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Abstract

We conducted a cluster analysis, which accumulated similar items by grouping intensive
subjects embodied with heterogeneous objects, for the establishment of criteria for diagnosis and
planning treatment of dentitions by the determination of estimated items and elements affecting
the morphology of dental arches. Subsequently, a principal component analysis was performed
for the purpose of identification of morphological characters in each cluster. The results
observed significant differences between principal components containing estimated items (6) /
(I2-C-P1), @ (M2R-M2L), ® (A-B) and ® / (CR-A-CL) which represented protrusion of
transitional portion of anterior and buccal segments, width and length of the dental arch, and
protrusion of the anterior teeth segment, respectively. Consequently, we concluded that the

maxillary dentition could be classified mainly by evaluation of the items 3)(A-B), ® / (CR-A-
CL) and ® / (12-C-P1).

Key Words: Cluster analysis; Maxillary dental arch

Correspondence: Shun-Te Huang

Address: 100, Shih-Chuan 1st Road, San Ming District, Kaohsiung, Taiwan 80708.
Tel: 886-7-3121101 ext.2272

Fax: 886-7-3233752

E-mail: shuntehuang@gmail.com



Introduction

Evaluation of factors affecting the
dental arch morphology is essential for
diagnosis and formulating treatment plans
in particular in the orthodontic field. In
our previous studies, by preliminary
differentiation of square, round-square,
round and round V-shaped arches according
to the classic descriptive morphological
study made by Thompson and Dewey ', we
have elucidated certain important elements
(factors)to determine arch forms . However,
the studies do not exclude that the results
could be affected by properties of the widely
-used conventional classification methods,
which usually define dental arch forms
depending mainly on subjective visual
examination of dentitions.

On the other hand, some objective
methods using quantitative analyses and
mathematical evaluation were developed
to classify the dental arch forms by
translating the measured data of various
morphological elements recorded on plaster
casts into algebraic functions "*’; the studies
proposed three to five basic arch forms for

differentiation of dentitions *"*

. A latter study
has further verified hyperbolic-, parabolic-
and elliptic-shaped dental arches by a
quadratic equation estimation*’.Subsequently,
a study superimposed measuring data
developed from reference points designated
on dental arches with catenary, conic section,
elliptic function and fourth polynomial

arches to indicate that the fourth polynomial
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formula is mostly acceptable for analysing
dental arch forms **. Nevertheless, the
mathematical evaluation methods were
quite complicated, yet difficult to ascertain
and compare distinguishing characters of
different dental arch types .

Cluster analysis is a mathematical
method beneficial for accumulation of
similar items by grouping intensive subjects
embodied with heterogeneous objects, as
well as is a method widely utilized in
biology, sociology and cognitive science
studies nowadays. In the present study, we
conducted a cluster analysis on estimating
items, which were developed from
designated references points and lines
recorded on maxillary stone casts of
parallel-standardized dental study models.
We then performed principal component
analysis with an attempt to elucidate

characters of different clusters.

Materials and Methods

1. Materials

The study was performed following the
Declaration of Helsinki Ethical Principles
for Medical Research (1964). The protocol
(No. 050507: Morphological Analysis of
dental arches) was approved by the Ethic
Review Board of Osaka Dental University.
In the study, 396 sets of paired maxillary and
mandibular dental casts of young adult
students (18 to 26 years old; male: 257,
female: 139) at Osaka Dental University
were prepared to have a total height of 60
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mm with the occlusal plane adjusted
to be at a height of 30 mm from the
mandibular cast base . We selected 62 sets
(male:36; female:26 ) with normal dentition
and occlusion, and dental arches of the
standardised maxillary casts were

investigated for the present cluster analysis.

2. Methods
Designation of references and lines for
examination

The dental study models were digitally
photographed, processed and prepared for
estimation of items derived from reference
points / lines and a developed spherical
(polar) coordinate system designated on the
2-D equal-proportional images of the

2-6,25

maxillary dentitions (Fig. 1) ™.

Establishment and development of reference
items

By connecting reference points printed
on photos, we established seven items for
differentiating maxillary dental arches
(Fig.1)***:

(D(C,-C,): width of the anterior-teeth

(anterior) segment.
(@)(M2,-M2,): width of the dental arch.
(3(A-B): length of the dental arch.
(4)(A-E): length of the anterior segment.
(5 / (C,-A-C,): protrusion and curvature
of the anterior segment.
© / (1,-C-P,)y =2 (L-C-P)),+ / (L-C-P)),:

protrusion demonstrated between the
anterior - and buccal - teeth segments; also
used to describe the anterior-teeth

curvature of a maxillary dental arch.
@D O5—r04),,=r05—1r04),+r05
— 1 0 4),: the roundness of a dental arch

by estimation of the transition occurred
between the anterior and buccal segments.
The width and length were measured in
millimetre (mm) with the standard deviation
(SD) expressed in the same unit as the data,

and the angles were estimated in degree (°)

with the SD (expressed in the same unit as
the data).

Fig. 1 Reference points, lines, and angles (the maxillary dental arch).



Cluster analysis

Hierarchical agglomerative method
was used in the present study. Also, the
standardised Euclidean distance was utilized
to avoid the size-variance effects of
examined objects in the present analysis
which evaluated the distance between
different clusters. The present study was
evaluated by a Cluster97.xla analysis
software (Excel Add-in Workshop; http://
www.jomon.ne.jp/~hayakari/) with the

following formula:

D(x.y)= {Z (G zy,-)z}

(x,y =1,2, ... ,62) (p=7 in the present study)

N | —

Furthermore, the Ward's method, a
taxonomic categorization method based on a
standard of minimal values of the sum of
squares developed from examined elements
in each chosen set, was used for internal
cohesion and external isolation of the present
cluster analysis. Hence, we categorized
cluster ¢ by an internal cohesion of clusters a
and b; the distances in the clusters a and b
before developing cluster ¢ were distances
d,, d

d, for describing the distance between

and d. Subsequently, we established

xad

cluster ¢ and cluster x (x# a, x# b) with the
following formula recommended in the
Cluster97.xla analysis software (http:/www.
jomon.ne.jp/~hayakari/):

> n.+n, 2 n.+n, 2 n 2
- ab
nx+na+l’lb n¥+l’la+n,,

xc xa xb

n.+n,+n,

(nx: the number of examined items
which were included in the cluster a)
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Principal component (multivariate) analysis

The principal component analysis is an
effective method for establishing synthetic
indices by standardizing and summarizing
multivariate data with a least loss of original
data in differentiation of samples *°. The
present principal component analysis, using
Excel Statistics 2010 for Windows
(Community Information Services, Tokyo,

Japan), removed the variance of units, and

then standardized and summarized @ (C,-
C), @ M2,-M2), ® (A-B), @ (A-E),
@ ya (CR'A'CL)a @ v (Iz'C'Pl) R&L and

@6 5—r0b 4) ,,, multivariate data into
three new variables based on the proportion
of variance (in order of large value). The (D

to (@ items were analyzed with reference to

the correlation matrix of the variables.
Statistics Analysis

The seven items (D to (D)) were analyzed
using mean value, standard deviation and
estimation of population mean with 95%
confidence interval *°. One-way analysis of
variance(one-way factorial ANOVA; p<0.01)
was processed using Excel Statistics 2010
for Windows (Social Survey Research
Information Co., Ltd., Tokyo, Japan).
Furthermore, morphological differences
were assessed by Scheffe's test for multiple
comparison (post hoc test) of the examined

da ta 26-30
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Results

1.Mean values of estimated items(by gender)

Mean values of the estimated items (D
to @, O(C-Cp), @ (M2,-M2)), B (A-B),
@ (A-E), ® £ (Ci-A-C)), ® £ (L-C-P ),

and @D (rO 5—r0 4),,, were in particular

summarized according to gender (Table.1).

The results indicated that there was a
significant difference of 2 (M2,-M2,)

between males and females, while no

significant differences were observed in
other items (D (C,-C,), ® (A-B), @ (A-E),
® / (Ci-A-C)), ® / (1,-C-P,) R&L and
@D (B 5— 10 4),,; **p<0.01, Table 1).
However, mean values for items &) / (C,-
A-C)) and ® / (1,-C-P,) ., were higher in
females than in males; other items of (D

(C-C)), @ (M2,-M2)), @ (A-B), @ (A-

E), and @D (0 5—10 4),, showed higher

values in males than in females (Table 1).

2.Dendrogram of the cluster analysis

Cluster analysis of the estimated
the seven items (D (Cy-C,), @ (M2,-M2)),
B(A-B), @ (A-E), ® £ (C-A-C)),
© L (1,-C-P,) 4y and D(r 0 5—10 4) ) of
the 62 maxillary dentitions was presented in
the dendrogram; the combination level
represented the sum of squares developed
from examined elements in each chosen set
(Fig. 2).

The maxillary dental arch was divided
into two clusters at a combination level of
14.8 (an upper dotted line in the Fig.2).
Furthermore, each of the two clusters were
classified into two clusters, totally four
clusters (1%, 2™, 3* and 4" clusters), at a
combination level of 9.3 (a lower dotted line
in the Fig.2) according to morphological
differences of the investigated dental arches
(Table 1 & Table 2).

Table 1 Mean values of estimated items (classified by gender; Mean+SD)

Vean Valuitem DCr-Chmm) OM2-M2; (s DA-B(mm) @A-E(mm) B 2 (Co-A-C)C ) © £(1-C-P gy D(r 0510 4) et (um)
Total 35.7642.01  61.11£3.49 39.8142.64 8.59+1.47  128.95£820  314.77¢15.80  7.09+1.66
Male 35.9642.28  62.3243.36  39.9642.98 8.73+1.58  128.50+8.60  313.89+17.45 716+1.52
Female 35.49+1.58 59.43+2.99 39.60+2.10 8.39+1.32 129.58+7.74 316.00+13.44 7.00+1.87

(**p<0.01)
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Fig. 2 Dendrogram for visualizing hierarchical cluster analysis.

3.Variance analysis of estimated items (in
mean values) in each clusters

Significant differences in mean values
of all estimated items (D to D; mean + SD)
in each cluster (1%, 2™, 3" and 4" clusters)
were demonstrated in the present analysis
(**p<0.01; Table 2). In the 1" cluster, it
significantly showed a low @ (A-E)
value, while showed the most highest
® / (C,-A-C,) value (**p<0.01; Table 2).

Nevertheless, we observed the highest value

of @ (A-E), and the most lowest values of
M(C,-C,), @(M2,-M2,) and ® / (C,-A-C,)
in the 4th cluster (**p<0.01; Table 2).
4.Principal component (multivariate) analysis
of the 1%, 2", 3" and 4" clusters

Results of the present principal
component analysis of each cluster were
demonstrated with factor loading (in mean

value) on each principal component by four
radar charts (Figs. 3-1, 3-2, 3-3 and 3-4).

Table 2 Mean values of estimated items in each cluster (Mean+SD)

Cluster Sample Ratio(%) | Cp-Cy(mm)”  M2eM2mm)”  A-Bmmj”  A-Emm) < (CA-COC)" £(I-C-P s (ref;zii)'m
27 44 36.13£1.58  61.2422.42  38.26:1.86  7.38£0.92  136.0044.65  309.70+11.06 6.57+1.41
™ g 11 34.41:1.85  65.84+3.12  37.93:1.76  8.74+0.67  125.86+3.44  334.57+8.60 5.2940.49
M3 21 37415177 61.2643.84  42.40£1.87  9.34+1.18  126.69+4.94  303.31+15.79 8.64+1.27
s 24 34315145 58.54+2.17  41.24£1.92 10.05:0.79  119.67+4.84  324.60+10.26 7.5241.39
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Fig. 3 Radar charts of factor loading of 1%, 2™ and 3" principal components in the 1* (Fig. 3-1),
2" (Fig. 3-2), 3" (Fig. 3-3) and 4" (Fig. 3-4) clusters (express in the mean value).

1) The 1" cluster:

The factor loading of the 1" principal
component distinctly showed a positive
relationship with items 3 (A-B) and @
(A-E), but showed a strong, negative
relation with & £ (C,-A-C)); the 1"
principal component had a contribution
ratio of 41.55% (Fig. 3-1). The 2"

principal component was distinctly and

positively related with ® ~ (I,-C-P,),

but was negatively related with @D/ (r 6

5-10 4),..; the 2" principal component
had a contribution ratio of 24.57%. The

3" principal component was positively
related with D(C,-C,) and @(M2,-M2,)
; its contribution ratio was 17.52%.
Additionally, the cumulative contribution
ratio of the 1%, 2™ and 3" principal
components was 83.64% in the 1" cluster

(Fig. 3-1).



2) The 2" cluster:

The factor loading of the 1" principal
component indicated that it had strong and
positive relationships with items (D (C,-C,),
(@(M2,-M2,) and B (A-B), as well as had a
positive relationship with & / (C,-A-C));
the contribution ratio of the 1" principal
component was 42.58%. The 2" principal
component was distinctly positively related

with @ (A-E), negatively related with @

(r6 5-r0 4),.,, and was negatively related

with & (CR-A-CL); the contribution ratio
of the 2" principal component was 27.87%.
The 3" principal component was positively
related with 6 / (I,-C-P,); the contribution
ratio was 19.57%. Consequently, we
observed that the cumulative contribution
ratio of the 1%, 2" and 3" principal
components of the 2™ cluster was 90.03%
(Fig. 3-2).

3) The 3" cluster:

The factor loading of the 1st principal
component was distinctly indicative for its
strongly positive relationships with items
@ (M2,-M2)), ® (A-B), @ (A-E) and
©® £ (1-C-P,). The 1" principal component
was also positively related with D (C,-C,),
while was distinctly negatively-related
with & £ (C,-A-C,). Furthermore, we
observed that the 1" principal component
had a contribution ratio of 57.87%. The 2"

principal component was strongly and

Cluster Analysis of Maxillary Dental Arch Forms

positively related with (D (C,-C,); the
contribution ratio of the 2" principal
Further, the 3"

principal component was distinctly and

component was 19.16%.

positively related with @ (r0 5-10 4) ...;
the contribution ratio of the 3rd principal
component was 13.89%.  Therefore, we
observed that the cumulative contribution
ratio of the 1%, 2™ and 3™ principal
components was 90.92% in the 3" cluster
(Fig. 3-3).

4) The 4" cluster:

The factor loading of the 1" principal
component was distinctly positively-related
with @ (A-E) and positively related with
(3)(A-B), but strongly and negatively related
with & £ (C,-A-C,); the contribution ratio
of the 1" principal component was 57.87%.

The 2" principal component has a distinct

and positive relationship with @D(r 0 5-1 0 4)

w1, DUt a strongly negative relationship with

©® £ (1-C-P,); the contribution ratio of the
2" principal component was 22.03%. We
observed that the 3" principal component
was distinctly and positively related with

@ (M2,-M2,), and was positively related

with (C,-C,); the contribution ratio of the
3 principal component was 19.39%. In
addition, we found that the cumulative
contribution ratio of the 1%, 2™ and 3"
principal components was 77.01% in the
4" cluster (Fig. 3-4).
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5. Analysis of variance (One-factor ANOVA)
of the estimated items
After conducting cluster analysis of the
estimated items, one-way ANOVA was
performed for identification of significant
differences between the clusters (*p<0.05,
*#p<0.01; Table 3). The analysis observed

significant differences of (D(C,-C,) between

the 1 and 4" and 2™ and 3", as well as
between the 3rd and 4th clusters (¥p<0.05,

*¥*p<0.01**; Table 3-1). Significant

differences of 2 (M2,-M2,) were identified

between the 2™ and other clusters (*p<0.05,
**p<0.01; Table 3-2). Significant differences

of @ (A-B) were also found between the 1"

and either 3" or 4" clusters, and between the

2" and either 3" or 4" clusters (**p<0.01;
Table 3-3). Moreover, significant differences
of @W(A-E) and B £ (C,-A-C,) were evident
between the 1" and other clusters (*p<0.05,
*#p<0.01; Tables 3-4 & 3-5). Consequently,

there we observed distinct significant

differences of ©® £ (I,-C-P,) by comparison
of the 1" cluster with either the 2™ or 4"
clusters, of the 2" cluster with the 3" cluster,
and of the 3" cluster with the 4" cluster

(**p<0.01; Table 3-6). Furthermore, we

identified significant differences of @

(r 0 5-1 0 4) ., between the 1" and 3" clusters,

as well as between the 2™ cluster and either
the 3 or 4" cluster (**p<0.01; Table 3-7).

Table 3 Analysis of variance of estimated items in each cluster (*p<0.05, **p<<0.01)

Table 3-1 (DC,-C, : width of the anterior-teeth (anterior) segment

Cluster Mean Difference of  P-Value
1 2 Meanl Mean2 mean
Ist 2nd 36.13  34.41 1.72 0.13
Ist 3rd 36.13  37.41 1.29 0.17
Ist 4th 36.13  34.31 1.82 0.02 *
2nd 3rd 34.41  37.41 3.01 0.00 *E
2nd 4th 34.41 3431 0.10 1.00
3rd 4th 37.41 3431 3.11 0.00 *E




Table 3-2 @M2,-M2, : width of the dental arch
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Cluster Mean Difference of ~ P-Value
1 2 Meanl Mean2 mean
Ist 2nd 61.24  65.84 4.60 0.01 *x
Ist 3rd 61.24  61.26 0.02 1.00
Ist 4th 61.24 58.54 2.70 0.05 *
2nd 3rd 65.84  61.26 4.58 0.02 *
2nd 4th 65.84 58.54 7.30 0.00 **
3rd 4th 61.26  58.54 2.71 0.12
Table 3-3 (3A-B : length of the dental arch
Cluster Mean Difference of  P-Value
1 2 Meanl Mean2 mean
Ist 2nd 38.26 37.93 0.33 0.98
1st 3rd 38.26  42.40 4.14 0.00 ok
1st 4th 38.26  41.24 2.98 0.00 ok
2nd 3rd 37.93  42.40 4.47 0.00 ok
2nd 4th 37.93  41.24 3.31 0.01 %
3rd 4th 42.40 41.24 1.15 0.48
Table 3-4 DA-E : length of the anterior dental arch
Cluster Mean Difference of  P-Value
1 2 Meanl Mean2 mean
1st 2nd 7.38 8.74 1.36 0.02 *
Ist 3rd 738 9.34 1.96 0.00 -
1st 4th 7.38 10.05 2.67 0.00 EE
ond 3rd 8.74 9.34 0.60 0.62
2nd 4th 8.74 10.05 1.30 0.04 *
3rd 4th 9.34  10.05 0.70 0.30
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Table 3-5 &/ (C,-A-C,) : protrusion and curvature of the anterior segment

Cluster Mean Difference of  P-Value
1 2 Meanl Mean2 mean
1st 2nd 136.00 125.86 10.14 0.00 *x%
1st 3rd 136.00 126.69 9.31 0.00 *k
1st 4th 136.00 119.67 16.33 0.00 ok
2nd 3rd 125.86  126.69 0.84 0.99
2nd 4th 125.86  119.67 6.19 0.06
3rd 4th 126.69  119.67 7.03 0.00 %

Table 3-6 ©® £ (L,-C-P,),, =2 (I-C-P,),+ 2 (I,-C-P,), : protrusion demonstrated
between the anterior- and buccal-teeth segments

Cluster Mean Difference of  P-Value
1 2 Meanl Mean2 mean
st 2nd 309.70  334.57 24.87 0.00 ok
Ist 3rd 309.70  303.31 6.40 0.50
1st 4th 309.70  324.60 14.90 0.00 *%
2nd 3rd 334.57  303.31 31.26 0.00 ok
2nd 4th 334.57  324.60 9.97 0.37
3rd 4th 303.31  324.60 21.29 0.00 %

Table 3-7 @ (105—104),,,= (105—104),+ (r05—104), : the roundness of a

dental arch by estimation of the transition occurred between the
anterior and buccal segments

Cluster Mean Difference of  P-Value
1 2 Meanl Mean2 mean
Ist 2nd 6.57 5.29 1.28 0.18
Ist 3rd 6.57 8.64 2.07 0.00 ok
Ist 4th 6.57 7.52 0.95 0.20
2nd 3rd 5.29 8.64 3.35 0.00 *ok
2nd 4th 5.29 7.52 2.24 0.01 ok
3rd 4th 8.64 7.52 1.11 0.20
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Discussion

Mean values of estimated items

depending on gender (Result 1) indicated

that only @ (M2,-M2,), the width of the
dental arch, has significant differences
between males and females(p<0.01;Table 1);
the result was similar to some previous

31

studies . A study has also identified

significant gender differences in maxillary
(12,-12,), (M1,-M1,) and @(M2,-M2, )width,
and the arch length presented by either the
point A to (MI,-Ml1,) or @ (M2,-M2,) *.
The studies suggested that the arch width
might be affected by dynamics of functional
occlusion and the related head-and-neck
muscles of different genders. However, in a
previous Fourier analysis of maxillary dental
arches subjected to Thompson classification
(not discussed on gender), we did not observe
significant size differences of different
maxillary arch forms ‘. Collectively, we
postulate that the divergence of the studies
might be contributed by the myodynamic
differences between genders that the detailed
relations might present an important problem
for future investigation ™.

Based on the results of the dendrogram
(Fig. 2) and evaluation of estimated items by
the mean value (Table 2) of the present
clustering, we confirmed that the morphology
of maxillary dentitions was differentiated
into two main groups at the combination

level of 14.8, and was essentially influenced

by ®(A-B) and @ (A-E) (Fig. 2 & Table 2;

Cluster Analysis of Maxillary Dental Arch Forms

Result 2 & Result 3). Subsequently, the two
groups were further subdivided in 4 groups
at the combination level of 9.3 (Fig. 2). The
data indicated that the characteristics of
clusters 1 and 2 were deeply affected by
@ M2,-M2,) and ® £ (C,-A-C,) . On the
other hand, the morphology of the anterior
segment, including@®(C,-C,), ® £ (C,-A-C,)
and ® £ (I,-C-P)), essentially affected the
characteristics of clusters 3 and 4 (Table 2).
The present analyses suggested that the
morphology of dental arch could be roughly
classified with the arch length, and then
subdivided according to the arch width and
morphology of the anterior teeth segment
(Result 2 & Result 3). Results obtained in
this study were coincidental with what have
been described in some previous studies,
which evaluated items with analytical
methods of alikeness to establish that
curvature of the anterior segment, and length
and width of the dental arch were essential
elements to determinate the dental arch
morphology ~* %

We reviewed the Results 3, 4 and 5, and
thereby identified that the clusters 1 and 2
had their @ (A-B) and @ (A-E) values
smaller than the clusters 3 and 4 (Table 2).
While the cluster 1 was characterized by a
shallow and wide anterior teeth segment, we
recognized that dental arches of the cluster 2
had a deeper and narrower anterior teeth
segment accompanied with a shorter and
wider arch than dentitions of the cluster 1
(Table 2). On the other hand, dentitions
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of the 4" cluster had a narrower anterior
segment with more acute curvature than
those of the 3“ cluster (Table 2).

In conclusion, we have identified that 1)
the width and length, and morphology of
the anterior teeth segment were essential
elements to determinate the maxillary dental
arch form, 2) the maxillary dentitions could
be roughly differentiated by the characteristic
curvature and length of the anterior teeth
segment, and 3) specific features of the
maxillary dental arches using the present
cluster analysis were described as the
following: dentitions of the 1" cluster had
a short and wide anterior teeth segment,
dental arches of the 2™ cluster were narrow
in the anterior segment, short in arch length
and were divergent distally, the 3" cluster
was characterised by a wide anterior teeth
segment, distinct transition between the
anterior and molar segments, and a long
dental arch, and dentitions in the 4" cluster
had a long and strongly-curved anterior
teeth segment that contributed to a long and
narrow dental arch.

Further studies to clarify how and at
which combination levels of a cluster
analysis will differentiate dental arch forms
for comparison and unification with the
classification methods proposed by other
subjective and objective quantitative or
mathematical analyses ***, which were
basically based on the morphological
study (a descriptive evaluation) made by
Thompson and Dewey ', are next attempts

we should confront.
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