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ABSTRACT

This study was undertaken to investigate the observation that in
some subjects with early-onset periodontitis there is a pecutiar
tapering slenderness of root form. This study compares the degree
of taper of the roots of maxillary second premolars, and of the distal
roots of mandibular first molars of patients with early-onset
periodontitis (experimental subjects), with that of the corresponding
roots of contro/ subjects. It seeks to determine whether the degree
of taper is ascribable to a particular part of the root; whether
differences if any are related to gender or to race; and whether the
molars or the premolars would be better diagnostic aids to, and

predictors of disease.

Periapical radiographs of twenty teeth of each type were selected
for the experimental an. control groups. Accurate large scale
tracings of the root outlines were made from radiographs. Using the
mesiodistal widths of the roots at the cemento-enamel junction in
the case of the premolars, and at the root bifurcation in the case of
the distal roots of the molars as baseline measurements, the degrees

of taper of the roots were determined.

Statistical comparison of the degrees of tuper of roots from

experimental subjects with those of the roots of control subjects
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showed strong evidence of a sharper degree of taper in the former;
this was more pronounced for the premolars than for the molars.
The degree of taper was more marked in the apical half of the roots
of experimental molars; but in experimental premolars the increased

taper was evident throughout the entire length of the root.

In the case of the experimental molar roots, there is a relationship
between race and the degree of taper: this highlights the desirability
of future studies examining the root forms of racially segregated
groups. There is no relationship between gender and the tapering of

the experimental molar roots.

For premolars the increased taper of experimental teeth is related
neither to race nor to gender. Prediction and diagnosis of disease is
more reliable with premolars than with molars, because the latter

taper more sharply only along a portion of their roots.

in an affected individual, the maxillary second premolar appears to
be a reliable predictor and an indicator of early-onset periodontitis.
The distal root of the mandibular first molar likewise is a predictar
and an indicator of early-onset periodontitis; but as its degree of
taper is less pronounced and occurs only in the apical half of the

root, its reliability in these roles may be diminished.
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INTRODUCTION

It has long been recognized that there is a form of periodontal
disease which is characterised by its onset at a relatively early age,
by its aggressive, destructive progression, and by its resistance to
conventional periodontal treatment. In 1938 Wannenmacher’ gave
a good description of this disease and called it paradontitis
marginalis progressiva. Over the years a number of narmes have been
given to this type of periodontal disease, and it's aetiology and
pathogenisis have been much debated. Amongst the names are:
periodontosis, precocious advanced alveolar bone atrophy, Gottlieb
syndrome, periodontosis with periodontitis, precocious periodontitis

and periodontitis complex.

It was only natural that parallel to this plethora of terminologies
there was likewise a proliferation of theories as to the aetiology and
pathogenisis of the condition. Orban and Weinman? emphasised that
this form of periodontitis was a ‘degenerative’ and perhaps a
systemic disorder. Causes were sought in the structure of the
periodontal ligament, in the qualily of the bone, and in the character

of the cementum (the so called ‘cementopathia’).

In 1966 the World Workshop in Periodontics® concluded that the
concept of periodontosis as a degenerative entity was
unsubstantiated, and that the term periodontosis should therefore ba
eliminated from the ‘authorised’ periodontal nomenclature. However,

it was recognized that a pattern of periodontitis different from

S
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commaen periodontitis might occur in young adults and adolescents.

During the 1960's the terms ’‘periodontitis complex’ and
‘periodontitis simplex’ fell into disuse and thereafter, until the
1980's, the most common diagnostic term for all types ot
periodoniitis was chronic marginal periodontitis. A subclassification
was introduced by The American Academy of Periodontology,
which differentiated chronic marginal periodontitis into case types
[, II, N and IV, on the basis of severity of the periodontal
destruction. These subtypes did not represent separate diseasss but
the definition of subtypes provided a means of improving

communication®.

The term juvenile periodontitis was coined by Chaput et a/in 1967,
introduced to the literature by Butler* in 1969, and defined by Baer®
in 1971 as “a disease of the periodontium occurring in an otherwise
healthy adolescent and .... characterised by rapid loss of alveolar

bone about more than one tooth of the permanent dentition.”
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In 1982 Page and Schroeder proposed a classification of

pericdontitis with five distinct types 7®%
. ~.
Prepubertal periodontitis Early-
Juveniie periodontitis onset

Rapidly progressive periodontitis periodontitis
Adult periodontitis

Acute hecrotizing periodontitis

and introduced the term early-onset periodontitis to include the three

types of periodontitis that affected younger persons .

This classification was a departure from earlier classifications in that
it was based on a number of criteria inciuding age, pocket flora,
leukocyte function tests, serum antibodies, clinical and radiographic
features, rates of progression, and history, Despite the complexity
of the underlying pathological processes, the classitication was
deliberately kept simple in order to accommodate additional forms
of disease should new understanding be gained or should additional

forms of periodontitis be identified®,
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4
In 1989 the American Academy of Periodontology® recommended
that early-onset periodontitis with its subtypes should form part of

a new classification'® (fig 1).

I, ADULT PERIODONTITIS
Il, EARLY-ONSET PERIODONTITIS
a. Prepubertal periodontitis
b, Juvenile periodontitis
c. Rapidly progressive periodontitis
Ill, PERIODONTITIS ASSOCIATED WITH SYSTEMIC DISEASE
V. NECROTIZING UL. " ATIVE PERIODONTITIS

V., REFRACTORY PERIODONTITIS

Figure 1. CLASSIFICATION OF PERIODONTAL DISEASES ACCORDING TO THE AMERICAN
ACADENY OF PERIGDONTOLOGY {1989)

It was soon realised that there was considerable overlap of some
features of these diseases and that certain host responses were

common to more than one category.
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The term early-onset periodontitis has stood the test of time and has
been incorporated into several classifications of periodental diseases,
including those of Grant, Stern, and Listgarten 1988"", Ranney
19932 (Figure 2) and Carranza 1995"3,

GINGIVITIS
Gingivitis, plague bacterial
Non-aggravated
Systemically aggravated
Related to sex hormanes
Related to drugs
Related to systemic discase
Neorotizing ulcarative gingivitis
Systemic determinants unknown
Related to HIV
Gingivitis, non-plaque
Assoclated with skin diseass
Allergio
Infectious
PERIODONTITIS
Adult periodontitis
Non- aggravated
Systemioally aggravated
Neutropaenias
Leukasmias
Lazy leucocyte syndrome
AlDS
Diabetes mellitus
Crohn's disease
Addison’s disease

early-onset periodontitis.

[T

Early-onset periodentitis
Localised early-onset periodontitis
Neutrophil abnormality
Generalised early-onset periodontitis
Neutrophil abnormatlity
Immunodeficient

Early-onset periodontitis relatad to systemic
disease

Leukocyte adhesion deficiency
Hypophosphatasia
Papillon-Lefevre syndrome
Neutropaenias
Leukaemia
Chediak-Higashi syndrome
AlDSs
Diabetes mellitus type 1
Trisomy 21
Histiocytosis X
Ehlers-Danlus syndrome

Early-onset periodontitis systemic determinants
unknown

Nacrotising ulcerative periodontitis

Systemic detarminants unknown

Related to HIV

Related to nutrition

Periodontal abscess

Figure 2. RANNEY'S CLASSIFICATION OF PERIODONTAL DISEASES (1993)

The classification of Page and Schroeder and that of the American
Academy of Periodontology implied clear distinctions between the
different periodontal diseases; but in practice it is often difficult to
draw these distinctions, particularly within the group designated
This difficulty is reflected in the
classification of Ranney, who eliminates the prepubertal, juvenile

and rapidly progressive types of Page and Schroeder and of the

[\




6

American Academy of Periodontology, and simply substitutes the
much broader grouping of early-onset periodontitis , with localised,
and generalised forms. On the basis of clinical and laboratory
evidence, Ranney argues that localised juvenile periodontitis,
generalised juvenile periodontitis, rapidly progressive periodontitis,
and pre-pubertal periodontitis, may well be variations of the same
disease'?. Ranney’s classification also allows the possibility that
localised and generalised early-onset periodontitis can overlap and
may represent facets of the same disease'?. Armitage'* makes the
point that despite the fact that these classifications have promoted
a clearer understanding of the heterogeneity of periodontal

infections, revision of the current classification system is needed*.

A problem far greater than that of distinguishing between the
different types of periodontitis, is that of predicting susceptibility to
periodontitis and in particular to early-onset periodontitis. Although
certain defects in neutrophil function in early-onset periodontitis are
well recognised, to date it has not been shown that these can be
used as predictors of early-onset periodontitis and even if they
could, it would often be impractical. There are well established
differences between the flora associated with adult periodontitis and
that associated with early-onset periodontitis, but these differences
become apparent enly once the disease is established, and thus no

predictive value can be attached to these differences.

Forces generated by muscles of mastication were at one time
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supposed to be significant in influencing the onset and progression
of periodontitis (occlusal traumatism); but despite whole schools of
thought in occlusal reconstruction being based upon this hypothesis,
little or no scientific evidence has ever come to light in support

thereof, .

While crown and root morphology (developmental grooves, cervical ;
enamel projections), tooth arrangement, and poor-guality |
restorations and prostheses continue to be implicated in promoting

plague accumulation, variation in root morphology per se has not

been shown to have any role in the aetiology of periodontitis 'S. In

a recent study by Hou, Tsai and Huang'®, it was noted that there
localised periodontitis. They drew particutar attention to the tapering

shape of the roots at diseased sites as compared to healthy sites;

I

was a significant relationship between fused molar roots and , o
%
{
but did not show that these tapering roots are significantly different !
i

from ‘normal’ roots 'S,

For several decades, staff members of the Department of Oral

Medicine and Periodontology at the University of the Witwatersrand,
Johannasburg, had noticed that patients with early-onset
periodontitis often seem to have peculiarly tapering or slender tooth
reots. Howewer, only in 1993 was an investigation into this
subjective observation undertaken, and Marnewick published the
results in the form of an MDent research report’®, As far as we can

determine, other than the clinical observation in the recent study of
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Hou et al (1997)'%, no specific reference to the tapering of roots of

teeth in relation to early-onset periodontitis appears in the literature.

it is difficult to postulate any mechanism whereby a sharply tapering
root form could contribute to the pathogenisis of early-onset
periodontitis. One might guess that root form could be related to an
undefined abnormality of cementum, and that both root form and
cemental defect could be ascribable to an early developmental
aberration. Similarly one might postulate a genetic trait governing
both root form and say, deficient leukocyte function. Diminished
root surface area as a factor, as referred to by Hou et al'®, and
Marnewick'®, predicates occlusal forces'”'® as a co-factor, a debate

which has long since been put to rest.

Intra-oral radiography provides a test of relatively high specificity
which can confirm the presence of disease and reveal a ‘history’ of
hard tissue changes'®. If it could be established that there is a

positive relation between unusual root form and a particular form of

periodontitis, then the radiographic image could be a highly specific
means of prediction of that disease and might also be a valuable aid

to diagnosis.

Using radiographs taken from departmental record files, Marnewick
studied the degree of taper of upper central incisors and lower first
premolars. He showed a clear and statistically highly significant

difference between the taper of these teeth in subjects with early-
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onset periodontitis as compared with that of teeth of age matched
patients with healthy periodontia, or with no more than gingivitis.

The affected teeth tapered more sharply than the control teeth.

In the case of the upper central incisors the difference in taper was
ascribable entirely to the sharp taper in the apical portion of the root
(P=0,0331 Hectelling’s 72); but in the case of the lower first
premolars the entire roots tapered more sharply than the controls
(P=0,0002 Hotelling's T2).

Whils the significance of this observation in aetiological terms is
obecure, it could help to distinguish early-onset periodontitis from
adult periodontitis, and particularly from the refractory form of adult
periodontitis. It could also have value as a predictor of early-onset
periodontitis since the peculiarities of root morphology can be
observed radiographically long before the onset of periodontal

disease.

The present evidence relating to the sharper taper of roots in early-
onset periodontitis is derived from a study of two tooth types only,
namely upper central incisors and lower first premolars. The
demonstration of a degree of taper greater than the normal in other
teeth of subjects with early-onset periodontitis is therefore
necessary to confirm that the observation is generally valid, and to
broaden the baseline of reference for this feature as an aid to

diagnosis, and as a predictor of disease.
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The aim of this study is to compare the degree of taper of roots of
teeth other than those previously studied by Marnewick (1993), in
order to determine whether the results of the earlier study can be
validated with other tooth types. The roots of maxillary second
premolars and the distal roots of mandibular first molars of patients
with early-onset periodontitis will be compared with those of contro/
subjects, because these particular roots offer good radiographic
imaging. At the same time | will try to find out whether any
differences which may be demonstrated are related to gender or to
race, and whether the degree of taper is ascribable to a particular

part of the root.
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MATERIALS AND METHODS

r lecti

Files of forty patients diagnosed as suffering from early-onset
periodontitis were drawn randomly from records of the Department
of Oral Medicine and Periodontology, University of the
Witwatersrand, Johannesburg. The forty selected record files from
which the experimental material was drawn, included medical and

dental histories, periodontal probing depths, all other details of the

clinical examination, results of special tests if done, and a full set of
periapical radiographs taken using the ‘parallelling’ technique.
Periapical radiographs of twenty teeth of each type, (maxillary
second premolar and mandibular first molar), were selected from
these files on the basis of the guality of the radiographic images. A

radiograph of only one of the tooth types was taken from each of

the forty files. The diagnoses of early-onset periodontitis had been
made by, or under the supervision of clinicians experienced in the
field of periodontics, primarily on clinical and radiographic grounds;

but in several patients, with the additional evidence of

microbiological investigations. The sample comprised cases of

juvenile periodontitis and rapidly progressive periodontitis; no cases

of prepubertal periodontitis were found.

A further forty files comprising cases of patients with healthy
periodontia who may for instance have had elective crown

lengthening procedures, together with cases of patients with no

-
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more than marginal gingivitis were chosen for the contro/ group. One
periapical radiograph of either a maxillary second premolar or a
mandibular first molar was taken from each of these files, the
selections again being on the basis of the good quality of the

images.

Criteria_for the selection or exclusion of experimental subjects/

radiographs

1. Subjects must have been diagnosed as having one of the forms
of early-onset periodontitis, according to accepted criteria.

2. Only files of subjects thirty-five years of age and younger were
selected, because according to the literature” % "9 | the
aggressive early-onset forms of periodontitis are uncommon
after the age of thirty-five years, while adult periodontitis
increases in prevalence.

3. Subjects with a history of any condition or accident that may
have affected the development of any of the teeth, or who may
have had orthodontic treatment, were excluded.

4. Radiographs of teeth which were non-vital or root-treated were
excluded,

5. Only one tooth type per subject was included in the study.

6. The testh of which radiographs were selected, all had periodontal

probing depths of bmm or more.

e S OO
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Criteria__for the selection or exclusioy.. of _contro/ subjects/
radicgraph

1. Only subjects of thirty-five years of age and younger were

selected in order to have a control group reasonably age matched

with the experimental group.

2. Criteria 3-5 as above.
3. Selected radiographs were of subjects free of pericdontal

disease, or with no more than marginal gingivitis.

Methods

TRACINGS

A Makroskop model 420* and a Panasonic F10 Mark Il Video
Camera**, were used to display the radiographs on a computer

screen.

Of all the selected radiographs, the radiograph of the tooth which
appeared to have the longest root was placed on the platen of the

Makroskop which was then adjusted so that the image on the

o TR

computer screen was as sharp and as large as possible. This was

done to ensure that all the subsequent images (which would thus be

e-aal

of teeth with shorar roots) would be accommodated on the screen. H

The settings of the Makroskop were recorded, and reset at each use

*Wild, Heerbrligg, Switzerland.

**Matsushita Communication Industrial Company Ltd., Japan,
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to ensure accurate standardised magnification of all radiographic
images studied. As an additional magnification check, a piece of
stainless steel wire measuring 2.0cm in length was then placed on
the platen, and the size of it's image, measured on the computer
screen, was 16.8cm. This piece of wire was subsequently used

each time the Makroskop was reset, to confirin the accuracy of the

resetting.

This standardization of magnification was largely for the
convenience of having similar-sized images to measure. In fact,
there would certainly have been some variation in magnification
when the original radiographs were taken, owing to small
differences in radiographic technique; but since all the
measurements were to be reduced to proportioris, magnification was

not really very important.

Each radiographic image was carefully traced with a finely pointed
pen {0.3mm) onto a sheet of transparent film secured to the
computer screen. In the case of the premolars, the cemento-enamel
junction-points were located on the radiographic images, and
marked with dots (fig. 3.1, page 16). Age, gender, race, tooth
number and denoted group lexperimental or control) were recorded
on the film, Each tracing was then placed over a sheet of

translucent graph paper on a horizontal viewing box for marking.
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MARKING QF MAXILLARY SECOND PREMOLARS

On each enlarged tracing, a line was drawn across the width of the
root joining the previously marked cemento-enamel junction-points.
This baseline was designated as A ... A' (fig. 3.2, page 16).The
mid, oint of this baseline was marked and thereafter, with the help
of the graph paper, the midpoints of the root were marked on the
tracings at 5mm intervals to the apex. These points were joined by
a line drawn using a flexible ruler. This central line was dssignated

the root axis line fig. 3.3, page 186).

Mext, again with the help of the millimetre graph paper, the central
axis line was marked into ten equal divisions. A line perpendicular to
the central axis line was then drawn at each of these nine points,
across the width of the root. The lines were designated as shown

in figure 3.4,

MARKING QF MANDIBULAR EIRST MOLARS.

For the mandibular first molars, only the distal roots were
considered. In each case the baseline was taken as the shortest
distance from the most coronal point of the bifurcation (point A),
to the closest point of the distal surface of the distal root, as
determined with compasses (fig.3.5, page 17). Since this line was
to be used as a baseline for a series of proportional measurements
its accuracy was of no great consequence. Thereafter the tracing

was marked as for a premolar (fig.3.6, page 17).
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Baseline: shortest distance
from the most coronal point
of the bifurcation to the closest
point on the distal surfase of
\the distal root, l\

Figure 3.5

Figure 3.6

Figures 3.5 and 3.6 METHOD OF MARKING MOLAR T

RACINGS FOR MEASURING.
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“ORIGINAL” LEVELS AND “NEW" LEVELS

The 20%,40%, 60% and 80% levels are the same as those of
Marnewick'® (see page 7) and to these “original levels”, three “new”
levels at 0%, 70% and 90% were added. The set comprising the
latter three levels together with the 20% and 80% levels will

hereafter be referred to as the “new” levels.

MEASUREMENTS

Each tracing was placed on a two-dimensional co8rdinate tablet, and
all measurements were done with a computerized image-
analyser*.The measurements together with tooth number, age,

gender and race were recorded as shown in fig.3.7.

WG (AL A= 0% (BASELINE) neenIM
W1 (a...a") = 20% FROM BASELINE TO APEX vdM
W2 (b..b) = 40% " MM
W3 (b,..b" = 50% Y feamm
W4 {c...c) = 60% " N o Tud]
W5 (¢'...c')= 70% " wenmMm
W6 (d...d") = 80% 3 MM
W7 (g'..e!)= 90% “ oMM
L. = LENGTH OF ROOT Geaim
TOOTH NUMBER
AGE v YIS
GENDER m/f
RACE

Figure 3.7 FORMAT FOR RECORDING MEASUREMENTS

*Videoplan, Kontron, Germany
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The 10% and 30% levels in the more coronal part of the root were
omitted and 50%,70%,90% levels in the apical half of the root

were added because the earlier study (Marnewick 1993'%) showed
that the more apical part of the root tapers more sharply than the

coronal part.

The measurements of two randomly chosen teeth (contro/ molars
number 7 and 12) were taken on ten separate occasions, to
determine the variability of measurements (the variability was
0.26mm indicating a high degree of accuracy when taking

measurementis).

All measurements were then analysed as described below in order

to question:

{a) whether the degree of taper differs between experimental and

control subjects,

{b) whether the degree of taper is ascribable to the entire root or

only to the more apical part.

{c) whether the taper of teeth is related in any way to gender and
race.

(d} whether molars or premolars would be better predictors of

disease; and whether the “new” levels would be better

predictors of disease than the “original” levels (see pages18

and 20 for explanation of “new” and “original” levels).
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Statistical analysis
INTRODUCTION

The measurements of each tracing were divided into two groups

'Il

{fig. 4.1) : Group 1 comprised the baseline and the four “origina

i
|
b
‘
1
]
;
{
H

levels, (Marnewick'®, see page 7) and group Z comprised the

baseline and the five “new” leveis (see page 18). !

Group 1 - “original” levels Group 2 - "br‘1ew" {evels ‘
WO (A...A')= 0% (BASELINE) WO (A..,A")= 0% (BASELINE}
W1 (a..a'} = 20% W1 (a,.a") = 20%
W2 [b..b) = 40% W3 (b...b") = 50% &
W4 (c...c}) = B0% W5 (c',,.cl) = 70%
W6 (d.,.d') = 80% W6 {d...d") = 80%
W7 (e'...e')= 90% I

Figure 4.1 “ORIGINAL” LEVELS AND “NEW" LEVELS

The “new” levels (group 2) were chosen with more measurements

FLEY b

in the apical half of the root, which is known to taper more sharply g

than the coronal half (page 19}, to determine whether they would
perform better than the “original” ievels in terms of prediction of

disease.

The measurements W1, W2, W3, W4, W5, W8, W7, were then
each divided by the baseline measurement WO, to yield a series of

proportion-values.
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The length of the root was likewise divided by the length of the
baseline WO giving a value which defined the shape of the root with

lower values indicating a shorter root.

ANALYSIS

Terminology and outcome-measurements

In the case of “original” levels, there were four widths measured in
addition to the baseline which had a relative width of 1. The relative

widths were arbitrarily denoted Uy, u,, Ug, u, , us , where
WO/WO =u,=1 (fig.4.2).

GROUP 1

WO - WOMO =Ue= 1 0% (BASELINE)
W1 - W1/WO =u, 20%

W2 - W2/WO =u, 40%

W4 - WaW0 =u, 60%

W6 - WB/WO =u, 80%

Figure 4.2 RELATIVE WIDTHS OF “ORIGINAL” LEVELS
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In the case of the “new"” lavels the relative widths were arbitrarily

denoted vq, vy, Va, Vg, V4, Vg, Where vg=1 (figd.3).

GROUP 2
WO - WO/WO =v, = 1 0%
W1 - WI/WO =v, 20%
W3 - WB/WO =v, 50%
W5 - WE/WO =v, 70%
W6 - WB/WO =v, 80%
W7 - W7IWO =v, 90%

Figure 4.3 RELATIVE WIDTHS OF "NEW” LEVELS

The measurements can be considered in two ways, leading to two
different approaches applicable both the “original” and to the “new”
levels:

o The “original” or the “new” levels can be viewed as a set of
multivariate observations on each root, and a test was carried
out to see whether the mean of this “vector” of
measurements differed between contro/ and experimental
teeth using MANOVA (Multivariate Analysis of Variance).

In addition separate univariate tests were carried out to see
whether there was any difference between control teeth and
experimental teeth for the means of each “original” level.

This approach was used in Marnewick’s'® study.

-
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The “original” or the “new” levels can be viewed as a
longitudinal or ‘repeated measures’ set of ohservations along
the length of the root. For groups 1 and 2 (“original” levels and
“new” levels), trends were calculated to estimate the change
of relative width along the length of each root. The trends
could then be seen as utilising the ‘response feature’ approach
to the analysis of repeated measures data?'.This was done by
fitting regressions of width on position, separately for each
tooth. In each case quadratic models were fitted and this led

to the following summary measurements for each tooth :

ubO intercept for “original” levels

ub1 linear effect for “ariginal” levels (slope)

ub2 quadratic effect for “original” levels (curvature)

vbO intercept for “new” levels
vb1 linear effect for “new” levels

vb2 quadratic effect for “new” levels

The mean values of the observations were calculated and tabulated
by experimental and control teeth and by gender and race

(sociodemographic variables) for molars and for premolars.
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FORMAL STATISTICAL ANALYSIS
To test the differences between the measurements, the following

analyses were carried out separately for molars and for premolars,

and separately for the “original” levels and for the “new” levels.

J a multivariate analysis of variance on the relative widths - the
statistical test for this analysis is Hotelling’s T2 in the
case of comparisons involving factors with two levels (e.g.
tooth type - experimental and control).

. a univariate analysis of variance of the relative widths of the
“original” fevels.

° general linear models to analyse the co-efficients of the fitted
quadratics (i.e. quadratics fitted “per tooth”). In each case
differences between contro/ and experimental teeth were
examined. Separate models were used adjusting for the

following covariates:
(i) Relative root length , age, gender and race {complicated

model). ¥
(i) Relative root length and race (intermediate model).
(ili) Relative root length only (simple model).
The results are discussed with reference to the SAS output.

. ‘prediction’ analysis?,
The “original” and “new” levels were used to try to predict

* 2 ‘“While fitting the models it was found that there was no
evidence of age and gender effects, therefore these

terms were both omitted in model {ii).

]
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the presence or absence of disease using logistic
discriminant analysis separately for the premoiars
and for the molars. This could establish which of the
groups of levels (“original” or “new”) are better

predictors of disease.

The principle used is as follows:
a linear discriminant fuiiction of the form
Ip = const + by, + bgus + bty + bgus
as formed by performing a logistic regression of disease

status (present or absent) on the relative widths u,, ug,

Uy, and ug, or vy, Vy,Vs, V4 @and vy in the case of the “new”

levels,

This enables the probability of disease to be predicted as

p = expilp)
1+ explip)

and then various cut off points can be used to predict
whether or not a particular subject is diseased e.g. in this
study BO% representing a strict criterion, and 40% a
less strict criterion were used. Therefore a subject

can be classified as being diseased if p>50

(60% cut off); or p=0.40 (40% cut off).

o




ERE Aol A ﬂW}.{mﬁ?ﬁﬂ&m{mﬁWw&m?mw»x’ i e TR T T T

26

RESULTS

Question {a) (page 19)

In answering question (a), whether the degrees of taper between
experimental and controf subjects differ, the following results came

to light:

“ L LEVEL

Molars:

From the summary of “original” levels, vaiues and response features
by control and experimental groups for molars {Appendix Table 1 -
page 47) the following is observed:

The relative widths are smaller in experimental molars than in control
molars. For the calculated (fitted) quadratic regression, the constant
(ub0) and the quadratic terms are similar, while the linear term is
more negative for experimental molars, indicating that the rate of

taper is greater in experimental molars.

Using the model in Appendix Table 6(C) (page 56) (the MANOVA
app:dach) for molars using “original” levels there is strong evidence
that experimental molars taper more than contro/ molars (Wilk's
Lambda=0.703, P=C.0151). From Appendix Table 7(C) (page 61)
there is very strong evidence (P=0.0010) that the linear trend
differs between experimental molars and control molars, with

xpetrimental molars (ub1=-0.0653) having a sharper degree of

3
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taper than contro/ molars (ub1 = -0.0533).

“ORIGINAL" LEVELS

Premolars:

From the summary of “original” levels, values and response features
by control and experimental groups for premolars (Appendix

Table 1 - page 47), the following is observed:

The relative widths are smaller in experimental premolars than in
control premolars. In passing, the differences in widths are greater
in premolars than in molars. For the calculated contrasts, the linear

contrast again shows a greater taper for experimental premolars.

It can be concluded fron. Appendix Table 8(C) (page 66) that there
is overwhelming evidence that experimental are narrower than
control premolars (Wilk's Lambda=0,5270, P=0.0002)., In
Appendix Table 9(C) (page 71) there is overwhelming evidence of
a difference between experimental and control premolars for
ub1(P=0.0002), and strong evidence for ub0 and ub2 (P=0.0111
and P=0.0185 respectively), From the mean values of the
parameters (adjusted for root length) the degree of taper is
significantly sharper in experimental premolars {ub1 =-0.0675) than

in the contro/ premolars (ub1=-0.0512).

IIDIEEQZH l EVF! q‘
Molars:

From the summary of “new"” levels values and response features by
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control and experimental teeth of molars the following is observed
{Appendix Table 2 - page 47) :

The relative widths are smaller in experimental molars than in control
molars. For the fitted quadratic regressions, the difference in co-
efficients is relatively small, while the linear term is more negative
for experimental molars, indicating that the rate of taper is greater

in experimental molars.

Appendix Table 10(C) (page 76) shows that, adjusting for relative
length, there is strong evidence that the widths differ with
experimental molars being narrower than contro/ molars (Wilk's
Lambda=0,672, P=0.0179), Appendix Table 11 (page 78) gives
the results for molars using “new” levels and fitted quadratic
response functions (i.e. the coefficients vb0, vb1l and vh2).
Appendix Table 11(C) (page 81) shows that there is very strong
evidence (P=0,0011) that the linear taper vb1 differs between
experimental and contro/ molars with the experimental molars
(vb1=-0.06891) having a sharper mean taper than the control
molars (vb1=-0,05724).

H "

£

Premolars:

From the summary of “new” levels values and response features by
control and experimental groups of premolars the following is
observed (Appendix Table 2 - page 47):

The relative widths are again smaller in experimental than in contro/
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premolars (the effect being maore marked than in molars). For the
fitted quadratic the constant term is smaller in experimental
premolars than in control/ premolars, showing that experimental
premolars have a smaller average width; and the linear term is more
negative for experimental premolars than for contro/ premolars,

showing that the experimental premolars taper more sharply.

in Appendix Table 12 {page 82} the resuits are given for premolars
using the “new” levels. In Appendix Table 12(C) (page 86) there is
overwhelming evidence (Wilk's Lambda=0.451, P=0.0001) that
the mean widths are different for experimental and control
p.emuoiars, with experimental premolars showing a greater degree of
taper. Appendix Table 13 {page 88) gives the results for the analysis
of the fitted response features i.e. vbO, vb1,and vb2 for premolars
using “new” levels. From Appendix Table 13(C) (page 91) there is
strong evidence that the mean vb0O and vb2 values differ for the
experimental and contro/ teeth for premolars (P=0.0118 and
P=0,0329 respectively) and overwhelming evidence that the mean
linear trend vb1 differs between experimental and controf premolars
{P=0.0001) with the experimental premolars (mean vb1=-0.0709)
showing a greater degree of taper than the contro/ premolars {mean
vb1 =-0.0540).

Question (b} (page 19)

In answering question (b}, whether the degree of taper is ascribable
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to the entire root or only to the more apical part, the MANOVA
approach was used. If this was significant, and only some of the
univariate ANOVA figures significant then the effect is not true for

the whole length of the root, but more ascribed to those parts where j

the univariate ANOVA figures are significant. The following came to

light:

“ORIGINAL” LEVELS
Molars:
From Appendix Table 1 (page 47) the degree of taper is more

marked at u, and ug than at u, and u,.

Appendix Table 6(C) (page 56) shows the statistical analysis.

Overall there is a significant difference in widths between

e e

experimental and control molars (Wilk's Lambda=0.703,
P=0.0151), However in the univariate analysis u, and ug are
significantly different between experimental and contro/l molars,
while u, and u, are not significantly different. Therefore the overall

difference of taper between experimental and control molars is

PR -3

e e et e e e

mainly due to u, and u . This shows that in molars the greater

r

degree of taper is ascribable to the more apical part of the root in

the experimental molars,

Premolars:
From Appendix Table 1 {(page 47) the degree of taper is more
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uniform throughout the length of the root.

Appendix Table 8(C) (page 66) shows the statistical analysis.
Overall there is a significant difference between experimerital and
control premolars (Wilks Lambda=0.5270, P=0.0002). In the
univariate analysis there is a significant difference for u,, U4, Uy,
and ug between experimental and control premolars. This shows
that in premolars the degree of taper is ascribable to the entire root

rather than to a particular part in the experimental premolars.

“NEW"” LEVELS
Molars:
From Appendix Table 2 (page 47) the degree of taper is more

marked at v,,vg, v, and vy compared to vy.

Appendix Table 10(C) (page 78) shows the statistical analysis.
Overalt there is a significant difference between the widths of the
experimental and the contro/l molars (Wilks Lambda=0.672,
P=0.0179). The univariate analyses show that v,, vs, v,, and v; are
significantly different between experimental and control molars
while v, shows no significant difference. The difference in degree of
taper between experimental and control molars is therefore more

marked at the apex of experimental molars.

0‘(
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“NEW" LEVEL

Premolars:

From Appendix Table 2 (page 47) the difference in relative widths
of the experimental and contro/ premolars is marked at vy, vy, Vs,

V4, and vg.

Appendix Table 12(C) (page 86) shows the statistical analysis
revealing overwhelming evidence that the mean widths are different
for experimental and control premolars, with experimental premolars
showing a greater degree of taper throughout their lengths (Wilk's
lLambda=0.451, P=0.0001).

The univariate analyses and adjusted means show that the
differences in widths are present at all the levels, i.e. the mean
values of vy, v,, vy, V,, and vy all differ significantly between the
experimental and control premolars, supporting a marked uniform

degree of taper for the experimental premolars.

Question (¢} (page 19)

To answer the question (c) whether the tapering of teeth is related
in any way to gender or to race, a hierarchical sequence of
statistical models was fitted. The most complicated included relative
length, gender, age, race and experimental and control teeth as
effects; an intermediate model included relative length, race and

experimental and contro/ teeth; and the simplest included only
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relative length and experimental and control teeth. If both race and
gender are important, then the most complicated model shouid fit
better than the intermediate model, as measured by the F values.
Simitarly if race is important then the intermediate model should fit
better than the simplest model. Using two approaches, namely
MANOVA and summary statistics after making observations
(Appendix Table 4 - pages 49 and 50 and Appendix Table 5 - page
51), the following came to light :

“ORIGINAL” LEVELS

Molars:

From Appendix Table 4(A) (page 49) for Blacks and for Whites there
are only small differences between experimental and contro/
molars. However there is a difference between the teeth of Blacks
and of Whites : all the widths for Blacks are smaller than those for
Whites, and in fact the widths of contro/ molars of Blacks are
narrower than those of experimental molars of Whites at most
levels. Therefore there is a potential for a confounding effect of race
with experimental and control moiars, This is compounded by the
fact that only two out of fifteen teeth of Blacks were control
molars, while fourteen of twenty one teeth of Whites were contro/
molars (Appendix Table 3(A) - page 48). From Appendix Table 5(A)
{page 51) the difference between experimental and contro/ molars

for females is less marked than that for males.

From the statistical analysis (Appendix Table 6(A) - page 52) there
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is no evidence of any difference in widths attributable to gender
(P=0.705). Appendix Table 6(B) {page 54) shows that there is
some evidence of a race effect (P=0.0744). However if race is
included in the model i.e. the intermediate model (page 24) is
adopted in prefererice to the simplest model, the difference hetween
experimental and control molars is no longer significant. This is due
to the confounding effect between race and experimental and
control molars, i.e. because of the fact that most of the molars in
the experimental group are from Blacks, it cannot be determined
from the data whether increased degree of tapering is related to

being black, or to having early-onset periodontitis.

From the statistical analysis (Appendix Table 7(A) - page 58) there
is no evidence of a gender effect (P=0.1921). From the statistical
analysis (Appendix Table 7(B} - page 60) there iz some evidence of
a race effect on parameter ub1 (P=0.0644). There is no evidence
of a race effect on ubO and ub2. From Appendix Table 7(C) (page
61), if the race effect is regarded as spurious, the linear trend for
experimental molars (ub=-0.0653) shows strong evidence
(P=0.0010) of a sharper degree of taper than that of vontro/ molars
(ub=-0.0533).

"QRIGINAL” LEVELS
Premolars:
From Appendix Table 4(A) (page 49) for Blacks and for Whites there

are differences in widths between experimental and control
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premolars. The widths for Blacks are smaller than those for Whites
at most levels. From Appendix Table 5(A) (page 51) there is no
obvious difference between males and females for experimental and

control premolars.

From the statistical analysis {Appendix Table 8(A) - page 62) there
is no evidence of any difference in widths attributable to gender
(P=0,9283). Appendix Table 8(B) (page 64) shows that there is no
evidence of a race effect (P=0.6124). From the statistical analysis
(Appendix Table 9(A) - page 68) there is no evidence of a gender
effect (P=0.5767). From the statistical analysis {Appendix Table
9(B) - page 70) of parameters ubO,ub1,ub2 there is no svidence of
a race effect (P=0,9667;0.0807,0.9526 respectively).

Overall for premolars the tapering of teeth is related neither to

gender nor 1o race.

Molars:

From Appendix Table 4(B) (page 50) for Blacks and for Whites there
is same difference between experimental and contro/ molars.
However there is a difference between the teeth of Blacks and of
Whites : all the widths for Blacks are smaller than those for Whites,
and in fact the widths of contro/ molars of Blacks are narrower than
those of experimental molars of Whites at most levels. Note,

however, that only two out of fifteen teeth of Blacks were controf
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molars, while fourteen out of twenty one teeth of Whites were

control molars (Appendix Table 3(A) - page 48).

From the statistical analysis (Appendix Table 10(A) - page 72) there
is no evidence of any difference in widths attributable to gender
(P=0.479), Appendix Table 10(B) (page 74) shows that there is
some evidence of a race effect (P=0.0068). From the statistical
analysis (Appendix Table 11(A) - page 78) there is no evidence of a
gender effect (P=0.3357), From the statistical analysis (Appendix
Table 11{B) - page 80)
parameter vb1 (P=0,0387). There is no evidence of a race effect on
vb0 and vb2 (P=0.2901and P=0.2359 respectively}.

there is evidence of a race effect on

As in the case of the “original” levels the interpretation is made
difficult by the potential confounding between race and

experimental and control molars, This will be considered further in

From Appendix Table 4(B) (page 50) for Blacks and for Whites there
is a difference in widths between experimental and control
premolars. The widths for Blacks are smaller than those for Whites,
From Appendix Table 5(B) (page 51) there are differences in widths

between expeérimental and contro/ premolars for males and for

females, However there are no obvious differences in widths
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between males and females,

From the statistical analysis (Appendix Table 12(A) - page 82) there
is no evidence of any difference in widths attributable to gender
(P=0,843), Appendix Table 12(B) (page 84) shows that there is no
evidence of a race effect (P=0.4198). From the statistical analysis
(Appendix Table 13(A) - page 88) there is no evidence of a gender
effect (P=0.8416). From the statistical analysis Appendix Table
13(B) (page 20), {parameters vbO,vb1,vb2) there is no evidence of
a race effect (P=0.7985,0.0882 and 0.6216 respectively).

Thus for premolars using the “new” levels there is no evidence that

width is related to gender or to race.

Question (d) {page 19)

In answering question (d), whether molars or premolars would be
better predictors of disease and whether the “new "levels would be
better predictors of disease than the “original” levels {page 20), the

following came to light:

“QRIGINAL" LEVELS

Molars:

From Appendix Table 14(A) (page 92) , individually the vartiables do
not appear significant (Wald Statistic values). However, overall the
model is significant; i.e. being an experimental or control molars

is related to the values of u,, Uy, U, and u y . Using the 50%
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prediction point, fourteen of the twenty experimental molars are
correctly identified (sensitivity =70%), and seventeen of the contro/
molars are correctly identified (specificity = 85%). Sensitivity is more
important than specificity® since the conuurn is to correctly identify
experimenial molars. Changing the prediction point to 40% does not
increase the sensitivity from 70% and the specificity drops tc 65%.

"ORIGINAL"LEVELS
Premolars:

Appendix Table 14(B) (page 93) shows the statistical results. Here
the overall deviance of 22,736 on 4d.f. is highly significant
(P=0.0002} showing overwhelming evidence that experimental or
contro/ premolars are related to the values of u,, ug, u, and ug. Here
sixteen out of twenty experimenial premolars (sensitivity = 80%) are
correctly predicted at the 50% cut off point, showing that the
premolars are better predictors of disease than the molars
(sensitivity = 80% vs sensitivity = 70%). Reducing the cut off value
to forty percent (40%) fails to improve the sensitivity above eighty
percent (80%].

" n ot

Molars:
Appendix Table 14{C) (page 94) gives the statistical results, The

overall model deviance of 14,243 on 5d.f, is significant (P=0.014)
showing strong evidence that control and experimental molars are

related to the values of vy,v,,vy,vy,and v, Prediction of disease is

non
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prediction point, fourteen of the twenty experimental moiars are
correctly identified (sensitivity = 70%), and seventeen of the contro/
molars are correctly identified (specificity = 85 %). Sensitivity is more
important than specificity?? since the concern is to correctly identify
experimental molars. Changing the prediction point to 40% does not

increase the sensitivity from 70% and the specificity drops to 65%.

p " EVELS
Premolars:

Appendix Table 14(B) (page 93) shows the statistical results. Here
the overall deviance of 22.566 on 4d.f. is highly significant
(P=0.0002) showing overwhelming evidence that experimental or
contral premolars are related to the values of u,, U, u, and uz. Here
sixteen out of twenty experimental premolars (sensitivity =80%) are
correctly predicted at the 50% cut off point, showing that the
premolars are better predictors of disease than the molars
(sensitivity = 80% vs sensitivity = 70%). Reducing the cut off value
to forty percent (40 %) fails to improve the sensitivity above eighty
percent (80%).

"NEW" LEV
Molars:

Appendix Table 14(C) (page 94) gives the statistical results. The
overall model deviance of 14,243 on 5d.f. is significant (P=0.014)
showing strong evidence that contro/ and experimental molars are

refated to the values of vy,v,, Vv, va.and vy, Prediction of disease is
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slightly better for the “new"levels than for the “original”levels with
a sensitivity of 76% (vs 70% for the “original”levels) and a
pecificity of 80% (vs 85% for the “original” levels). Decreasing the
cut off point to 40% increases the sensitivity to 80%: sc sensitivity
is better but specificity is worse - however as discussed sensitivity

is more important.

“NEW" LEVELS

Premolars:

Appendix Table 14(D) (page 95) gives the statistical results. The
overall model deviance of 26.185 on 5d.f. is highly significant
(P=0.0001), showing overwhe!ming evidence that experimental
or control premolars are related to the values of Vy Vg, Vg Vaand Vs,
Prediction of disease here is very good with a sensitivity of 85% and
a speciticity of 80%. Decreasing the cut off point 1o 40%, increases
the sensitivity to 90% l.e. eighteen out of twenty of the

experimental teeth are correctly identified.

To summarize then:

1. Prediction of disease i. better using premolars than molars.
This concurs with previous findings in respect of question (a)
where the difference in the degree of taper between
experimental and control teeth was seen to be more marked
for premolars than for molars (pages 26-29).

2. For premolars and for molars, the “new” levels proved to be

better predictors of disease.
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The problem o1 prediction of periodontal diseases in individuals who
do not show any of the classical signs and symptoms is something
which is attracting a lot of attention from researchers, From time to
time a variety of measurable variables have been proposed as
possible predictors of periodontal disease. These have included
particular members of tt - acterial flora, constituents of the gingival
crevicular fluid, white cell migration rate from the gingival crevice,
and genetic markers. The better known of these have turned out to
be unreliable while the newer ‘predictors’ like genetic markers, are

still unproven or are not generally available.

The simple clinical observation of peculiarly tapering roots in a
number of subjects with early-onset periodontitis gave rise to the
idea that a measurable morphological characteristic of the roots of
teeth, observable radiographically long before the onset of disease,
might turn out to be a predictor of, and an aid to diagnosing early-

onset periodontitis.

A previous study by Marnewick'® strongly suggested that a relation
between the morphological characteristics of sharply tapering roots
and early-onset periodontitis may exist. In this study Marnewick's
work'® has been expanded using different teeth and somewhat
different methods, and the results have been subjected to extensive

statistical analysis.
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A pertinent difficulty relating to this research is the obscurity of any
link between an apparently purely morphological variation and a
classically inflammatory disease. Nevertheless, the statistical
gvidence linking increased degree of taper of tooth roots to early-

onset periodontitis is very convincing.

A number of aims were formulated for this study, and in order to
satisfy them, four questions were posed, analysed and answered
separately. In answering these questions,”original” levels and “new”
levels (pages 18 and 20) for mandibular first molars and maxillary

second premolars were considered separately.

Question (a) was whether the degree of taper differs between
experimental and control subjects. All observations and statistical
analyses showed strong evidence that experimental teeth taper more
sharply than contro/ teeth; this was seen to be more marked for
premolars than for molars, This parailels Marnewick’s findings'® of
a clear and statistically highly significantly greater degree of taper of
upper central incisurs and lower first premolars affected with early-
onset periodontitis, as compared with teeth of age matched patients

with healthy pericdontia.

Question (b) was whether the degree of taper is ascribable to the
entire root or only to the more apical part of the root. For mandibular
first molars the observations and statistical analyses showed that

the degree of tap.er is more marked in the apical half of the distal
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roots of the experimental molars. For maxillary second premolars on
the other hand, the observations and statistical analyses showed
that the increased degree of taper for the experimental premolars

was ascribable to the entire root rather than to a particular part.

Question {(c) sought to determine whether the tapering of teeth is
related in any way to gender or to race. For mandibular first molars
observations and statistical analyses regarding race showed that for
blacks and for whites there are only small differences between
experimental and control teeth. However an interesting point is that
there is a difference between the molars of blacks and of whites,
i.e. there is a race effect. All the widths for blacks are smaller than
those for whites, and in fact the widths of contro/ molars of blacks
are narrower than those of experimental molars of whites at most

levels.

it should be noted however, that only two out of fifteen molars of
blacks were contro/ molars, while fourteen of twenty one molars of

whites were control teeth.

In the light of the demonstrated race effect, there is a potential for
confounding effects of race with experimental and coniro/ molars.
This means that if the race effect is real the difference in taper

between expetrimental and control molars may not be significant.
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It is, however, unfortunate to have had such an imbalance in
numbers of control and experimental molars of black and white
subjects, as the reality of the potential confounding effect cannot be

determined.

It should be borne in mind that when this study was started it was
not anticipated that any statistically significant difference would be
found between the teeth of the black subjects and those of the

white subjects.

Perhaps this was an error of judgement in that there are many
craniometric and dentometric differences between blacks and
whites2® 24 % and in seeking a measurable criterion to serve as a
predictor of a disease or as an aid to diagnosis of that disease,

parameters specific to that racial group should be used.

It is therefore a spurious argument (as immediately above) that a
racial effect for molars as revealed in answering gquestion (c) would
obviate the significance of the greater taper of experimental molars

as determined in answering guestion (a).

A further study should be undertaken using two separate groups,
one of Whites only and one of Blacks only, to determine the
answers to questions (a), (b), (c) (gender only) and (d) separately, in
strict terms nf “black” parameters and “white” parameters since the

predictive and diagnostic powers of these parameters would be
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applied to individual white or black patients.

For mandibular first molars, observations and statistical analyses
showed that there is no relationship of the tapering of teeth to

gender.

However for the maxillary second premolars, observations and

statistical analyses show that the increased tapering of experimental

.iid'i B .;':,,J LT teeth is related neither to race nor to gender. This strengthens the
“v, ,:'»,n'»w» } f’ [
i validity of the maxillary second premolar as an indicator of early-

onset periodontitis and as a predictor of susceptibility to the disease.

Question (d) was whetner molars or premolars would be better
predictors of disease; and whether the “new"” levels would be better
predictors of disease than the “original” levels (pages 18 and 20).
Statistical analyses showed that prediction of disease is better with
maxifiary second premolars than with mandibular first molars; and

that the “new"” levels are better than the “original” ones.

In the light of all the above results there is no question that those

maxillary second premolars which have a demonstrably increased

degree of taper of their roots appear to be reliable predictors or
indicators of early-onset periodontitis. The same cannot be [
unequivocally said of mandibular first molars because of the weaker |
statistical evidence of an increased degree of taper of experimental

|

!
as apposed to control teeth. } )

|
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LUSION

The degrees of taper of maxillary second premolars and mandibular
first molars of patients with early-onset periodontitis, are
significantly greater than the degrees of taper of the corresponding
teeth of age-matched patients with healthy periodontal tissues. The
difference in the degree of taper is more marked for premolars than

for molars.

The increased degree of taper is ascribable to the apical half of the
root in the case of the mandibular first molars and to the entire root

in the case of the maxiliary second premolars.

Increased degree of taper for mandibular first molars was not L
related to gender. For mandibular first molars parameters derived |
from separate racial groups would be preferable to parameters
derived from racially mixed groups. However in the case of the
maxillary second premolars, increased degree of taper of |

experimsntal teeth is reiated neither to race nor to gender. ‘

Statistically there is a stronger relationship between the degree of
taper of the teeth of both types (molars and premolars) and the
presence or absence of early-orset periodontitis when using
measurements at the “new"levels weighted for the more apical part

of the root, as opposed to the “original” levels.
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One of the objectives of this study was to broaden the baseline of
reference of teeth in subjects with early-onset periodontitis having
demonstrably greater degrees of taper, than the corresponding teeth
of periodontally healthy subjects. Putting together the findings of
Marnewick'® with the present work, all four teeth so far studied
have been "own to be good indicators or predictors of earty-onset
periodontitis but the tapered mandibular first premolars
(Marnewick'®) and maxillary second premolars (present study) more

convincingly so.
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APPENDICES
APPENDIX TABLE 1 i SUMMARY OF MEAN "ORIGINAL” LEVEL VALUES AND RESPONSE FEATURES BY
EXPERIMENTAL AND CONTROL GROUPS MOLARS AND PREMOLARS
Motar Molar Premolar Promolar

Paramatar Control Exporimontal Control Experimenlal

g 1 1 1 1

Uy 0.73 0.69 0,83 074

Uy 0.68 0.60 0.74 0.62

A 0.61 0,53 0.68 0.56

Uy 0.53 0,48 0.58 0,43

ubo 0,80 0.85 0,95 0,89

ub1 «0.06 «0,07 -0,06 -0,07

ub2 0.01 0.01 0.00 0.01
ABPENDIX TABLE.2 : SUMMARY OF MEAN “NEW" LEVEL VALUES AND RESPONSE EEATURES BY, EXPERIMENTAL
AND CONTROL GROURS MOLARS AND PREMOLARS

Molar Molay Promolat Promolar

Parametor Control Expetimental Control Expetirmontal

A 1 1 1 1

vy 0,73 0,69 0.83 0,74

Va 0.65 0,66 0.71 0.69

Va 0.568 0,49 0.82 0.50

Va 0,62 0.43 0.566 0.43

vy, 0,42 0,34 0.48 0,32

vhO 0.91 0,89 0.98 0,93

vb 0,06 -0.07 -0.06 0,07

vb2 0.00 0.00 -0,00 0.00

‘ ' - - ] - boad
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APPEND) BLE 3 : HELATIONSHIP O Y D CONTROL GROUPS MOLARS AND OLAAS TO
SOCICREMOGRAPHIC VARIABLES
3 20, a arfments oups rag
Molars
Black White Indian Mullate Totat
Controf 2 14 4 0 20 ’
Exporimental 18 7 a Q 20 i
i .
Prematare : bl
Black White Indian Multato Total x <
Control 3 i6 0 1 20 ’ ’ _
i
Exporimantal 13 7 0 ] 20 3 -
BiRlCantral and Experimental arouns by qendor -
dolats
Male Female Total .
Guntrol 1" 9 20 =
Experimental 9 11 20 ' :
Premolats
Male Fomale Total |
- | =
Control ik 9 20 | )
Exporimontal 13 7 20 ,-‘ -
316) Ada distrthution summarlsod by Gontrol and Experimental droups | .
Motars ‘ -
; =
Age i .
i
Moan Standard Mintuim Maxhnum | 3
Doviatlon § 2
) £
Contrat 28,75 4,84 22 36 | —
| |3
Exporimental 28.85 8.80 16 36 ’ 2
“ e
For Ho : means ate equal, T = 0.05 P-VAL = 0,957 { W
E i
L
Premolars { B
‘ 1
i e
Age ! ==
Mean Standard Minimum Maxtmum :
Duviatioh
Controf 28,50 5,30 13 a4 ;
Experimontal 29.20 .00 20 35 oo
For tHo ¢ maans are aqual, T = 0,40 P-VAL = 0.70 : -
: -
) * * £y
- ’ %
‘ 7
Y ':
1 ;
. ",4‘
; . i
: s ) \\
i i bt 0B 15 i E Y thwnn . —
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APPENDIX TABLE 4(A) MEAN_"OR[GINAL” LEVEL VALUES BY EXPERIMENTAL AND CONTROL GROUPS MOLARS

TR 42 Facore

AND BACE
Molars
Race
Parametor Black White indian Mullato
Control | E.ipari- Contro/ | Experi- Cantral | Experl- Control | Experi-
mental montal mental mental
Uy 1 1 1 1 1
U, 0,70 0.68 a7 0,73 0.83
U, 0.54 0,58 0.65 0.64 0.69
Uy 0.59 0.50 0.60 0,57 0,86
Uy 0.44 0.40 0,63 0.49 0.56
Ub0O 0.88 0.84 0.84 0.86 0.92
Uh1 -0.06 -0,07 +0,06 -0.06 0,06
Ub2 0.01 0.01 0,01 0,01 0,00
APPENDIX_TABLE A1A) MEAN _“ORJGINAL" LEVEL VALUES BY EXPERIMENTAL AND GONTROL GROUPS
PREMOLARS AND BRACE
Promolars
Raco
Paramoter Binok White indlon Mallate
Control | Experl- Gontrol | Expert Gantrol | Exporl Cantrol | Export-
mental mantal maontal montal
Uy 1 1 1 1 1
U, 0.84 0.74 0.84 0.75 0.78
Uy 72 0,2 0,78 0,68 0.80
Uy 0.63 0,64 0.70 0.56 .61
Uy 0,50 0,42 0.8 0,46 0,39
UbQ Q.97 0.09 0.88 0.89 0.94
Ubt -0,08 +0.07 -0,06 -0.08 -0,08
Ub2 Q.00 0.0 0,00 0.01 0,00
! ’ Y
4
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APPENDIX TABLE 4(B) MEAN “NEW" LEVEL VALUES BY EXPERIMENTAL AND. CONTROL GROUPS MQLARS AND !
BACE
Molats
Race
Parametot Black White fndian Mullato 1
Control | Experl- Control | Experi- control | Expori- Control | Experi-
mental mental mental mental
Vo 1 1 1 1 1 1»
Vy 0,70 0.68 0,71 0.73 0.83 :
Vs 064 | 054 | 064 | 081 0.69 i
Vy 0,44 0,48 0.6 0,66 0,70 } \
Va 0,44 0.40 0.63 0,48 0.66 ‘1 ‘
Vy 0,34 0,31 0,44 0.39 0,40 ‘
Vb0 0.91 0.88 0.89 0.90 1,00 ‘}
Vb 007 |-008 [-006 [-008 [-0.08 ‘l
Vb2 0.00 0,01 0.00 0.00 -0.00 \
I
i
APPENDLX TABLE A(B) MEAN "NEW" LEVEL VALUES BY CONTROL AND EXPERIMENTAI GROUPS PREMOLARS L
AND BACE le
Promolars ll
Raco {
Paramotor Blaok White thdlian Mullato ’
Control | Expori- Control | Exporis Control | Experis Control | Exporne 1
montal mantal montal mantal J
Va 1 1 1 1 1 !
vy 0.84 0,74 0.84 0,76 0,78 :
vy 0.68 0,68 0,78 0.69 0.06 &
Va 0.67 0.48 0.64 0.68 0,48 ‘}
Va 0,60 0.42 0.58 0.45 0,39 11
Vi 0.41 0.82 0.48 0.32 0,30 {\
Vb0O 0,09 0,92 0.98 0,94 0,08 }
Vit ~0.08 0,07 +0.08 0,07 -0,08
Vb2 0,00 0.00 +0,00 0,00 0,00 i
\ o ! : x ) i
i
. r
) / )
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AEPENDIX TABLE 5(A) MEAN "ORIGINAL" LEVEL VALUES BY CONTROI AND EXPERIMENTAL GROUPS MOLARS
AND PREMOLARS BY GENDER AND RACE
Mclars Molars Premolars Premolars
Paramstor Fomale Male Fomale Malo
Control | Experi- Caontrol | Experi- Control | Expors- Control | Exporf-
mental mental montal mental
U, 1 1 1 1 i 1 1 1
U, 0.69 ’0.72 0.76 0.86 0.84 0.74 0.83 a.78
U 0.61 0.63 0.68 0.56 0,76 0.60 0.74 0.64
U, 0.69 0.56 0.63 0,49 0,66 0,66 0.69 0.56
U 0.60 048 0,54 0.37 0.54 0.43 0.7 0,43
Uho 0,83 Q.86 0.88 0,83 0.97 0.88 0.4 0.90
Ub1 -0.05 -0.00 -0,05 -0,07 -0,08 -0.07 -0.06 -0.07
Ub2 0.01 0,01 0,01 Q.01 0.00 0.01 0.00 0.01
APPENDIX TAP L. fi(B) MEAN "NEW" LEVEL VALUES BY EXFERIMENTAL AND CONTRO/ GROUPS MOLARS AND
EREMOLARS BY GENDER AND HACE
Molars Promolars Motars Promolars
Parameter Femals Male Famle Mala
Gantral | Exporl- Control | Expori- Cuntrol | Expsri- Control | Expari-
mental mahtal rmontal montal
Ve 1 1 1 1 } 1 1 1
vy 0,69 0,72 0,76 0.66 0.t 074 0.83 0,77
Vo 0,62 0.59 0.87 083 0,7 0,57 0.7 0,67
Va 0.62 0.563 0,63 0.44 0.60 0.61 0,64 0,47
¥a 0.50 0.48 0,54 0.87 0.54 0.43 0.57 0.43
Vi 0.40 0,39 0.43 0,28 .44 a.34 0.47 0,31
vho 0.88 0.89 0.94 0.88 0,19 0,92 0.97 0,04
Vbl 0,00 0,06 -0,06 0,07 -0.06 0,07 -0.08 0,07
vba 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0,00
, ! ! ‘ 1
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APPENDIX TABLE 6(A) SUMMARY MANQOVA APPROACH FOR MOLARS USING “ORIGINALY LEVELS

(A) Full mode) [relative length, age, gender, race and controf and experimental groups molars and premolars.)

MANQVA
Source d.f, Wilk's Lambda F-value P-value
Relative length 1 0.651 4.02 0.0100
Gender 1 0.832 0.54 0.7053
Age 1 0.95% 0.38 0.8243
Race 2 0.672 1.65 0.1303
Cont, vs Exp.* 1 0.862 1.30 0.,2932

*Cont, vs Exp, = Control vs Experimental groups

Discriminant function for contral and experimental groups molats and premolars.
=- 0,516uy - 1.681us + 3.222u, + 0.120u,

Univariate ANOVA tables

Variable :u2
Source df Type Iii 8§ Ms F+ value P- value
Relative length 1 0.0860 0.0860 14,07 0.0007
Gander 1 0.00258 0.00258 0.42 0,5199
Age 1 0.001586 0.00156 0.26 0,6169
Race 2 0.01847 0,0012 1.61 0,235
Cont . vs.Exp.* 1 0.00035 0.004356 0.06 0.8130
Residual 33 0.20158 0,00611

*Cont, vs Exp. = Gontrol vs Experimental groups

Variable ; u3
Source df Type Il S8 ms F- value P>F
Relative length 1 0.07211 0.07211 9.57 0.000
Gender 1 0,00307 0.00307 0.41 0,527
Age 1 0,00077 0.06077 0.10 0.762
Race 2 0,02280 0.01140 1.1 0.235
Cont , vs Exp, 1 0.00169 0,00169 0.21 0.649
Residual 33 0.,24872 0.00754

*Cont. vs Exp, = Control vs Experimental groups
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Variable : u4
Source df Type Il S§ s F- value P>F
Relative length 1 0.06489 0.06439 9.47 0.004
Gender 1 0.00718 0.00713 1.05 0.313
Age 1 0.00544 0.00544 0.80 0.377
Race 2 0.01540 0.00770 118 0.334
Gont . vs Exp.* 1 0.02193 0.02193 3.23 0.0811
Residual 33 2.2243) 0.006797
*Cont. vs Exp. = Control vs Experimental groups
Variable : us
Source df Type lli 88 ms F- valus P>F
Relative length 1 0.03914 0.03914 6.26 0.017
Gender 1 0.01384 0.01384 2,21 0.146
Age 1 0.00033 0.00033 0.05 0,820
Race 2 0.03994 0.01997 3,19 0.054
Cont . vs Exp.* 1 0.01647 0.01647 2,63 0114
Rasidual 33 0.20644 0.00626
*Cont. vs Exp. = Control vs Exparimental groups
Adjusted means for control and experimental groups malars and premolars
(Adjusted for relative lsngth, gender, age and racci,
VARIABLE
Group u2 ud ud ub
CONTROL 0.733 0.634 0.606 0.509
EXPERIMENTAL 0.726 0.618 0,545 0,457
! , * M 4 3 & ‘ N
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APPENDIX TABLE 6(B) SUMMARY DF MANOVA APPROACH FOR MOLARS USING “"ORIGINAL" LEVELS

(B} Reduced madel (relative {ength, race and control and experimental groups molars and premolars)

Source d.f. Wilk's Lambda F-value P-value
Relative length 1 0.671 3.917 0,0107
Race 2 0.6572 1.805 0,0744
Cont vs Exp.* 1 0.849 1.423 0.2489

*Cont vs Exp. = Cantrol vs Experimental groups

Discriminant function for tooth group

D =-0582u,-1.993 u, + 3.466 U, - 0.212 U,

Univariate ANOVA tables

Vatiable : u2
Source df Type Il SS ms F- value P>F
Relative length 1 0.08528 0,08528 14.54 0.0005
Race 2 0.01721 0.00861 1.47 0.2444
Cont . vs Exp.* 1 0.00033 0,00033 0.06 0,8127
Residual a5 0,20531 0.00687

*Contvs Exp, = Cantrol vs Experimental groups

Variable : ud
Source df Type lll 58 ms F- value P>F
Relative {ength 1 0.07046 0.07045 9,77 0.0036
Race 2 0.02620 C.01260 1,76 0.1889
Cont . vs Exp.* 1 0.00139 0,00139 0.19 0.6629
Resldual 35 0.26225 0.,00721

*Contvs Exp, = Control vs Experimental groups

Variable : ug4
Source df Type Il 8§ ms F- value P>F
Relative length 1 0.06206 0.06206 9,22 0.0045
Race 2 0.015656 0,00783 1,16 0.3245
Cont . vs Exp.* 1 0,02289 0,02289 3,40 0.0736
Residual 35 0.23568 0.00673

*Cont vs Exp, = Gontrol vs Expearintental groups
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Variable : U8
Source df Type Wl 88 ms F- value P>F
Relative langth 1 0.03346 0.03346 5.32 0,0272
Raco 2 0.048439 0.02422 3.85 0.0309
Cont . vs Exp.* 1 0.01373 0.01373 2.18 0.1486
Residual a5 0.22031 0.00629
*Cant vs Exp. = Control vs Experimental groups
Adjusted means for contra/ and experimental groups molars and premolars
{Adjusted for relative length and race).
VARIABLE
Group u2 u3 ub
CONTROL Q.731 0.632 0.302 0.505
EXPERIMENTAL 0.724 0.617 0.541 0.458
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APPENDIX TABLE 6(C} SUMMARY MANOVA APPROACH FOR MOLARS USING “ORIGINAL" LEVELS

(C) Minimal mods) (relative length and eonirol and experimental groups)

ANOVA
Source dif, Wilk's Lambda Fevalue P-value
Relative length 1 0.614 5.339 0.0019
Cont, vs Exp, * 1 0,703 3.591 0.0161
*Cont, vs Exp, = Control vs Exparimental groups
Disoriminant function for controf and experimental groups,
D= 1.842u; + 1.110u; - 1.,483u, + Oug
Unlvariate ANOVA tables
Variable :u2
Source df Type i 88 Ms F- valus P>F
Relative tength 1 0,12457 0.12457 20.71 0.0001
Cent . vs Exp.? 1 0,0.1360 0.01356 2,25 0.1425
Residual 37 0.22252 0,0060
*Qont. vs Exp. = Controf vs Experimental groups
Variable : u3
Source df Type Ill 88 ms F- value P>F
Relative langth 1 0.08583 0.08593 11.46 0,0017
Cont . vs Fxp. * 1 0,02349 0,02349 3,13 0,0850
Resldual 37 0.27745 0,00750
*Cont, vs Exp. = Controf vs Experimental groups
Varlable : ug
Source df Type il 8§ ms F- value P>F
Relative length 1 0.07672 0.07572 11.16 0.00%9
Cont , vs Exp.* 1 0.07633 0.07633 11,24 0,0019
Resldual 37 0.25123 0.00679
*Cant. vs Exp. = Control vs Experimental groups
Variable : ub
Source dt Type il 8 Ms F- value PoF
Relative tength 1 0.04641 0,04541 6.25 0.0170
Cant . vs Exp.* 1 0.08918 0.08918 12,28 0.0012
Resldual 37 0,26874 0.00726
*Cont vs Exp. = Control vs Experimental groups
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Adjusted means for Contro/ and Experimental groups.
(Adjusted for relative Jength only)
VARIABLE l
Group uz2 u3 ua ub :
CONTROL 0.731 0,647 0.614 0,526 ; 3
!
EXPERIMENTAL 0.694 0,599 0.526 0.431 |
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ABPENDIX TABL

{A} Full modal ( relative length, age, gender, race and Control va Experimental groups)

ESPONSE

Variable : ub0 (intercept from fitted quadratic)

58

APPROACH FOR MOLARS USING “ORIGINAL” LEVELS

el

Ry o e e S

Source df Type Il 88 ws F P>F
Relative fength 1 0.06278 0.05278 7.18 0,0114
Gender 1 0.000089 0,000089 0.01 0,9130
Age 1 0,00134 0.00134 0.18 0.6722
Race 2 0.00480 0,00240 0.33 1.7237
*Cont vs Expt 1 0.000137 0.000137 0.02 (.8923
Residual 33 0.24258 0.00735
YCarnt, vs Exp. = Control ve Experimental groups
Variabje : ub1 (slope from fitted quadratio}
Source df Type Il S§ MS (x10%) F P>F
{x10)
Relative length 1 0,3173 0.3173 3.11% 0,0870
Gender 1 0.1808 0.1808 1.77 0,1921
Age 1 0.0124 0.0124 012 0.7290
Race 2 0,4938 0.4938 2,42 0.1044
"Cont vs Expt 1 0.3727 0,3727 3,66 0.0648
Rasidual 33 3.364
*Cont, vs Exp, = Control vs Exparimental groups
Varlable b2 [ourvaturs from fitted guadratio)
Source df Type Il 8S M8 (x10%) F P>E
{x109)
Relative length 1 01511 015611 5,66 0,0235
Gonhdar 1 0.00004 0,00004 .00 0.9704
Age 1 0,00558 0.00568 0,21 0.6508
Race 2 0,00770 0.¢0386 0.14 00,8666
*Cont vs Expt 1 0,00003 0.00003 0,00 0.9721
Residual 33 0.88314 0.02876
“Cont. vs Exp. = Control vs Experimental groups
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Adjusted means or Contral and Experimental molars
{Adjusted for refative fongth, gender, age and race)
Varlable Controf Experimeontal
ub0 0.889 0.864
uh1 -0,0664 -0,0633
ub2 0.00736 0.00728
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APPENDIX TABLE 7 SUMMARY RESPONSE FEATURE APPROACH FOR MOLARS USING "ORIGINALY LEVELS

(B} Raduced modal { relative langth, race and Control vs Exparimental groups) .

Variable : ub0 (fitted quadratic intarcept) !

Source df Type Il §S ms F P>F

Relative length 1 0,05484 0.06434 7.87 0.0082 ‘
Race 2 0.00373 0,001866 0,27 0,7667 |
*Cont vs Expt 1 0.000062 0,000052 0.01 0,9314 {
Resldual 35 0.24394 0.00697

*Cont. vs Exp, = Control vs Exparimental groups

Variable ¢ ub1 {fitted quadratic : slope)

Source df Type Il SS Ms F P>F
Relative fength 1 0.000261 0.000281 2.57 0.1178
Race 2 0,000802 0,00030 2,97 0.0644
“Cont vs Expt 1 0.000337 0,00337 3,33 0.0767
Residual 35 0.003548 0.000101

*Cont, vs Exp, = Control vs Expetimantal groups

Variable : ub2 {fitted guadratic ; curvature)

FSourca df Type Il SS ms F P>F
Relative length 1 0.000i59 0,000169 6.26 0.01720,0172 ’
Raoo 2 0.0000047 0,0000029 0,09 0.9117 :
*Cont vs Expt 1 0,0000003 0.00000003 0.00 0,9722 |
Residual 36 0,0008887 0.0000254

¥Cont, vs Exp, = Control vs Exparimental groups

AdJustad means (Adjusted faor relativa longth and race)

Vatiable :
Group ub0 ub ub2
Cantrol 0,859 -0.066 0.0074 i
{
Expoti- 0,862 -0,0688 0,0078 |
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( C ) Minimal model (relative langth and Contro/ and Experimental groups)

I
.
A
61
APPENDIX TABLE 7 SUMMARY_RESPONSE FEATURE APPRQACH FOR MOLARS USING “OR(GIMAL” LEVELS

Sourcs df Type Il S5 ms (x107) F P>F
%10}
Relative length 1 72,786 72.785 10,87 0.0022
*Qont vs Expt 1 1.020 1.020 0,18 0,6985
Reasldual 37 247.87 6,694
*Cont, vs Exp, = Contral vs Experimental groups
Variable : ub1 (fitted quadratic ; slope)
Source df Type Il 88 MS {x107) F P>F
{x10%
Relativa langth i 0.0306 0.3036 2,71 0,1085
*Qant vs Expt 1 1.434 1,434 12.78 0.0010
Residual 37 41610 0.1122
*Gont. vs Exp, = Control va Experimental groups
Varlable : ub2 (fitted quadratio ; ourvalire)
Source df Type {l 88 MS (x107) F P>F
{x10'%)
Relative length 1 0.1981 0.1981 8,20 0,0088
*Cont vs Expt 1 0,0033 0,0033 0.14 0,7137
Rosidual 37 0.8934 0,0242
*Gont, vs Exp, = Gontrof vs Experimental groups
Adjusted means (Adjusted for rofative longth)
Vatlable
Group ubo uh ub2
Control 0.868 -0,0533 0,00736
Expori- 0,848 0.0653 0.00793
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APPENDIX TABLE 8 SUMMARY MANOVA APPROACH FOR PREMOLARS USING "ORIGINAL" LEVELS
{A) Full model (rolative length, age, gendar, race and tooth group) ‘
MANOVA :
Source d.f. Wilk's Lambda F pavalue ’
i
Relative length 1 0,924 0.6165 0,664
Gender 1 0.9712 0.2226 0,9237
Age 1 0.98%0 0,0836 0.9889
Race 2 0.8249 0.7580 0,6408
Cont, vs Exp,* 1 0.6184 4,6273 0,0050
*Cont vs Expt. = Conlral vs Experimental groups
Diseriminant function for Contral and Experimental groups.
D= 1,768u, - 0.173u, - 0,0236u, + 1.8347y,
Univariate ANOVA tables
Vatlable : u2
Source df Type Il S8 ms F-value P>F
Relative longth 1 0,00034 0.00034 0,08 0.7811
Gandear 1 0,00066 0,00066 0.15 0.6993
Age 1 0,00081 0,00081 0,19 0.6696
Rage 2 0,003047 0,00197 0.45 0.6392
*Cont vs 1 0.06528 0.06628 12,71 0,001
Expt
Resldual 33 0.14354 0,00436 ]
¥Cont vs Expt. = Control va Experimental groups 5 :
=
Varlable : u3 !
1
Source df Type il 88 ms F - valuo P>F
Ralative langth 1 0.,001076 0,001078 0.14 0,7131
Gondor 1 0.000339 0.000339 0,04 0.8366 i
Ao 1 0,001175 0.001176 0,18 0.7009 !
Roce 2 0,008219 0,00411 0.53 0,6983
*Cont vs Fxpt 1 0,08313 0.093131 11,90 0.0018 i
Rosidual 33 0.2682 0.00783 3
YCont va Expt, = Control ve Exporimental groups .
|
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Varlable ! ud
Source df Type Il S8 ms F - value P>F
Relative length 1 0,0000¢7 0,000987 1,02 0,319
Gender 1 0.00022 0.00022 0.02 0.8801
Age 1 0,000076 0.000076 0,01 0.9300
Race 2 0.032417 0,01621 1.68 0,2019
2Qont vs Expt 1 0.1198 0,1198 12.42 0.0013
Residual a3 0.31832 0,009646
*Cont vs Expt. = Control vs Experimental groups i
Variable : ub
Source df Type Il 88 ms F - value P>F
Relative length 1 0.01814 0.01814 2.37 0.,1331
Gender 1 2,000888 0,000888 a.12 0,7354
Age ' 0.000275 ().000275 0,04 0,8608
Race " 0.04250 0.02128 2,78 0.0767
*Cont vs 1 0,10362 0,103682 13,66 0.0008
Expt
Residual 33 0.25245 0,007650
*Cont vs Expt. = Control vs Experimental groups
Adjusted means for Control and Experimental groups
{Adjustad for relative length, gender, age and raco)
—
Varlable
Group Uz un V4 us
Gantrol 0.816 0.717 0.626 0.504
Exporimental 0.728 0,698 0,491 0,379
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PPENDI BLE 8 SU OVA APPROACH FOR PREMOLARS USING “ORIGINAL” LEVELS . "
(B) Reduced model { relative length, race and Controf vs Experimental groups) '
MANOVA i
Source df Wilks Lambda F P - value
Relative length 1 0.9004 0.8846 0.4842 :
Race 2 0.8281 0.7910 0.6124 ‘
*Cont vs Expt 1 0.8174 4.9585 0.0082 |
*Cont vs Expt. = Control vs Experimental groups
Discriminant functien for controf and experimental groups. .
D= +1,766u, - 0,2025u, - 0.0178u, + 1.3677u,
Univariate ANOVA tables
Variable : U2
Source df Type lll 88 Ms F P>F
Relative length 1 0.000064 0,000064 0.02 0.9018
Race 2 0.003574 0.001787 0.43 0,6525
¥Cont vs Expt 1 0 05453 0.05463 13.19 0.0009
Residual 36 0.14473 0.00414 C
*Cont vs Expt, = Contro/ vs Experimsental groups .
Variable : u3
Source df Type Ill 88 Ms F P>F
Relative length 1 0.000507 0.,000607 0,07 0,795 ' 3
Race 2 0.00900 0,00450 0.61 0.6518 I ‘ "f'(
t )
|
*Cont vs Expt 1 0.09190 0,09190 12,36 0.0012 i &
i {/
Residual 35 0,26802 0.00743 | 1
*Cont vs Expt, = Control vs Experimental groups i [
{ |
Variable : u4 ' f ,f
Source df Type ill 88 mMs F P>F f i
t.
Relative length 1 0.01082 0.01082 1.19 0.2831 {f 1;
Race 2 0.03387 0.01593 1.86 0.1708 { o
! |
*Cont vs Expt ] 0.1204 0.1204 13.22 0.0009 i [
)’ .
Residual 36 0.31871 0,00811 ; X
it
*Cont vs Expt, = Control vs Experimental groups | ; i
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Variable : us
Source df Type ili S8 mMs F P>F
Relative length 1 0,02323 0.02323 3.21 0.0818
Race 2 0.04373 0,0219 3,02 0.0617
*Cont vs Expt 1 0.10574 0.10574 14.60 0.0005
Residual 35 0.2534 0,00724
*Qont vs Expt. = Control vs Experimental groups
Adjusted means for Contro/ and Experimental groups
{Adjusted for relative length and race)
Variable
Group Uz u3 ua us
Control 0,817 0,716 0.624 0.503
Experimental 0.727 0.599 0.491 0.378
’ 7 ” ! ! L4
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APPENDIX TABLE 8 SUMMARY MANOVA APPROACH FOR PREMOLARS USING “ORIGINALY LEVELS
{ C ) Minimal modal (relative length and Control vs Experimental groups)

b

MANOVA
Source df Wilk‘'s Lambda F P - value
Relative lengtn 1 0.8833 1.1227 0.3621
¥Cont vs Expt 1 0.6271 7.6283 0.0002

*Cont vs Expt. = Contra! Vs Exparimental groups

Discriminant function for Contro/ and Experimental groups.

D= 1,576u, + 0,0965u, ~ 0.3869u, + 1,4690u,

Univariate ANOVA tables

Variable : u2
Source df Type 1l 88 ms F P>F
Relative length 1 0,00018 0.00018 0,04 0,8346
*Cont vs Expt 1 0.07990 0.07980 19.93 0,0001
Residual 37 0.1483 0.00401

*Gont vs Expt, == Control vs Expetimental groups

Varlable : u3
Source df Type Il 88 mMs F P>F
Relative length 1 0.00111 0,00111 Q.15 0.6987
*Cont vs Expt 1 0.1408 0.1408 19,82 0,0001
Residual 37 0,26916 0.00727

¥Cont vs Expt. = Control vs Experimental grotups

Varlable : u4
Source df Type lll S8 ms F P>F
Relative Jength 1 0.01497 0.01497 1.57 0,2179
*Cont vs Expt 1 0.18202 0.18202 19,10 0,0001
Resldual 37 0,35257 0,00953

¥Cant vs Expt. = Control v Experimental groups

Variable 1156
Source df Type Il 88 ms F P>F

ﬂlativa length 1 0.03354 0,02354 4,18 0.0482
*Cont vs Expt 1 0,1869 0,1869 23,27 0.0001
Residual 37 0.29717 0.0080

“Cont vs Expt. = Gontrol vs Experitmental grotips
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Adjusted means for Control and Expetimental groups
{Adjusted for relative length only}
Variable
Group u2 U3 ua uUs
Control 0.835 0,745 0.681 0.565
Experimental 0.744 0.624 0.543 0.425
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APPENDIX TABLE 9 SUMMARY_ RESPONSE FEATURE APPROACH FOR PREMOLARS USING "ORIGINAL" LEVELS
{A) Full model : {relative longth, age, gender, race and control and experimental groups) ;

Variable : ubO (intercept from fitted quadratic}

Source df Type I} 88 MS (x107) F - value P>F
{x10?) }
Relative length 1 0.6380 0.6380 6,12 0,7329 |
s
Gender 1 0.3012 0.3012 0.056 0.8145 !
Age 1 1,711 1.711 0.32 0.5768 {[
Rar 2 2 0.7760 0,3880 0.07 0.9306 !
*Cont vs Expt 1 28,548 28.848 5.30 0,0277 l
Residual 33 1.77.69 5,384
*Qont vs Exp, = Control vs Experimental groups ]
Vatlable : ub1 {slope ftom fitted quodratio)
Source df Type Il SS MS (x107) F - value P>F
{x10%)
Relative length 1 0.3068 0,3066 2,16 0,1511
Gender 1 0.02612 0,02512 0.18 0.6767
Age i 0.0070 0.0070 0.08 0.8268 {
Race 2 0.7002 0.3501 2,47 0.1006 |
*Cont vs Expt 1 1,424 1,424 10,03 0.003 |
Resldual a3 4,6864 0.1420 E
¥Cont vs Expt, = Contral vs Exparimental groups : o
; . |
Variable 1 ub2 (ourvature from fitted quadratic) ll 5 i
Source df Type Il SS Ms (x10?) F - value P>F )
{x107) f
4]
Relative longth 1 0.00235 0.00235 0.1 0.7372 i §
|
Gender 1 0,00080 0,000346 0.02 0.8956 J |
Age 1 0,0061 00,0061 0.30 0.5883 rl
|
Race 2 0,0034 0.0017 0,08 0,9216
*Cont vs Expt 1 0.09669 0,09569 4,66 0,0383 !
Residual 33 0.6784 *}
*Cont vs Fxpt. = Control vs Experimental groups ;’
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Adjusted means for Control and Experimental groups
(Adjusted for relative length, gendar, age and race) %
VARIABLE CONTROL EXPERIMENTAL ;
ub0 0.950 0.885 i :
ub1 -0,0692 -0.0738 |
ub2 0,00238 0.00617 ‘
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Adjusted means for Control and Experimental groups

(Adjusted for relative length, gender, age and race) 1
VARIABLE CONTROL EXPERIMENTAL ‘
]
ubo 0.950 0.886 |
ub? -0,0692 -0.0738 |
ub2 0.00238 0,00617
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APPENDIX TABLE 9 SUMMARY RESPONSE FEATURE APPROACH FOR PREMOLARS USING "ORIGINAL” LEVELS

(B} Reduced modael {relative length, race and Cantral and Experimental groups)

Variable ; ub0 (fitted quadratic : Intercept)

!
|
Source df Type Il SS Ms {x107) F - value P>F !
{x10?) ‘
l
Relative longth 1 1.927 1,927 0.38 05438 g
Race 2 0.3474 0.1737 0,03 0.9667 |
*Cont vs Expt 1 27.44 27.44 5,35 0.0267
Residual a5 179.46 5,128

*Cont vs Expt, = Gontrol ve Experimental groups

Varjable : ub1 {fitted quadratic ! slopo)

Source df Type Il §S MS {x:07?) F - value P>F
%107}

Relative langth 1 0.4018 0.4018 2.98 0.0929

Race 2 0,7291 0.3846 27 0,0807

*Cont vs Expt 1 1.4585 1,4585 10,88 0,0023

Residual as 4.7128 0.1346

*Cont vs Expt, = Control vs Experirmental groups

Varlable : ub2 {fittod quaciratio { ourvature)

Source df Type Il S8 MS (x107) F - value P>F
{(x10°?}
Ralative longth 1 0.00696 0.00696 2,36 0,6546
Raco 2 0,00190 0,00096 0,05 0.9526
*Cont vs Expt 1 0.09177 0,09177 4.69 0.,0372
Residual 36 0.6845 0.01966
*Cont vs Expt. = Lontrol vs Experimental groups !
|
Adjusted means (Adjusted for rulativa length and race) f
!
Varlahle !
Group ubo ub ub2
Contro/ 0,960 -0,0693 0,00237 !
Exporis 0,886 -0,0740 0,00607 :
menta/ f
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APPENDIX TABLE 9 SUMMARY RESPONSE EEATURE ANPRIATH FOR PREMOLARS US

{ C ) Minimal model {relative length and Coniol and Experimaiis/ groups)

Variable : ub0 (fitted quadratic : intercejt)

G "ORIGINAL" LEVELS

Sotirce dt Type Il 88 MS {x107) F - value P>F
{x10?)
Relative length 1 2.312 2,312 0.48 0.4948
*Cont vs Expt 1 34,77 34,77 7.6 0,011
Residual 37 179,81 4,860
XCont vs Expt, = Control vs Experimental groups
Varlable : ub1 (fitted quadratic : slopo}
Sotirce df Type |l 88 MS {x10?) F « value P>F
{x10%)
Relative length 1 0.5648 0.5648 3.84 0.0578
¥Cont vs Expt 1 2,643 2.543 17,29 0,0002
Residual a7 5.442 0.1471
*Cont vs Expt. = Control vs Expetimental groups
Vatlable ¢ ub2 (fitted quadratic : ourvature)
Source df Type I 88 MS (x107) F - value PoF
{x109}
Ralative length 1 0,008G8 0,00858 0,46 0,5006
*Cunt Vs Expt 1 - 11266 0,11265 8,07 0,0188
Residual 37 0.6864 0,01856
*Cont vs Expl, = Control vs Experimental gtoups
Adjusted means (Adjusted for relative longth)
Variable
Group ubh0 ub1 uh2
Cantral 0,952 -0,0612 0,00223
Expori- 0.892 -0,0675 0.00568
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APPENDIX TABLE 10 SUMMARY_MANOVA APPROACH FOR MOLARS USING “NEW” LEVELS

REIESSE VRV

(A) Full modol (relative length, age, gender, race and Contre/ and Experimental groups)
MANOVA

Source df Wilk’s Lambda F - value P - value

Relative fength 1 0.640 3.2873 0.0184 l

Gender 1 0.882 0.9:49 0.4791 i

Age 1 0.9185 G.Gacs %7467 :

Race 2 0.518 2,2602 0.0261 ]

*Cont vs Expt 1 0.769 1.7428 0.1664 % S
XCont vs Expt, = Contral vs Experimental groups !: B
Disoriminant function for Contrel and Experimental groups. &

D= -1.488v, + 3.328v, ~2,178v, + 1,204v, +0,301v, f
|

Univariate ANOVA tables

Varlable : v1 {

Source dt Typelll §§ M F - value P>F §

Relative length 1 0.0860 0.0830 14,07 0.0007 ;

Gender 1 0.00258 0,00258 042 0.5199 ’5

Ago 1 0,00156 0,00156 0.26 0.6169 g

Raco 2 0.01847 0,00923 1,51 0,2365 !

¥Cont vs Expt 1 0.000347 0,000347 0.06 0,8130 }

Residual 33 0.20168 0,00611 ;

*Cont vs Expt. = Control vs Experimental groups ' "
Varlable t v2 1

Source df Typelil 88 ms F - value P>F l |

Rolative length 1 0.06291 0.6291 8,38 0,0067 j

Gondor 1 0.00356 0.00356 .56 0.4580

Ago 1 0.00961 G.00961 1,62 0,2261

Race 2 0.01520 0,00760 1.20 0,3133 i

\Cont vs Expt 1 0.02067 0.02067 3.28 0.0802
Residual 33 0,20843 0.00632 ;
*Cont vs Expt, = Control vs Experimental groups :
L
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Variable : v3
Source df Typelll 88 ms F - value P>F
Relative fength 1 0.0517 0,0617 6,38 0.0169
Gender 1 0.00033 0,00033 0.04 0.8420
Age 1 0.00682 0.00682 0.83 0.3675
Race 2 0.08724 0,0436 5.34 0.0098
*Cont vs Fxpt 4 0,00233 0,00233 0,29 0,65969
Residual 33 0.28970 0,00817

*Cont vs Expt. = Contral vs Experimental groups

Variable : v4
Source df Typelli S8 me F-viue P>
Relative length 1 0,04009 0.04009 8,47 0.0159
Geridar 1 0.013563 0.01353 2,18 0,1491
Age 1 0.00043 0.00043 0.07 0.7944
Race 2 0.03988 0.01994 3,22 0,0530
¥Cont vs Expt 1 0,01692 0.01692 2,67 0,11806
Residual 33 0.20460 0.00620

“Cont vs Expt. = Control vs Exparimantal groups

Variable : v8
Source df Typalll 88 ms F « value P>F
Relative tangth 1 0.04516 0.04616 5,34 0.0272
Gonder 1 0.01681 0,01681 1.87 0.1808
Ago 1 0,001286 0,00125 0."8 0/7036
Race 2 0,04391 0.0196 2,60 0.0898
*Cont vs Expt 1 0.01714 0.01714 2,03 0.1640
Rosidual 33 0.27911 0.008486

“Cont vs Expt, = Control vs Exparimental groups

Adjusted moans for Controf and Experimental goups

{Adjustod for rolative length, gondor, age and race)

Varioble
Group vl v2 v3 v4 vb
Gontrol 0.733 0,639 0.5673 0,609 0.398
Expari- 0.726 0.581 0,663 0,467 0.343
menta/
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APPENDIX TABLE 10 SUMMARY MANOVA APPROACH EOR MOLARS USING “NEW" LEVELS

(B} Raduced modsl {relative fength, race and Contro/ and Experimental groups)

MANOVA {
Source dt Wilk's Lambda | F - value P - value !
Relative length 1 0,664 3.1384 0.0209 ‘
Raco 2 0.478 2,7688 0.0068
*Cont vs Expt 1 0.781 1.7356 01658

*Cant vs Expt. = Control vs Experimental groups }

Disotiminant funotion for Control and Experimental graups.
D= -1.794v, +3,857v, -1.762v, + 0.454v, +0.566v,

Unlvariate ANOVA tables

Vatiable : v1
Source df Typelll S8 ms F - value PY>F ’\ «
Rolative length | 1 0.0853 0.0853 14,54 0,0005
_ Race 2 0,0172 0,00861 1.47 0.2444
¢ *Cont vs Expt 1 0.000334 0,000334 0,06 0.8127
Rasidual 36 0.2083 0,00587

*Cont ys Expt. = Control vs Experimental qroups

Varlable 1 v2
Hource df Typelll S8 ms F - value P>F
Relative longth 1 0,05328 0.05328 8,45 0.0083
Race 2 0,01313 0,01313 1.04 0,3632
¥Cont vs Expt 1 0,02376 0,02376 3.77 0,0602
Rosidual 36 0,22039 0,00630 @

*Cont vs Expt. = Contral vs Experimental groups

Variable t v3

Source df Typelll S8 ms F - value P>F

Rolative length 1 0,06464 0.6464 6,91 0.0120

Raoo 2 0.08119 0,04069 6.14 0,011 |

*Cont vs Expt 1 0,00364 0,00364 0,46 0.5018
| Rosidual a6 0.27659 0.00780 l
YCont vs Fxpt. = Cantrol vs Experimontal grups
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Variable : v4
Source df Typelli S8 mMs F - value P>F
Relative length 1 0,03451 0.03451 5,54 0.0244
Race 2 .04804 0.0240 3.85 0.0307
*Contvs Expt 1 ,01336 0.0134 2,14 0.1521
Residual 35 0.21817 0,00623
*Cont vs Expt. = Control vs Experimental groups
Variable : v
Source df Typelll S8 ms F - value P>F
Relative length 1 0,08910 0.03910 4.63 0.0383
Raco 2 0.06509 0,02754 3,26 0.0501
*Cont vs Expt 1 0,01477 0,01477 1.75 0.19456
Residual 36 0,29535 0.00844
YCont vs Expt. = Control vs Experimental groups
Adjusted means for Contral ahd Experimental groups
(Adjusted for refative length and race)
Variable
Group vi v2 v3 va vB
Control 0.731 0.636 0.571 0.504 0,391
Experi- 0.724 0,578 0,647 0.458 0.342
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APPENDIX TABLE 10 SUMMARY_MANOVA APPROACH FOR MOLARS USING “NEW" LEVELS

{C)Minimal model (relative length and Controf and Experimental groups)

MANOVA !
Source df Wilk's Lambda F « value P - value :
Relative length 1 0.605 4.3172 0.0039 ‘
*Cont vs Expt 1 0.672 3.2170 0.0179 sf

i
|

*Gont vs Expt, = Control vs Experimental groups

Disotiminant funotion for Control and Experimental groups.
D= -0.461v,+0.816v,+0.932v, « 4,84v, +4,097v,

Unlvariate ANOV b
Varfable : v1

Source df Typelll 58 ms F - value P>F

Relative length 1 0.12486 0,1246 20,71 0.0001

*Cont vs Expt 1 0.0138 0,0136 2,25 0,1425 )
Residual 35 0,2226 0.00601

*Cont ys Expt, = Conlrol vs Experimantal groups

Variable : v2
Source df Typelll S8 ms F - value P>F
Relative langth 1 0.0653 0,0863 10,36 0,0027 ‘r
*Cont vs Expt 1 0.0747 0.0747 11.83 0.0015
Residual 37 0,28352 0.00631 .
*Corit vs Expt, = Control vs Experimental groups §

Varabla ; v3

Solrce df Typellt 88 ms F - value P>F _%
Relative langth 1 0,10669 0,10658 11.02 0.0020 é :
*Cont vs Expt 1 0.08674 0.08574 8.87 0.0081 ,

Residual 37 0.36778 0.00967 o

I

l

*Cont vs Expt. = Coptrol vs Experimental groups J
i

i

{

Variable : v4
Souree df Typolll 8 s F - value P>F .
Relative length 1 0.04678 0.04678 6,60 0,0181
¥Gont vs Expt 1 0.08776 0.,8776 12,20 0,0012 r
Residual 37 0.26621 0.00719 .

*Contvs Expt, = Control vs Experimental groups
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Variable : VB ]»
1
Source df Typelll 85 mMs F - value P>F |
Relative lsngth 1 0.0354 0.0354 3,74 0.0608 ;
*Cont vs Expt 1 0.06852 0.0662 6.89 0.0125 |
Residual 37 0.3504 0.00947 ‘5
*Cont vs Expt. = Control vs Experimental groups i
Adjusted means far Controf and Experimental groups
{Adjusted for relative length only)
Variable
Group vi v2 v3 v4 vB
Control 0,731 0.647 0.580 0,528 0.420
Experi- 0.694 0,561 0.487 0.431 0.339
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PENDIX TABLE 11 SUMMARY RESPONSE FEATURE APPROACH FOR MOLARS USING "NEW" LEVELS

(A} Full model { relative length, age, gender, race and Control/ vs Exparimental groups}

Variable : vbO ( intercept from fitted quadratic)

Source df Type il S8 MSs {x109) F P>F
{x10%)

Relative lohgth 1 31.817 31.817 6.32 0.0170
Gender 1 0.00163 0.00163 0,00 0.8862
Age 1 2.9775 2.9775 0.59 0.4474
Race 2 14.857 7.429 1.48 0.2438
¥Gant vs Expt 1 0.2370 0.2470 0.06 0.8261
Resldual 33 166.1976 6.036

“Cont vs Expt. = Control vs Experimantal groups

Variable : vb1 { slope from fitted quadratic)

Source df Type Il S8 Vs {x10%) F P>F
(x109)

Relative longth 1 0.4423 0.4423 4.57 0.0399
Gender 1 0,09227 0.00227 0.9% 0,3367
Age 1 0.04866 0,04866 0.50 0,4830
Raoce 2 0,6361 0.3176 3.28 0.0600
*Cont vs Expt 1 0.2274 0.2274 2.35 0.1348
Residual 33 3,1908 0.09668

*Cont vs Expt, = Control vs Experimental groups

Vatlable : vh2 (ourvature from fitted quadratic)

Source df Type Il S MS {x109) F P>F
x1079)

Relative length 1 0.0061956 0.06915 3.66 0.0648
Gender 1 0.00128 0.00128 0.08 0,9862
Ago 1 0,01420 0.01420 0.84 0.3671
Race 2 0,05996 0,02998 177 0.1869
*Cont vs Expt 1 0.00177 0.0177 0.10 0.7492
Residual 33 0,66034 0,01698

¥Cont vs Expt, = Control vs Experimental groups
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Adjusted means for Control and Experimental groups .
(Adjusted for relative longth, gender, age and race) !
Varlable Control Experimental :
ub0 0.921 0.914 5
)
vb1 -0.05931 -0,06545 {
H
vb2 0.00227 0.00281 ;
1
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APPENDIX TABLE SUMMARY RESPONSE FEATURE APPROACH FOR MOLARS USING “NEW" LEVELS

(B} Reduced model ({ relative longth, race and Control vs Experimental groups}) :

Varlable : vbO {titted quadratic : contrast)

Source df Type |l SS ms ¥ P>F 1
Relative length 1 0.03427 0.03427 7.09 0.0116 3
Race 2 0.01240 0,00620 1.28 0.2901 :
*Cont vs Expt 1 0.000637 0.000637 0.13 0.7188 !
Residual 35 0.16923 0.004835 ]

*Cont vs Expt. = Contral vs Exparimental groups

Variable : vib1 {fitted quadratio : slope)

Source df Type Il S§ MS [x109) F P>F
(x10°%}
Relative length 1 0.4115 0.4115 4.34 0.0446
Race 2 0.6775 0,6776 3.57 0.0387
*Cont vs Expt 1 0.2303 0.2303 2,43 0.1281 !
Residual as 83,3172 0.09478

*Cont vs Expt. = Control vs Fxperimental groups

Variable : vb2 (fitted quadratic : curvature} |

Source df Type !l 8§ MS {x109) F P>F “
[x109)

Relative length 1 0.0713 0.0713 4,32 0.0450 !

Raoo 2 0,04984 0.0248 1,51 0.2359

*Gont vs Expt 1 0,00458 0.00458 0.28 0.6013

Rosidual 36 0.57705 0.01649 i

YCont vs Expt. = Control vs Exparimental groups

Adjusted maans for Control and Experimental groups
{Adjusted for relative fength and race)

Varlable Controf Experimental

Vb0 0,9200 0.9108 !

Vb1 -0,06973 -0.08678 |

vh2 0.00226 0.00310 !
H
i
|
-
|
|
i
!
|

¢ h I {
: '
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APPROAC

(C) Minimal mode} (relative length and Controf vs Experimental groups)

- \

S USING "NEW” LEVELS

Varlable 1 vbO (fitted quadratio : (ntercapt)
Source df Type Il 88 mMs F P>F
Relative length 1 0.06627 0.06627 11.46 0,0017
¥Cont vs Expt 1 0.00754 0.00754 1.54 0,2231
Residual 37 0.18164 0.004810
*Cont vs Expt, = Gontrol ve Experimental groups
Variable : vb1 {fitted quadratic | slope)
Source df Type Il 88 MS (x109) F P>F
(x10%)
Rolative length 1 0.5619 05619 5.20 0.0284
*Cont vs Expt 1 1.3626 1,3626 12,62 0.0011
Rasidual 37 3,9947 0.10796
*Cont vs Expt. = Control vs Experimantal groups
Varlable : vb2 (fitted quadratio ; ourvature)
Sourca df Type il SS MS {x10?) F P>F
{x10?)
Relative fength 1 0,13294 0,13284 7,86 0,0080
*Cont vs Expt 1 0.,03689 0,03689 2,18 0.1485
Residual 37 0.6267 0.01694
“Cont vs Expt, = Control v8 Experimontal groups
Adjusted means for Contra/ and Experimental groups
{Adjusted for relative jangth)
Vatlahle Controf Expurimental
vbhO 0,9143 0.8869
vb1 ~0,06724 -0,06841
vh2 0.002687 0.,004608

h
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APPENDIX TABLE 12 SUMMARY MANOVA APPROACH FOR PREMOLARS USING "NEW! LEVELS

{A) Full model {relative ength, age, gender, racy and Control and Experimental groups) ;

MANOVA
Source df Wilk's Lambda F - value P - value '
Relative length | 1 0,742 2.0188 0.1055 ’]
Gendar 1 0,836 0.4012 0.8439 ;
Age 1 0,931 0.4284 0.8251 i
Race 2 0,899 1.1361 0.8522 [
“Cont vs Exut 1 0,467 6.6192 0.0003 [

*Cont vs Expt. = Control vs Experimental groups

Diseriminant function for Control and Experimental groups,
D= 1,274v, 40,0742y, -0.5027v, -1.291v, +8,320v,

Univariate ANOVA tablag
Varlable : v1

Source df Typelll 88 ms F P>F

Rolativo longth 1 0.000348 0,000348 0,08 0.7789

Gondor 1 0,000731 0.000731 0.17 0.8841 | |

Age 1 0.000784 0.060784 0.18 0.6734 |

Raoo 2 0.0003949 0,001976 0,46 0.6381 :

“Contvs Bxot | 1 0.05611 0.08611 12,71 0.0011 ’

Rosldua) 33 0.14306 0.001133 ’

*Cont vs Expt. = Control va Exparimontal groups

Vanablo : v2

=

Source df Type Il 88 ms F P>F ;
Rolatve longth | 1 0.00402 0.00402 0.49 0.4903

Gondor 1 0.000003 0,000003 0.00 0.5847 !

Ago 1 0.003787 0.00387 0.49 0.4986 ;)

Raoo 2 0.01668 0.00794 0.95 0.3978 |

*Gont vs Expt 1 0.10880 0.10880 13,16 0.0010 ‘

Resldual 33 0.27287 0.00827 !

*Cant vs Expt. « Control “'g Experimontal groups

Koo
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Variable : V3
Source df Type It S8 Ms F P>F
Relative length 1 0,01060 0.01060 1,85 0.,2545
Gender 1 0.00046 0.00046 0.06 0.8105
Age 1 0.00023 0.00023 0.03 0.,8661
Raoce 2 0.04347 0,02174 2,79 0.0762
*Cont vs Expt 1 0.08928 0.08928 11.44 0,0019
Resldual 33 0,25749 0.00780
“Cont vs Expt. = Control vs Experimental groups
Variablo : V4
Souyee df Type Il 88 ms F P>F
Relative length 1 0.01803 0.11802 2,36 0.1842
Gonder 1 0.00077 0.00077 0.10 0.7534
Age 1 0.00029 0.00029 0.04 0.8480
_.Raoe 2 0.04206 0.02103 2,76 0.07806
*Cont vs Expt 1 0,10530 0.10630 18.77 0.0008
Residual 33 0,25230
“Cont vs Expt. = Cantrol vs Experimental groups
Variable ; VB
Source df Type Il S8 ms F P>F
Ralative langth 1 0.04624 0.04624 7.34 0,0108
Gsndar 1 0,00083 0,00063 010 0,0,7646
Age 1 0.00024 0.00024 0,04 0.8486
Race 2 0,02488 0.01244 1.98 0,1648
*Cont vs Expt 1 0.16544 0,16644 26.27 0,0001
Residual 33 0,20781 0,00630
*Cont vs Expt. = Control vs Exporimental groups
Adjusted moans for Control and Exparimental groups
(Adjusted for relative length, gender, age and racw)
Variable
Group vl v2 v3 vé4 vB
Control 0.8163 0.8748 0.6621 0.6044 0.4188
Expeori- 0.7263 0.6469 0.,4463 0.3786 0,2611
menta/
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LPPENDIX TABLE 12 SUMMARY. MANOVA APPROACH FOR PREMOLARS USING “NEW" LEVELS : ‘

(B} Reduced model {relative length, race and Control and Experimental groups)

MANOVA
Source df Wilk's Lambda | F - value P - value i
|
Rolative fongth | 1 0,737 2.2158 0.0778 ;
|
Rave 2 0,733 110423 0.4198
xGont va Expt 1 0.477 8,79 0,0002 |
“Cont vs Expt, = Control vs Exporimental groups
Disctiminant function fer Control and Experimental groups. ]
|
D= 1.292v,~ 0.0488v, -0,3814v,+1.187v4 + 3,086V [
Unlvarate ANOYA tablos ‘
Variable : v1
Source df Type i S8 ms F P>F
Rolative length 1 0,000069 0.000069 0,02 0.8977
Race 2 0,003639 0,00177 0,43 0.6544
*Cont vs Expt 1 0.05438 0,06438 13,19 0,0009
Residual 36 0.14428 0.00412
YCont vs Expt, = Contro/ vs Experimental groups
Vatlable ¢ v2
Sourco df Type Ill S8 ms F P>F ;
Rolative length 1 0,00188 0,0193 0.24 0.6244
Raco 2 0,01627 0.00814 1,08 0,3681 !
)
!
“Cont vs Expt 1 0,10672 0.10672 13,36 0,0008 ;
Rosidual a6 0.27691 0,99791
YCont vs Expt. = Control v8 Exporimental groups
i
variablo 1 v3 |
I}
Source dt Type Il 88 s F P>F 1
Relative w Jth 1 0,01366 0.013656 1.86 0.,1823
Rano 2 0,04438 0,02219 3.01 0.0622
*Cont vs Expt 1 0.09110 0.9110 12,36 0.0012
Rosldual 36 5808 0.00737
YCont vs Expt. = Gontrol Ve Exporimantal roups
i
|
|
!
i
?)
. P ) j
. ’ .
. f ) .
4 3

PO




PR— L FHNE S .

85 i
Variable : v4 i
Sourue df Typse Il S8 ms F P>F
Relative length 1 0.02311 0,02311 3,19 0.0825
Race 2 0.04324 0.002162 2,99 0,0633 ‘
XCont vs Expt 1 0.10747 0.10747 14,86 0.0006
Resldual 35 0,26319 0.00723 \
*Cont vs Expt, = Control vs Expatimental groups
Variable : vB {
Source dt Type Il S8 Vs F P>F .
Refative langth 1 0.06049 0,05049 8.47 0,0062 :
Race 2 0.02420 0.01210 2.03 0,1464 |
*Cont vs Expt 1 0,16596 0.16596 27,85 0,0001 ] ;
Rasidual 36 0,20864 0,00696 J
*Cont vs Expt. = Gontrol vs Experimental groups
Adjusted means for Control and Experimental groups
{Adjusted for relative length and raco) s
Varlable
Group v v2 v3 va vB
Control 0.8169 0,67486 0,5616 0.5087 04194
Experf- 0,7270 0,649 0.4452 0.3772 0,2628
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APPENDIX TABLE 12 SUMMARY_MANOVA APPROACH FOR PREMOLARS USING “NEW" LEVELS

(C) Minimal maodat ‘relative length and Contrnl and Experimental groups)

Tl Fw T owas o o e e n

MANGCVA
Source df Wilk’s Lambda F - valuse P - value
Relative fength 1 0,063 2.0506 0.0970
*Cont vs Expt 1 0,481 8.0292 0.0001

¥Cont vs Expt, = Guntrol vs Exparimental groups

Disoriminant funation for Control and Experimental groups,

D= 1,878v~ 0.0689v, -0,4068v; -0,3252v, +2.236v,

Unlvariate ANOVA tables

Vartable : v1
Source df Type Il SS ms F P>F
Relative langth 1 0.00018 0.00018 0.05 0.8327
*Cont vs Expt 1 0.07936 0.07936 19.86 0.0001
Residual 37 0.14782 0.00399

*Cont vs Expt. = Gontrol vs Experimental groups

Varlable : vZ
Source df Type lil 8 M F P>F
Relative length 1 0,003327 0,03327 0,42 05210
“Cont vs Expt 1 0.16178 0.16178 20.42 0.0001
Rosidual 37 0.29318 0.L07292

XCont vs Expt, = Gontrol vs Experimental groups

Varlablo ; v3
Source df Tyee 1 S8 ms F P>F
Relative length 1 0.02174 0,02174 2,66 0.1114
*Gont vs Expt 1 0.16540 0.16540 20,24 0.0001
Residunl 37 0,30243 0.,00817

“Cont vs Expt. = Control vs Experimental groups

Variablo : v4
Source df Type 1 S8 MS F P>F
Rolative langth 1 0.033186 0.03316 414 0.0491
*Cont va Expt 1 0,18798 0.18798 23,46 0.0001
Residual 37 0,29642

YGont vs Expt. = Control vs Experimontal groups
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Variable : vB
Source df Type |l S8 ms F P>F
Relative length 1 0,05470 0,05470 8,70 0.0055
*Cont vs Expt 1 0.21854 0.21854 34.74 0.0001
Residual 37 0.23274 0.00629
“Cont vs Expt, = Control vs Experimental groups
Adjusted means for Control and Experimental groups
(Adjusted for relative lengths only}
Varlable
Group vi v2 v3 v4 ' vbB
Control 0.8352 0.7186 0.6238 0.5655 0.46585
Experi- 0,7441 0.5834 0.4923 0.4264 0.3144
menta/ ]
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APPEND ABLE 13 SU R ESPONSE F URE OACH FOR PREMOLARS USING “NEW” LEVELS
{A) Full model { relative length, age, gender, race and Controf vs Experimsntal groups)

Variable : vbO ({ intercapt from fitted quadratic)

Sotrce df Type Il S8 MS (x107) F P>F
{x10) \

Relative length 1 1.6306 1.6300 0.42 0.6187 3

Gendor 1 0.0437 0.0437 0.01 0.9131

Age 1 1,161 1,161 0.32 05764 '

Race 2 1,346 0.673 0.18 0.8310

YCont vs Expt 1 13,915 18,915 3,85 0.0583

Residual 33 119.30 3.615

*Cont vs Expt. = Controf vs Experimental groups

Variable : vb1 ( slope from fitted quacdratic)

Source df Type Il S8 MS {x10%) F P>F
1x10)

Relative length 1 0.3316 0.3316 2,89 0,0987
Gender 1 0.0047 0.0047 0.04 0.8416
Age 1 0.0000 0.0000 0.00 0.9971
Race 2 0.6462 0.2726 2,37 0.1088
*Gont vs Expt 1 1.6642 1.6542 14.44 0.0006
Rasidual a3 3.7894 0.1148

*Cont vs Expt, = Control vs Experimental groups

Varinble : vb2 {ourvature from fitted quadratio)

Source df Type I SS MS (x10'9) F P>F

{x109) ;
Ralatlve length 1 0.008206 0.00826 0,65 0.4256 :
Gonder 1 0,00020 0,00020 0,02 09001
Age 1 0.00328 0,00328 0,26 0.6148 ,
Raco 2 0.01007 0.00504 0,40 0.6767 )
XCant vs Expt 1 0.02774 0.02774 2,18 0.1489 '
Residual 33 0.4190 0.01270

*Cont vs Expt. = Control vs Experimental groups
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Adjusted means for Contral and Experimental groups
(Adjusted for relative tength, gendar, age and race)
Variable Control Experimental
ub0 0.9702 0,9245
vb1 -0,.06118 -0.07695
vb2 0.000732 0.002773
. ;
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APPENDIX TABLE 13 SUMMARY RESPONSE FEATURE APPROACH FOR PREMOLARS USING “NEW” LEVELS

(B) Reduced model { relative length, race and Control vs Experimental groups)

Variable : vbO (Fitted quadratic : constant)

Source df Type || S8 ms F P>F '
Relative longth 1 0,00308 0.00309 0.90 0.3499 }
Race 2 0.001658 0,00078 0.23 0.7986 %
“Cont vs Expt 1 0,01326 0.013285 3.85 0.0577 |
Residual 35 0.12045 0.00344 :

*Cont vs Expt. = Gontrol vs Experimantal groups !

Varlable : vb1 (Fitted quadratic : siope)

Source df Type Il SS MS {x109) F P>F
{x10)

Relative length 1 0,3876 0.3876 3,85 0.0689 (k
Race A 0.6649 0.2824 2,61 0,0882 }
¥Cont vs Expt 1 1.6711 1.6711 15,42 0.0004 i
i
Residual 35 3.7942 0,1084 |
*Cont vs Expt. = Control vs Experimental groups {
'
{

Varlable : vb2 {fitted quadratic : ourvature}

Soutce df Type Il S8 MS {x10%) I P>F :

{x10%)
Relative length 1 0.01436 0.01435 119 0.2033 !
Race 2 0.01168 0.01166 0.48 0.6216 !
“Gont vs Expt 1 0.02607 0.02607 2.16 0.1609 j
Rosldual 35 0.4308 0.01209 I}

*Cont vs Expt, = Control vs Exporimontal groups

Adjusted moans for Control and Exparimental groups
{Adjusted for relative langth and race)

Varlahle Control Experimental

vbo 0,9702 092658 i

vb -0,08128 -¢ 07701 .
I

vb2 0,000753 0,00272 \
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APPENDIX TABLE 13 SUMMARY RESPONSE FEATU

{C) Minimal model (relative length and Control vs Experimental groups)

Variable : vbO ({fitted guadratic ¢ intercept)

S USING "NEW” LEVELS

Source df Type I 88 Mms F P>F
Relative length 1 0.00250 0.00250 0.76 0.3892
"Cont vs Expt 1 0.02316 0.02316 7.02 0.048
Residual 37 0,12201 0.00330

*Cont vs Expt, = Gontrol vs Experimental groups

Variable : vb1 {fitted quadratic ; slope)
Source df Type Il S8 WS (x10) F P>F

{x107)

Relative length 1 0.5178 0.5178 4,39 0.0429
*Cant vs Expt 1 2,724 2,724 23,12 0.0001
Residual 37 4,359 0.1178

¥Cant vs Expt. = Conltrol vs Exporimental groups

Variable : vb2 {fitted quadratic : curvature)
Source df Type Il SS MS {x10) F P>F

{x10)

Relative length 1 0.014144 0,01044 0.89 0.3621
¥Cont vs Expt 1 0,06769 0.05769 4,91 0,0329
Residual 37 0,43473 0,01178

*Cont vs Expt. = Control vs Experimantal groups

Adjusted means for Control and Experimental groups

(Adjusted for relativa length
Varlable Control Experimental
vb0 0,9808 0.,9314
vb1 -0.0540 -0.0709
vb2 -0.0000876 0,00239

.
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