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Table 1. Tooth calcification stages of crown and root by Nolla

Stage 1 Presence of crypt (229 &¥< 3% + 3l 39)

Stage 2 Initial calcification (X2]3} 74AIE AR T + e A$)

Stage 3 One-third of crown completed (X|¥e] 1/3 ¢AHAY D ABE + U= A 9)

Stage 4 Two-thirds of crown completed (] &e] 2/3 g4 =AY 2 A4 E ¢ e A9

Stage 5 Crown almost completed (] #e] @Ad) wdaix] £& #9)

Stage 6 Crown completed (X]&e] #4HAGn 948 & e AP

Stage 7 One-third of root completed (X2¢] 1/3 A8t AAE + U= 49)

Stage 8 Two-third of root completed (X]2°] 2/3 4 &2ctn AAY + U= A4

Stage 9 Root almost completed - open apex (X 2¢] AAd] A2 rdilgon ZgFo| o} 54
A %e A%

Stagel0 Apical end of root completed (X]20] @A 2dFo] AHE AL

Table 2. Tooth calcification stages of crown and root by Kim

Stage 1~ Stage 6 Same as the calcification stages of crown by Nolla (Nolla2] #371&3% $9)

Stage 7 One-fourth of root completed (%]2+0] 1/4 S4EUtn ARE F U= 249

Stage 8 One-third of root completed (X12¢] 1/3 SR A & Y= 4$)

Stage 9 half of root completed (2¢] 1/2 A=At B E = & 3$)

Stage 10 Two-thirds of root completed (20} 2/3 ¢4HATZ AFE & U= AH)

Stage 11 Root almost completed (X]2o] Ao w@aaciy AR 4 & 4$)

Stage 12 Root length completed-open apex (] 20] Ao wadtd e} ko] o} H4
HA e 39)

Stage 13 Apical end of root completed (Z@F°] MHE 23$)




Caleification stapes of crown : Same as Nola's
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Figure 1. Schematic diagrams on calcification
stages by Nolla and by Kim
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Table 3. Degres of eruption applied to each tooth
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Figure 2. Schematic diagram on degree of
eruption by Kim
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Degree Incisor, Canine Premolar Molar

Degree 0 Unerupted unerupted Unerupted

Degree 1 Cusp tip erupted 1 cusp erupted 1~3 cusps erupted

Degree 2 Crown 1/2 erupted 2 cusps erupted 4~5 cusps erupted

Degree 3 Cingulum erupted Crown 1/2 erupted Crown 1/2 erupted

Degree 4 Crown fully erupted Not reached to occlusal plane or  Not reached to occlusal plane or
occluding teeth occluding teeth

Degree 5 Crown fully erupted Crown fully erupted
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Table 4. Mean age by calcification stages of crown and root by Kim's classification

Stages #47 #46 #45 #44 #34 #35 #36 #37
Stage 3 52201 52101

Stage 4 6.9%08 72+15 72£15 69£1,0
Stage 5 79£07 70%16 70+1.3 85%15
Stage 6 83X10 80£1.1 79+17 76+17 80£12 92+19
Stage 7 95%17 85+11 7809 80107 88%13 90£10
Stage 8 97+08 97+09 87t1.0 86112 96+10  51%£02 99*12
Stage 8 116*16 66£17 111+24  100%17 99+22  107£23  62%11 116%17
Stagel0  113%14 86%31 106x15 11.2+22 109+19 11.0+15  83+28 115%13
Stagell  13.0%16 83109 129+13 116%12 119+11 128+13  86%12 135+19
Stagel2  143£16 10518 140*21 138+18 138+17 139122 104*18 141%17
Stagel3 16017 143%£22 152t18 1560%¥20 149420 152+18 143%£22 157%17

p 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
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Table 5. Degree of eruption of upper teeth in éach age

Age #11 #12 #13 #14 #15 #16 #17

5<age< 6 08*15

6<age= 7 05%12 17112

T<age= 8 20*15 1114 0814 0201 31%07

8<age< 9 33106 18%14 01202 1L1£17 05£1.1 34105

9<age=10 35%08 27%12 0408 16x18 06%13 34308

10<age=<11 35%12 29%16 1619 24120 20120 38108 06%1.2
11<age<12 4 36x05 28t15 41*14 32%19 44106 12116
12<age<13 4 37+05 33%11 4415 38+19 48115 24117
13<age=<14 4 4 33109 49104 48105 5 26+15
14<age<15 4 4 36%12 41120 43115 5 29+18
15<age=16 4 4 39%03 5 48+04 5 33%14
16<age=<17 4 4 4 5 49103 5 43106
17<age<18 4 4 4 5 5 5 44109
18<age<19 4 4 4 ] 5 5 5
19<age<20 4 4 4 5 5 5 5

Age #21 #22 #23 #24 #25 #26 #27

5<age= 6 05%1.0 08£15

G<age< 7 05%1.2 0510 17114

T<age= 8 21+13 1.1+12 0815 02%06 29+08

8<age< § 31£10 21114 01%15 13%£15 02x07 34105

9<age=10 35%06 27+12 05%1.1 17418 06+13 35%08
10<age<11 3512 2718 1.7£16 2719 19+21 38108 05+1.0
l1<age<12 4 3705 2715 42+14 34%18 43108 1.7+17
12<age<13 4 38104 3311 45109 37+17 49108 23+17
13<age=14 4 4 34107 45%04 46105 5 1920
14<age=15 4 4 36x12 41%21 43%15 5 32+17
15<age<16 4 4 39%03 49103 49103 5 34%16
16<age=17 4 4 4 ‘ 49103 47107 5 32%16
17<age<18 4 4 4 5 5 5 43+10
18<age<19 4 4 4 5 5 5 5
19<age <20 4 4 4 5 5 5 5
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Table 6. Degree of eruption of lower teeth In each age

Age #31 #32 #33 #34 #35 #36 #37

b<age< 6 1517 0.3x05 10+14

6<age< 7 2011 05+08 23%12

7<age< 8 31£12 2.3t16 06+1.2 0.3%09 30+08

8<age= 9 38%04 36%05 0410 04%1.1 02%07 34£10

O<age=<10 38104 35107 12£16 15+18 09+14 35+08 02£07
10<age<11 34%13 3016 26116 18+21 1.0+17 39+07 1.0£18
11<age<12 4 39%02 38106 42+12 38%15 47%05 24%18
12<age=<13 4 4 3903 43104 40116 49102 32116
13<age<14 4 4 39104 47105 45%05 5 25120
14<age<15 4 4 3612 39£20 43t15 5 36%13
15<age=16 4 4 4 5 49403 5 45105
16<age <17 4 4 4 5 42*16 5 3.7+09
17<age<18 4 4 4 5 5 5 46£09
18<age<19 4 4 4 5 5 5 5
19<age<20 4 4 4 5 5 5 5

Age #41 #42 #43 #44 #45 #46 #47

5<age< 6 15*17 0810 1.0+14

6<age< 7 20+1.1 2512

T<age= 8 3112 23%14 06+09 31x06

8<age= 9 38104 35+06 02x05 0.1+0.3 02+0.7 35105

9<age<10 38+04 35107 12114 18*18 09116 34108 01+02
10<age<11 34+1.3 31t16 2617 28+18 17121 38+08 1.0£16
11<age=12 4 4 37106 43*1.2 36111 47x15 2117
12<age<13 4 4 39303 45+08 39116 49+03 30*16
13<age<14 4 4 39%04 48105 44107 49%04 28+19
14<age<15 4 4 36112 41%20 43%15 48106 33%14
15<age<16 4 4 4 49+03 49%03 5 4106
16<age=<17 4 4 4 49+03 41+16 5 4009
17<age=<18 4 4 4 5 5 5 46+09
18<age=19 4 4 4 5 5 5 5
19<age<20 4 4 4 5 5 5 5

100



Table 7. Mean age in Nolla's and Kim's stages of root development

Nolla's Kim’'s Nolla's Kim's
Tooth Tooth
Stages Age Age Stages Stages Age Age Stages
8.0 Stage 7 88 Stage 7
Stage 7 87 86 Stage 8 Stage 7 95 96 Stage 8
99 Stage 9 10.7 Stage 9
Stage 8 10.3 109 Stagel0 Stage 8 11.0 11.0 Stagel0
#34 #35
119 Stagell 12.3 Stageil
Stage 9 133 138 Stagel2 Stage 9 136 139 Stagel2
StagelQ 15.0 149 Stagel3 Stagel0 152 152 Stagel3
D 0.0001 0.0001 ) ) 0.0001 0.0001 )
Stage 7 2.0 Stage 7
Stage 7 5.7 51 Stage 8 Stage 7 9.8 99 Stage 8
6.2 Stage 9 115 Stage 9
Stage 8 7.4 83 Stagel0 Stage 8 115 116 Stagel0
#36 #37
86 Stagell 135 Stagell
Stage 9 938 104 Stagel2 Stage 9 140 141 Stagel2
Stagel0 14.3 14.3 Stagel3 Stagel0 157 15.7 Stagel3
n 0.0001 0.0001 n D 0.0001 0.0001 o)
Nolla's Kim's Nolla's Kim's
Tooth Tooth
Stages Age Age Stages Stages Age Age Stages
7.8 Stage 7 85 Stage 7
Stage 7 87 87 Stage 8 Stage 7 95 97 Stage 8
10.0 Stage 9 106 Stage 9
Stage 8 104 111 Stagel0 Stage 8 109 111 Stagel0
#44 #45
11.6 Stagell 12.9 Stagell
Stage 9 13.1 138 Stagel2 Stage 9 137 14,0 Stagel?
Stagel0 15.0 150 Stagel3 Stagel0 152 15.2 Stagel3
n 0.0001 0.0001 ] ) 0.0001 0.0001 D
Stage 7 95 Stage 7
Stage 7 5.7 49 Stage 8 Stage 7 9.7 9.7 Stage 8
6.6 Stage 9 113 Stage 9
Stage 8 74 83 Stagel0 Stage 8 115 116 Stagel0
#46 #47
36 Stagell 13.0 Stagell
Stage 9 99 105 Stagel? Stage 9 14.0 143 Stagel?
Stagel0 14.3 14.3 Stagel3 Stagel0 159 159 Stagel3
D 0.0001 0.0001 hy D 0.0001 0.0001 D
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Table 8. Multiple regression equation for age with Kim's(Ks) and Nolla's stages(Ns) of tooth

calcification and degree of eruption(DE)

Tooth Square of R Muitiple regression equation{Age=) D
#34 064 755 + 0.76xKs34 + 080XDE34 ~ 0.72XNs}4 0.0001
#35 0.66 710 + 081 XKs35 + 061 XDE3S 0.0001
#37 0.73 661 + 0.82xKs37 + 051 XDE37 0.0001
#44 0.66 702 + 062xKsdd + 0.82xXDE4 0.0001
#45 063 804 + 0.93xKsds + 064X DE45 - 0.89X Nsdb 0.0001
#47 0.75 640 + 0.86XKs47 + 056X DE47 0.0001
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~-ABSTRACT-

A Study on the Classification of the Stage of Root Development and Crown Eruption
for Permanent Teeth

Jae-Chang Kim, D.D.S., Kyung-Soo Han, D.D.8.. M.8.D., Ph.D.

Dept. of Oral Medicine, College of Dentistry & Wonkwang Dental Research Institute,
Wonkwang University

This study was performed to investigate the age distribution with tooth calcification and degree of eruption
of permanent teeth. For the study, healthy 184 patients from 5 to 19 years old without any previous serious
dental treatment were randomly selected, and intraoral standard filins and dental casts were taken for evaluation
of stage of calcification and degree of eruption, respectively. Tooth calcification of 13 stages, designed by the
author based on the Nolla’s classification and eruption level of 4 or 5 degree was used. Data were processed
by SAS/Stat program and the obtained results were as follows;

1. The age of root completed with open apex in lower posterior teeth were 13.8 years for first premolar, 14.0
vears for second premolar, 105 years for first molar, and 14.2 years for second molar. There were no
significant difference between right and left side,

2. As for the sequence of eruption, first molar was the first teeth erupted in upper arch, while central incisor
was the first teeth in lower arch. In general, eruption of lower teeth were slightly earlier than the
corresponding teeth of upper arch,

3. There were no difference of age of the same stage of development between Nolla's and the author’'s
classification. From the results, the author's classification can be used for estimation of age with more finely
in age of 8 to 15 years old.

4, Multiple regression equations for age with Nolla’'s(Ns) and the author's(Ks) classification of tooth
calcification, and degree of eruption(DE) were as follow;

Age(by #34) = 755 + 0.76Ks34 + 0.80DE34 - 0.72Ns34
Age(by #35) = 7.10 + 081Ks35 + 0.61DE35
Agel(by #37) = 661 + 0.82Ks37 + 051DE37
Age(by #44) = 702 + 062Ks44 + 0.82DE44
Agelby #45) = 804 + 0.93Ksd5 + 0.64DE45 ~ 0.89Ns45
Age(by #47) = 640 + 0.86Ks47 + 0.56DFEA7
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