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Table 2. Stage of tooth formanon by Nolla
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age  Male Female Total - Stage tcation of tooth .
7 6 13 0 Absence of crypt
10 20 30 1 Presence of crypt
37 24 61 2 Initial calcification
35 20 55 3 One-third of crown completed
12 10 22 4 Two-third of crown completed
21 12 33 5 Crown almost completed
10 7 17 6 Crown completed
9 4 13 7 One-third of root completed
8 6 14 8 Two-third of root completed
149 109 258 9 Root almost completed - open apex
10 Apical end of root completed
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Table 3. Method error in measuring calcification stage

eth S Error

central incisor 0.329

lateral incisor 0.311

. canine 0.358
Maxilla first premolar 0.363
second premolar 0.329

first molar 0.249

second molar 0.285

central incisor 0.352

lateral incisor 0.341

canine 0.249

Mandible first premolar 0.251
second premolar 0.251

first molar 0.285

second molar 0.305

All teeth 0.311
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Table 4. Ages for calcification of maxillary teeth
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5y3m
M
3 +10m
F
M 5ybm* 5y8m*
+8m(10) +12m(14)
4 NS NS
P 5ylm* 5ybm*+
+7m(10) 6m(24)
M Sydm=+ 5y6m*+ 6y8m*+ 6y4m* +
11m(16) 8m(14) | * | 1ydm(46) lylm(152)| .
5 NS NS —
- 4y9m=+ S5ylm*+ 5y8m*+ Gylm*+
10m(14) 8m(22) Tm(24) 9m(24)
M 6ybm=* Tylm*+ Tydm*+ 4yllm=* 7yllm*+
1y2m(72) 1m(146) 1y2m(130) . 12m(16) 1y2m(152)|
6 NS NS
P 5y10m=* 6y6m*+ 6y10m*+ Ty5m*+
8m(48) 10m(104) 11m(100) v ly4m(24)
M 6y9m* Tydm*+ Ty9m*+ 8y8m*+ Oy4m*+ 6y3m=* 10y8m=+
+10m(88) 1y2m(140) 1y3m(146) 1y5m(76) 1y5m(70) 11m(48) 1y4m(44)
7 s PN e g - P NS e NS e s
- 6y9m*+ 6y7m* + 6yllm*+ 8ylm*+ 8ybm™ =+ 5y10m* £ 9y10m*+
8m(62) 9m(82) 10m(90) 12m(36) 1y2m(28) Tm(40) 11m(114)
M Tyllm*+ 8yTm*+ 10y7m+1 10y7m=+ 10ylm*+ Ty2m* =+
g ly2m(104)| , |1y3m48) | , | y2m(56) | . |1y2m(56) | , |1y6m(28) NS 1y1lm(110) NS
- 7Ty3m* =+ Ty8m*+ 9y4m+ 9y9m*+ 9y9m" + 6y8m*+ 11y*+
9Im(62) 10m(38) 1y1m(50) 10m(34) 10m(28) 9m(72) 1y6m(34)
M 9ybm*+ 10ylm*+ 11y8m=+ 12y4m+ 9y=+
1y4m(36) 1y2m(26) 1y4m(8 4m(6) 1y3m(92)
9 yam(E0) | g |20 |\ | yam®) | o Am NS Yo :
- 8y10m* = 9y + 10y6m=+ 10y7Tm* + 8ybm*+
1y2m(24) 9m(26) 9m(10) 1y3m(4) 1y4m(60)
M 10ylm*+ 1 10y7m* + 9y8m=*
9m (20 8m(10 1y8m(18)
10 m(20) | m(10) | y8m( NS
P 9ydm™ + 9y6m*+ 8yllm*+t
8m(28) 9m(18) 8m(20)#

The values are Mean=*standard deviation, parentheses are number of subject.

y ¢ year, m : month, NS : not significant * p<0.05, **p<0.01
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Table5 Ages for calmﬂcahon of mandibular teeth

Stage (Sex| , L Teeth “
Centra Latera Canine Flrst Second .
p P p .
incisor.. | .. lincisor P premolar premolar
5y3m
M
+12m(10)
3 NS
4y8m*+
F
8m(6)
N 5y3m*+ 5y7m*
5m(10 +9m(26)
4 mio | . NS
- 5y6m* 5y6m*+
+7m(10) Tm(26)
Y 4yl1lm*+ 6ylm*+ 6y6m* +
7m(14 8m(44 8m(54)
5 mild) |, | 8mdd | o NS
- 5ylm*+ 5y10m*+ Syllm*=+
8m(16) 10m(30) 9m(24)
M 5y10m+ 6y7m”"+ Tybm*+ 7yllm*+
] 10m(50) | | 8m110) | |1y3m(100) 1y3m(140)| |
P 5yTm= 6ylm*+ 6y8m* + Tydm* +
9m(44) 8m(82) 12m(78) 11m(100)
M By1l 6ydm*+ 7y9m*+ 8y*+ 8ydm*+ Sy6m=+ 10y3m+
7 +11m(36) | _ | 10m(60) } , |ly2m(162) NS 1ylm(102)| , |1y2m(76) | 9m(32) | ,, |1ly3m(50) NS
- 5y6m=+ 5y9m=+ 6yllm*+ Ty6m*+ 8y4m*+ 5y3m*+ 9yTm*+
8m(42) 8m(60) 10m(96) 10m(58) 1y2m(44) 9m(16) 9m(36)
N 6yllm+ Ty4m™*+ 10y*+ 10y5m*+ 10y10m*+ 6y10m*+ 11y6m*+
g 10m(92) NS 12m(96) | , | lyS3m(72) NS ly2m(5564) , |1y3m(38) | _ |10m(118) | |, 9m(14) .
- 6y6m™* = Tylm*+ 8y10m*+ 9y6m* =+ 9y8m*+ 6y2m* =+ 9yllm*+
8m(66) 9m(56) 12m(42) 10m(44) 1y5m(32) 8m(78) 1y1m(18)
M 8ylm= 8yllm*=+ 11y8m*+ 12y4m*+ 8y4m+
9 1y2m686) | , | 1ly2m(56) NS 1y4m(12) NS 3m(8) . 11m(78) |
. Tyém=1y 8ylm=* 10ylm*+ 10y8m*+ TySm*+
8m(34) 11m(24) Tm(22) 11m(10) 11m(72)
M 8yTm= 9y9m*+ 8yllm=*
11m(34 1y4m(10) 1ylm(18)
10 mE | g (Ao |, NS
- 7ylim=* 9m(18) 8ydm=+
8y9m+ 11m(28) 6m(20)
The values are Meantstandard deviation, parentheses are number of subject.
y © year, m : month, NS : not significant * p<0.05, **p<0.01
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Table 6. Comparison in stage of completion of crown calcification

central incisor 4ybm 4y5m 4y9m 4y9m - - - -
lateral incisor 5y2m 5y2m Oy 5y7m 5y - - 5yTm
canine 6ybm 5y10m  6y10m 6ybm 5yTm 5ylm 6ybm 5y10m
Maxilla first premolar Tydm 6y4m Ty9m Tydm 6y2m 5y9m Tylm 6y6m
second premolar 8ybm Ty3m 8y3m 7y10m 6ybm 6ybm Tydm 6y10m
first molar 4y5m 4y2m 3y7Tm 3y6m - - - -
second molar 8y2m Ty6m 8ybm 8y3m 6y9m 6y6m Tyilm Tybm
central incisor 3ybm 3y6m 4y1lm 3y10m - - - -
lateral incisor 4y4m 4y 5y2m 4y6m - - - -
canine By 5y8m 6ylm 5y6m 5yllm Sy 5y10m 5yTm
Mandible first premolar Ty Bybm Tybm 6y8m ‘6ybm 5yTm 6y Tm 6y1lm
second premolar Ty8m Ty2m  Tyllm Tybm 6y2m 6y3m Tybm 6y8m
first molar 4y 3y10m 3ybm 3ydm - - - -
second molar 8y2m Ty 8ylm Ty10m 6yllm 6y7m Tyllm Ty2m

*Nolla(1960)™ : J Dent Child 27:254-266, 1960.
*Cho(1973)® : The journal of the Korean Dental Association. 1:787-798, 1973
*Choi & Kim(1996)* : The Journal of Korean Academy of Pediatric Dentistry. 23:170-177,1996.

o] ATt B A 44 o)A 134 Alole] o}ES
Ao JHoz FAsGon oz A FFA vehd

Nt

1% 94 A7l T Zagod UeiA AokdNel &
2 Qo] Ashsh YA st

s

S BE 94 Fol7] Astel Skl YA AR A 2t Ae3e) A7l el @) A3k v o
43T Y ITH WA 33 W 23 F TR Aok & 2.2 YehdthTable 6). E& Nolla™s] Aok 45z} 2

o] H3)3} g FA 2 T8t 243 H % (method error) S ¢ FH L o) gato] ghign} WA AR o& gt 4A| o)A 1547}
o}®7] $I3] Dahlberg formula®l 2|8t 24 QA& x|ohd 29] obgg LR F73] X2 A3} thete] Hagh Hh
2 22 315 tH(Table 3). &3 2.4ke] HFgHe 0.3118 Vet ne X2 A3)g 4 A E A BF AR, Al
U & 2AE HolA g Aoz Yyt 2, &HA], AA|, AlaTA, A24TA, A2HTFA €22 B

BASE AS5E 93 One-way ANOVA test, Duncan s TG oy, B AT e stetellM e FHA, AU+, &

multiple range test, paired t-testZ o] &3] 7+ xjole] A A oz AoddAe Al +A], $2%, $4A] 22 A

s 4

=

st B AR 7 Hoblels) AOBE PR G U B3 B Aoz Yeht Aelele] 488 £Ad Aol B

433t 1718 ¥ £HBATHTable 4, 5). o, 4ggel A7lel YONE ¥ 79 3o} tha WE
T EE P ARG o1, M 2 2588 341N 17 Ao Uehde),

A7V $Ho2 A7% Nolla¥e Aots] M35 BAE 108 ol 205} 9] dFs} & A7) Al7]o] B Aol 41

AR FEIAD, 2 Achd AW M3l AT Mo A= kol PR Aokl 443} VIS ek Aoz

(Table 6), X|oF 33} A A)719) SAE Frbe] dseta) Azt 2y {89 obsE e g Nollahe] W< of
Azl stetellX FAA 7} Al TR Rk 38 4477} &oto] AAA EeF} Aote] LEe] FRAA et A
wEn, ozke] AFetil gt A 177}t FAX B waA & 7% Holtgrave %2 A2l M35 Al7] vl oJzje]
AEr, A FT7A L Mgk A} GR R e A AN Al o7} UL, AR el ATt A7) 7} ezt
PETh Eusldtt. Nolla'e] 2o} 4318} #7592 ol43} wepithe Eug @l 3ld

of siegiw} AR Aoz v 241N 10749 olEg SHelM 71 ZZell Rad FHo 379 d7ox e Al
WEe= G732 A8 3} A)7]e) ddte] Ragd 208 A TR, FEA, A, AA, A1LTA, A28TA, AT
Bzte] £AE AIRTA, FHA, FHX|, AA], A1LTA, o M7 433 Hvkay Badtdon], 38 Alvle vla
252, A2hTR e £o2 Husdn, 7 Xole] A# of Slojx & A7) 237t =2A HYeEbtH(Table 6). 32
&g A71E B3N, £ TN E S8R9 A 1079 de IF Fdugelre] stet Alote) X337t 15 F¥u

545



J Korean Acad Pediatr Dent 27(4) 2000

golA Bt iA] 2= 1§ Fgude gt A2t
A7t Addths d729 [ F 2P ngdA A207X ¢
M2 57} stotel M ET} Aot A o wzA AgHche B
= 3lem, Xofe M3jst Al7let By mtatel AAA ] i)
/\15 A% A= L S E}

ME #go] 7hs 0}71 EH%#:
A8l 9] g WW o &
2|7} BololA]
Thcgie} ARl v]E) A=t 9
AHge] Zel Wikl whebA Al bl s o]
77 WellAe] Apzle) 3R, Adstete] Alale] u%
Zolk 1A EFEOZ QT oxE Q8 BHEA] o] o]

2 4 e

Ty shegiet AR Kol 4318} Al7)9] BY S 8 W
A ARLE 9T dE U B3 AR AR A YeRd
T e AR FRYZY Y] 1y EERow
A A7le LAt glow, BEALG7] obgol glojA #1] 8t
Bl N EE8t 1 g 97X S BRI Hasi)

FTA9 H3)ske TR cr dE7 EexE R 2y
2 A7} EAEEH, X|ote] WEA 7| e WE7ke] 2ol
S} gEo] QIET AAA= AP wg A Ay
Z5E 7IUEE Kolef WZEo] A719 foAE A7t 9F

€ AA" Ao} M3zl g AFAAY G dFHT
9)\1:]_33)

B A7 Aol ohx A7
xe] zbele Q1F, AH9 o] 3
Aoz AYztev, xjole} A4S
AZHE dojzl A WapA } lof €]t
3= Zo] ARAolnz, A%
off &g X|o} A3} A]7]0| ﬂh& 2
& Aoz AlgHT

.
o)
%
fo i lo =

2
$
>
>

>

>
™,

o
v

%0
(o
E

i

o

o

oz 1o

kA
%49] R

TAIZI B e] ApolQl
PGP | fistd= 4 74
A3)3 A& #F
EH“O Z Nolla stage
T7F Al A3 s ofof

Gkl
o
=
%

[}
=&

V.2 2
Nolla stagell W& 7} 7219 43]3} Al7] 9 A& AH
7kt aotgite] At gl A2AYS Pty 448 AR
2 EFo] Hart 47 1347429 & 25895 tige
2 8o shegtel APIARL Aol 9] N8 Jes
HHe 23 g3 2 A2 Aok

1. Nolla stagedl] &gt 7} g7xg 138t A7) 3 HF
A& &8I 715 Nolla stage 70 98 HFx= o}
=3 2t
Iz} A]—O]—oﬂ A =

AR 64 Y, 4R TH 404,

546

AR A IRE, A1LTFA T 8A 874, A2aTA =
94 404, A1dTR & 64 3MY, A2t13]+= 104 8
ME2 eston, gz stetol A FAX = 54 1144,
Z4Ae 64 40149, AAe 74 51Y, Al 1427 = 8
A 1AE, Al 2872 = 84 6719, A1HTFA & 54 671
o, A2 = 104 3/M€ 2 Jehgrt.
A} gt FAA = 64 271YE, EEXE
Ax e oM 1171Y, Al 1274 84 1714, xﬂ%?ﬂ
£ 84 571Y, AldT7He 54 1044, A2HFAE 9
A 10142 vepston, oz dletdlx] FHX|= 54 6
Mg, E43= 54 1Y, AR 64 8/0E, Al1ATA
£ 74 670E, A2ATHE 84 409, Al1tT3E 5A
370, Al 2 TR & 94 TAHYL R Yebsit),
A9 1/30] FAH= AVIZ s M3ls) &
A gy A skt ERellA Al 3R, 44|, 44,
AR, A18TFR], M24aTH], A2t T3] £o2 Ve
3. X2 Aol gduaHE APl YoM E EF Y EFelA 4
etoflAl= AT, $HX, S8A £ 8, sdiAe
FAA, A1, FAA] 0.2 YEhgr
CAAE EARG 3R] A3 A77F wEA Jelgth
(p<0.05).

64 7Y

3] o
E:]“-_a‘

S

7] AR E
A

3
A% 943

1. Fishman LS : Chronologic versus skeletal age, an
evaluation of craniofacial growth. Angle Orthod
49:181-189, 1979.

2. Hellman M ' The face in its developmental career.
Dental Cosmos 77:685-699, 1935.

3. Lewis AE, Garn SM : The relationship between

tooth formation and other maturational factors.

Angle Orthod 37:124-143, 1967.

Hunter J @ Treatise on natural history and disease

of human teeth. cited from JADA 22:1131-1155,

1935.

5. Pirece C @ Calcification and development of
mandibular teeth. Dental Cosmos 26:449, 1884,

6. Kronfeld R : First permanent molar. It s condition
at birth and its post natal development. JADA
22:1131-1155, 1935.

7. Logan W, Kronfeld R : Postnatal development and

calcification of anterior permanent teeth. JADA

22:1521-1536, 1935.

Schour I, Massler M : Studies in the tooth develop-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ment and the growth of human teeth. JADA
27:1778-1793, 1940.

Schour I, Massler M : The development of human
dentition. JADA 28:1153-1169, 1941

Moorrees CF : The dentition of the growing child, a
logitudinal study of dental development between 3
and 18 years of age. Cambridge Harvard Univ press
1959,

Nolla C : The development of the permanent teeth.
J Dent Child 27:254-266, 1960.

Shumaker B : Roentgenographic study of eruption.
JADA 61:535-541, 1960.

Lauterstein A : A cross sectional study in dental de-
velopment and skeletal age. JADA 62:191-201,
1961.

FY @59 gofe] ste} Xofd] gloiA 3]s}l et
XA )53 A FEe)g} 7:79-98, 1962.

A8l @ thole) et Aokl glolx) H3]sle] et
XA )53 A £3e)8) 8:79-98, 1963,

AR 92U st A 1ATFA ] PRl B XA A
AT 7T 8:109-115, 1963.
AL ¢ A Sok A2ATA TH s} A0

o}
Frete] BAef o3 X-AEA A 3R T ArE 2] A
5:27-38, 1964
AR g9l sletd 7R W) ¥
398 10:43-72, 1965.
A4E, ANT B Aok sel B2 AT, oA
©JA18 8] #] 10:593-604, 1972
ZAF4 @ Orthopantomographyoll ¢ 8t o 72 X7 A3
Slol] B AT Ui I ALE 2] A] 11:789-800, 1973
HPHE : Orthopantomographyol 93 9 1tx] %] A3
Shol] A AT dltX| P ALE )R] 12:393-408, 1974,
YA, L9 ¢ Tl PAM ARG o] &8 J3]

B XA

AT

547

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

CiEtAOLR| nt5t3|

[x] 27(4) 2000

kAo

ol T AT,
1996.

FE =gl 0}5/1 /‘}—’f 1 B3 45 2 A5 @
A, Aot A3jste
19:16-29, 1992.

olulgt, o5 : AT A%7) AR 4952 A

59} Ao} WEo B AT, FiobH B8
19:215-228, 1992.

Dahlberg G : Statistical methods for biological stu-

dents. London Geo Unwin Ltd 122-132, 1940.

Houston WJB : Relationships between skeletal ma-

i ghaobX| 7818 2] 23:170-177,

"

turity estimated from hand-wrist radiographs and
the timing of the adolescent growth spurts. Eur J
Orthod 2:81-93, 1980.

Eckstr m C : Facial growth rate and its selection to
somatic maturation in healthy children. Swed Dent
J 11:1-99, 1982.

Holtgrave EA, Kretschmer R, Muller R
Acceleration in dental development, fact or fiction.
Eur J Orthod 19:703-710, 1997.

Sasaki M, Sato K, Mitani H : Tooth formation and
eruption in skeletal Class I and Class I malocclu-
sion. Nippon Kyosei Shika Gakkai Zasshi 49:435~
442, 1990

Harumi T, Kanomi R, Shimono T : The differences
in the chronology and calcification of second molars
between angle Class I and Class [ occlusion in
Japanese children. J Dent Child 64:400-404, 1997.
Garn SM, Lewis AB, Koski K ! The sex difference in
tooth calcification. J Dent Res 37:561-567, 1958.
Garn SM, Nagy JM, Polacjeck DL : Variability of
tooth formation. J Dent Res 38:135-148, 1959.



J Korean Acad Pediatr Dent 27(4) 2000

Abstract

THE CALCIFICATION TIMING
OF THE PERMANENT TEETH BY NOLLA STAGE

Sang-Hyun Ahn, Kyu-Ho Yang, Nam-Ki Choi

Department of Pediatric Dentistry & Dental Science Research Institute,
College of Dentistry, Chonnam National Unsversity

The aim of this study was to evaluate the timing of sequence of tooth calcification in current Korean growing
children. The Calcification stage of permanent teeth of Korean children was investigated by classifying them into
10 stages by the criteria of Nolla, using the panoramic radiographs of 258 healthy Korean children, 149 males
and 109 females, between the ages of 4 years and 13 years, with normal growing tendency and no orthodontic
treatment experience.

The obtained results were as follows:

1. Timing of calcification of permanent teeth by Nolla stage was established with mean values. Among the
mean value, results of Nolla stage 7 were as follows:
Calcification timing of male in the maxilla was 6 year 9 month on central incisor, 7 year 4 month on lateral
incisor, 7 year 9 month on canine, 8 year 8 month on the first premolar, 9 year 4 month on the second pre-
molar, 6 years 3 month on the first molar and 10 year 8 month on the second molar, calcification timing of
male in the mandible was 5 year 11 month on central incisor, 6 year 4 month on lateral incisor, 7 year 5
month on canine, 8 year 1 month on the first premolar, 8 year 6 month on the second premolar, 5 years 6
month on the first molar and 10 year 3 month on the second molar.
Calcification timing of female in the maxilla was 6 year 2 month on central incisor, 6 year 7 month on later-
al incisor, 6 year 11 month on canine, 8 year 1 month on the first premolar, 8 year 5 month on the second
premolar, 5 years 10 month on the first molar and 9 year 10 month on the second molar, calcification tim-
ing of male in the mandible was 5 year 6 month on central incisor, 5 year 9 month on lateral incisor, 6 year
8 month on canine, 7 year 6 month on the first premolar, 8 year 4 month on the second premolar, 5 years 3
month on the first molar and 9 year 7 month on the second molar.

2. The sequence of calcification at Nolla stage 7 was in consequence to the first molar, central incisor, lateral
incisor, canine, the first premolar, the second premolar and second molar.

3. While the sequence of root completion of maxilla was in consequence to the first molar, central incisor, lat-
eral incisor, that of mandible was in order of central incisor, first molar and lateral incisor.

4. the calcification timing of permanent teeth was earlier in female than in male (p<0.05).

According to above data, the result of this study is applicable for diagnosis and routine clinical practice for
children.

Key word : Nolla stage, Calcification, Panoramic Radiograph.
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