD

Data wrizten 70 che working file.
21 varlaoles and 60 cases wrizten.
Variable: 3_NO Type: string Format: Al
Variable: GROUP rype: Number Format: 61.2
Variable: SADANGLE Type: Number Format: FS.2
Variable: SNA rype: Number Format: FB.2
Variable: SNB Type: Numbor Format: F8.2
Variable: POSFACHT Type: Number Format: Fe.2
Variable: FACLCNVX Type: Number Format: Fl.2
Variable: LOWRLIPE Type: Number Format: Fl.2
Variable: LOWIAPO_ Type: Number Format: 21.2
Variable: UPLPLGTH Type: Number Format: Fl.2
Variable: MANPLAGL rypo: Number Format: Fl.2
Variable: PALPLANE Ty,•: Number Format: Fl.2
Variable: OCCLPLAN Type: Numbor Format: Fl.2
Variable: LOWR1MPL Typo: Number Format: FS.2
Variable: UPPERIFH TYP•: Number Format: PS.2
Variable: APTNPERP Type: Numb.r Format : 38.2
Variable: MANDLGTH Type: Numblr Format: Fl.2
Variable: NASLBANG Typo: Number Format: 71.2
Variable: MANPROGN Type: Number Format : FS.2
Variable: MLSULCUS Type: Number Format: FS.2
Variable: UFH_LFH Type: Number Format: Fl.2

----- DISCRIMINANT ANALYSIS --------

On groups difined by GROUP

60 (Unwoighted) cases wore procisied.
0 of theme were excluded from ch, analy:im.

60 (Unweighted) case, will be used in ch, analy:11.

Number of cases by group

Number of case,

GROUP Unwlighted Weighted Label
0 30 30.0
1 30 30.0

Total 60 60.0

Group miami

GN#/ kyCNPED, FACLCNVI LOWLAPO_ LOWR1MPL

0 -3.95000 86.40000 ...4333 90.40000

1 -2.46117 81.91/17 -1.45333 53.40000

Total -3.20133 81.73333 -1.14033 91.90000

GROUP LOWRLIPE MANDLGTM MANPLAGL MANPROGN

0 2.25000 110.50333 26.211/7 -5.34333

1 -.31667 113.02000 25.51000 -7.04567

Total .95/67 111.76117 25.90333 -8.13500

GROUP ESULCUS NASLBANG OCCLPLAN PALPLANE

183



:RCU9 23:FACk: SAZANGLE S::A :':3

9, 11...
122 42€67  -3€57 -3 3313]
1.2 --333 32 333]3 -7 23€57

a- ........U 91 ]45(2 -3 .136)

GFCUP .·-•• ·-w UP:.PLOTH UPPERl FH

36.3433] 22 ]90:0 :37 56333

1 32.:2567 -0.38667 110 80667

racal 34.43500 21.38]33 109.18500

Group standard deviations

GROUP APTNPERP FACLCNVX LOWLAPO_ LOWRIMPL

0 2.64141 2 481'1 1.22494 4.89905

1 4 81910 2.97063 2.29914 7 05075

Total 3.32477 2.-'2581 1 35212 6.20648

GROUP LOWRLIPE UNDLGTH MANPLAGL . MANPROGN

0 2.07027 3.76128 3.02972 4.35]76

1 2.35285 5.18655 4.98469 9 10363

:otal 2.79465 4.6675G 4.10142 7.36097

GROUP MLSULCUS NASLBANG OCCLPLAN PALPLANE

0 1.51878 11.21331 2.90736 ]·09457

1 1.48109 11.12668 4.12793 3.24897

Total 1.55110 11.45163 3.59988 3.89145

GROUP POSFACHT SADANGLE SNA SNB

0 4.19664 3.30808 2.50620 2.32497

1 4.80278 5.11576 3.72974 3 22067

Total 4.95198 4.27305 3.18313 2.31329

GROUP UFH_LFH UPLPLGTH UPPER1FH

0 6.80678 2.04001 3.79350

1 9.15675 2.35836 7.99469

Total 8.35969 2.40615 6.41589

-------- DISCRIMINANT ANALYSIS --

On group, defined by GROUP

Analy:ii number 1

Direct mothod: all variable, palling the tolerance tait are entered.

Minimum tolerance level.................. .00100

E :12]3 9 E:E.Z
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Maxir·-= 313..1=-=ar..e of .1,1,2, Lar=da

pricacil.zy fir aacn ircup .s E23ZJ

ranor.-cal =.scrir:nant Functions

·-Cal AE=er :11 43

:genval .e ,-ariance Pcs Corr Fcn Larrida Chi -square 12 312

1 1-3418 84.3-4 13

4.-664 130.:1 100.00 3092

Marks tne 1 <anonlcal discriminant Zureclons remalring in =he analys:g

dized canonical alscrimlnant function coeffic:encs

Func 1

.79093

.31131

29226

.74567

- 26865

-.17653

74138

.11625

·00308

-.13017

.4607g

-.91148

.96211

- 02332

-.36090

- 31527

.23644

-1.02067

.84939

Structure matrix:

Pooled within-groups correlations between discriminating variables
and canonical discriminant functions

(Variablel orderid by size of correlation within function)

Func 1

-.33356

-.23932

.21796

-.21058

-.14071

-.13907

.13562

.12940

.12074
-.12046

.11511

.08892

-.08460

-.07714

.07297

3.<17.3 7.Trer z: Z.r.ctl:n3

:I.:.4:- :--·..a=. e per=en.. of ·ariance
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30 2 2454 1 :27: . ::.: -1 -E€

·6 ..3-31 1 3570 3339 .....
-4. ...0

32
1 3:34 3938 : 22:2 : 231533
1 33-6 3993 .

..-934 1 52-3 3335 ... . :...
35 1 .332 9748 3 :252 351]

-- - -0/6

36 1 1 3962 3999 0 0001 2.1513
1 1336 1 0000 1 ....w38 ' 1 6224 3992 0 2228 1.5340

3 4-51

33 1 1 .0399 1 2000 3 2290 4.2:141 1 5642 1.ZOO 0 -000 2 532641 1 1 3801 9957 D .2343 1 263942 1 •• 0 3683 3003 1 .1397 - 32]443 1 1 1568 .9637 0 0363 7€4014 1 1 .5647 1.0000 0 .:600 2.-22445 1 1 .2650 1.0000 0 +0000 3.251246 1 1 2013 1.0000 0 :200 3 424247 1 1 9599 .3999 1 2 001 2.:36248 1 1 .0375 1.0000 0 .0000 4.2257

case M1S Ac=ual Highest Probability 2nd Highist DiscrimNumber Val Sel Group Group P(D/G} P(G/DI Group P(G, D} Scores

49 1 1 .7279 1. JCOO 0 .1000 2.494450 1 1 .3660 1.0000 J .0000 3.350651 1 1 8168 1.0000 0 .0000 2.379252 1 1 .9385 .999, 0 .0001 2.563353 1 1 .9563 .9999 0 .0001 2.230654 1 1 .8247 .9997 0 .0003 1.925055 1 1 .6104 .9991 0 .0009 1.637056 1 1 .6334 .9992 0 .0000 1.669657 1 1 .8230 1.0000 0 .0000 2.369253 1 1 .0673 .795. 0 2042 3:6959 1 1 .9237 .99,9 0 .0001 2 242360 1 1 .3916 .9961 0 .0039 1 2998

Symbols used in plots

Symbol Group Label

1 0
2 1

All-groupl Stacked Histogram

Canonical Discriminant Function 1
8 -

G-

1 1
1

4- 1 222 -
1 2 22

9 11 1 2 222 ,
11 1 2 222

2- 1 111 11 11 2 222 2222 2 2 -
1 111 11 11 2 2 2 2 2222 2 2

1 1111 11111111111 1 2222 22222222 2
1 1111 11111111111 1 2222 22222222 2
' , 1 1 1 X

out -4.0 -2.0 .0 2.0 4.0 out
Class 1111111111111111111111111111111222222222222222222222222222222

1 ,= 2
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lasslficati:n =es-L=3

.:J i f Pred:=zed Gro.p Me:tcericip
Acc.al Ors.p =3385 1 -

Group

2% .:.

Group 1 30 1 29
3.]% 36.7,

Percenc of ·grooped· cases correctly classified: 38.33%

Classification prccessing summary

6 J ,·mweigh:ed) cases were processed.

0 cases were excl-ded for missing or out-of-range group codes.
0 cases nad at leasc one missing discriminating variaole.

60 (Unweignted) cases were used for printed output.

--- DISCRIMINANT ANALYSIS

On groups defined by GROUP

60 :Unweighted) cases were processed.
0 02 these were excluded from the analysil.

60 (Unweightedl cales will oe used in :he analysis.

Number of cases by group

Number of cases

GROUP Unweighted Weighted Label
0 30 30.0

1 30 30.0

Total 60 60.0

-------- DISCRIMINANT ANALYSI

On groups difined by GROUP

Analy,im number 1

St,pwi,i variabl, selection
Selection rule: minimize Wilk,· Lambda

Maximum number of stepi ........''.......
Minimum tolerance level .................

Minimum F :c ent•r ......................

Maximum 1 to remove.....................

38

.00100

3.84000

2.71000

Canonical Discriminant Function•

Maximum number of functions............

Minimum cumulative percent of variance.
Maximum significance of Wilks' Lambda..

1

100.00

1.0000

Prior probability for each group ii .50000
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3.e=ance 72.eracce F =1 Ecier . 1 - K S -ancca

422;PER? 1 22:I:.1
FACLC:r.E< · ··---·

LOW-.APO . ......7

12WRLMPL -......
.......

0

··LANDLGTH 1 -2220020

MANPLAGL 1.2202:00

HAN?FiGN 1 22::Jil

'LAS LBANG .......U

ECS-PLAN L.24CC00
PALFICANE ' "-<,0
?CSFACHT

SADANGLE 1. 0:00000

SNA

;.......U

UFM_LFH 1.30:CDCO
UPLPLGTH 1 6200000

UPPERIFH 1.:C:JCCJ

ZE:=:=0 2 135€323 3€34843

31]3362 391:15)

1 €448346 Pl. 242 2 J

34:33331 66:3132
:2:22:0 13 3335252 -35351]

4 6289661 9Z6:B33
3453031 334:647

1 4-13953 3/325]5
2 0 : 0 60 0 5.2844031 31340]2
:020000 4.011-446 9353067

21:3000 1 3'94045 36-:147

0300:30 30.7595034 .6534512

000:060 13.1335059 315]632

.2000:20 0518757 .9991064

.J]3300) 1·2123771 .3795249

.]Co¢200 5.4733894 .313-'688

.]060300 5.3465749 9155980

12 2590467 3255165

4.0300503 335)307

At step l. PALPLANE was Included 13 the analyals.

Degreem of Freedom Signle. Between Groups
Wilks' Lambda .65345 1 1 50 0

Equivalent F 30.73950 1 58.0 .0000

Variables in the Analysis after Step 1

Variable Tolerance F to Remove Wilks· Lambda

PALPLANE 1.0000000 30.7595

Variables not in the Analysis after Step 1 ---------------

Minimum

Variable Tolerance Tolerance F to Enter Wilks ' Lambda

APTNPERP .99]0061 .9930061 .6656955 6459077

FACLCNVX .7149826 .7149826 4.5227604 .6054136

LOW1APO_ .9890286 .9890281 .3156212 .6498074

LOWRIMPL .99931 .399,389 2.2470147 6286682

LOWRLIPE .9979314 .9979314 8.9382501 .5648727

MANDLGTH .99€3972 .9963972 2.1316041 .6298952

MANPLAGL .9358957 .9358957 46658* .6482583

MANnOGN .9908853 .9908853 .3029682 6499963

MLSULCUS .9910064 .9980064 2.5925051 .62502]S

NASLBANG . 9660523 .9660523 .6398156 .64§1977

OCCLPLAN .72$3766 .729]766 1.9249541 .6321043

POSTACM .9972935 .9972935 9.8572791 .5571079

SADANGLE .9978137 .9978137 .000G411 .65344]a

SNA .9913521 .9913521 1.6934189 .6345S78

SNB .9785267 .97852§7 6.5211880 .58/3/18

UFH_LFM .7107818 .7107811 .4010434 .6488292

UPLPLGTH .9053520 .9053520 19.2357151 .4885730

UPPER1FH .9262071 .9262071 .1739634 .651462

ar-a:.es not .C :Ge -=1.,3.3 1
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Mep 2 .-?12137£ .as .r=..med .A t.te ana.,s,3

Zegrees of Freedom Slinlf Be:•·eec ir:
.

·ill <3 Lamoda
I -

c.41·.·a.enz :

'aria=.as .n zee Ana.,gls al:er 3=ep 2

varlaole Dolerance F :3 gemove All <s · larbda

PALPLANE .9053523 39 3099 3255155

UPLPLGTH 3C535Z9 23 2357 5534512

------------ Variables not :n =he Analysis after Scep 2 ---

Minimum

variaole Tolerance Tolerance F -0 Enter Wilks' Lambda

APTNPERP 9460475 3525393 46837-52.14:460:2
FACLCNVX .6645599 5031339 8 5615087 4237933

LOW1APO_ 9383797 3589890 1 8789557 4727122

LS:·,Rl:€PL .3970968 .3027795 2.2119565 4700081

LOWRLIPE ·9870117 9954461 3.8320725 .4220147

MANDLGTH .9562216 37,9345 3.-442224 ·4579538

MANPLAGL .9229462 .3363640 1.]576899 4795153
MANPROGN .9011742 .8233855 2.8246971 .4651123

MLSULCUS .9979777 .9039753 2.0242622 .4715289

MASLBANG .3613270 .8835098 .9039820 .4808115 ··

OCCLPLAN 7228082 .6589279 2.4113214 4684039

POSFACHT .9113864 .7365846 22.8729438 .3468886

SAOANGLE .9846991 39]4535 .1697107 .4870969

SNA .9650711 3813517 3.0649839 .4632202

SNB .9628825 8765391 . 2119292 4323311

UP'H_LFH .5510103 .5510103 1.9707933 ,4719634

UPPER1FH .9178717 .3310068 .0000008 .4885730

At step 3. POSFACHT was included in =he analysis.

Degreem of Freedom Signit. Between Groups

Wilks· Lambda .34689 3 1 58.0

Equivalent F 35.14504 3 56.0 .0000

Variables in the Analy:im after Step 3 ----------------

variable Tolerance F to Remove Wilks· Lambda

PALPLANE .8,,7863 37.7145 .5805088

POSE Acler .8113864 22.8721 .4885730

UPL, LGTH .7315841 33.9368 .557107

· Variable, not in th, Analy,ls after Stop 3

Minimum
Variable Tolerance Tolerance F to Enter WilkE' Lambda

APTNPERP .9080120 .7266783 .2571631 3452742

FACLCNVX .6592460 .5758705 7.9060722 .3032914

L0W1AP0_ .9347582 .6974635 1.5472971 .3350268

L0WR1MPL .975823 .7364173 .4432277 .3441155

LOWRLIPE .9691557 .7194413 9.2810390 .2961041

€
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.

LUP?ZGN 94:.:3. -.]3--2 .422:33 L4 E 33E1
. 34.51 1:5:422

:;ASLEAVG 3335132 -3.223 1 :2--432 24:2533
.CCLPLAN 3 526-630 3-54294
SAZANGLE 3483.41 ....... L3€4892 345-164
ENA 399€430 €9€3233 :.... / 3.91433
3:a 3-3133 3 €3:953- .3 :-3.-3] 23=24-0
UFH_LFH 433:3-4 43]:3-4 I€:*-35 34€3:68
1 ?PERLFH 3131.-3 -]]-,4- ..'.4:d 3463907

At step 4, SNB •as in:1.ded in =he analysis.

Degrees of Freedom Signif. Between Groups
Wilks· Lambda 29025 4 1 58.0

Equivalent F 35 31386 4 55.0 ]000

---------------- Variaoles in the Analysis after Step 4

Variable Tolerance F to ?emove Wilks· Lambda

PALPLANE 3139521 42 2-'S 4956676

POSFACHT .7374859 29.9455 .4328311

St;B .3751839 13.0788 .3468886
UPLPLGTH .6908587 38.9592 .4787595

Variables not in the Analy,is after Step 4

Minimum

Variable Tolerance Tolerance F to Enter Wilks' Lambla

APTNPERP .7417894 .6323245 4.0980851 .2604791
FACLCNVX 3393519 .3393519 .1319005 .2795642

L0W1APO_ .8834460 .6352118 4.2215385 2 S 99268

LOWR1MPL 9729435 .6903109 .1751938 .2793407

LOWRLIPE 9612231 .6798161 5.3134282 .2525868

MANDLGTH .6315594 .5S02930 .0110769 .2801895

MANPLAGL .8301368 .6674448 1.6505639 .2719351

MANPROGN .6640012 .6257382 4.1464062 .2602627

MLS ULCCS .9411483 .6903375 .2548456 2789]06

NASLBANG .8960067 .6751250 3.1767051 .2546767

OCCLPLAN .5798659 .5798659 .1323462 .2795619

SADANGLE .768193] .6768 G85 1.2820198 .2737479

SNA .3614253 3515590 0838071 2798128

UFH_LFH .4476552 .4476552 .4610425 .2778746
UPPER1FH .6615393 .6326298 4.9371377 .2567678

.....

At scip 5. LOWRLIPE was included in the analy:il.

Degrill of Fr-dom Signif. Between Groupl

Wilki' Lambda .25259 5 1 58.0

Equivalent F 31.95758 5 54.0 .0000

· Variable• in th• Analysts after Stop 5 ----------------

Variable Tolerance F to Remove Wilka· Lambda

...I- 4

EZ-:34
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Pr:FACHT -2381-3 23 231- 29?4221

3".3 3€8:.€3 3 4511 2)68:41

-'21210:H 6-391€1 18 -:25 43]6130

yar:aoles :.o: :.n t:e inal/sls af:er S=ep 5

Variaole Tolerance Telerance F to Enter Nll<S Lambda

APTNPERP -40---6 €43-83- 3 3132213 23.-1-3

FACLCNVX 2998286 2998236 2180838 2515517

LCWLAPO_ .'413867 6351584 1 2283873 2468651

LOWRZMPL 3693300 .5-83499 .:649027 2522799

MANDLGTH .6296597 .5486615 7647345 2522733

MANPLAGL .7-20363 .6633428 ,3790239 .2507932

MANPROGN 6413415 6058614 5 6579]04 2282232

MLSULCUS 340-934 .6792149 1847693 .2517093

NASLBANG .9'49948 .5678860 1.80079"9 .2442866

OCCLPLAN 5619300 .5619300 .0037256 .2525690

SADANGLE 7301766 67]5689 .3253886 2510455

SNA .3483950 .3369852 .0272238 :524571

UPH_LFH .4459174 4459174 .2470968 .2514146

UPPER1FH .6214258 6060592 2.4815599 2412892

step 6. MANPROGN wal included in the analy:12.

Degree, of Freedom Signit. Between Groups

Wilks' Lambda .22822 6 1 58.0

Equivalent F 29.97147 6 53.0 .0000

Variables in the Analysis after Step 6

Variable Tolerance F to Remove Wi 110 ' Lambda

LOWRLIPE .9284203 7 4405 .2602627

MANPROGN .6413415 5.6579 .2525868

PALPLANE .8151857 31.8314 .3652921

POSFACHT .7201014 20.0461 .3145436

SNB .6917131 14.8221 2920486

UPLPLGTH .6058614 46.1518 .4269573

· Variable, not in the Analysts after Step 6

Minimum

Variable Tolerance Toleranc• F to Enter Wilks• Lambda

APTNiERP .2931232 .2537767 .0017959 .2282153

FACLOIVX .294G102 2946102 .0211720 .2281303

LOWIAPO_ .7048154 .5457551 2.4977132 .2177634

LOWUMPL .91,717, .6047951 .5/7379/ .2256740

MANDLGTH .6286014 .543652 .0479703 .2280146

MANPLAGL ·76S7022 .593§978 .2842263· .226S825

Ba.SOLCUS .9133559 .6014481 .0005132 .2282205

NASLBANG .8133747 .5961761 .4816982 .2261214

OCCLPLAN .5360913 .5360913 .1873625 .2274038

SADANGLE .7171160 .5422718 .7126424 .2251377

SNA .347550 .3130]84 .0704230 .2279145

UP'H_LFH .4452901 .4452501 .1476857 .2275768

UPPER1911 .5793201 .450@122 4.5753327 .2057511

...712'E j€-29:. 5 3.34
·19-ALE 0133. :4 23-4 41-4313
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A= step - UPPEPLFH .as .r=..zed -r. t-:e ana.,·sis

dll

Equ

regrees 52 Freedom Ees-een 3==.ps
4 .ks Llrkda --9 3 - 53 0

1·.palen: F -- 34-4. - 52.2 2:Do

------- Varia=les .n ine Anal,915 12=er Step

·.·ariaole Tolerance F zo ?emove Wil <s Lamoda

LOWELIPE 3996317 4.125] 2253918

MANPFOGN 59-9864 7 3186 2412892

PALPLANE .-336681 20 5591 2330839

POSFACHT 5913827 22.4244 3]02047

SNB .4508122 20.2905 .2315566

UPLPLGTH 5941366 46 5498 33'5186
UPPER1FH 5793201 4.5793 2282232

------ Variables not in :he Analysis after Step 7 --------------

Minimum

Variable Tolerance :olarance F to Enter Wilks· Lambda

APTNPERP 2371541 23-71641 .8876623 20616]3

FACLCNVX .2757986 .275'986 .1504121 .2091348

L0W1APO_ .5496637 .4303291 3340026 .2081841

LOWRIMPL .9195602 4500666 4915300 2077493

MANDLGTH .5823066 .4508043 1279574 .209226G

MANPLAGL .7443928 .4507760 .7908877 .2065485

MLSULC[IS .8968749 .4C92692 .0643677 2094872

NASLBANG .7499267 4493103 0090797 .2097142

OCCLPLAN .3875778 .3875778 3.0309518 .1979852

SADANGLE 6845713 .3424766 1.5959226 .2033871

SNA .2913475 .1795737 3809679 .2081964

UFH_LFH .4430065 .4407626 .0483696 .2095528

F level or tolerance or VIN insufficient for further computation.

Summary Table

Action Vars wilks'

Step Entered Removed in Lambda Sig. Label

1 PALPLANE 1 .65345 .0000

2 UPLPLGTH 2 .4@857 .0000

3 POSFACHT 3 .34689 .0000

4 SNI 4 .28025 .0000

5 LOWRLIPE 5 25259 .0000

1 MANPROGN 6 .22822 .0000

7 UPPER1],1 7 .20975 .0000

Canonical Discriminant Functions

Pct of Cum Canonical After Wilkm'

Fen Eiginvalue Variance Pct Corr Fcm Lambdi Chi-square df Sig

: 0 .20752 85.120 7 .0000

1• 3.7675 100.00 100.00 .8890 :

• Marks the 1 canonical dizeriminant functions remaining in thi analysis.
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1-WPL Z PE 32]34

'UNPPOGN - 32536

?ALFLUE 6-33'

?CSFACH:

3.;3 -3-45

U?12-GTH L J: E -
PPERL. H

Structure matrix:

Pooled wi chin-groups correlations between discriminating variables
and canonical discriminang :·-:ctions

t yarlaoles ordered by gl ze of correlacion wl=hin finc:ical

Func

PALPLANE 3-'519

LCWRLIPE 2€918

OCCLPLAN 26588
POSFACHT -.24515

UPLPLGTH 23686

MI.SULCUS ..13038

MANDLGTH - 13854

MANPLAGL .16067

SNB .15827
SADANGLE - 14924

UPPER1FH -.13580
.13336

SNA .12696

NASLBANG .122S0

MANPROGN - 08207
FACLCNVX - 08058

APTNPERP - · 02774

LGWR:MPL -.02357

LOWZAPO_ .01439

Unitandardized canonical discriminant function coefficients

Func 1

LOWRLIPE .1294304

MAD;PROGN -.0717379

PALPLANE .2122164

POSFACHT -.1646623

SNE .3159621

UPLPLGTH .4548925

UPPER1FM ..0671969

(Conatant ) -15.6330280

Canonical di.criminant functioni evaluated at group miani (group controidi)

Group Func 1

0 1.90835
1 -1.90839

Symboli u/od in plots

:ar=ari:zed =an==-=a- -an: Z.nct..r. 3-322.2-e-t:

:-nc
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411-gro·.ps StacKed lis:=gram

Zar.:nizil Disc... --·- ....C=:.n

3- -

2 1

2 1

4- 2221 -

22 2 1

22 2 2 1 111

22 2 2 1 :11

2- 22 22 222 2 2 1 111 1 1 11 -

22 22 222 2 2 1 111 1 1 11

2 22 222222222 12 11 11111111 1111 1

2 22 222222222 12 11 11111111 1111 1

X X

out -4.3 -2.0 .0 2.0 4.0 out

Class 2222222222222222222222222222222111111111111111111111111111111

Centroids 2 1

Classification results

No

Actual Group

. of Predicted Group Membership
ases 0 1

Group 0 30 29 1
96.7% 3.3%

Group 1 30 1 29
3.3) 96.7/

Percent of ·grouped· cases correctly classified: 96.67%

classification processing summary

60 (Unweighted) cases were processed.
0 cases wire excluded for missing or out-of-range group codes.
0 casel had at leait on, missing discriminating variable.

60 (unweighted) casel wori used :or printed output.
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DISCRIMINANT ADIALYSTS: 6-19 YEAR OLD

Jaca Arizzen co :he working file.
1 varlables and 300 cases .rrls:en.
Variaole. a_NO Type: String Format; A9

>Warnlng • 9435. Text: VAR1

>The format of the variable can·t bi translated. Thi variable waa dropped.

>Error • 9436
>There are no variables to copy. Perhaps they wore dropped.
>This command not executed.

>Error I 105. Command nami: EXECUTE

>This command la not valid before a working file has been defined.
>This command noc executed.

Data wriccen to cha working file.
21 variable• and 300 cas•• written.
Variabli: B_NO Typo: String Format : AB

Variable: GROUP Type: Number Format: Fll.2

Variable: SADANGLE Type: Number Format: Fll.2

Variable: SNA Type: Number Format: Fll.2

Variable: SNB Type: Number Format: Fll.2

Variable: POSFACHT Type: Number Format: Fll.2

Variable: FACLCNVX ·rype: Number Format: Fll.2

Variable: LOWRLIPE Type: Number Format: Fll.2

Variable: LOW1APO_ Type: Number Format: Fll.2

Variabli: UPLPLGTH Type: Number Format: Fll.1

Variable: MANPLAGL Type: Number Format: Fll.2

Variable: PALPLANE Type: Number Format: Fll.2

Variable: OCCLPLAN Type: Number Format: Fll.2

Variables L0WR1MPL Type: Number Format: Fll.2

Variable: UPPERLFH Type: Number Format: Fll.2

Variable: APTNPERP Typo: Number Format: 911.2

Variable: MANDLGTM Type: Numbor Format: Fll.2

Variable: NASLBANG Type: Numb•r Format: Fll.2

Variable: MANPROGN Type: Number Formats Fll.2

Variable: MLSULCUS Typ/: Number Format: Fll.2

Variable: UFH_LFH Type: Number Format : Fll. 2

...---- DISCRIMINANT ANALYSIS ------

on group, difined by GROUP

300 (Unwoighted) cue• warl procallid.
0 of chese wari excludid fram thi analy•11.

300 (Unweighted) ca,im will bo usid la th, analy,li.

Number of ca/0/ by group

Number of cases

GROUP Unw•ighted Weightid Label
0 150 150.0
1 150 150.0

Total 300 300.0

Group mean,
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Acal/sis n..=Der z

Direct -achod: all variables passlr.9 =re =olerance :est are encered

Minimum tolerance level. . .0:100

Canonical Discriminant Functions

Maximum number of funcrions.. .... 1
Minimum cumulacive percent of variance. 110.)0

Maximum significance of .Wilks Lamoda. 1.0000

Prior probabill=·y for each group 13 .50000

Canonical liscriminant Functions

Pct of Cum Canonical After wilks·

Fcn Eigenvalue Variance PCC corr Fcn Lambda Chi -square df 312

: 0 .122614 505.479 13 .0000
1• 7.1557 lCD.00 100.00 .9367 :

• Marks the 1 canonical discriminant functions remaining in she analygis.

standardized canonical discriminant function coefficients

Func 1

AP'ZNPERP 37199

FACLCNVX 1.00248

L0W1APO_ .13368

L0WR1MPL -.29130

LOWRLIPE .13045

MANDLGTH -2.54400

MANPLAGL .74892

MANPROGN ..77119
MLSULCUS -.05691

NASLBANG -.14871

OCCLPLAN -.00890

PALPLANE .41156

POSFACHT 2.26035

SADANGLE .34031

SNA -.S2744

SNI .64253

UFH_LFM .00826

UPLPLGTH .2S214

UPPE]UFH .11142

Structure matrix:

Pooled within-groups corrilation: bitwein discriminating variabl•i
and canonical discriminant functions

(Variables ordered by lize of correlation within function)

Z}43 .- :E:E

7=-al 2 934..

-------

:MIN ANT : .J A Lf 3

:n gr:.ps defined :7 3?:UP

199'



P
A

L
P

L
A

N
E

-
3

4
3

4

1
.E

X
R

L
Z

P
E

.4
3

1
]

..F
H

-L
E

M
-3
€

3
L

:
L

A
N

P
R

C
G

N
 
-
 
-
3

 
2
€

-

1.
S

W
:A

P
O

_
4

2
2

:
P

E
P

P
 
-

1
 1

 4
6

4

U
P

P
E

R
L

F
H

L
C

W
R

'M
P

L
 
-

1
:5

4
3

E
N

E
I
 
:

3
3

3
0

-
 
:
3

0
5

9

U
P

L
P

L
G

T
H

2
3

8
7

0

O
C

C
L

P
L

A
N

3
3

1
4

2

M
A

N
D

L
G

T
H

-
.2

5
4

0
3

S
N

A
:6

)
3

7

F
A

C
L

C
N

V
X

-
.
]
3

5
2

4

N
A

S
L

B
A

N
G

)
2

4
3

S
A

D
A

N
G

L
E

 
-

0
2

4
1

-

M
A

N
P

L
A

G
L

3
1

:3
3

U
n

s
c
a

n
d

a
rd

iz
e

d
 c

a
n

o
n

ic
a

l 
d

is
c
ri

m
in

a
n

t 
fu

n
c
ti
o

n
 c

o
e

ff
ic

ie
n

ts

F
u

n
c
 
1

A
P

'I
N

P
E

R
P

.]
8

5
2

6
9

8

F
A

C
L

C
N

V
X

.3
4

:3
4

2
2

L
O

W
L

A
P

O
_

.-
6

1
8

0
3

7

L
O

W
R

IM
P

L
-
.1

4
5

6
5

1
3

L
O

W
R

L
IP

E
.0

4
9

7
4

2
2

M
A

N
D

L
G

T
H

-
.2

6
4

7
4

1
8

M
A

N
P

L
A

G
L

.1
7

2
6

8
0

6

M
A

N
P

R
O

G
N

-
.0

9
2

5
1

1
7

M
I
S

U
L

C
U

S
 
-

0
2

8
9

"
4

8

N
A

S
L

3
A

N
G

-
.0

1
1

5
9

9
3

O
C

C
L

P
L

A
N

-
2

.3
1

0
6

8
6

3
0

2
-
0

3

P
A

L
P

L
A

N
E

1
5

0
3

8
6

6

P
O

S
F

A
C

H
T

.2
8

9
3

6
6

5

S
A

D
A

N
G

L
E

 
.

0
7

1
3

3
8

3

S
N

A
 
-

1
5

2
3

5
9

9

S
N

B
.1

3
5

5
5

4
1

U
F

H
_

L
F

H
1

.1
4

6
5

4
8

6
8

E
-
0

3

U
P

L
P

L
G

T
M

.0
8

7
5

5
5

3

U
P

P
E

R
1

F
H

8
.1

7
8

3
7

2
1

9
2

-
0

3

(
C

o
n

s
ta

n
t)

-
3

2
.5

4
1

4
9

3
4

C
a

n
o

n
ic

a
l 
d

is
c
ri

m
in

a
n

t 
fu

n
c
ti
o

n
s
 e

v
a

lu
a

te
d

 a
t 
g

ro
u

p
 m

e
a

n
, 
(g

ro
u

p
 c

e
n

c
ro

id
s
)

G
ro

u
p

F
u

n
c
 
1

0
 
2

.
6

6
6

0
8

1
 
-
2

.
6

6
6

0
8

C
a

ll
M

il
A

c
t
u

a
l

H
ig

h
,m

t 
P

ro
b

a
b

il
it
y

2
n

d
 H

ig
h

e
s
t

D
is

c
r
im

N
u

m
b

e
r
 
V

a
l

S
e

l
G

ro
u

p
G

ro
u

p
 P

ID
/G

) 
P

A
G

/O
)

G
ro

u
p

 P
(G

/D
)

S
c
o

r
e

.

1
 
0

 
0

 
.
2

4
9

0
.9

9
9

7
1

 
.
0

0
0

3
1

.5
1

3
4

2
 
0

 
0

 
.
6

2
0

 
1

.
0

0
0

0
1

 
.
0

0
0

0
3

.1
4

9
2

0
 
0

 
.
9

4
7

3
 
1

.
0

0
0

0
1

 .
0

0
0

0
2

.7
3

2
1

4
 
0

 
0

 
.
7

1
4

4
 
1

.
0

0
0

0
1

 
.
0

0
0

0
3

.0
3

2
0

5
 
0

 
0

 
.
4

5
3

4
 
1

.
0

0
0

0
1

 
.
0

0
0

0
3

.4
1

5
9

6
 
0

 
0

 
.
6

8
3

3
 
1

.
0

0
0

0
1

 
.
0

0
0

0
2

.2
5

8
1

7
 
0

 
0

 
.
7

0
0

9
 
1

.
0

0
0

0
1

 
.
0

0
0

0
3

.0
4

2
1

A
C

H
T

2
0

0
 '



6
- 

W
.
/

2
 E IWE

9
 4

 -
7

 -
1

 U
 O

, 
C

h
 $

 -
 M

 -
 a

h
 #

 O
, 
O

, 
M

 L
A

 u
, 
u

. 
u

l 
u

, 
U

, 
u

n
 u

, 
u

n
 .

A
 *

 b
 1

6
• 

A
 A

 1
1
• 

A
 +

 W
 W

 W
 W

 W
 W

 W
 W

 W
 W

 N
 W

 A
J
 r

i 
r,

 t
i 
F

, 
t.
, 
U

 t
, 
i 
· 

i-
 i
 •

 i
 •

 i
 ·

 i
 •

 i
 -

 i
 ·

 i
 ·

 i

b
 W

 F
 M

O
--

 J
* 

6
, 

 t
-1

 1
 -

 O
U

--
IR

 ,
A

 A
W

N
 -

 0
4

0
m

 -
1

 M
 L

A
 A

 W
 N

 e
 O

,0
 a

l -
1

 a
,u

l A
w

 h
. 

P
o

 w
 u

. 
4

 A
 u

t 
A

 w
 t

o
 i•

 u
 w

- 
-4

 u
h

 u
, 

,6
 w

 1
, 

i·
. 

i..

o
 
n

0
2

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 =
m

-
0

 0
0

 0
 0

 0
 0

 0
 U

 U
 0

 0
 0

 0
 0

 U
 U

 U
 U

 U
 U

 U
 .
/ 
U

 U
 0

 U
 .
J
 .
0

 '
' 
.,
..
..
.,

O
 L

C

3
 4

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 €
 =

-
0

0
0

0
0

0
0

0
0

 0
 „

 O
 O

U
O

U
O

U
O

L
J
 ,
_

' 
L

. 
C

)
 J

 U
 L

. 
L

-
j 
'j
 i
..
.1

,-
,i
.,

0
'
U

 
n

 
„

1
0

 O
U

L
A

M
 1

,1
 O

- 
U

 A
N

D
M

A
C

,A
F

 <
0

 4
*B

A
W

..
W

 .
.O

 0
4

.0
..

 O
 W

 O
 U

 m
 a

l ,
-,

 B
 b

 U
b

ll-
• 

1
7

}-
1

 U
) 

0
 -

J
2 

W
C
» 

p 
D

I N
 A

-C
»-

10
 O

k 
(D

 /C
IN
» 

-C
, 0

, L
A

 -
 c

no
• 

61
 0

%
0 

- 
00

--
1

--
4

6
•-

- 
p

 U
 W

 O
N

 ,
-•

  
6

.*
 %

O
 -
®

w
e

w
#

-0
-N

u
n

 -
 E

l-
„
 
.
.
„
„
 
 
 
 
 
 
B

.
.
.
.
.
.
.
.
.
.
r
.
 
.
0

0
-0

 0
0

 -
-0

0
0

1
0

6
0

0
0

0
 0

 0
4

0
0

0
0

0
0

 0
0

0
e

 =
0

-1
0

0
0

.-
0

0
0

.-
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
 O

n
0

0
0

0
0

*
0

0
0

0
-4

0
0

0
0

0
,-
•0

0
0

0
0

0
0

0

t.
.1

 U
l a

l {
U

 O
 W

 O
 w

 e
 P

 O
 O

 W
 4

 L
„ 

1
3

1
 w

 „
 ,
„ 

. 
4

1
 U

 0
1

 W
 W

 U
S

 b
 ,
1

 -
 M

 W
 w

 U
, 
4

1
,
1

1
,

.
1

.
 
1

.
.
.
,
0

,

tu
 m

 u
l w

 L
n 

w
 0

,-
P

-' 
J 

N
O

 m
w

-1
 8

 i'
 to

 «
2,

7 
0.

 e
 N

 o
 M

 A
 U

. i
 •

U
·r

 U
, ,

/.
I
n

.
4

,
2

4
0

 
W

 
I
'l
.
,
1

,

O
, L

.1
 - 

to
 m

 W
 6
•1

 *
-'4

1 
F'

 W
O

 w
 •0

 A
O

U
.L

A
A

 W
 &

 a
n 

U
, L

A
 4

, 1
6 

tu
 i.

 1
-1

 8
.i 

.4
 0

-Ii
ia

,·p
 B

 1
, i

l, 
iii

 .
kJ

 O
.N

*W
 N

O
-I

W
O

O
 lu

 W
 0

, 
A

 w
O

P
 w

u
• 

0
- 

W
 t

o
 u

l u
,»

 L
A

 a
i·
•w

i•
 .

t.
 W

i, 
i..

 .
•,

4
.

„
„
„
e

'0
 0

 0
 0

 0
 0

 0
0

0
  
4

0
0

 4
0

 0
 L

 W
 W

 W
 L

, 
A

-,
 „
„ 

t,
 4

, 
„ 

,,
..
 „

 .
, 
,,
 ,
,,
,,
 ,
 ,
, 
, 
.'
 ,

* 
0

0
 0

 -
O

 0
 0

 0
 *

 W
 O

 O
 O

 (
J
 O

 U
 4

, 
,1

 t
o

 L
 O

 -
u

o
 .

 ,
. 

.,
 1

 ,
 ,

, 
<

 -
 -

 '
 ,

 ,
 ,

,,
 ,

lo
O

O
D

,1
0

0
0

 0
 4

*0
 0

 0
0

0
0

 A
 w

 •
0

 C
.)

 O
 0
„0

 0
.4

,N
,i
„ 

w
.-

.-
 i
,.
..
..
.

O
, 
0

0
0

 0
0

0
0

1
»

 U
 O

O
D

O
O

D
 W

 4
0

 0
 0

 0
0

 0
 0

0
 6

.J
 L

IU
R

O
U

>
L

,*
j.
,1

 „
-,

 t
,.
i.

4
1 S
W

C
 B

.

.
.
.
.
.
.
.
.
.
.
.
.
 
.
.
.
.
 
.
 
3

5
 
.
.
.
.
 
 
 
.

I
.
 
I
.

2
2

2
2

8
2

=
2

2
=

2
2

2
2

*2
8

8
2

2
2

2
@

g
sx

 f
y

00
 0

0 
O

U
O

U
O

U
 N

O
 U

 U
C

IU
L,

 fi
 U

L)
 f•

 1
/ A

,4
.4

,4
.1

 4
, 4

.&
...

4.
i.,

A
...

...
0

0
 0

0
e

O
0

0
0

0
 I

n
, 

0
0

0
0

0
€

,L
J
O

,3
. 

L
iu

it
. 

..
0

 -
, 

ii
 ,

, 
,.

.,
 i
, 

,,
 ,

,,
,,

.,

4
 0

'.
0

0
0

(h
'.
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
'I

0 
0 

0 
0 

-J
 O

 O
 D

 O
 N

 U
 O

 O
 Q

 O
 O

 4
-1

 U
L-

,1
,4

,0
,}

L,
„L

,i;
,i 

..,
, i

,,i
t, 

,,.
,,,

0
0

0
0

0
..

.0
0

0
.-

0
0

0
0

0
.0

0
0

0
0

0
0

0
 9

. 
-

O
 O

Q
 u

 o
 u

 o
 o

m
 ·
··

1
0

 0
0

0
 0

 C
.' 

4
 H

 e
 o

 o
 o

 u
 o

 o
 U

 L
, 

u
 u

 u
,·

U
 L

,,
,,

,

N
 /
4

0
-1

1
•I

i,r
• 

lu
tu

 w
 /
4

,"
u

t.
1

1
.-

/r
-•

i·
N

/N
i·

w
i"

6
1

/4
 /
t 
. 
·

W
W

W
tu

 i
n

 N
 W

 g
 •

.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

61
7 

-1
 1

0 
N 

to
 w

 0
 1

6·
 --

 w
 u

l U
, d

n 
- L
• w

 w
 1

.- 
w 

-4
 4

1 
u 

ul 
+ 

w
6

6

a,
W

 W
  O

 *0
1-

 4
 -1

., 
w 

W
 e

u 
. *

l w
 o

 N
 4

 d
. W

 W
 m

 N
 w

in
4

4

4)
 O

 W
 I 

U 
A 

G
• W

 -4
 0

 - 
LA

 L
• 0

,1
 w

 1
-• 

LA
 e

 ,•
 C

I •
, w

 q
 A

 ,•
 th

 m
 I•

0 
- m

 v
e 

L 
41

 w
 u

w
 .,

-4
 m

 w
 O

 a
 o

 w
 U

 0
 -J

 u
j ,

-o
w

 b
 tu

m
 U

'
.
/
.
1

1
.
.
.
.
.
.
1

 
.
.
1

 
.

4
,1

 ,
• 
®

U
 M

 M
 G

 A
 .
1

 -
 *
• 

W
 U

, 
'O

 q
u

1
 
1

1
 
.
.
.
"

U
, 
I 
b

 W
 -

1
 N

 e
 A

 j 
W

 O
 U

l W
 W

 4
•

1
./
1

 '
-
1

U
+

 L
 '
4

-
 I
-
,6

 .
..
.4

.,
•
I.
 4

 *
.0

..
.,
..
. 
'.
, 
•
.

u 
N

O
 P

 -1
 M

 o
w

-N
A

 L
A

 w
 *

 6
• 

Je
ui

-•
4,

 w
 w

 m
 w

 N
ul

uw
.-r

J 
,*

. u
. m

 w
 ; 

w
A

., 
w

5
2

IOZ



b
 I
 W

 W
 1

.,
 w

 6
1

 6
1

 W
W

t 
6

, 
6

1
 U

 D
J
 N

 W
 »

 N
 U

 I
 N

 F
• 

F
 ,
-•

 H
 r

 p
 ,
- 

F
.•

 F
 "

' 0
0

0
0

0
0

0
0

0
0

,0
,0

,0
®

3
W
•
•
1

4
1

%
4

1
•
0

4
/
/
/
/
/
/
/
W

W
L

L
I
W

,
/
/
9

/
1

/
W

 
3

/
/
,
/

P
 O

 'e
 m

 #
 a

 la
 -

 W
 I

 /
 0

 -
 -

 -
1

 -
 i 

- 
W

 U
 P

 O
 I

C
»
·1

0
1

1
A

 -
 W

 N
,·
• 

O
 w

 w
 -

1
 1

3
1

 U
l A

 W
 N

,•
 a

,O
U

J-
1

 4
m

 L
in

 A
w

N
-
u

w
 .

O
 J

a
iu

,b
 .

,u
 p

.•
 c

, 
w

u
, 

1
4

,·
,i

A
' 3

N
g

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
4

.2
0

0
0

0
0

0
0

0
0

0
0

0
0

,-
>

O
U

U
U

.
-

0
 
0

0
 
0

 
U

 
O

U
L
•
 
e

 
A

,
.

.
'
L

'
4

'1
 
"

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
 .
O

 1 41
 
n

0
2

-=
=

=
=

=
=

=
=

=
=

S
C

I=
=

0
8

=
=

--
=

3
0

:=
=

5
5

-=
=

C
=

0
=

2
5

=
=

8
3

-=
 9

2
.

O
 0

--1
6,-

M-
IN

,-1
-U

le-
PW

-W
AN

-JA
N-

bO
O-

ID
•-I

low
ee

,-I
A-

1-
10

-1
-1

--l
ul 

-
.
.
.
.
.
.
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
.
.
.
.
.
.
.
.
.
.
 
M

S
.
 
t

0 
00

00
,0

00
 0

,0
,0

 0
00

00
0,

O
O

O
O

O
O

W
oo

oO
O

O
*0

0 
C

D
-0

00
00

0,
00

0•
0

-0
0

0
0

 -
0

0
0

4
-0

0
0

0
0

0
-0

0
0

0
0

0
0

0
0

0
0

0
 0

0
0

0
•0

0
0

0
0

0
0

 -
 0

0
®

-0
0

0
0

-0
0

0
--

0
0

0
0

0
0

-0
0

0
0

0
.0

0
0

0
0

0
-0

0
0

,0
0

0
0

0
0

0
-D

O
W

O
 1

1

-0
0

0
0

-o
o

o
w

-o
c
o

o
e

o
u

o
e

o
o

o
m

o
o

o
e

o
o

-0
0

0
•0

0
0

0
0

0
0

-l
o

o
t,

 -
r

U
l 
P

 
-
1

 
0

,
 
A

 
4

,
 
O

,
 
6

1
 
1

1
1

-
C

U
 
4

1
 
.
·
W
„
 
in

 
in

 
W

d
·
li
 
•
·
•
 
4
·

N
 W

 -
J
  

$
 =

 O
 L
»

 ,
-
 *

, 
i-

 ,
;-

 f
u

 W
 W

 t
il
 u

. 
1

. 
i.
 1

, 
„
1

 J
A

 W
 M

 A
 A

 O
 N

 '
1

1
 L

O
 U

I 
U

 O
 .
1

 0
 1

,J
 4

- 
6

.,
 p

 L
, 
W

 w
 1

%
0

0
0

0
0

0
{
,
(
,
i
>

0
0

 
0

 
0

0
 
0

 
0

 
0

0
"
 
4

.
 
0

,
>
•
 
L

'€
,
•
,
•
J
 
i
,
u
•
.
 
•
.
0

-
1

0
 
0

 
0

 
0

 
0

 
0

 
0

 
0

 
U

 
4

9
 
0

 
0

 
1

.
0

 
0

 
U

.
J
 
u

d
.
 
-
 
•
•

C
a 4
 
N

O
;1

C
 0

,
0

=
'U

 
r
·

66
66

66
66

66
66

66
66

66
06

6,
66

66
66

:-.
2.

66
66

66
66

uL
:,6

66
2.

6 
31

4
0

0
0

0
0

0
0

0
0

0
,•

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
,0

0
-

0
0

0
0

0
0

0
0

0
0

.1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
-0

0
0

1
.,0

0.
0.

00
0.

1.
,O

O
O

00
O

W
O

O
O

O
O

O
O

O
O

O
O

N
O

O
of

oo
o0

oo
w

oo
•»

 9
9

0
 
0

0
0

 
0

0
0

 
u

 
L

J
 
F

 
O

U
U

,
J
 
i
.
,
 
i
,
.
,
.
0

,
-

U

,n
t,J

UN
W

AI
W

I- 
Nb

et
.,4

.6
*I-

LA
BJ

AW
W

PN
NO

W
NW

I-U
NW

HI
UN

W
NW

N 
:r 

'
Ul

 W
O 

M 
N 

Le
 N

 W
 O

w·
J d

b L
, 0

0 a
l u

, u
n e

 .tu
 w

 W
 #-

 W
 w

 u,
 i" 

Li 
Ii,i

w 
A,
•u

loi
nw

u#
wN

.t•
 1-

1 0
) 4

:c
t:m

y:
z:

:g
gs

:z
sa

:*2
:*=

St
:=

:C
M

:ts
:&

:.:
tc

gs
&:

9s
s#

3:
c:

=s
: i

ll
I ,

...
O

.6
1.

10
 ..

..N
U

C
ou

: 4
}- 

1.
1 

6.
» 

-1
 0

, J
W

 o
w

w
 -1

 4
 4

.A
 W

H
 N

- 1
.»

O
N

.A
l -

 4
a,

 p
 L

A
m

 6
1

U
l 
•
 I
 L

-
1

 W
 U

 U
 1

 I
 t
h

 t
-
1

 W
 ,

.
.
1

 
I
•
 
•
/
 
.
1

 
U
•
 
'I
l
·
 
1

/
 
I
 
1

 
,

S
N

U
••

*S
u

l,
A

'.
*•

,1
,-

 .
,1

1
4

.&
•1

,,
 4

I
 
.
 
1

/
 
w

 
J
.
 
/
 
-

U
l U

, 
4

, 
i-

 4
/1

 W
 W

 ,
 •

 A
i ,

1
- 

-1
 1

 i 
i ,

 I
i. 

1
 •

W
  

L
»

 -
 u

%
  

-/
 N

 e
 L

.1
 l
u

 U
,I

 ·
 .

1
, 

I.
 u

, 
,,

 i
ii
 1

 ,
 /
•

Z

, ZOE



rase Mts Act-al -lignes= ?r:cao:.1127 :r.d:

N.=Der ·-al gel 3=2 -p :6042 9 0 3) 9 3. 11 :ro'-p
El;nest 2-Scrim

2,3 2) 3c=res

...a

146 . 3 1.35 1 : 23 4 1353
147 1 1 5979 1 02: 1 ..... 3 :542....

148 0 :374 .3954 1 ::46 L.E:36
149 0 1 1334 1.:100 . 0000 3 3493

31 0 1 3862 1.1060 1 0010 3.3325

1 .5901 1.3000 0 2000 .3.3648-I-/

152 1 1 4094 3999 :001 -1 3413

153 1 1 3392 .9999 1 +Cool -1 8050

154 1 1 1436 1.00:0 1 :000 -4.1235

155 1 •• 0 .0205 .8660 1 1340 3439

156 1 1 .7112 1.0000 0 2]00 -2.2353

157 1 1 3094 1.OCOO 0 0300 -2 5522

159 1 1 2020 1.3000 0 oc00 -3.3420

159 1 1 .8521 1 0000 0 .Joco -2.4.36

150 1 1 .8381 1.1000 0 .0000 -2 4618

161 1 1 .4338 1.0000 0 3000 -3 4498

162 1 3527 .399, 0 0001 -1.-366

163 1 1 .3339 .9,99 0 0001 -1.6998

164 1 1 .2217 .9995 0 .0005 -1.4441

165 1 .7024 1.0000 0 .3000 -3.2482

166 1 1 .8924 1.0000 . 0 0000 -2.3014

167 1 1 .4715 1.0000 0 .0000 -3.3361

168 1 1 .1754 1.0000 0 0000 -4.0212

159 1 1 .9927 1.0000 0 .0000 -2.5195

170 1 1 .3021 .999/ 0 .3002 -1.5340

171 1 1 .9501 1.0000 0 .)000 -2.5035

172 1 1 0681 .9889 0 .0111 -.8415

173 1 1 .6205 1.0000 0 .)COO -3.1612

174 1 1 .8233 1.0000 0 0000 -2.8894

175 1 1 .6417 1.0000 0 .0000 -3.1314

176 1 1 .6486 1.0000 0 .0000 -3.1213

177 1 1 .5757 1.0000 0 .0000 -2.1]53

178 1 1 9217 1.0000 0 .0000 -2.36'9

179 1 1 .4651 1.0000 0 .0000 -3.3365

180 1 1 .4155 1.0000 0 .0000 -3.4804

181 1 1 3611 .9999 0 .0001 -1.7529

182 1 1 .6238 1.0000 0 .0000 -3.1563

183 1 1 .5378 1.0000 0 3000 -3.2322

184 1 1 .4220 1.0000 0 .0000 -3 4690

185 1 1 .6937 1.0000 0 0000 -3.0599

184 1 1 .1798 1.0000 0 .0000 -4.0074

187 1 1 .0352 1.0000 0 .0000 -4.7723

188 1 1 .7053 1.0000 0 .0000 -2.2879

109 1 1 .3814 .999, 0 .0001 -1.7907

190 1 1 .0321 .9431 0 .0562 - 5299

191 1 1 .1173 1.0000 0 .0000 -4.2322

192 1 1 .2112 3995 0 .0005 -1.4157

Cal' Mil Actual Higheit Probability and Migheit Discrim

Number Val Sel Group Group P(D/G) P(G/0) Group P(G/D} Scor'l

113 1 1 .3997 1.0000 0 .0000 -3.5082

1;4 1 1 .2315 1.0000 0 .0000 -3.8627

195 1 1 .8754 1.0000 0 .0000 -2.8229

191 1 1 .9741 1.0000 0 .0000 -2.6979

197 1 1 .5129 1.0000 0 .0000 -3.3204

190 1 1 .3471 1.0000 0 .0000 -3.5680

199 1 1 .9173 1.0000 0 .0000 -2.7691

200 1 1 .2201 .9995 0 .0005 -1.439;

201 1 1 .1344 1.0000 0 .0000 -4.1631

202 1 1 .7337 1.0000 0 .0000 -2.3259

.3
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-: €€29
....

207 1 1 3233 1.:0:2
208 -3 €344

1 3527 1.1210 .......
1 .143 --25 ......

- 2-33210 1 1 2333 399B ..... -1 5332
1 3 452 1 . IL 00 -2 :511

212 . 1 4403 1 ]SCO 3 20:0 -1 9943
213 1 1 :125 : 2370 . 1-:7
214 - 1 4213 1 :0:3 : 2230 -1 9623
213 1 1 1221 3932 3 2 ::3
16 - 1 2114 3998 ./.9

-1.3562
1 3904 1.6000 0 .:030 -2.5293

·2 1 1 .3024 1.0030 1 ]000 -3 59-4
219 1 1 .2568 1.0000 0 0000 -3 3001
220 1 1 .3740 1.0000 0 2:00 -2.3246
221 1 1 .3705 1.0000 0 .0000 -3.5€15
222 1 1 .7347 1.0000 0 1000 -2 3929
223 1 1 .5956 1.0000 0 0020 -3 13€8
224 1 1 5063 1.0000 0 .0000 -3.]307
225 1 1 8187 1.0000 0 0000 -2.4369

226 1 1 .2220 1.0000 0 .0000 -3.8372

227 1 1 .5'96 1.0000 0 .0000 -3.22:1
228 1 1 7033 1.0000 0 .3000 -2.2952

229 1 1 5817 1.0000 3 .0600 -3.2159
330 1 1 4880 1.0000 0 .0000 -1.9726
231 1 1 .-919 1.0000 0 .0000 -2.3429
232 1 1 .9614 1.3000 0 .0000 -2.7144
233 1 1 .2853 .9998 ,0 .0002 -1.5377

!34 1 1 .7497 1.0000 0 .ocoo -2.3470

!35 1 1 .6610 1.0000 0 .0000 -2.2275

!36 1 1 .9140 1.0000 0 .0000 -2.5581
23' 1 1 .1471 .9985 0 0015 -1.2163
138 1 1 .2657 .9997 0 .0003 -1.5530

09 1 1 4418 1.0000 0 .0000 -1.8969

10 1 1 .5309 1.0000 0 .0000 -2.0]94

Case Mig Actual Highest Probability ind Highest Discrim
Number Val Sel Group Group P{D/G) P{GiD) Group P(G/D) Scores

241 1 1 .8091 1.0000 0 0000 -2.3077

242 1 1 .5203 1.0000 0 .3000 -2.3233
243 1 1 .1728 .9990 0 0010 -1.3029

244 1 1 .1873 .9992 0 .0008 -1.3474

245 1 1 . 5172 1.0000 0 .0000 -3.3138

244 1 1 .3733 1.0000 0 .0000 -3.5564

247 1 1 .0490 1.0000 0 .0000 -4.6350

240 1 1 .8306 1.0000 0 -0000 -2.3801

249 1 1 .0205 1.0000 0 .0000 -4.9838

250 1 1 .5089 1.0000 0 .0000 -3.3266
251 1 1 .2619 .9997 0 .0003 -1.3441
252 1 1 .6865 1.0000 0 .0000 -2.2525

253 1 1 .1421 .9983 0 ·0017 -1.1998

254 1 1 .6831 1.0000 0 .0000 -2.2156

255 1 1 .4255 1.0000 0 .0000 -3.4562

256 1 1 .0181 1.0000 0 .0000 -5.0305

257 1 1 .3149 .95" 0 .0001 -1.6610

1 1 .1927 .,5,3 0 .0007 -1.363§

25 1 1 .7464 1.0000 0 .0000 -2.3427

210 1 1 .5611 1.0000 0 .0000 -2.0841

261 1 1 .8320 1.0000 0 .0000 -2.4535

262 1 1 .7610 1.0000 0 .0000 -2.9703

263 1 1 .1591 1.0000 0 .0000 -4.0742

264 1 1 .5073 1.0000 0 .0000 -].3292

265 1 1 .4589 1.0000 0 .0000 -3.4067

266 1 1 .0733 1.0000 0 .0000 -4.4670

267 1 1 .74:5 1.0000 0 .0000 -2 3455

268 1 1 .6131 1.0000 0 .0000 -3.1718

269 1 1 .0435 1.0000 0 .0000 -4.6854
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..

1 3330 3399

-4 €--:
1 2151 3395 i C:25 -1 42312-6 - I

I Il.· -3 3361.

1 1-:3 3930
1 €251 1 23=0

-1 :34.

-2.1-992-3 - 1 3.:9 3399 0 -:01 -1.6523230
7 7 or:o -2.5461

1 £45 1.:000

281 - 1 3950 1 22:0 1 00:0 -2.6724
232 1 1 :315 3986 0 2014 -1.2323283 1 1 53 74 1 1000 0 09.3 -3 .342284 1 1 3539 1.0000 0 0000 -2.91-7285 1 1 .'491 1 3000 0 10,10 -2.3462235 1 1 5036 1.1000 0 1000 -1.3972237 1 1 4720 1.0000 0 0000 -3.]354
238 1 1 2768 3998 0 0002 -1.3735

Case Mis AC=ual Highest Probability 2nd Hignest Discrim
Number Val Sal Group Group ?(D.G) 2(G/D) Group P(G,D) Scores

289 1 1 .0811 1.0000 0 .0000 -4 4106
290 1 1 .0120 1.0000 0 00Co -5.1775
291 1 1 .3755 .9999 0 .0001 -1.7739292 1 1 .7294 1.0000 0 .0000 -3.0121
293 1 1 .4084 .9999 0 .0001 -1.8334294 1 1 .8422 1.0000 + 0 -0000 -2.4670
295 1 1 .1394 1.0000 0 .0000 -4.1477
296 1 1 .6399 1.0000 0· .0000 -3.2731
297 1 1 6367 1.0000 0 0000 -3.1384
298 1 1 8042 1.0000 0 0000 -2.4182
299 1 1 .8331 1.0000 0 0000 -2.8768
300 1 1 .2239 .9996 0 0004 -1.4497

Symbols used in plots

Symbol Group Label

1 0
2 1

All-groups Stacked Histogram

Canonical Discriminant Function 1

20 - 1
1

15 -

22 2

22 2 2
10 - 22 222 222

22 222 222

22222222222
222222222222

5 - 2 222222222222
2222222222222222

2 222222222222222222 2

222222222222222222222 22 2

11 1

11 11 1

1111111 1 -

1111111 1

11 111111111
111111111111

1111111111111 -

1 11111111111111 
2 11 111111111111111 1 1

11 11111111111111111111 11 i
XI , 1 1 X

out -4.0 -2.0 .0 2.0 4.0 out

Clali 2222222222222222222222222222222111111111111111111111111111111

Centrolds 2 1
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.ass:f.=iz.=: res.

:5 279=15:ed On.p Xerierscip
Ac=.al Gro.p :ases . .

Group 1

Group . -12: ' 149

39.21

Percent of 'grouped· cases correccly :lassified: 39 6-#

Classificaticn processing summary

300 'Unweighted) cases were processed.
0 cases aete excluded for missing or out-0 2 -range group codei
0 cases had ac least one missing discriminacing variable.

300 Iunwelghted) cases were ·used for printed output.

- DISCRIMINANT ANALYSI

Cn groups defined oy GROUP

300 Un·weigh=ed) cases were processed.
0 of :hele were excluded from the analysis.

300 {Unweighced) cases will be used in the analy,12.

Number of cases by group

Number of casem

GROUP Unweighted Weighted Label
0 150 150.0

1 150 190.0

Total 300 300.0

------- DISCR:MINANT ANALYSIS

On groups defined by GROUP

Analysis number 1

Stepwise variable seliction
Selection rule: minimize Wilks' Lambda

Maximum number of steps. ................
Minim= tolerance level ............ .....
Minimum F to enter. .....................

Maximm F to remove....................

38

.00100

3.84000

2.71000

Canonical Discriminant Functions

Maximum number of functions ............

Minim= cumulative percent of variance.
Maximum significance of Wilks' Lambda..

1

100.00

1.0000

Prior probability for each group li .50000

· Variable, not in the Analy,li after Step 0

Minimum

€
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/r-a-.e :-eranze F := D.ter ... fs lar==a

42 ZNPEF 9 1 i : I : : : : - ': I 2 -: 2
.

2 €434-23

12>:APO_ 23 554-213
........

La-?2191 1 ....... ........ 23 -311468.......

i •I J·./4

MANDLGTH 1... 9 -4:5923

.LANPLAGL 4-EE:89
.......

I ..........··CANPROGN ........w . 3€ 4 6 -'1€48
. ---...9 . 4......

.....

:13:BANG 1 :223(32 . ......W 1 534"689

LCULPLAM        . 14.1356]70

?ALPLA:12 1 . 0060:00 1 0000:00 117 69:9984

POSFACHT 1.20]0030 1.3000000 145.8221133

SACANG.2 1 .332 3090 1.)C 3 0000 1.2462:69

SDIA 1.00000:0 7 9708114

SNB , '"An'." 1.2:0:Coo 19.7513991

UFH_LFH 1.3(00000 1 3000000 39.6271362

UPLPLGTH 1.0000030 1 2500000 15.7764449

UPPERLFH 1.5300000 1 00:0030 27.4752135

314:42-

33 113:3

31-55-5

3262392

852-:85

3713:13

3394it@

.8911232
3445381

394643'

934-132

.,168666

6714402

3958355

3,45362

.3407712
8826303

9467C34

9153843

At seep 1. POSFACHT was included in the analy,is.

wilks · Lambda .6'144 1 1 298.0
Degrees of Freedom Signit. Between Groups

Equivalent F 145.82211 1 292.0 .0000

----------- Variables in the Analysis after Step 1

Variable Tolerance F co Removo Wilks' Lambda

POSFACHT 1.0000000 145.8221

- Variables not in thi Analysia agger Step 1

Minimum

Variable Tolerance Toleranci F to Enter Wilka• Lambda

AMNPERP .9381440 .9991440 22.6625187 .6238]93

FACLCNVX .9214252 .9214252 18.2462566 .6325776

L0W1APO_ .9902490 .9902490 28.8695976 .6119556

L0WR1MPL .9213875 .9213875 49.5192633 .5754882

LOWRLIPE .8986753 .8986753 6.8934619 .6562094

MANDLGTH .2715650 .2715858 433.4279443 .2730141

MANPLAGL .9003@87 .9003807 15.055G143 .G390451

MANPROGN .9695240 .9695240 45.7555549 .5818074

MLSULCUS .8629921 .8629921 58.0574372 .5615432

NASLBANG .95 16743 .9515743 .0183686 .6713987

OCCLPLAN .8803003 .8803003 47.8960213 .5781967

PALPLANE .9720330 .9720330 53.6698404 .5686766

SADANGLE .9982 122 .9982822 1.7523543 .6675018

SNA .9527020 .9527028 .01@2990 .6713981

SNB .811691 .8911651 .0907983 .6712350

Um_L'I .99/0291 .998021 31.28/7124 .5074462

UFLPLGTH .7536137 .7536137 3.19929So .6642845

UPPER17!1 .915201 .9859201 30.2379244 .609356@

At stop 2. MANDLGTH wal included in the analy:il.

207



1
.

0

Step 3 ---
1

 
-
,
 
.
/
,
9

0
,
0

.
,
n

o
n

 
r
-
 
w

.
,
 
i
n

 
,
/
I
,
a

)
,
o

o
n

,
 
0

 
0

.
 
0

1
 
1

 
9

1
 
0
™

)
•
,
0

.
V

o
l
o

r
.
 
t
n

 
.
.
.
9

 
.
.
t
.
 
I
i
,
 
1

-
1

 
.
1

 
.

i
.
 
0

 
-
 
.
0

 
-
4

 
.
9

 
k
 
.
0

.
n

l
o

o
.
O

,
9

 
t
.
 
m

.
O

 
f
.
 
0

-
 
•
 
U

]
N

 
U

 
n

 
A

 
C

O
 
1

4
 
h

 
-
1

 
„
-
4

 
-
4

 
e

 
-
1

 
0

 
I
 
I
 
m

 
-
1

 
O

 
r
-

M
 
J
 
o

 
w

 
e

l 
t
r
,
 
A

 
O

 
w

 
r
h

 
0

1
 
w

 
Q

 
N

 
N

 
t
-
 
r
-
 
1

1
 
N

 
*

w
 w

 ,-
 o

 w
 tn

 w
 tn

 w
 w

 1
 1

-
 r

. in
 to

 r
. r

.
8

9
9

0
 
6

3
 
-
 
M

 
•
4

 
N

 
f
·
•
,
 
r
4

 
r
;
 
M

 
/
4

 
N

 
N

 
N

 
¢

9
 
e

l 
¢

4
 
N

 
/
1

 
N

 
*

(
1

 
"
9

 
1

 
0

 
I
 
I
 
.
 
I
 
.
 
.
 
.
 
.
 
.
 
.
 
1

 
=

=
1

0
 
1

1
 
-
 
.

0
 
N

 
N

.

I
 
b

 
W

.4

i
 
.
0

N
 
t
r
i
 
t
7

 
.

1
1

,9
,9

 to
 O

 . w
 -

 I 0
%

 O
 0

 -
0

 -
4

 0
 -

 m
0

 
4

.
1

 
m

f
of Fr

.
.
.
.
.
O

.
-
4

-
.
.
.
.
.
o

r
.
.
4

1
,
0

u
 A

m
 W

N
 r
·
 r

,r
-
 -

%
0

-
r
,
•
D

e
le
•
-
r
-
 
,
-
1

t
r
,
 
r
 
o

w
-
 
r
l
 
r
-
 
N

o
-

-
0

0
.
0

0
0

.
0

0
0

-1
 M

 ..1
 N

 •4
1

 -4
 1

9
 1

9
 N

B
 j! .........

.
.
.
.

m
 
C

 
/
4

 
.

r
,
 
.
1

 
.
1

O
 
7

4
 
2

/
1

 
U

e
 m

t,1
1

-
O

V
IN

I-
 W

M
 *

A
-
-
1

-
,O

t-
 A

W
,1

E
 
-
P

.
.
 
0

U
 o

r,C
o

t-1
-0

.M
c
,..,b

m
„,M

IA
M

.
4

 
M

 
*
 
i
 
O

R
 
.
4

 
t
o

 
h

 
M

 
0

-
1

 
B

 
B

 
m

 
4

 
-
t
-
 
M

-
 
-
4

 
*

i
,
/
1

I
.
 
r
n

 
•
h

F
i 4

 *
W

o
ro

c
h

tn
m

o
n

to
 r-, 1

-N
O

- 0
%

 w
 B

r
.
,
t
'
.
 
.

.
1

 
4

n
 m

 r
n

 e
r
, 1

-
 r

,1
 1

-
 tr

, m
 e

 O
 m

 M
 0

0
 0

1
 6

 1
-
 i

1
1

 
n

 
q

r
 
4

1
 
i
 
0

f N
 m

 .1
 to

 4
 v

 w
 W

 w
 r

. 1
0

 W
 f W

 m
 m

r
I
N

N
e

,
N

N
N

A
N

N
 
r
.
$

 
r
,
I
N

I
N

N
M

I
V

 
0

0
 
0

 
X

O
 
·
·
 
-
 
·

I
.
 
.
.
.
.
.
.

b
.

Irs
 6

, I
m

 
1

 
,
/

U
 
4

 
•

m
 
r
i
m

 
0

6
1

 
t
r
lo

u
t
-
M

t
-
•
W

it
o

r
,
N

O
.
O

r
,
m

,
g

u
'1

0
0

 
4

,
 
i
r
,
 
5

O
 1

-
1

 /1
 -

4
,0

 tr
i N

 N
 tr

i B
 B

 tr
I f O

 /1
 r

-
•
r
lt-

 0

1
 
U

 
n

:
;
 
1

t,-1
 4

 0
0

 0
0

. 0
 €

4
 w

 ,9
 0

 0
, to

 w
 m

 r. O
 M

w
 M

 r
 0

, 1
-
 r

, O
 ..le

•
 0

%
 r

.,to
r
: A

 ..1
 -

-
1

 M
 •

1
 
'
1

 
'
t
.
1

 
1

U
 d

 fy
' O

N
 le

 te
w

 0
.0

 lo
 m

 m
 r
•
 tn

 N
 0

, t
g

 
,
/
 
1

0
 
0

,
1

,
 
M

o
m

,
r
,
 
t
n

 
I
n

r
-
t
r
,
 
t
o

 
t
o

t
n

 
A

M
.
r
n

 
*

0
 
1

 
9

1
,
1

 
1

,-
4

 0
,1

-
 m

 m
 m

 m
 e

, m
 m

 m
 m

 m
 1

,•
 m

 m
 r

-

1
1

 
h

.
 
S

 
0

 
1

 
0

 
'
.
.
.
.
.

2
,
 
1

 
1

,
 
,

P

4
 
L

 
,:
 
3

 
r
k
 
i

0
 
1

4
 
X

 
1

.
1

 
W

 
J
 
=

4
 
:

0
 
0

 
U

•
1

 
J
 
•
C

: 1 15%
%

93291312 5§
/
'
1

 
1

E
 8

9
 1

 6
 F

g
H

S
!%

5
1

1
9

9
1

0
:2

2
·
 
1

,
1

 
1

 
3

.
 
8

,
 
,
 
>

L
 b

. a
 it J

 }. 7
, X

.Z
o

 n
. 1

,1
 tn

 In
 b

 D

:

r
.

0

r
.
 
O

U
f
.
1

.
4

C
0

 
0

1

N
o

m
NC

O

%

TIA·[muy •N u, metq•TIVA·EKI TM •40=92 02 3 •30..ze
C

h
:

.
 
0

a

:

/
4*
W

UPPERIFH
At step 3. LO

3 OueT•AInb
702 Iter,TXVA

1
 1

.
01
4

0C.

i0

:

I
.

ITM.OU.2.

.
.
0

.
.
.
.
.
.

-
 
0

.
-
4

.
 
1

 
3

.
9

 
D

4
 
n

 
E

n
 
0

 
-
 
r
n

 
A

 
¢

4
 
1

-
 
-
1

 
0

4
 
0

 
-
1

 
0

 
t
-
 
t
-
 
1

-
1

 
.

1
.
0

0
.
9

.
0

.
-
1

-

M
 /7

-
In

fr
io

n
.4

.,M
O

IM
-
M

a
r
-
 0

0
1

-
 0

 2
 -

"
"
 0

1
-
 
1

-
0

.
.
.
.
.
9

-
0

.
-
-

.
.
 
,
 
r

0
 N

 ,-
9

 . i m
 .1

 0
 -

1
 •

7
 0

 -
 1

,9
 e

n
 ®

 h
 N

 N
-
€

1
.
-
M

O
D

O
U
·
,
O

,
m

 0
4

 tn
•••  N

U
IN

S
T

-O
r,A

r,¢
,D

M
In

-M
A
„.0

, , 1
 1

4
*1
•0

,
.
.
.
.
.
0

0
.
.
.

V
1

 
.
.
.
.
.
.
.
.
.

I
 
0

 
-
1

/
0

 
-

.
3

.
-

0
6

 
®

 
.
 
1

-
1

-
 
0

 
0

 
r
-
,
n

 
M

 
t
n

 
m

1
-
 .0

7
 
K

 
0

 
•
•
 
0

1
 
-
1

 
e

n
 
N

 
I

=
=

=

r
-
0

0
,

.
.
.
0

.
-
„
-
e

.
1

-
.
.
 
.
.
.
'
.
9

.
-
0

.
.
9

.
.
.
4

.
-
O

.
0

0
-

1
-
-
#

-
r
-
•
0

0
0

0

I
n

 
o

A
 O

 M
 .4

 -
4

 -
-
1

 -
1

 r
. 1

-
1

1
r, N

 A
 N

 IN
 r,1

 4
, M

 1
-4

.
.
.
.
.
.
.
.

0
=

2
 
1

.
.
1

0
.
.
.
.
.
.

0
4

 
'D

 
-

.
.
.
.
.
O

-
0

.
1

.
4

4
.

.
.
0

 
-

.
.
1

9
-
M

.
*
-

O
n

-
 
.
.
.
.
.
.
.
.
.
.
.

-
r
.
.

-
•
r
-
t
-
c
o

r
-
M

e
n

e
.
.
.
.
.
.

Z
 E

n

9%
 2

LOWR13{PL
sog::::

1
/.

t
.

:

:
4

,

:

00

3/no/C ueep.jes

208

.



2 1 121-ALE :€€32?4 216425: 23 333-EDI
34€4-31 2.3-155 2 *9 23 4 33 ..31......

S:.·A 3412242 2.85153 L iE63L34 2 241 3 1 3
S.:3 3 1 1 8 3 1- 2-34454 .1 34155@8 .3-33:0
.:·1_-:a 392:942 21323-3 3.533]224 1333013
UPLPLGTH -43:142 .....3-1 ...4363914 ... 31 Z 4
UPPERLFH 34.1867 2.35:55 5 -588'32 2 0 12935

As s=ep 4. PALP:.ANE was incl.led in the analysis.

Degree. of Freedom Signit. 3etween Groups
Wilks' Lambda 13..33 4 1 298.0
Equivalent F 310.69570 4 295.0 .3:00

---------------- Variables in :he Analysis after Step 4 ----------------

Variable Tolerance F zo Remove Wilks· Lambda

LCWR1MPL .3028156 37.3469 .2486345
MANDLGTH .2362019 477.6467 .5024407
2.UPLANE .3689894 20 5998 .2052299
POSFACHT .2184353 536.4550 .6447285

---------------- Variaoles not in the Analysis after Step 4 --------

Minimum
Variable Tolerance Tolerance F to Enter Wilks' Lambda

APTNPERP .3941484 .2173974 9.8136295 .1856341
FACLCNVX .6219371 .1924526 24.0906140 .1773056

LOWIAPO_ .7630333 .1939302 11.5094128 .1946072

LOWRLIPE 8339407 .2127664 .1779382 .1917181
MANPLAGL .7118965 .2084666 .4060262 .1915691
MANPROGN .3420550 .2179717 11.0175083 .1349049
MLSULCUS .8313367 .2175205 2.8342328 .1900025
NASLBANG .9568119 .2097981 7.2364087 .1872258
OCCLPLAN .6798634 .2183518 1.1889726 .1910615
SADANGLE .9634037 .2154139 3.4575625 1891043

SNA .9403802 .2181050 1.2175217 .1910430
SNB .8112841 .2179663 8.7151832 .1963112
UFH_LFH .7417470 .2182076 9201507 .1912356

UPLPLGTH .676421] .2106897 4.2366942 .1991090
UPPER1FH .8139695 .2035024 9.858228 .1856104

................................

At •cop S. FACLCNVI wai included in the analy,11.

Digries of Friedon Signit. Between Groups
Wilk,· Lambda .17731 3 1 298.0

Equivalent F 272.83088 5 294.0 .0000

Variables in the Analy,11 aCtor Stop S

Variable Tolerance F to Remove Willu' Lambda

FACLCNVI .6219371 24.0901 .1918341

L0WR1MPL .802«Gi 80.3201 .2257450

MANDLGTH .1924521 525.390 .4941514

PALPLANE .7740781 39.1894 .200,3,
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ra=.aoles r.z: .r =r.e Ana.is,3 32:er Step

Varlaole r

Mir.:.:-Lm
ilerance :clerance F to Enier Allxs Larteda

APTNPERP 31:3650 .26]534 22 €483]44 -€E€33)

LCW:APO_ -4-31-5 .Elst-8 ......... 16@2411

LOW.LIPE .-€43-22 13:432€ 333523] 1-5-124

MANPLAGL 372-331 .533633 23.4343883 -515979

MANPRCGN -223339 L3341€3 31.5748561 lic.572

ML=....2 6233852 1307483 3 4:33217 1-52668

:LASL3ANG .3557388 .1366718 '.492-288 .1723845

OCCLPLAN 4857344 .1324123 3 1273345 1754923

SADANGLE .9447472 1354827 6.0718753 11]7068

SNA -361388 .1394425 .7295587 .1768652

SNB 5399071 1924353 . 0178052 .1772948

UFH_LFH .6841]84 1855537 .2143872 17•1756

UPLPLGTH .6205661 .1814465 12.2306138 1102846

UPPER1FH 7991304 1793080 5.7616754 .1738862

At step 6, MANPROGN was included in the analysis.

Degrae, of Freedom Signi f. Between Groups

Wilks' Lambda .16006 6 1 298.0

Equivalent F 256.26600 6 293.0 .0000

---------------- Variables in the Analysis after Step 6

Variable Tolerance F to Remove Wilks· Lambda

FACLCNVX .5158186 45.4861 1849049

L0WR1MPL .7872966 87.2627 .2077262

MANDLGTH 18941G3 499.6673 4330108

MANPROGN .7828309 31.5749 .1773056

PALPLANE .7443131 49.6578 .1871837

POSFACHT .2073722 673.1899 .5278007

· Variables not in the Analysis after Step 6

Minimum

variable Tolerance Tolerance F to Enter Wilks' Lambda

APTNPERP .2571331 .1860992 .0131797 .1600456

L0W1APO_ .7442701 .1586552 16.951GG43 .1512751

LOWRLIPE .75841/2 .1878365 .2018482 .1599466

MANPLAGL .368060 .1493157 32.4735861 .1440385

MLSULCUS .8274232 .1875409 2.2308763 .1588436

NASLBANG .5468214 .1529746 9.7796730 .154§702

OCCLPLAN .485*021 .1893695 2.9084130 .1584781

SADANGLE .9438494 .1823891 6.2634302 .1S66960

ma .7955441 .18€337 .9141035 .1555577

SNB .5386113 .1893711 .01660*D .1600401

UFH_.Lil .604005. .1784131 5.6669121 .1570100

UPLPLGTH .6027608 .1763898 18.1565133 .1506874

UPPER.FM .7990829 .1765450 5.455570 .1571216

At itip 7, MANPLAGL wal included in th• analylis.
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Zegrees 32 Freedom
. 233 0LKS Li-=da

232.0-1-.·Ear.c F

Eet.aer. Or:.;3

Varlaoles in :ce Ana.isis aher Step

Variable Tolerance F zz Pemove 111<s Lam©da

FACLCNVX 2-94830 32 3413 1349027

LOWPLMPL .6-31586 -3.9127 .15379],

MANDLGTH 149]157 5-4.5306 4274691

MANPLAGL .3680690 32.4736 .1600572

MANPROGN ,7'23314 35.5926 .1513908

PALPLANE 7437-50 46.1724 .1668145

POSFACHT 1676931 753.16€6 .5204953

-- Variables not la the Analysis afcer Step 7

Minimum

Variable Tolerance Tolerance F co Enter Wilks · Lambda

APTNPERP .2812997 .1417522 1.3589262 .1433690

LOW1APO_ .532'431 1450176 1.4594454 .143]197

LOWRLIPE .6788787 .1485578 1.9529684 .1430783

MLSULCUS .8266328 1477466 1.5581968 .1432713

NASLBANG .9458601 .1459436 7.7897598 .1402833

OCCLPLAN .4491131 .1473050 .0195168 .1440288

SADANGLE .8573691 1]47342 17.6457598 .1358036

SNA .7638607 1429983 4.0937392 .1420403

SNB .5342832 .1488S80 .3738776 .1438537

UFH_LFH .5369795 .1486028 .2116318 .1439338

UPLPLGTH .5503661 .1475800 6.5428364 .1408712

UPPER1FH .7990772 1412791 4.8292920 .1416871

At step 8. SADANGLE was included in the analysis.

Degree, of Freedom Signif. Between Groups

Wilks· Lambda 13580 8 1 298.0

Equivalent F 231.47504 8 291.0 .0000

· Variables in th, Analysis after Step 8 ----------------

variabli Tolerance F co Remove Wilka· Lambda

FACLCNVX .2529473 101.1841 .1830244

LOWRIMPL .6781401 29.8517 .1497348

MANDLGTH .1347342 623.8350 .4269343

MANPLAOL .3343441 44.7683 .156660

MANPROGI ·763874 36.9032 .15]0254

PALPLANE .7310001 51.2693 .1597239

POS,ACET .1557451 823.8890 .5202953

SADANGLE .1373691 17.6450 .1440385

Variable: not in the Analy,1, after Step I

Minimum

Variable Tolirance Tolerance F to Enter Wilkl' Lambda

APTNPERP .280§17 .1292145 .52§2990 .1353712

Lot•flAPO- .S322010 .1316268 1.0850717 .1352374

LOWRLIPE .677082 .1343721 1.3157732 .1351902
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3 1. 2 3 € 4 -3 -5€3

fi:P?CON -4--3-1 4- 3464 .433]

';AILBANG 33€39-3 ..--- .2233

?ALPLANE 33462 2 D 33 -]33 .36:2

POSFACHT .....9-, 311 4:33 Z53I3
SADANGLE .3525566 -3 12-3 13-33

UPLPLGTH 34]8Z57 6.0935 13202

Variaoles no= in :ne Analysis after Step 11

Variable Tolerance Tolerance F zo Sneer 41£ 1.<s· Lambda

APTNPERP 2712151 .1244573 1.1 43332 1287715

LOW:APO_ .5156602 12-9323 Z31Z975 .1291660

LOWRLIPE 5483042 :289809 3.6174001 .1275927

MLSULCUS 9140523 1290909 2.43]2472 .1282134

OCCLPLAN 4345868 1293646 .5461932 .1290519

SNA .5340130 1291620 :315289 .1292152

SNB 3421590 .1279451 2.4957364 .1281858

UFH_LFH -4763153 1284866 3927622 1291250

UPPER1FH ,7850184 1245279 3 5452268 .1277244

F level or tolerance or VIN insufficient for further computation.

Summary Table

Action Vars Wilks'

Step Entered Removed in Lambda Sig. Label

1 POSFACHT 1 .67144 .0000

2 MANDLGTH 2 .27301 0000

3 L0WR1MPL 3 .20523 .0000

4 PALPLANE 4 .19183 .0000

5 FACLCNVI 5 .17731 .0000

6 MANPROGN 6 .16006 .0000

7 MANPLAGL 7 .14404 .0000

8 SADANGLE 3 .13580 .0000

9 NASLBANG 9 .13202 .0000

10 UPLPLGTH 10 .12930 .0000

Canonical Discriminant Function,

Pet 02 cum Canonical After Wilks'

Fen Eigamalue Variance Pet corr Fcn Lambda Chi-squar• de Sig

: 0 .129297 599.374 10 .0000

1• 6.7342 100.00 100.00 .9331 :

• Mark: the 1 canonical di•criminant functions remaining in thi analysis.

Standardized canonical discriminant function coofficionto

Func 1

FACLCNVI 1.09304

LOWRIMPL -·45717

MANDIATI -2.474@5
MANPINIL .51190

MANPROGN ..44337
NASLBANG -.16819

PALPLANI .57521

POSFACHT 2.2//27
SADANGLE .28847

UPLPLGTH .20003
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Pooled al:hin-groups =orrelan..Gns oetween discriminating ·ariaoles
and canonical discriminan= 2.=c=1:ns

variables ordered sy slze of =orrelacion al.zatn finc:lon,

2-CC

POSFACHT .26956

PALPLANE 24213

.'PPER:FH - 22236

'FH_LFH .16-49

L0W1APO_ 14378

MANPROGN - 13469

LOWR1MPL - 10875

UPLPLGTH .09143

SNA 18279

AP'INPERP - 33253

MANDLGTH - 36600

LOWRLIPE 05702

OCCLPLAN .05316

SNB .03833

FACLCNVX - 03633

NASLBANG .02828

SADANGLE - C2492

MANPLAGL .01539

MLSULCUS - 00450

Unstandardized canonical discriminant function coefficients

Func 1

FACLCNVX 3707605

L0WR1MPL -.0716463

MANDLGTH -.2575456

MANPLAGL .1341711

MANPROGN -.0532583

NASLBANG -.0131139

PALPLANE .1766976

POSFACHT .290300S

SADANGLE .0603652

UPLPLGTH .0725154

(Constant) -27.1070800

Canonical discriminant functions ,valuated at group mians (group centroidi)

Group Func 1

0 2.58636

1 -2.58136

Symbol, uied in plot,

Symbol Group Label

1 0
2 1

All-groups Stackid Hiltogram

itruczure matrix:
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22222 22

:22 222 ·-/....111

22 222222 2222 ........

5- 2 222222222222222 1 1 1111111111 -

2222Z222222Z22Z22 1 111111111111

2 22222222222222222 2 1 1111111111111111 1 1
22222222222222222222222 2221 11111111111111111111 1 1

X X

out -4.0 -2.0 .0 2.0 4.0 OUC

Class 2222222222222222222222222222222111111111111111111111111111111
Centroids 2 1

Claggification results

No. of Predicted Group Membership

Actual Group cases 0 1

Group 0 150 150 0

100.0* .0.

Group 1 150 2 148
1.3# 98.7/

Percenc of ·grouped· cases correctly clasgified: 99.334

Clag,ification processing summary

300 (Unweighted) cases were processed.
0 casel were excluded for missing or out-of-range group codes.
0 cases had at leait one missing discriminating variable.

300 (Unweighted) cazes were used for printed output.

:an:i-:a. 2-3==.-L-:anc F.ncti=n .

:5

2 2 2 1 111 1

Z 22 4

2 2-2 12 1 111 1
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