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gt A5 5oty v E A9 A7t &
|3 RS Fa e AT, 2 V] SAlES
Agd & 4 vk Aot A7l A Fd At
(sexual homogeneity)E L& 3FA] LUAY, HE
A717F AAY, 2 2] nPAFEE fst] Ul
gk Aol A, 2 A 7S FE(cross validation
sample)°l] gk HS3 xb Ao AlP=A] B2
797} ST} (Table 1)

Table 1. Previous reports regarding mixed dentition analysis for various ethnic populations

AR e ol 77 fg 5 =S e
Ae wy AW D Am AL S A W Hob
AN 7HE F8AIHY & FAAT 1y,
FL olFE U Wad 27 2 Ao, A2 P
Fe e EAgE e AR gow 2|59
R I S SR
Qo] b nelals] SAalel HHa 2ol gl
o] H|A] =3 (unsupervised) &2 FFolE WHOR

Subject characteristics

Research Ethnicity Cross validation Prediction methods
Sample size Subject Gender
Bernabé and Flores—-Mir Peruvian 150 Normal Separate 50 Simple regression
(2004)°
Diagne et al (2003)1° Senegalese 50 Patients Separate NA Simple regression
Hashim and Al-Shalan Saudi 65 Normal Pooled NA Simple regression
(2003)" Arabian
Nourallah et al (2002)" Syrian 600 Patients  Pooled 50 Simple regression
Jaroontham and Godfrey Thai 430 Patients  Separate NA Simple regression
(2000 population
Yuen et al (1998)" Hong Kong 97 Normal Separate NA Simple regression
Chinese
Bishara and Jakobsen Caucasian 55 Normal Separate NA Simple regression
(1998)"
Lee-Chan et al (1998)% East Asian 201 Patients  Pooled NA Simple regression
American
Schirmer and Wiltshire African 100 Patients  Separate NA Simple regression
(1997)" American
de Paula et al (1995)° Brazilian 40 NA Separate NA 45° ceph and
correlation
al-Khadra (1993)" Saudi 34 Patients  Pooled NA Simple regression
Arabian
Staley et al (1984)° Caucasian 7 Normal Pooled 29 Periapical x-rays
Simple regression
Staley et al (1979)° Caucasian 83 Normal Separate 55 Periapical x-rays
Multiple regression
Zilberman et al (1977) Israeli 56 Patients  Pooled NA Full periapical
Children X-rays
Simple regression
Tanaka and Johnston Caucasian 506 Patients  Pooled NA Simple regression
(1974)°
Hixon and Oldfather (1958)° Caucasian 41 Normal Pooled 35 Periapical x-rays
Simple 1regressior19
Moyers (1958)" Caucasian Method unknown

Normal, Normal occlusion subjects; Patients, subjects who visited orthodontists; NA, not available.
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g, oAb 119%(F 3077) o= AN, Ht
A& 2041(17 - 244D ATE FE AL AAE
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1gFA2 oA 5 AA TR 7] BE ot &
= Al w7 QIE 11 - 31A|(E T 98 215
A Az Ay 218 FATh ofu, QIFHH o}

T A, RS et HE AR, &
< BA ARE WA T FLS AR
Aot FEy A719] o)ide] e FAES A3
d2 1749, oA} 3307 (F 5047) = AT FEC

= 2
Aot B nda A5 FES JF PP ugd B
Fa=E geota) B I 33% (1679), I3 24% Q5
169, o} 407 3} 1231), I 43% (o}F 389
3 2147 = TAEAT

o1

2Feta} slete] A, AllALTA D AL
o} 7] F<= o|S3ehr] fl8l o] 8E Waee ot
A2, et At A], stet F% oF =
st A FAZA F A Aok 27] Mg A
sk,

A3 A Aok 2719 AL EFa}
Sste] oA AFE ) Aokee WeE T
kemeans 4 E4S APk dael A4 A
A7 A2 & T 94, 2 5 v o
Aglow, ozl A Aok A7t e E 2
50, 2 & oF] e9go= W

g w g Al - g A & (re-assignment)

&t Fisher] A3 8 Sh=(linear
discriminant function)®] AlFE ©]&3}A T} (Table
2). FAFe] 74§ 35.82 x (maxillary central incisor) +
43.78 x (maxillary 1% molar) + 13.65 x (mandibular
central incisor) + 26.22 x (mandibular lateral incisor)
+ 49.63 x (mandibular 1% molar) — 748.128}= <=
9} 38.37 x (maxillary central incisor) + 46.95 x

i
)
o
—_
[¢]
I~

Table 2. Classification function coefficients which are used to cluster and then reassign the subjects to 2 groups

(smaller vs. larger group)

Male Female
Variables
Smaller group Larger group Smaller group Larger group
Maxillary central incisor 35.82 38.37 42.65 45.03
Maxillary 1% molar 43.78 46.95 64.81 69.47
Mandibular central incisor 13.65 14.08 33.84 37.02
Mandibular lateral incisor 26.22 2742 20.80 22.41
Mandibular 1 molar 49.63 53.33 57.19 60.15
Constant 74812 -853.62 -926.70 -1,050.69

114



Vol. 39, No. 2. 2009. Korean J Orthod

(maxillary 1¥ molar) + 14.08 x (mandibular central in-
cisor) + 27.42 x (mandibular lateral incisor) + 53.33
x (mandibular 1% molar) — 853.622}= 5 TS H]
wate], g A8 Al 1 gho] 7PE 2 @S e
= 5o = wWiHslo At S, AR gk
o] =¥ smaller groupS &, F#2] ko] 3 larger
group .2 ¥HEste] A& st WA oA AT
Foll oJg 25 HEo 7 w4 B8l B RE
Ti2 Hugd A3 FA= 989%, Oﬂlx}—t— 97.5%

TF FEdE 1ol

@%ﬂi}z} RES2IECR #333 T vl
2 A, A12TA, A2iTR] 27) T hg o
T A% 9 24 & o1&t Aok A7 a5,
G Aetepd 2 & g7l A4S Fath oﬂ
g 50l Aot 7|7} A2 dAbe] ot AA 9} &

(
=

Z|o} 7] ¥(Mx345 in Table 3)= 10.59 + 0.19
x (maxillary central incisor) + 0.45 x (maxillary 1%
molar) + 0.03 X (mandibular central incisor) + 0.65 X
(mandibular lateral incisor) + 0.10 x (mandibular 1%
molar)2h= oS 3|4 o2 FAHTE ¥ o}
2717} 2 oabe) shet A Sk 274 Ao} A7) G
(Mn345 in Table 3)< 2.20 + 0.34 x (maxillary central
incisor) + 046 x (maxillary 1% molar) - 0.52 x
(mandibular central incisor) + 1.08 X (mandibular lat-
eral incisor) + 0.69 x (mandibular 1% molar)2}= o=
A2z FHHT (Table 3).
BYRGAEREE 228 Aok 27] % 37
2o BT thal] A Agstow A=
Sk $4 FYWIAERNE =EE Ao} 2

chz 7|

HS 0[ST =LY

7] e 3 EF2] (Table 2)< o] &35t 5047
o] R ngA AF TS Role] A7|7F 2 1
1 2 2Fo2 Wiste] @9t ol % At
IAEZREH =F9 8/l 3]A4 S o83l &
Ul 9 Xo}l A7] 2R AX e A7AEY A

of 7] 5 dSsilen, oS #I AA TS
Hlwale] AjZE MDA W9 A3 e S
A3 skl ot BAL Agegth oRE
A% gk — AA gl Aolz EANGom, oxt
3o ATAL BHP T oAe BFAAY re-
sidual standard deviation (RSD)S T-3it}

SR e

EZ A

FagtAte] gt o 394
a’l—oﬂ ;Hfs ,]/H 742 7%,]. x%zﬂ-gq Q_ﬂ/g‘g
frole 272 Helom (Table 3), d= e84
HEZ 23 RSDE H ] 0.71 mmSAt} (Table 4). &
e AR g AAEAES 53 2y
AT A, SEAY, A3 1:._amoﬂ 3k 7}
Aol TAZF ith 3 3] ARG FF
Uehd = e A9 SHHESFE ] g3

[e)

=

AT O T=
A AR e /\oi Hol A
WA WA T st} Aok 27 1§ 9
e ede] AAe 429 s gel o

of =% it Pl siuiElAl ekgken, Ao
RSD #< 0.82 mmz Ve A EAtRT} okk
2 7Agko] 9o} ol 254H S zHEle] Ao
So™ (Table 4), X|o} 7] 25FH © GUE=E &

Table 3. Multiple regression coefficients to predict the sum of canine, 1% premolar, and 2 premolar sizes

Male

Female

Dependent variable Smaller group

Larger group

Smaller group Larger group

Mx345 Mn345 Mx345 Mn345 Mx345 Mn345 Mx345  Mn345
Independent variable
Constant 1059 742 -1.06 -1.47 855 6.79 055 2.20
Maxillary central incisor 0.19 -0.12 067" 0.30 0.44 0.46 0.48 0.34
Maxillary 1% molar 0.45° 0617 0.43 0.32 0.34 0.40% 0.64" 0.46
Mandibular central incisor 0.03 0.13 0.08 0.34 -0.70 -0.25 -0.34 -052°
Mandibular lateral incisor 0.65° 0987 067" 083" 083 0.99° 0.70 108"
Mandibular 1 molar 0.10 0.18 075" 083" 043 0.13 077" 069"

p-value for model fitting 0002 <0001 <0001 <0001 005 <0001 <0001 <0001

Mx345, Sum of maxillary canine; 1% premolar, and 2™ premolar size Mn345, sum of mandibular canine, 1 premolar,

and 2™ premolar size. Statistical significance of the regression coefficients ‘p < 0.05;

Tp < 001.
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Table 4. Residual (predicted value - real value) analysis after multiple regression to predict the sum of canine, 1%
premolar, and 2" premolar using maxillary central incisor, maxillary 1% molar, mandibular central incisor, mandibular

lateral incisor, and mandibular molar

Smaller group

Larger group

N Mean RSD N Mean RSD
Test sample (normal occlusion subjects)

Male Maxilla 94 0.00 0.70 A 0.00 0.71
Mandible 9 0.00 0.67 A 0.00 0.68
Female Maxilla 50 0.00 061 69 0.00 0.68
Mandible 50 0.00 0.52 69 0.00 0.67

Cross validation sample (orthodontic patients)
Male Maxilla 89 0.00 0.71 &5 -0.17 0.72
Mandible 89 0.11 0.66 &5 0.05 0.74
Female Maxilla 58 -0.35 0.68 272 -0.46 0.82
Mandible 58 -0.66 0.66 272 -0.93 0.73

RSD, Residual standard deviation.
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Mixed dentition analysis using a multivariate approach
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Objective: To develop a mixed dentition analysis method in consideration of the normal variation of tooth sizes.
Methods: According to the tooth-size of the maxillary central incisor, maxillary 1st molar, mandibular central in-
cisor, mandibular lateral incisor, and mandibular 1st molar, 307 normal occlusion subjects were clustered into
the smaller and larger tooth-size groups. Multiple regression analyses were then performed to predict the sizes
of the canine and premolars for the 2 groups and both genders separately. For a cross validation dataset, 504
malocclusion patients were assigned into the 2 groups. Then multiple regression equations were applied. Resullts:
Our results show that the maximum errors of the predicted space for the canine, 1st and 2nd premolars were
0.71 and 0.82 mm residual standard deviation for the normal occlusion and malocclusion groups, respectively.
For malocclusion patients, the prediction errors did not imply a statistically significant difference depending on
the types of malocclusion nor the types of tooth-size groups. The frequency of prediction error more than 1 mm
and 2 mm were 17.3% and 1.8%, respectively. The overall prediction accuracy was dramatically improved in this
study compared to that of previous studies. Conclusions: The computer aided calculation method used in this
study appeared to be more efficient. (Korean J Orthod 2009;39(2):112-119)
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