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SUMMARY

Although lateral cephalographic diagnosis is central to craniofacial skeletal assessment, their classification
(categorization) remains largely empiric. In this study, pre- and post-treatment lateral cephalographic
dimensional arrays were subjected to the classic numerical taxonomic technique of cluster analysis. The
resultant patient groupings (clusters) were not only inconsistent with respect to their Angle malocclusion
categories, but also the composition of each cluster group varies depending upon the dimensional arrays
analyzed. These findings demonstrate that lateral cephalometric categorization remains largely subjective.
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RESUME

Bien que le diagnostic céphalométrique latéral soit essentiel pour I’évaluation du squelette craniofacial, les
classifications (catégorisation) restent largement empiriques. Dans le présent travail, les mesures céphalo-
métriques latérales prises avant et apres traitement ont été soumises a la technique taxonomique numéri-
que classique de I’analyse de groupe. Les groupes de patients obtenus n’étaient pas compatibles avec leur
situation dans la classification des malocclusions d’Angle. De plus, la composition de chaque groupe variait

en fonction de I'ordre des dimensions analysées. ces résultats prouvent que la catégorisation céphalométri-
que latérale reste tout a fait subjective.

MOTS-CLES:

Céphalométrie latérale - Diagnostic céphalométrique.

INTRODUCTION bilateral bicuspid extractions in Class II malocclu-

sions prior to tooth realignment, therefore, often
hinge upon lateral cephalographic categorization
(Ingervall et al., 1975). Such categorizations general-
ly involve conscious or subconscious assignments of
individual patients to a particular category on the
basis of some similar characteristic(s), thereby
distinguishing them from others grouped as different
categories. Some categories are, however, too
generalized to facilitate orthodontic treatment plann-
ing (Tuncay and Biggerstaff, 1976). For example,

Craniofacial classification (categorization) is the
primary focus of orthodontic diagnosis and treat-
ment planning (Sassouni, 1969). Most categories are
delineated by relative maxillary to mandibular tooth
locations (Neustadt, 1964; Summers, 1971; Freer,
19715 Little, 1975; Richardson, 1981), although
skeletal relationships are probably more critically
significant. But as study models provide scant infor-
mation regarding craniofacial skeletal form

(Hellman, 1944), craniofacial diagnosis (classifica-

tion) primarily centers on lateral cephalographic

appraisals (Broadbent, 1931). Decisions concerning

mandibular retrognathism may reflect a short mandi-
ble, maxillary prognathism and/or anomalous
glenoid fossa or nasion locations. Other categories
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Fig. 1: Datum points defining lateral cephalographic form
(Enlow, 1982).

Sassouni, 1955) and Manitoba (Cleall and Chebib,
1971) analyses.

These before and after orthodontic treatment
cephalometric dimensions were then subjected to
agglomerative hierarchical cluster analysis (Everitt,
1980). The analyses proceeded by a series of steps in
which each patient (characterized by a particular
cephalometric dimensional array) was progressively
grouped together into a series of larger clusters.
Individual patients were therefore clustered together
only if their component cephalometric dimensins
added the least to the within group variability. Such
a cluster analysis (Ward, 1963) defined the distance
between all individual patient pairs within the
groups. At any stage in the analysis, therefore, the
information loss resulting from grouping individual
cephalometric forms into clusters could be measured
by the total sum of squared deviations of every point
from the mean of the cluster to which it belonged. In
addition, union of every possible cluster pair was
considered at each step in the analysis, with a cluster
pair being combined only where fusion resulted in

the minimum increase in the error sums of squares
(Gower, 1967).

In this study, the cephalometric dimensional arrays
were subjected to Ward’s cluster analysis contained
in CLUSTAN, the cluster analysis package devised
by Wishart (1987). Ultimately, therefore, these
cluster groupings were compared for the patients
before and after orthodontic therapy, based on a
variety of cephalometric arrays. In addition, the
cephalometric dimensions of the individual pat,ients
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contained within each significant cluster group of the
original sample were subjected to a step-wise
discriminant analysis (Lachenbuch et al., 1979). This
latter statistical test was performed to ensure that
each of the derived subgroups from the original sam-
ple were, in fact, discrete.

RESULTS

When the pre-treatment cephalometric dimensions
of the Tweed analysis were subjected to cluster
analysis, 3 significant cluster groups were evident,
comprising 15, 11 and 21 patients respectively
(Fig. 2). But each of these cluster groups were
heterogeneous relative to their Angle categories. For
instance, the first cluster group contained 15 patients
(40% Class I, 53 % Class II division 1 and 7% Class II
division 2) whereas the second group of 11 patients
comprised 73% Class II division 1 and 27 % of
Class II division 2 patients. Thus the 3 cluster groups
exhibited no consistent relationship to their compo-
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Fig. 2: Dendograms based on cluster analyses of the parameters
derived from conventional pre-treatment cephalometric
appraisals.

A = Tweed, B = Holdaway, C = Downs’ appraisals.
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(D record) lateral cephalometric appraisals
(Table I). Thus, although three cluster groups from
within the same patient sample were consistently
delineated, their composition varied depending upon
the parameters actually included in the analysis
(Fig. 3). For instance, 11 patients comprised the first
cluster group based on the post-treatment Tweed
analysis, 22 on the Steiner analysis and 32 on the
Manitoba analysis. More importantly, the actual
patients included in the various cluster groups were
not consistent between the various appraisal techni-
ques. For instance, the 9 patients included in the first
cluster group on the Sassouri analysis were not
included in the 32 patients of the first cluster group
from the Manitoba analysis. These results therefore
suggested that Angle’s categories, or traditional
methods of lateral cephalometric appraisal, were of
little value in segregating patients either before or
after treatment.

C

Fig. 3: Dendograms based on cluster analyses of the parameters

derived from conventional post-treatment cephalometric
appraisals.

A = Tweed, B = Holdaway, C = Downg’ appraisals.
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These findings were subsequently confirmed by
sequential step-wise discriminant analyses. Thus,
although the three cluster groups derived from each
of the various cephalometric appraisals were shown
to be statistically discrete, no one specific dimen-
sion(s) was shown to contribute more significantly
than others to the inter-cluster group discrimination.
Thus the results of this study not only indicated that
the parameters derived from various cephalometric
appraisals provided no consistent pattern of patient
categorization before (A records) or after
(D records) treatment, but also that the various
Angle malocclusion categories have scant correlation
with cephalo-metric form.

DISCUSSION

Accurate diagnosis hinges on separating component
craniofacial problems and synthesizing their poten-
tially disparate solutions into unified overall treat-
ment strategies (Dockrell, 1952; Rinchuse and Rin-
chuse, 1989). Although lateral cephalographic
appraisal is generally considered essential in this
regard, however, their relative importance to other
diagnostic aids (e.g. study models or previous
cephalometric appraisals) will vary between par-
ticular patients. As ‘normal’ maxillary to man-
dibular occlusal relationships may occur with
underlying jaw discrepancies, or significant maloc-
clusions with ‘normal’ anteroposterior skeletal pat-
terns, lateral cephalometric appraisals are often
regarded as central to orthodontic diagnosis and
treatment appraisal.

Most lateral cephalographic categorization schemes
may, however, be criticized on the basis of their nar-
row focus, i.e. excluding potentially significant
diagnostic features (e.g. the temporomandibular
joint) (Ackerman and Proffit, 1969). For instance,
one method of cephalometric appraisal centers on
comparisons of individual dimensions relative to
‘standards’ (Saksena et al., 1987). But such ‘stan-
dards’ are generally based on limited samples,
without guidance being provided as to whether
specific dimensions should differ more than 1,2 or 3
standard deviations from the ‘standard’ to be
regarded as ‘abnormal’. Also, although many
geometric constructs have been devised to sum-
marize lateral cephalometric form (Harvold, 1974;
Jacobson, 1975; Ricketts, 1981; McNamara, 1983),
there is no concensus as to which is most appropriate
for patient categorization or assessment (Moyers and
Bookstein, 1979; Richtsmeier and Cheverud, 1986).
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