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Table 1. Number of subjects used in this study from each university

Subject, n

Gender GW KP KH DK PS S YS WK JB CS Total

Male 37 26 39 39 28 39 39 37 37 38 359

Female 40 28 43 37 34 43 42 39 41 37 384

Total 77 54 82 76 62 82 81 76 78 75 743

GW = Gangneung—Wonju National University, KP = Kyungpook National
University, KH = Kyung Hee University, DK = Dankook University, PS = Pusan
National University, S = Seoul National University, YS = Yonsei University, WK
= Wonkwang University Daejeon Dental Hospital, JB = Jeonbuk National
University, CS = Chosun university



Table 2. Skeletal maturation indicators by Fishman (1982)

Stage Description
The proximal phalanx of the third finger shows equal width of the
: epiphysis and diaphysis
The middle phalanx of the third finger shows equal width of the
’ epiphysis and diaphysis
The middle phalanx of the fifth finger shows equal width of the epiphysis
’ and diaphysis
4 Appearance of adductor sesamoid of thumb
5 Capping of the epiphysis of the distal phalanx on the third finger
6 Capping of the epiphysis of the middle phalanx on the third finger
7 Capping of the epiphysis of the middle phalanx on the fifth finger
Fusion between the epiphysis and diaphysis of the distal phalanx on the
{ third finger
Fusion between the epiphysis and diaphysis of the proximal phalanx on
’ the third finger
Fusion between the epiphysis and diaphysis of the middle phalanx on
10 the third finger
11 Fusion of the epiphysis and diaphysis seen in the radius




Table 3. Stages of cervical vertebral maturation by Baccetti et al (2005)

Stage

Description

O
w
—

The lower borders of second (C2), third (C3), and fourth (C4)
cervical vertebrae are flat. The bodies of both C3 and C4 are
trapezoid in shape (the superior border of the vertebral body is

tapered from posterior to anterior).

O
wn
Do

A concavity is present at the lower border of C2. The bodies of

both C3 and C4 are still trapezoid in shape.

VRN VA V=g VAV

O
wn
w

Concavities at the lower borders of both C2 and C3 are present.
The bodies of C3 and C4 may be either trapezoid or rectangular

horizontal in shape.




O
wn
N

Concavities at the lower borders of C2, C3, and C4 now are
present. The bodies of both C3 and C4 are rectangular horizontal

in shape.

O
wn
o1

The concavities at the lower borders of C2, C3, and C4 still are
present. At least one of the bodies of C3 and C4 is squared in
shape. If not squared, the body of the other cervical vertebra

still is rectangular horizontal.

DIBE= NN = B )=

O
wn
o

The concavities at the lower borders of C2, C3, and C4 still are
evident. At least one of the bodies of C3 and C4 is rectangular
vertical in shape. If not rectangular vertical, the body of the

other cervical vertebra is squared.

-10 -
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Table 4. Stages of tooth calcification by Demirjian et al. (1973)

Stage

Description

In both uniradicular and multiradicular teeth, a beginning
calcification is seen at the superior level of the crypt form of
an inverted cone or cones. There is no fusion of these

calcified points

Fusion of the calcified points forms one or several cusps

which unite to give a regularly outlined occlusal surface.

Enamel formation is complete at the occlusal surface. Its
extension and convergence towards the cervical region is
seen. The beginning of a dentinal deposit is seen. The outline

of the pulp chamber has a curved occlusal border.

The crown formation 1is completed down to the
cementoenamel junction. The superior border of the pulp
chamber in the uniradicular teeth has a definite curved form,
being concave towards the cervical region. In molars the pulp
chamber has a trapezoidal form. Beginning of root formation

is seen.

12 -



The walls of the pulp chamber form straight lines. The root
length is less than the crown height. In molars initial
formation of the radicular bifurcation is seen in the form of

either a calcified point or a semi—lunar shape.

The walls of the pulp chamber now form a more isosceles
triangle. The apex ends in a funnel shape. The root length is
equal to or greater than the height. In molars the calcified
region of the bifurcation has developed further to give the
roots a more definite and distinct outline with funnel shaped

endings.

The walls of the root canal are now parallel and its apical end

1s still partially open.

The apical end of the root canal is completely closed.

13 -
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Table 5. Distribution of chronological ages grouped by skeletal maturation
indicators of hand—wrist radiograph

Male Female
- - Mean
SMI Chronological age Chronological age Difference  p value
n Mean * SD n Mean * SD (yrs)
(yrs) (yrs)
1 80 8.36 £ 0.90 41 7.07 £ 0.76 1.29 <0.001
2 36 9.97 = 1.03 41 8.43 = 1.01 1.54 <0.001
3 31 10.2 £ 0.86 69 9.20 £ 1.02 0.97 <0.001
4 50 10.5 £ 0.81 14 9.79 £ 0.82 0.72 0.005
5 17 11.4 £ 0.72 17 10.3 £ 0.85 0.93 <0.001
6 34 12.6 £ 0.89 19 11.2 £ 0.59 1.15 <0.001
7 71 13.1 £ 0.81 72 11.7 £ 1.04 0.58 <0.001
8 19 13.9 £ 0.56 28 12.5 £ 0.82 0.50 0.026
9 11 14.0 £ 0.64 16 13.4 £ 0.93 0.39 0.035
10 10 14.7 £ 0.14 55 13.6 £ 0.82 1.13 <0.001
11 0 — 12 145 £ 0.24 - -

p values from Student’ s t—test

SMI = skeletal maturation indicators by Fishman, SD = standard deviation

- 16 -



Table 6. Distribution of chronological ages grouped by cervical stage of
lateral cephalogram

Male Female

- - Mean
cS Chronological age Chronological age Difference  p value

n Mean = SD n Mean = SD (yrs)

(yrs) (yrs)

1 57 8.56 £ 1.04 26 7.49 £ 1.04 1.08 <0.001
2 72 9.34 £ 1.31 61 8.34 £ 1.38 1.00 <0.001
3 96 10.8 £ 1.01 74 9.22 £ 1.38 1.61 <0.001
4 54 125 £ 0.76 111 11.5 £ 1.53 0.94 <0.001
5 53 13.5 £ 0.58 63 125 £ 1.25 0.56 <0.001
6 27 14.6 £ 0.20 49 13.6 £ 0.86 1.00 <0.001

p values from Student’ s t—test

CS = cervical stage by Baccetti, SD = standard deviation

-17 -
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Table 7. Correlation between dental age, skeletal maturation indicators and
cervical stage

Dental age
Male Female
Coefficient p value Coefficient p value
SMI 0.869 <0.001 0.873 <0.001
CS 0.841 <0.001 0.796 <0.001

p values from Spearman correlation test

SMI = skeletal maturation indicators by Fishman, CS = cervical stage by Baccetti

Table 8. Correlation between skeletal maturation indicators and cervical
stage

CS

Male Female

Coefficient p value Coefficient p value

SMI 0.882 <0.001 0.843 <0.001

p values from Spearman correlation test

SMI = skeletal maturation indicators by Fishman, CS = cervical stage by Baccetti

19 -
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Table 9. Correlation coefficients between skeletal maturation indicators,
cervical stages and dental calcification stages in male subjects

Correlation Coefficient

p value
Central Lateral . First Second First Second
.. .. Canine
Incisor Incisor premolar premolar molar molar
SMI 0.438 0.599 0.815 0.824 0.797 0.647 0.837
<0.001

CS 0.404 0.576 0.798 0.823 0.792 0.611 0.828

p values from Spearman correlation test

SMI = skeletal maturation indicators by Fishman, CS = cervical stage by Baccetti

21 -



Table 10. Correlation coefficients between skeletal maturation indicators,
cervical stages and dental calcification stages in female subjects

Correlation Coefficient

p value
Central Lateral . First Second First Second
.. .. Canine
incisor ncisor premolar premolar molar molar
SMI 0.501 0.629 0.839 0.840 0.829 0.613 0.842
<0.001

CS 0.458 0.573 0.750 0.768 0.766 0.575 0.780

p values from Spearman correlation test

SMI = skeletal maturation indicators by Fishman, CS = cervical stage by Baccetti

-22 -
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Table 11. Male distribution of Demirjian index of canine by skeletal
maturation indicators

Demirjian Index, n(%)

SMI  n D E F G H
1 80 4(5.0) 55(68.8)  18(22.5) 3(3.8) -

2 36 1(28  16(444)  13(36.1) 5(13.9) 1(2.8)
3 31 - 1(3.2) 20(64.5) 9(29.0) 1(3.2)
4 50 - 9(18.0) 31(62.0)  10(20.0) ~

5 17 - 1(5.9) 5(29.4) 9(52.9) 2(11.8)
6 34 - 1(2.9) 3(8.8) 24(70.6) 6(17.6)
771 - - - 42(59.2)  29(40.8)
8 19 - - - 8(42.1) 11(57.9)
9 11 - - - 3(27.3) 8(72.7)
10 10 - - - 2(20.0) 8(80.0)
110 - - - - -

SMI = skeletal maturation indicators by Fishman

LY



Table 12. Male distribution of Demirjian index of first premolar by skeletal

maturation indicators

Demirjian Index, n(%)

SMI  n D E F G H
1 80 2(25  67(83.8) 8(10.0) 3(3.8) -
2 36 - 19(52.8)  10(27.8) 6(16.7) 1(2.8)
3 31 - 8(25.8) 14(45.2) 9(29.0) -
4 50 - 13(26.0)  23(46.0)  14(28.0) -
5 17 — - 3(17.6) 13(76.5) 1(5.9)
6 34 - - 4(11.8) 21(61.8) 9(26.5)
7T - - 3(4.2) 33(46.5  35(49.3)
8 19 — - — 5(26.3) 14(73.7)
9 11 - - 1(9.1) 2(18.2) 8(72.7)
10 10 - = - 2(20.0) 8(80.0)
11 0 - - ¥ - -

SMI = skeletal maturation indicators by Fishman

- 25 -



Table 13. Male distribution of Demirjian index of second premolar by
skeletal maturation indicators

Demirjian Index, n(%)

SV il C D 3 IR G H

1 80 3(3.8) 19(23.8) 50(62.5) 5(6.3) 3(3.8) -

2 36 - 1(2.8)  19(52.8) 13(36.1)  2(5.6) 1(2.8)
3 31 - - 17(54.8)  10(32.3)  4(12.9) -

4 50 - 1200 25(50.0) 18(36.0)  6(12.0) -

5 17 - e 1(5.9) 8(47.1)  7(12)  1(5.9)
6 34 - - - 14(41.2)  15(44.1)  5014.7)
7 Tl g - 1(1.4) 11155 26(36.6) 33(46.5)
8 19 - — ~ — 8(42.1)  11(57.9)
9 11 - - - 109.1)  2(18.2)  8(72.7)
10 10 - - — ~ 4(40.00  6(60.0)
11 0 - ~ — - - -

SMI = skeletal maturation indicators by Fishman

- 26 -



Table 14. Male distribution of Demirjian index of second molar by skeletal
maturation indicators

Demirjian Index, n(%)

SV il C D 3 IR G H

1 80 5(6.3) 39(48.8) 30(37.5) 6(7.5) - -

2 3 - 5139 18(50.0) 12(33.3)  1(2.8) =
3 31 - - 17(54.8) 13(41.9)  1(3.2) -
4 50 - 3(6.00  30(60.0) 17(34.0) - -
5 17 - e - 12(70.6)  4(23.5)  1(5.9)
6 34 - - - 19(55.9) 13(38.2)  2(5.9)
7 Tl g - - 23(32.4) 38(53.5) 10(14.1)
8 19 - — ~ — 13(68.4)  6(31.6)
9 11 - - - - 8(72.7)  3(27.3)
10 10 - - — ~ 7(70.0)  3(30.0)
11 0 - ~ — - - -

SMI = skeletal maturation indicators by Fishman
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Table 15. Female distribution of Demirjian index of canine by skeletal
maturation indicators

Demirjian Index, n(%)

SMI n D E B G H
1 41 10(24.4)  24(58.5) 7(17.1) - -
2 41 1(2.4) 19(46.3) 17(41.5) 4(9.8) -
3 69 1(1.4) 17(24.6) 26(37.7) 22(31.9) 3(4.3)
1 14 - 1(7.1) 6(42.9) 6(42.9) 1(7.1)
5 17 - - 2(11.8) 14(82.4) 1(5.9)
6 19 % - 3(15.8) 12(63.2) 4(21.1)
7 72 - 1(1.4) 6(8.3) 45(62.5) 20(27.8)
8 28 - - - 13(46.4) 15(53.6)
9 16 - - - 2(12.5) 14(87.5)
10 55 - - o 6(10.9) 49(89.1)
11 12 - - & - 12(100.0)

SMI = skeletal maturation indicators by Fishman
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Table 16. Female distribution of Demirjian index of first premolar by
skeletal maturation indicators

Demirjian Index, n(%)

SMI n D E F G H
1 41 8(19.5) 32(78.0) 1(2.4) - -
2 41 3(7.3) 27(65.9) 10(24.4) 1(2.4) -
3 69 1(1.4) 41(59.4) 15(21.7) 9(13.0) 3(4.3)
1 14 - 6(42.9) 5(35.7) 3(21.4) -
5 17 - 3(17.6) 4(23.5) 10(58.8) -
6 19 % - 9(47.4) 6(31.6) 4(21.1)
7 72 - 3(4.2) 19(26.4) 39(54.2) 11(15.3)
8 28 - - 2(7.1) 14(50.0) 12(42.9)
9 16 - - - 4(25.0) 12(75.0)
10 55 - - 1(1.8) 7(12.7) 47(85.5)
11 12 - - & - 12(100.0)

SMI = skeletal maturation indicators by Fishman
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Table 17. Female distribution of Demirjian index of second premolar by

skeletal maturation indicators

Demirjian Index, n(%)

SIMUL C D E B G H

1 41  2(4.9) 17(41.5) 22(53.7) 5 - -

2 41 2.9 512.2) 29(70.7) 5(12.2) - -

3 69 - 7(10.1)  38(55.1) 19(27.5) 5(7.2) -

4 14 - - 8(57.1) 3(21.4) 3(21.4) -

5 17 - > 4(23.5) 9(52.9) 4(23.5) -

6 19 % - 1(5.3) 10(52.6) 8(42.1) -

7 72 - - 9(12.5) 33(45.8)  25(34.7) 5(6.9)
B g3 - - 2(7.1) 6(21.4) 14(50.0) 6(21.4)
9 16 - - - 3(18.8) 8(50.0) 5(31.3)
10 55 - - - 3(5.5) 17(30.9)  35(63.6)
11 12 - - = - 1(8.3) 11(91.7)

SMI = skeletal maturation indicators by Fishman
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Table 18. Female distribution of Demirjian index of second molar by
skeletal maturation indicators

Demirjian Index, n(%)

SMI n B C D E B G H
L1y @n wsw  ae B R
A (23.0) (416?3) (126) B B
3 69 - - (2136.52) (4?9) (217?5) (4:.33) -
4 14 — - (7%1> (578.1> (2;6) (7%1) -
5 17 - B (5%9) (173.6) (7%)?6) (5%9) -
6 19 T - N (153.8) (719:17) (15.5) -
T2 - B (2?8) (151) (4?;1) (4?;1) -
8 28 - - - N (288.6) (625.%3) (7?1)
9 16 - - - a (15.8) (7%?0) (6%3)
10 55 - - - 7 (189) (5?4) (3122.37)
112 - : 7 - - ) )

(50.0)  (50.0)

SMI = skeletal maturation indicators by Fishman
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Table 19. Male distribution of Demirjian index of canine by cervical stage

Demirjian Index, n(%)

CS n D E B G H

1 57 2(3.5) 39(68.4) 14(24.6) 2(3.5) -

2 72 2(2.8) 30(41.7) 32(44.4) 7(9.7) 1(1.4)
3 96 1(1.0) 13(13.5) 25(25.9) 50(52.3) 7(7.3)
1 54 - 1(1.9) 2(3.7) 46(85.2) 5(9.3)
5 53 - - - 23(43.4) 30(56.6)
6 27 - - - 4(14.8) 23(85.2)

CS = cervical stage by Baccetti
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Table 20. Male distribution of Demirjian index of first premolar by cervical

stage
Demirjian Index, n(%)

CE n D E F G H

1 57 2(3.5) 50(87.7) 4(7.0) 1(1.8) -

2 72 - 33(45.6) 27(37.8) 11(15.3) 1(1.4)
3 96 - 17(17.7) 25(26.5) 50(51.7) 4(4.2)
4 54 - - 7(13.0) 37(68.5) 10(18.5)
5 53 - - - 15(28.3) 38(71.7)
6 27 - - - 4(14.8) 23(85.2)

CS = cervical stage by Baccetti
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Table 21. Male distribution of Demirjian index of second premolar by
cervical stage

Demirjian Index, n(%)

@& SE I C D 3 F G H

1 57 3(5.3) 10(17.5) 38(66.7) 6(10.5)

2 72 - 10(13.9) 40(55.6)  15(20.8) 6(8.3) 1(1.4)
3 96 - 1(1.0) 27(28.1)  39(40.6) 26(27.1) 3(3.1)
4 54 - - 2(3.7) 24(44.4)  20(37.0) 8(14.8)
5 53 - 7 - 2(3.8) 20(37.7)  31(58.5)
6 27 - - - - 5(18.5) 22(81.5)

CS = cervical stage by Baccetti
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Table 22. Male distribution of Demirjian index of second molar by cervical
stage

Demirjian Index, n(%)

@& SE I C D 3 F G H

1 57 5(8.8) 18(31.6) 32(56.1) 2(3.5) - -

2 72 - 24(33.3) 34(47.2) 14(19.4) - -

3 96 - 5(5.2) 29(30.2) 49(51.0)0 11(11.5) 2(2.1)
4 54 - - - 32(569.3)  20(37.0) 2(3.7)
5 53 - 7 - 509.4) 37(69.8)  11(20.8)
6 27 - - - - 17(63.0)  10(37.0)

CS = cervical stage by Baccetti
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Table 23. Female distribution of Demirjian index of canine by cervical

stage
Demirjian Index, n(%)

CS n D E F G H

1 26 5(19.2) 11(42.3) 9(34.6) 1(3.8) -

2 61 7(11.5) 25(41.0) 17(27.9) 11(18.0) 1(1.6)
3 74 - 10(13.4) 18(24.2) 41(55.7) 5(6.7)
4 111 - 5(4.5) 1109.9) 60(54.1) 35(31.5)
5 63 - - 1(1.6) 25(39.7) 37(58.7)
6 49 - - - 8(16.3) 41(83.7)

CS = cervical stage by Baccetti
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Table 24. Female distribution of Demirjian index of first premolar by

cervical stage

Demirjian Index, n(%)

€S n D E B G H

1 26 3(11.5) 21(80.8) 2(7.7) - -

2 61  7(11.5) 38(62.3) 11(18.0) 5(8.2) -

3 74 2(2.7) 16(21.6) 42(56.8) 10(13.5) 4(5.4)
4 111 - 11(9.9) 29(26.1) 45(40.5) 26(23.4)
5 63 - - 7(11.1) 25(39.7) 31(49.2)
6 49 - - 1(2.0) 8(16.3) 40(81.6)

CS = cervical stage by Baccetti
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Table 25. Female distribution of Demirjian index of second premolar by
cervical stage

Demirjian Index, n(%)

(CS; L7 7l C D D) IR G H

1 26 1(3.8) 8(30.8) 17(65.4) = - -

2 61 2(383) 17(27.9) 31(50.8) 9(14.8) 2(3.3) -

3 74 1(1.4) 4(5.4) 25(33.5) 35(47.6) 9(12.2) -

4 111 - - 14(12.6) 49(44.1)  37(33.3) 11(9.9)
5 63 - o 3(4.8) 17(27.0) 21(33.3) 22(34.9)
6 49 - - 1(2.0) 3(6.1) 16(32.7)  29(59.2)

CS = cervical stage by Baccetti
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Table 26. Female distribution of Demirjian index of second molar by
cervical stage

Demirjian Index, n{%)

CS n B C D E F G H
L oas 2 4 15 4 1 j
77 54 G (154 (3.8)
9 61 _ 12 12 26 8 3 _
(19.7) (19.7) (42.6) (13.1) (4.9)
3 74 B 3 9 18 39 5 B
G4 LD (252  (53.0) 6.7
18 53 37
SR - 3R e wrm (33.3) B
1 22 36 4
o 63 - % 16) (349 7.1 (6.3)
6 a0 s ~ ~ 2 24 23

(4.1) (49.0) (46.9)

CS = cervical stage by Baccetti
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Abstract

Correlation between Dental calcification stages and Skeletal

Maturity in Korean Children

Seong Jin Kim

Department of Dental Science
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(Directed by Professor Hyung—Jun Choi)

The aim of this study was to investigate the relationships between the
stages of calcification of various teeth and skeletal maturity stages among

Korean subjects. The samples were derived from hand—wrist, panoramic
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radiographs, and lateral cephalograms of 743 subjects (359 males and 384
females) with ages ranging from 6 to 14 years. Calcification of seven
permanent mandibular teeth on the left side were rated according to the
system of Demirjian. To evaluate the stage of skeletal maturation, hand—
wrist radiographs were analyzed by skeletal maturity indicators (SMI)
system of Fishman and lateral cephalograms by cervical vertebral
maturation (CVM) method of Baccetti. Statistically significant
relationships were found between dental calcification and skeletal maturity
stages according to Spearman rank—order correlation coefficients (r =
0.40—0.84, p < 0.001). The second molar showed the highest correlation
and central incisor showed the lowest correlation for female and male
subjects. For both sexes, canine stage G and second molar stage F were
related to SMI 6 and CS 3. Because of the high correlation coefficients,
this study suggests that tooth calcification stages from panoramic
radiographs might be clinically useful as a maturity indicator of the

pubertal growth period in Korean patients.

Key words: Tooth calcification stage, Skeletal maturation, Pubertal growth
period, Panoramic radiograph, Hand—wrist radiograph, Lateral
cephalogram
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