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— Abstract

0.826 respectively.

Individual dental age is used as an index of chronological age estimation and is an important indicator of the child’s
growth stage. Dental age does change greatly over time, but it changes constantly. And updating information about this
change is important. The purpose of this study was to provide information about tooth eruption stage using diagnostic
model analysis and to investigate tooth eruption sequence and estimate chronological age based on this information.

Tooth eruption stages were measured on a diagnostic model from 488 patients in 5 - 13 year old children. Based on
the information on eruption stage, eruption sequence in maxilla was first permanent molar, central incisor, lateral incisor,
first premolar, canine, second premolar and second permanent molar. Eruption sequence in mandible was first permanent
molar, central incisor, lateral incisor, canine, first premolar, second premolar and second permanent molar. There were
significant differences between males and females in the eruption stage of canine, first and second premolar, and second
molar at several ages. The chronological age of male and female was estimated by the coefficient of determination of 0.816,
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Score
Preeruptive stage Prefunctional stage Functional stage
Gingival emergence Preocclusal stage
Fig. 2. Schematic image of tooth eruption stages.
Stages Schematic image Features

A Calcification of single occlusal points without fusion of occlusal points.

Fusion of calcified points and the contour of the occlusal surface is
recognizable.

Enamel formation has been completed on the occlusal surface and
dentine formation has begun. Curved pulp chamber is observed.

Crown formation has been completed to the level of the
cementoenamel junction. Root formation has begun. Pulp horn is
observed.

The root length is shorter than the crown height. The walls of the pulp
chamber are straight. In molars, bifurcarion is observed.

@ ® ® 0O 0

The root length is equal to or greater than the crown height. In molars,
the bifurcation has developed sufficiently to give the roots a distict
shape.

=

The walls of the root canal are now parallel, but the apical end is still
partially open.

=D

The root apex is completely closed. The periodontal membranes of
uniform thickness surround the root and the apex.

Sz 3 30000

Fig. 3. Demirjian’s tooth developmental stages.
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Table 1. Distribution of subjects according to gender and age

Age(year) Male Female Total
5 7 11 18

6 14 14 28

7 44 53 97
8 45 44 89
9 38 39 77
10 29 37 66
11 26 40 66
12 11 13 24
13 12 11 23
Total 226 262 488
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Table 2. Difference in eruption stage between left and right side
of each tooth

Average eruption stage difference

between left and right teeth p value
Maxilla
M2 0.02 0.044
M1 001 0406
P2 0.01 0407
P1 0.03 0088
¢ 0.03 0.090
12 0.02 0078
11 0.01 0564
Mandible
M2 0.02 0158
M1 0.00 0618
P2 0.00 0862
P1 0.00 0917
c 0.01 0572
12 0.02 0197
11 0.00 0318

p value from paired t-test

M2 = second permanent molar, M1 = first permanent molar, P2 = second
premolar, P1 = first premolar, C = canine, 12 = lateral incisor, I1 = central
incisor
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Table 3. Changes in eruption stage with age in maxilla

Tooth
M2 M1 P2 P1 C 2 11

Male 0.000 0.429 0.000 0.000 0.000 0.000 0.214

5 Female 0.000 0.636 0.000 0.000 0.000 0.000 0.091
p value 1.000 0475 1.000 1.000 1.000 1.000 0.592

Male 0.000 1.643 0.000 0.000 0.000 0.000 0.607

6 Female 0.000 1.714 0.000 0.000 0.000 0.036 0.571
p value 1.000 0.652 1.000 1.000 1.000 0317 0.824

Male 0.000 2432 0.000 0.000 0.000 0.659 2318

7 Female 0.000 2.642 0.009 0.038 0.000 0.943 2.566
p value 1.000 0.572 0.362 0.113 1.000 0.051 0.136

Male 0.000 2.889 0.000 0.078 0.022 1.700 2811

8 Female 0.000 2977 0.045 0.159 0.091 1.625 2.841
p value 1.000 0.019 0.152 0.493 0.136 0.780 0.445

Male 0.000 3.000 0.395 0.816 0.132 2.066 2.895

Year 9 Female 0.000 3.000 0.179 0.923 0.551 2.654 2.987
p value 1.000 1.000 0.058 0.489 0.001 0.013 0.015

Male 0.000 3.000 0.690 1.621 0.966 2707 2931

10 Female 0.095 3.000 1.230 2014 1.162 2932 2973
p value 0.044 1.000 0.007 0.027 0.264 0.016 0.253

Male 0.077 3.000 1.077 2404 1.673 3.000 3.000

11 Female 0475 3.000 1.888 2.663 2.288 2.988 3.000
p value 0.002 1.000 0.001 0.029 0.001 0420 1.000

Male 1.273 3.000 2.545 2.909 2727 3.000 3.000

12 Female 1.346 3.000 2577 2.846 2.654 3.000 3.000
p value 0.566 1.000 0711 0.516 0.535 1.000 1.000

Male 1.958 3.000 2750 3.000 3.000 3.000 3.000

13 Female 2.500 3.000 3.000 3.000 3.000 3.000 3.000
p value 0214 1.000 0171 1.000 1.000 1.000 1.000

p value from Mann-Whitney U test
M2 = second permanent molar, M1 = first permanent molar, P2 = second premolar, P1 = first premolar, C = canine, I2 = lateral incisor, I1 = central incisor

A 3.00 B 3.00

2.50 2.50

2.00 2.00

Average 150 Average 150
eruption stage eruption stage ™

score 1.00 score 1.00

0.50 0.50

0.00 0.00

C 300 D 300

2.50 2.50

2.00 2.00

Average 1.50 Average 1.50

eruption stage

eruption stage
score 1.00

score 1.00

0.50 0.50

0.00 0.00

6 7 8 9 10 11 12 6 7 8 9 10 11 12

Fig. 4. Changes in eruption stage with age. A: Maxilla of male patients, B: Maxilla of female patients, C: Mandible of male pa-
tients, D: Mandible of female patients.
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Table 4. Changes in eruption stage with age in mandible
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Tooth
M2 M1 P2 P1 C 2 11

Male 0.000 0.429 0.000 0.000 0.000 0.286 0.429

5 Female 0.000 1.000 0.000 0.000 0.000 0.182 0.727
p value 1.000 0.185 1.000 1.000 1.000 0.634 0.281

Male 0.000 2357 0.000 0.000 0.000 1.036 2.107

6 Female 0.000 2.000 0.000 0.000 0.000 1.107 1.571
p value 1.000 0.637 1.000 1.000 1.000 0.797 0.052

Male 0.000 2591 0.000 0.000 0.000 2.398 2977

7 Female 0.000 2.821 0.000 0.019 0.085 2575 3.000
p value 1.000 0.142 1.000 0.196 0.066 0.933 0.120

Male 0.000 2933 0.000 0.022 0.033 2.867 3.000

8 Female 0.023 2.966 0.045 0.045 0.227 2.920 3.000
p value 0.152 0323 0.152 0.308 0.008 0.337 1.000

Male 0.013 2974 0.355 0.697 0.684 2974 3.000

Year 9 Female 0.064 3.000 0.346 0.962 1.269 3.000 3.000
p value 0.103 0.151 0.938 0.132 0.004 0.151 1.000

Male 0.034 2.966 0.517 1.828 2.000 3.000 3.000

10 Female 0419 3.000 1.054 1.892 2.365 3.000 3.000
p value 0.000 0.109 0.008 0473 0.048 1.000 1.000

Male 0.519 2.962 1.712 2577 2.500 3.000 3.000

11 Female 0.888 3.000 2.175 2.650 2.875 3.000 3.000
p value 0.007 0.078 0.035 0.070 0.000 1.000 1.000

Male 1.273 3.000 2.545 2.909 3.000 3.000 3.000

12 Female 1.808 3.000 2.538 2.808 3.000 3.000 3.000
p value 0.010 1.000 0.428 0.493 1.000 1.000 1.000

Male 2.500 3.000 2750 3.000 3.000 3.000 3.000

13 Female 2727 3.000 3.000 3.000 3.000 3.000 3.000
p value 0.547 1.000 0171 1.000 1.000 1.000 1.000

p value from Mann-Whitney U test

M2 = second permanent molar, M1 = first permanent molar, P2 = second premolar, P1 = first premolar, C = canine, I2 =
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lateral incisor, I1 = central incisor

Table 5. Relationship between diagnostic model analysis and ra-
diographic analysis

Eruption stage score (N/%)

0 1 2 3
B 3/0 0/0 0/0 0/0
C 24/2 0/0 0/0 0/0
D 27420 11 0/0 0/0
E 76555 273 4/1 0/0

Demians T 282 43/60 13544 1056

stage G 252 26/36  162/53  885/54
H 0/0 0/0 s 6570
Total  1389/100 72/100 306/100 1647/100

Eruption stage score 0 = preeruptive stage, 1 = gingival emergence, 2 =
preocclusal stage, 3 = functional stage
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Intercept 5.181 (4.928-5.434) 0.129 0.000 5.106 (4.872-5.340) 0.119 0.000
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p value from linear regression analysis
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Fig. 5. Age estimation using total eruption stage score. A: Male patients, B: Female patients.

Intercept = 5.181 in male, 5.106 in female, R* (coefficient of determination) =

16

0.816 in male, 0.826 in female.
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Table 7. Comparison of eruption time with previous domestic study

Kang TS et a/. (2005)
Moon (1984)

Kwon JH et a/. (2009) Present study

Male Female Male Female Male Female
Maxilla
M2 12.89 12.21 12.03 12.13 12.03 12.09 11.98
M1 6.69 6.25 6.54 6.39 6.26 6.11 6.11
P2 11.38 10.87 1041 10.66 1049 10.82 10.36
P1 10.52 9.74 9.90 9.76 9.63 9.84 9.69
C 11.14 10.28 10.04 10.48 9.92 10.06 10.14
2 8.68 83 7.98 778 7.65 7.87 759
11 747 6.81 6.78 6.81 6.73 6.78 6.81
Mandible

M2 1245 11.92 12.17 11.58 11.14 11.85 11.11
M1 6.52 5.99 5.75 6.22 6.12 5.90 5.82
P2 1140 10.66 10.39 10.67 10.52 10.54 10.14
P1 1048 9.92 9.75 9.82 9.59 991 9.70
C 10.67 9.83 9.17 9.76 9.05 9.73 9.20
2 7.63 6.99 6.74 6.78 6.65 6.50 6.42
11 6.61 6.00 6.06 - - 5.94 5.89

M2 = second permanent molar, M1 = first permanent molar, P2 = second premolar, P1 = first premolar, C = canine, I2 =
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