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Table 1, Mean values of estimated items (classified by gender; Mean+SD)
(*p<0.05, *¥*p<0.01)

Mean va lten @CR'CL(mm) @MZR“M2L(mm)“ @A'B(mm)* @A—E(mm)‘ @Z(CR“A‘CL)(D) @Z(Iz‘C‘Pl)R&L(O) ®(1195'1'94)R&L(mm)

Total 271.81£1.69 | 51.96¢3.05 [36.13+2.57] 5.160.97 | 138.51+8.00 313.40£19.09 6.65+2.22
Male 27.95¢1.66 | 53.10+2.81 |36.81x2.74] 5.44+1.00 | 136.83£8.30 314.34£17.63 7.01£2.43
Female | 27.64¢1.76 | 50.59¢2.81 [35.302.11] 4.8120.83 | 140.54+7.25 312.25¢21.04 6.22£1.90

Mean values of the estimated items (@Cx-Ci, @M2-M2, ®A-B, ®A-E, BZ(Cr-A-Cy), ©Z(12-C-P)ges, and Or05-10
4)pe1) were in particular summarized according to gender .

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

Cluster | Sample |Ratio(%)|® Cr-Crmm | MM m | @ A-Boum™* | @A ** | ®) 2 (Cr-A-C)ey™* | © £(12-C-PDgany’™ | O (065104 gt ™
1st 20 | S7.74 |2151:1.61| 8312¢3.18 | 34.38+2.07 | 4.72+0.72 | 142.05¢5.78 326.1511.89 4.42:0.87
2nd 16 30.19 [28471.21) 51.34+2.64 | 35.85+1.61 | A.57+0.53 | 143942317 290.63¢12.01 7.59¢1.87
3rd 17 32.08 | 21.44:2.01 | 51.18+#3.00 | S84422.08| 6.220.65 | 129.24+4.67 319.82:10.73 8404123

(*p(0.01, bold & Italic: maximum value of each item, underline: minimum value of each item)

Significant differences in mean values of partly items (8, @ ©, ®, @: meantSD) in each cluster (Ist, 2nd and 3rd clusters) were
demonstrated in the present analysis (**p(0.01).

used to describe the anterior—teeth curvature
of a mandibular dental arch, @(r0 5—r0
Apar= (1O 5—rO 4R+ (10 5—10 4).: the
roundness of a dental arch by estimation
of the ftransition occurred between the
anterior and buccal segments.

2) X322l &Y

= A3 x Hol B4}
Fig. 1. Reference points, lines, and angles ) A2 xdaBod%jj_;)}ﬁﬂx]i e, 3
(the mandibular dental arch). 2], l4sksdch .
(M(Cr—Cy): width of the anterior—teeth
(anterior) segment, @(M2x—M2,): width of 3) H=B=(Fig. 1)
the dental arch,@(A-B): length of the dental

arch, @(A-E): length of the anterior @ ZX4F FCr-Cy,
segment, 6 £(Cr—A—Cy): protrusion and @ AT EM2r-M2,
curvature of the anterior segment, ®2 @) sz 710]A-B

(I2—=C—P1)rai= £ (12—C—P1)g + £ (12—C—P1).: @ A3 Ao A-F

protrusion  demonstrated  between  the
anterior— and buccal-teeth segments; also ® AAH 4= £(Cr-A-Cp)
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Software * "Excel-AddIn  Workshop'
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Ver.4.0
(Excel-AddIn Workshop, Japan,
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7t AEE s3tAlE el (Table. 1).
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2. Cluster analysis 4% (Fig. 2)
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2 vepdllck(Fig. 2)-
slet 25 dej7l WA AgHevel 14.5
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Fig. 2. Dendrogram for visualizing hierarchical cluster analysis.

Hierarchical agglomerative method and standardised Euclidean distance were used in the

present study.

2, 1 vk ZAdHevel 10.9% e}
ol A3t cluster 371&E BHE 9}

=] (Table.2)

Cluster® 7z A&3E HxE el
Wk (Table.2). A1 cluster?} 2071,
A2 cluster7} 1670, A3 cluster?} 1771
ATE. @A-B, @WA-E, ®£(Cr-A-Cp),
©®2 (12-C-PD)rer, @D(rO5—rod) g,
of tiste] clusterztell Fo127F 314
t} (p<0.01). A1 clustere A&
el = @M2g-M21,8} A ] %] -
Hols Yl ®2 (12-C-P1)rer”t
a5 el Al 2 clusters #
A4 Fefel] #Ag FE OCr-Cret B2

3. ZF cluster AlE3HS

(Cr-A-Cr), Al 3 clustere A& Z
ole] 3t &5 BA-B, @A-E, A+
A ol FAAE vYeplle OD(r
E5—réd)re, 7F A& HeERYTh

4. 7} cluster?] principal
component analysis A3}
(Figs. 3a, 3b & 3c¢)

7t cluster®] BT FAE F3H=
radar chart®
3b & 3c).

(factor loading)<
velWth(Figs. 3a,

1) A 1 cluster (Fig. 3a)
AN1F4 —f(prmmpal component)-%



et ol 23X LIZIZF} 01X, 010 OFZE X/Z, &=, 2IX%, BIgA 0 i1
SOICH FK=c), of=gl FEIAEF 00, A, 01210] Ot =R

(105 — r04) ra.

— ]Gt
principal
component

= = 2nd
principal
component

e 3rd

A-B principal
component

£ (12-C-P1) pa.

------- 4“]
principal
component

Z(Cr-A-C1) A-E

(705 — r64) rer
e ]st principal
component

= == 2nd principal
component

e+ 31d principal

Z(12-C-P1) par component

------- 4th principal
component

Z(Cr-A-Cy) A-E

(r05—ré4) per M2x-M2,.
— ]t principal

component

= = 2nd principal
component

e+ 3rd principal
A-B component

Z{2-C-P1) rav !

------- 4th principal
component

Z(CeA-C) = A-E
Fig. 3¢

Fig. 3. Radar charts of factor loading of 1% 2™ 3 and 4" principal components in the
' (Fig. 3a), 2™ (Fig. 3b) and 3 (Fig. 3c) clusters (express in the mean value).
Standardised Euclidean distance were used in the present study.

The ) to @ items were analyzed with reference to the correlation matrix of the
variables.
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At ® 2 (12-C-Pl)grer, 2F 743 29
Jako] glom 7] &2 27.91% ©l3]
o}, A3 FAREE D(réb—r)rer <F

>

738k 2o Akto] glar, 7]o4E2 15.28%
olgicl. A4 FAAELE @M2r-M2:1, <

52 Aol 9lar, 7]e1E2 12.00% ©]
st} A4 FAEAA] 27| E(accu-
mulated proportion) 90.89% o©]

sArt.

2) Al 2 cluster (Fig. 3b)

Al FAEY FAE 3> BA-B,
@WA-E ¢} 743+ A, B2 (Cr-A-CL)
o} 7k o] Aske] i, 7] ES
38.57%°13ict. Al 2 FAELS D165
—rO4)rer, oF 77 AdFe] 9low, 7]
& 26.61%°1%ck. Al 3FAE
OCr-Cr, @M2r-M2p2} AF3te] sl
710182 14.98% olsic). Al 4 T
@A-B 9} Ate] slar, 7]edE2 11.29%
olglet. Al 4 FAELTA FA 7| E>
91.46%

o]t

[oF

3) A3 cluster(Fig. 3c)

Al ] FAE el OCr-Cr,
@M2r-M21, @A-B <} 743 AF3te] <l
onl 71olEL 37.06% °lch. Al 2
SR @4(CR A-Cp) <} 745F Abak
@WA- E o} 745k o] Alao] glon] 7
o5 25.39% °]°4E} A 3 FARL
@(195 rol)rer oF 7FE A, ©2
(I12-C-P1)rer <k 4% &2 A3to]

719152 21.18% ©lslet. Al 4 F
B2 ®A-B o Aol sz, 7|oE
8.28% olslrt. Al 4 FAE7A ¢
719152 91.92% °131tt.

X orlo ox R

5.7t AZEe gk one-factor

ANOVA (Tables. 3a, 3b, 3c,
3d, 3e, 3f & 3g)

7} AlE3kEol dise] cluster analysis
% one-factor ANOVAE A
&t9icH(Tables. 3a, 3b, 3c, 3d,

3e, 3f & 3g). ®A-B, WA-E, Bz
(Cr-A-C1), ®~2 (12-C-P1D)rer, @D(r
H—rO)re1, < clusterzbell gt
A5 eRtH(p<0.01, Tables. 3c,
3d, 3e, 3f & 3g). ¥ OCr-CL, @
M2r-M2;, = cluster 7t 25
el]#] 9kske} (Tables. 3a & 3b).

Z+ AZE F @A-B, DA-E, B~
(Cr-A-Cpr)2 Al 3 clustere} Al 1, 2
clusterAbelell Al R A5 viebllct
(p<0.01, Tables. 3c, 3d & 3e).
©®/ (12-C-PDgrere A2 cluster<t
A1, 3 cluster ApelollA] FJaE )
ebllth(p<0.01, Table. 3f). D(r65—
r04) rere Al clusterel A2, 3
cluster AlelellAl o2& vheplict
(p<0.01, Table. 3g).

-l

& ru{m
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Table 3. Analysis of variance of eslimated items in each cluster (**p<0.01)

Table. 3a. (DCr—C. : width of the anterior—teeth (anterior) segment

Cluster Mean Difference  P-Value
1 2 Mean 1 Mean 2 of mean
Ist 2nd 27.51 28.57 1.06 0.17
Ist 3rd 27.51 27.44 0.07 0.99
2nd 3rd 28.57 27.44 1.14 0.15

Table. 3b. @M2z—M2, : width of the dental arch

Cluster Mean Difference ~ P-Value
1 2 Mean 1 Mean 2 of mean
Ist 2nd 53.12 51.34 1.77 0.22
Ist 3rd 53.12 51.18 1.94 0.15
2nd 3rd 51.34 51.18 0.17 0.99

Table. 3c. @A-B : length of the dental arch

Cluster Mean Difference  P-Value
1 2 Mean 1 Mean 2 of mean
Ist 2nd 34.38 35.85 1.46 0.09
Ist 3rd 34.38 38.44 4.05 0.00 e
2nd 3rd 35.85 38.44 2.59 0.00 L

Table. 3d. @WA-E : length of the anterior dental arch

Cluster Mean Difference ~ P-Value
1 2 Mean | Mean 2 of mean
Ist 2nd 4.72 4.57 0.15 0.80
Ist 3rd 4.72 6.22 1.50 0.00 g
2nd 3rd 4.57 6.22 1.65 0.00 **

Table, 3e. ® £ (Cx—A—C.) : protrusion and curvature of the anterior segment

Cluster Mean Difference  P-Value
1 2 Mean 1 Mean 2 of mean
Ist 2nd 142.05 143.94 1.89 0.50
Ist 3rd 142.05 129.24 12.81 0.00 i
2nd 3rd 143.94 129.24 14.70 0.00 G
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Table. 3f. ©® £ (2—C—P1)rg =2 (12—C—P1)z+ 2 (2—C—P1)_ : protrusion demonstrated  between
the anterior— and buccal~teeth segments
Cluster Mean Difference  P-Value
1 2 Mean 1 Mean 2 of mean
Ist 2nd 326.15 290.63 35.53 0.00 *x
Ist 3rd 326.15 319.82 6.33 0.26
2nd 3rd 290.63 319.82 29.20 0.00 ok

Table. 3g. (O 5—10 dra= (10 5—10 4t (10 5—10 4),

the roundness of a dental arch by

estimation of the transition occurred between the anterior and buccal segments

Cluster Mean Difference  P-Value
l 2 Mean 1 Mean 2 of mean
Ist 2nd 4.42 7.59 3.16 0.00 R
Ist 3rd 4.42 8.40 3.98 0.00 ok
2nd 3rd 7.59 8.40 0.81 0.23

=2t 9 qot A% =(3)-4% dolnrh A A

A3 oJsle] A FE Jehl=
@M2r-M21,(p<0.01), AF Aol= 1}

el = @A-B(p<0.05), AXF- ZHeo|E
b= @A-E(p<0.05)7F ]l 4]
fredk A7 9lsieH(Table.1). %2
© ARATRE A AT FeE AEY
A"t Aetell e @M2r-M213E A AL
SICT S ER

Funatsu 52 44l £ z7]e]
w3 QS FEsG steke AR
A=A Fell il 75221 (p€0.05),
72 (p€0.05), #1274 (p<0.01)7}
d27 adsdet. 2@ £(3)-4S5 Aol
| Fsted= A2 (p<0.05), 22
T2 (p€0.01) el AX7E A e

>
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v A A Zvlel B AR
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1 1740014 sl Aolel] 4}
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(Figs. 3a, 3b & 3c). T o] A3}=
A Folg EAue] 4zt thEX
gt $-2] Aged 208 Sekikawa?
¢} Shimada®e] ®ae} w7lx|=
A v AE 2|5 Hole} Fo] 3

< g Az T838 exjelEl=

o rlo

e HAFr, =z S8 AlgdT
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T Al cluster® E5H% AL A2
clustere] H]dle] #Hx]H-e] wkzo] )
HAo R Z3 Fo] FAut YA R 7
TE AT Fo] WA= AH¥e] Ut
(Table.2 & 3g). &# A2 cluster®
75 A2 Al clusterXel A x| H-¢]
wA Al
clusterx3 YAlo g 242 2F o
oAl A §lck(Table.2 & 3f).

A3 cluster® +7% 722 A1, 2
clusters} vlaralo] x)-go] Zir, |4
Fo| Fa1, mbFo] zl& EAo] glr}.
(Table.2 & 3e).

Abel| o8l AT FE M7=
OCr-Cr, @M2z-M2;, 2] cluster 7t
P# (P value)2 #fo]7}F alsl ot #-2
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Abstract

The study of essential factors that affect mandibular dental arch forms by
cluster analysis
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Shunji Kumabe, Katsura Ueda, Chun—Ying An, Aiko Morishita, Je—Won Shin', Yasutomo Iwai

Department of Oral Anatomy, Osaka Dental University, JAPAN
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To elucidate dental arch morphological characters in young Japanese
adolescents, we studied morphological and dimensional characteri-
stics of the dental arch forms in 396 sets of dental stone study
models (age: 18-26: male: 257, female: 139). 53 mandibular arches
(male: 29, female: 24) in the diagnostic casts of normal dentition
and occlusion were selected and evaluated.

We determined midpoints of the incisal ridge of the incisors (Ilg,
I1y,, 12r & 121), cusp tips of the canines (Cr & Cp), summits of
buccal cusps of the premolars (Plg, Ply, P2z & P2;), summits of
mesiobuccal cusps of the molars (Mlg, M1y, M2gr & M2;) and the
midpoint A of line (I1z-11;). Point B was defined as the intersection
of the vertical line from point A with the line (M2r-M2;,). Point E
was the intersection of (A-B) with (Cgr-Cp). The midpoint of line
(M2g-M2;,: original line) is defined as point O. We examined the
mandibular arch forms by estimation of length, angles and the
transition of anterior and buccal segments which were represented
by items developed from the reference points and lines. The obtained
data were studied using a hierarchical cluster analytic approach: the
factor loading of principal components in the clusters (i.e., 1%, 20
and 3" clusters) were further evaluated.

By the analyses, we observed significant differences in each cluster,
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especially of the arch length, protrusion of canines, degree of curvature
of anterior teeth segment and the degree of roundness of the
mandibular dental arches. Arch length of the 3" cluster was longer
than that of the other clusters. In addition, we noticed that width
differences of the dental arch and anterior segment were useful to
distinguish between the 1% and 2" clusters. The study concludes
that the mandibular dental arch form consisted of essential components
of arch length, arch width and the curvature of anterior teeth.
Besides, we can effectively divide the mandibular arch form into
clusters by dental arch length and width.

Key Words: cluster analysis: mandibular dental arch
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