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——Abstract

gender using the Nolla Method.

correlation coefficient value = 0.973).

mandible.

in the clinic.

The developmental age of permanent teeth was evaluated in children and adolescents according to age and

A retrospective study was performed on panoramic radiographs of 1,200 subjects aged 4-15 years, including
50 children for each age/gender group. Three well-trained examiners estimated the developmental stage of up-
per and lower permanent teeth using the Nolla Method. The inter-examiner reliability was excellent (intra-class

The mean developmental age was calculated. In boys, Nolla stage 6, indicated by crown completion, was seen
in the central incisor, lateral incisor, canine, first premolar, second premolar, first molar, and second molar at
54,6.4, 6.7, 7.5, 7.8, 4.6, and 8.1 years, respectively, in the maxilla and at 4.8, 5.1, 6.0, 6.5, 7.2, 4.5, and
8.0 years, respectively, in the mandible. In girls, Nolla stage 6 was seen at 5.3, 6.0, 6.3, 7.3, 7.7, 4.8, and 8.1
years, respectively, in the maxilla and at 4.8, 5.1, 5.9, 6.5, 7.2, 5.0, and 7.9 years, respectively, in the

In this study, the developmental age of permanent teeth was evaluated in Korean children and adolescents
who visited Yonsei University Dental Hospital. This study may be helpful in diagnosis and treatment planning
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Table 1. Developmental stage by Nolla Method in maxillary permanent teeth
Nolla stage (Average=+ SD)

Age Gender

11 2 C P1 P2 Ml M2
4 M 5.74+0.6 4.6+0.6 43105 3.5+0.7 2.8+0.7 6.1+0.5 25+0.6
F 5.6+0.6 49+0.7 4.6+0.7 3.5+0.7 2.8+0.8 6.3+0.5 24+0.7
5 M 6.2+0.7 53+0.7 52405 4.6+0.6 44+0.8 7.1+0.7 38109
F 5.8+0.7 5.2+0.7 52406 45+0.5 41108 6.81+0.6 36109
6 M 6.8+0.6 6.0+0.4 5.8+0.5 53+05 52+0.6 7.6+0.7 49+0.8
F 6.9+0.7 6.3+0.6 6.1+0.6 54406 52+0.6 8.0+0.9 52408
7 M 7.8+0.6 7.0+0.7 6.6+0.6 6.0+04 6.0+0.5 88+1.0 59+03
F 8.1+0.6 7.5+0.7 7.0+0.5 6.4+0.6 6.3+0.6 93+1.0 5.7+0.9
8 M 8.7+0.6 8.0+0.9 72+0.6 6.710.6 6.5+0.5 10.0+£0.2 64+0.5
F 8.8+0.6 84+0.6 7.610.6 7.0+0.8 6.5+0.6 99+04 6.1+0.38
9 M 9.0£0.6 87+0.8 7.610.6 7.3+0.7 6.9+0.6 9.9+04 6.6+0.6
F 9.4+0.5 9.1+0.7 81405 7.84+0.8 73408 10.04+0.0 6.8+0.6
10 M 9.6+0.5 9.5+0.6 81405 8.1+0.7 7.9+0.8 10.04+0.0 72408
F 9.6+0.5 94+0.5 8.6+0.6 8.4+0.8 8.0+1.0 10.0+0.1 72407
11 M 9.9+0.3 9.7+0.5 8.7+0.8 8.7+0.9 87+1.1 10.0+0.0 8.0+1.0
F 10.0+0.2 9.9+0.2 9.3+0.6 9.1+1.0 88+1.0 10.0+0.1 82+12
12 M 10.0+0.1 9.9+02 9.4+0.6 9.5+0.7 9.4+0.8 10.0+0.0 8.8+1.0
F 10.0+0.0 10.0+0.2 9.7+0.5 9.6+0.6 9.3+0.9 10.0+0.0 9.0+1.1
13 M 10.0+0.0 10.0+0.1 9.7+0.6 9.8+0.5 9.8+0.6 10.0+0.0 94+0.38
F 10.0+0.0 10.0+0.1 99+03 99+03 9.8+0.5 10.0+0.0 9.5+0.7
14 M 10.0+0.0 10.0+0.0 99+03 99+03 99+04 10.0+0.0 9.6+14
F 10.04:0.0 10.0+0.0 10.0+0.2 10.04+0.2 10.0+0.2 10.0+0.0 9.9+0.3
15 M 10.0£0.0 10.0+0.0 10.0£0.0 10.0+0.0 10.0£0.0 10.0+0.0 10.0£0.0
F 10.040.0 10.0+0.0 10.04+0.0 10.0+0.0 10.040.0 10.04+0.0 9.9+0.2

M = male, F = female, SD = standard deviation, I1 = central incisor, 12 = lateral incisor, C = canine, P1 = first premolar, P2 = second premolar, M1 = first
molar, M2 = second molar

Table 2. Developmental stage by Nolla Method in mandibular permanent teeth
Nolla stage (Average 4 SD)

Age Gender

11 2 C P1 P2 Ml M2
4 M 6.1+0.6 5.5+0.7 49+05 40105 3.0+1.0 6.61+0.6 24407
F 6.4+0.6 5.9+0.6 51405 42+0.6 29+1.0 6.81+0.6 2.5+0.7
5 M 6.9+0.7 6.4+0.7 57405 52407 45+0.8 721405 3.6+09
F 6.9+0.7 6.3+0.6 5.6+0.6 52406 43109 74+0.5 36109
6 M 7.7+£0.7 7.1+0.6 6.1+0.5 5.8+04 5.3+0.7 7.7+£0.7 49+0.6
F 7.9+0.9 72408 6.5+0.6 5.9+0.6 54+0.6 8.1+09 52406
7 M 8.7+0.6 82+0.8 7.0+0.5 6.6+0.6 6.1+0.5 8.8+0.7 5.7+0.5
F 89+0.7 8.8+0.6 72+0.6 6.8+0.6 6.3+0.7 9.1+0.5 6.0+0.5
8 M 9.6+0.5 9.1+0.5 7.7+0.5 7.3+0.6 7.0+0.6 9.3+0.5 6.5+0.5
F 9.6+0.5 94+0.5 8.0+04 74+0.5 7.0+£0.6 9.6+0.7 64+0.5
9 M 9.7+0.4 9.5+0.5 8.1+0.6 79+0.5 74+0.6 9.9+0.3 6.9+0.6
F 99+03 9.8+04 8.610.6 82+0.7 7.610.8 99+03 72+0.7
10 M 10.04+0.2 9.9+0.3 8.4+0.7 834038 8.0+0.7 10.04+0.0 74+0.6
F 10.0+0.0 9.9+0.3 8.9+0.6 8.61+0.7 824038 10.0+0.0 754038
11 M 10.0+0.0 10.0+0.1 9.0+0.5 8.9+0.7 8.6+0.8 10.0+0.0 82409
F 10.0+0.0 10.0+0.1 9.6+0.6 9.4+0.7 9.0+0.8 10.0+0.1 83+0.9
12 M 10.0+0.0 10.0+0.0 9.4+0.6 9.4+0.7 9.2+0.7 10.0+0.0 8.8+0.9
F 10.0+0.0 10.0+0.0 9.7+£0.5 9.6+0.5 9.3+09 10.0+0.0 9.0+09
13 M 10.0+0.0 10.0+0.1 9.8+0.5 9.8+0.5 9.8+0.5 10.0+0.0 9.5+0.6
F 10.0+0.0 10.0+0.0 99+03 99+04 9.7+0.6 10.0+0.0 9.5+0.7
14 M 10.0+0.0 10.0+0.0 9.9+0.2 9.9+0.2 9.8+04 10.0+0.0 9.8+0.5
F 10.0+0.0 10.0+0.0 10.0+0.0 10.04+0.0 10.0+0.0 10.0+0.0 9.8+04
15 M 10.0£0.0 10.0£0.0 10.0£0.0 10.0+0.0 10.0£0.0 10.0+0.0 10.0+£0.1
F 10.0£0.0 10.0£0.0 10.0£0.0 10.0£0.0 10.0£0.2 10.0£0.0 9.9+0.3

M = male, F = female, SD = standard deviation, I1 = central incisor, 12 = lateral incisor, C = canine, P1 = first premolar, P2 = second premolar, M1 = first
molar, M2 = second molar
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Table 3. Developmental age of permanent teeth in boys

Developmental age of teeth (year)

Nolla Stage Mx. Mn.
11 2 C P1 P2 Ml M2 I1 2 C P1 P2 Ml M2
1 Average
SD
2 Average 4.6 4.6
SD 0.3 0.5
3 Average 4.5 4.7 53 4.6 5.0
SD 0.3 0.3 1.0 0.6 0.5
4 Average 4.7 45 5.0 5.5 5.7 4.7 5.1 5.8
SD 0.4 0.3 0.6 0.6 0.6 0.4 0.5 0.5
5 Average 4.6 5.0 55 6.0 6.1 6.3 4.5 4.6 4.9 5.6 6.0 6.5
SD 04 0.6 0.7 0.5 0.5 0.5 0.3 0.4 0.6 0.6 0.6 0.6
6 Average 54 6.4 6.7 7.5 7.8 4.6 8.1 4.8 5.1 6.0 6.5 7.2 4.5 8.0
SD 0.8 0.7 0.8 0.8 1.0 04 0.9 0.6 0.7 0.7 0.7 0.8 04 0.8
7 Average 6.4 7.7 85 9.0 94 59 102 5.6 6.1 7.7 85 9.1 54 9.8
SD 0.9 0.7 0.9 0.8 1.1 0.8 1.2 0.7 0.7 0.9 0.9 1.0 0.7 1.1
8 Average 7.8 87 102 107 110 6.6 116 6.6 7.3 95 100 10.6 65 113
SD 0.8 0.9 1.1 1.0 1.0 0.7 1.0 0.7 0.8 1.2 1.2 13 0.8 1.1
9 Average 93 100 123 121 123 74 127 8.1 86 115 117 122 80 127
SD 1.0 1.1 1.0 1.1 1.0 0.6 1.0 0.9 0.9 1.2 1.1 1.1 0.7 1.1

Mx. = maxilla, Mn. = mandible, SD = standard deviation, I1 = central incisor, 12 = lateral incisor, C = canine, P1 = first premolar, P2 = second premolar,
M1 = first molar, M2 = second molar

Table 4. Developmental age of permanent teeth in girls

Developmental age of teeth (year)

Nolla Stage Mx. Mn.
11 2 C P1 P2 Ml M2 I1 2 C P1 P2 Ml M2
1 Average
SD
2 Average 4.5 4.6
SD 0.4 0.4
3 Average 4.5 4.8 5.0 4.6 5.0
SD 0.3 0.4 0.7 0.3 0.5
4 Average 4.7 5.0 53 5.8 4.6 52 5.5
SD 0.5 0.5 0.4 1.3 0.4 04 04
5 Average 4.8 5.0 5.1 6.0 6.1 6.4 4.7 4.9 53 6.2 6.5
SD 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.5 0.5 0.7 0.6
6 Average 53 6.0 6.3 7.3 7.7 4.8 8.1 4.8 5.1 5.9 6.5 7.2 5.0 7.9
SD 0.7 0.6 0.7 0.7 0.9 0.7 1.2 0.5 0.6 0.7 0.7 0.8 1.2 0.9
7 Average 6.5 7.2 7.7 8.7 93 55 101 54 5.9 7.0 8.0 89 5.1 9.7
SD 0.7 0.6 0.8 1.1 1.3 0.7 0.9 0.8 0.7 0.8 0.9 1.2 0.6 1.2
8 Average 7.5 8.1 94 102 108 65 114 6.5 7.0 8.8 96 104 6.0 109
SD 0.6 0.8 1.1 1.2 1.2 0.7 1.1 0.7 0.5 1.0 1.1 1.4 0.6 1.3
9 Average 9.2 96 113 112 115 73 128 7.6 82 107 112 115 76 126
SD 0.9 1.1 1.1 13 1.2 1.1 1.2 0.8 1.0 1.3 1.2 1.2 1.0 1.3

Mx. = maxilla, Mn. = mandible, SD = standard deviation, I1 = central incisor, 12 = lateral incisor, C = canine, P1 = first premolar, P2 = second premolar,
M1 = first molar, M2 = second molar



Table 5. Developmental age of root length completion of permanent teeth
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Developmental age (Y M)
Tooth Nolla® (1960) Park” (1974) Ahn' (2000) Authors
M F M F M F M F
Mx. Il 11Y 10Y 10Y9M  10Y 5M 9Y 5sM 8Y 10M 9Y 4M 9Y 2M
R 12Y 11Y 11IY™™M  11Y4M 10YIM  9Y 10Y 9Y ™
C 15Y 12Y 6M 14YeM  13Y M 11Y8M  10Y 6M 12Y3M  11Y3M
P1 14YeM  12YOM 14Y2M  13Y 10M 12Y4M  10Y 7™M 12YIM  11Y2M
P2 15Y6M  14Y 14Y 10M  14Y 6M 12Y3M  11Y6M
M1 11IYeM  9Y 6M 11IYeM  10YOM 9Y 8Y 5SM 7Y 4M 7Y 4M
M2 l6Y6M  15Y 6M 12Y8M  12YM
Mn. 11 10Y 8Y 6M 9Y OM 9Y 10M 8Y IM 7Y 6M 8Y IM 7Y §M
2 10YeM  9Y &M 10Y7M  10Y2M 8Y1IM 8YIM 8Y ™M 8Y 3M
C 13YeM  12Y 14Y 13Y 3M 11Y8M  10Y IM 11IYeM  10YOM
P1 14Y 12Y 6M 13YOM  13Y7M 12Y4M  10Y M 11IYOM  11Y3M
P2 15Y 14Y 6M 14Y4M  14Y 12Y2M  11Y oM
M1 11YeM  10Y 10YIM  9Y7™™M 8Y 4M 7Y 8M 8Y 7Y ™
M2 l6Y6oM  15Y 6M 12YM  12Y ™M

Y M = year month, M = male, F = female, Mx. = maxilla, Mn. = mandible, I1 = central incisor, 12 =

second premolar, M1 = first molar, M2 = second molar
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