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— Abstract

Korean patients.

Hand-wrist radiograph, Lateral cephalogram

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 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 (- = 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

Key words : Tooth calcification stage, Skeletal maturation, Pubertal growth period, Panoramic radiograph,
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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 Na-

tional Universit

y, S = Seoul National University, YS = Yonsei University, WK = Wonkwang University, JB = Jeonbuk National University, CS = Chosun university

Table 2. Skeletal maturation indicators by Fishman

Stage Description
1 The proximal phalanx of the third finger shows equal width of the epiphysis and diaphysis
2 The middle phalanx of the third finger shows equal width of the epiphysis and diaphysis
3 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
8 Fusion between the epiphysis and diaphysis of the distal phalanx on the third finger
9 Fusion between the epiphysis and diaphysis of the proximal phalanx on the third finger
10 Fusion between the epiphysis and diaphysis of the middle phalanx on the third finger
11 Fusion of the epiphysis and diaphysis seen in the radius
Table 3. Stages of cervical vertebral maturation by Baccetti et 4.
Stage Description
s 1 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).
cs2 A concavity is present at the lower border of C2. The bodies of both C3 and C4 are still trapezoid in shape.
s 3 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.
s 4 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.
S5 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.
S 6 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.
3) Kot =k Eot Yohs 2¥2| B0t MEof 2%)0f 23 AL
b 2bop HARAALTL SO M BHAL| Bhot x5 H3CHX|E o XX Y= T2 HIHAF 2 S2YE AN ojHE Y
Helet 778 X2l Me|st HHASE HEHOl| W2} stage A - H SHRACH BIHAtS THeld HES 2?6 1718 = RA %= 209
o| 8EtA 2 /% Demirjian S[15]2 7t Y S 0|85t AUCt = Hg50] THE7HE Al-SHAL.
(Table 4).
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Table 4. Stages of tooth calcification by Demirjian et a/.

Stage Description

A 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

B Fusion of the calcified points forms one or several cusps which unite to give a regularly outlined occlusal surface.

C 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 is completed down to the cementoenamel junction. The superior border of the pulp chamber in the

D 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.

£ 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
F 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.

G The walls of the root canal are now parallel and its apical end is still partially open.
The apical end of the root canal is completely closed.
3. 84 24 AWM SAH 7290 EXStRACH(Table 6, p < 0.001). 2 T
AE o Xol= ot 1.03M QUL
SHAEMO= |I=28 SPSS Statistics 25.0 (IBM, USA)Z AtE
SHRUCE 2= 8 EFE d= g E7 A8 5F A 2.2 4ot X|of A 7ho| Hat2tA
£ ToiRien, SEHEE A8 (Student’s t-test)E 0|85t &
H 7t Bd Y Xto| RoldE 2oLt 7= 8 dFE TES 8 BFE =9t Ko HY 7o) dEEtls E
d=EQt X|Of HF 7ho| AuhatA| 81 2 X[of A%[st thAl 7t H 250N =2 £X& ECHTable 7, p < 0.001). +2FE
of HUHAE Lot 7| 5H0] Spearman?| =2 & EA = (The g5k dFE 9= 0= H0t 0.882, 0O 0.8432 &2
Spearman rank order correlation coefficient)S A&3FUCH =2+ AFEHA 27t LIEHSCHTable 8, p < 0.001)
& W EF= d= T wat 2t Xjote| M3t tHA ol 21
S5 ZASIYCE ZARRE ZH AMRIE W EAK} LY M2 BIHE 3. & §==0 X0 Mz|st ThA 7to| o2t
25+0] Cohen's kappa coefficient Z{S TSt ZAMX} ZH Al 2|
EE 2508 0|Y, =AML A2|== 09 0|42 2 LIEHETE g +AFE U dFS G52 X|oF M3jgh BHA 7te]
YA = Table 9, 100 7|=5tALE. HH 25 & =522 ot
m st A oF AKX, M1a7K], 247X, ®M2oiX|2 Ma|=t HHA| 2He
AL ot SEKA, ZEA, MR Of BlSH =2 o2kt
1.2 gk CHY AdrjsEoe 22 AE UEHHA20, 7742 K| SO|M= oFef HM|20H x| 0| A
M =2 JEEA S LEHRACE
Table 5, 62 = =& tHA0f (2 HH ACjHZE| -
Yo AHdS LEtH A0 85 45k HA0 2 4. RS G0 WHE 2} X[OF Mofst HHAQ] 21
HU A AHO] 2EO|M= SMI 4, 8, 95 M QT BE THAOf
A ofot7t Hotof Hloh 0|8 =4H =S 2T (Table 5, p ot 5 K| B = kot AR 22 HA A
< 0001). 2 EHAIE 2| Xol= Ea 092M ALt EFE 127K, H2a7K, H2oi+Aof Ciof +t2E d==0f ot
d== A0 TE HHE AHAYO| 22 Eot 2= THA0 £ Kot H3|9t HHA ] 222 H ZIE Table 11, 1204 LIE
A OfOF7F Efotof H3| 0|2 =4 I8 Bl 2= LHACE. AKX HH ZF0|M SMI 10M = stage E7F 71 &
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Table 5. Distribution of chronological ages grouped by skeletal maturation indicators of hand-wrist radiograph

Male Female )
: i Mean Difference
SMI . Chronological age Chronological age (yrs) p value
Mean + SD (yrs) Mean + SD (yrs)
1 80 8.36 £ 0.90 41 7.07 £ 0.76 1.29 < 0.001
2 36 997 +1.03 41 843 + 1.01 1.54 < 0.001
3 31 10.2 + 0.86 69 9.20 £ 1.02 097 < 0.001
4 50 10.5 + 0.81 14 9.79 £ 0.82 0.72 0.005
5 17 114 £ 072 17 10.3 + 0.85 093 < 0.001
6 34 126 + 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 19 139 + 0.56 28 125 +0.82 0.50 0.026
9 1 14.0 + 0.64 16 134 + 093 0.39 0.035
10 10 147 £ 0.14 55 136 £ 082 1.13 < 0.001
1 0 - 12 145 + 0.24 - -
p values from Student's t-test
SMI = skeletal maturation indicators by Fishman, SD = standard deviation
Table 6. Distribution of chronological ages grouped by cervical stage of lateral cephalogram
Male Female )
. . Mean Difference
(& . Chronological age Chronological age (yrs) p value
Mean £ SD (yrs) Mean % SD (yrs)
1 57 8.56 + 1.04 26 749 + 1.04 1.08
2 72 9.34 £ 1.31 61 834+ 138 1.00
3 96 10.8 + 1.01 74 922 +1.38 1.61
< 0.001
4 54 125+ 0.76 111 11.5 + 1.53 0.94
5 53 135+ 058 63 125 £ 1.25 0.56
6 27 146 + 0.20 49 136 + 0.86 1.00

p values from Student's t-test
CS = cervical stage by Baccetti, SD = standard deviation

Table 7. Correlation between dental age with skeletal maturation
indicators and cervical stage

Table 8. Correlation between skeletal maturation indicators with
cervical stage

Dental age cs
Male Female Male Female
Correlation p value Correlation p value Correlation p value Correlation p value
SMI 0.869 < 0.001 0.873 < 0.001 SMI 0.882 < 0.001 0.843 < 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

O 2E3IA2, SMI 5 - 70 M= stage G, SMI 8 O] M=
stage H7t CHE & 2XESIUCE M1ATXQ| 42 HH L5
M SMI 1, 20 M= stage E, SMI 50 A& stage G7t 7H B0
BESIRAD SMI 8 O| M0 M= CHE-E stage HR! A2 E LIE}R
Ch ®M2A7Xe HH ZF0M SMI 4 O|H0|= HEE stage E
ol Aoz LIEIRI2n, 0Ot0| M= SMI 5, 60| A= stage F, SMI
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p values from Spearman correlation test
SMI = skeletal maturation indicators by Fishman, CS = cervical stage by
Baccetti

8, 90 A& stage G, SMI 10, 110 A& stage H7 7} B0
HSIRUCE H0tel 2R SMI 8 0|4 Y HL M2a7X= HRE
stage HOl 2ZSHRACE M2Oi# K= EH ZF0[A SMI 4 O]
Y BL0|= stage EOf| &I H|E0| 71 =%, SMI 5, 601 A
= stage FOIl 7} BEO| 2Z3IRICE SMI 7 0|0 = CHEE
stage GQl A= LIE}RILY.

I Ar



J Korean Acad Pediatr Dent 48(3) 2021

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

Correlation Coefficient

Central incisor Lateral incisor ~ Canine

First premolar  Second premolar  First molar ~ Second molar  p value
SMI 0438 0.599 0.815 0.824 0.797 0.647 0.837 < 0,001
CVMS 0404 0.576 0.798 0.823 0.792 0611 0.828
p values from Spearman correlation test
Table 10. Correlation coefficients between skeletal maturation indicators and dental calcification stages in female subjects
Correlation Coefficient
Central incisor Lateral incisor ~ Canine  First premolar Second premolar  First molar ~ Second molar  p value
SMI 0.501 0.629 0.839 0.840 0.829 0.613 0.842 < 0.001
CVMS 0458 0.573 0.750 0.768 0.766 0.575 0.780
p values from Spearman correlation test
Table 11. Male distribution of Demirjian index by skeletal maturation indicators
Demirjian Index, n(%)
Canine First premolar
SMI n E F G H D E F G H
1 80 4(50)  55(68.8) 18(22.5)  3(3.8) - 225) 67(83.8) 8(10.0) 3(3.8) -
2 36 16(44.4) 13(36.1)  5(13.9) 1(2.8) - 19(52.8) 10(27.8)  6(16.7) 1(2.8)
3 31 - 13.2)  20(64.5)  9(29.0) 1(3.2) - 8(25.8)  14(45.2)  9(29.0) -
4 50 - 9(18.0)  31(62.0) 10(20.0) - - 13(26.0) 23(46.0) 14(28.0) -
5 17 - 1(5.9) 5294)  9(529)  2(11.8) - - 3(17.6)  13(765)  1(5.9)
6 34 - 12.9) 3(88)  24(706) 6(17.6) - - 4(11.8) 21(61.8)  9(26.5)
7 71 - - - 42(59.2) 29(40.8) - - 342)  33(46.5) 35(49.3)
8 19 - - - 8@42.1)  11(57.9) - - - 5@6.3)  14(73.7)
9 1 - - - 3Q273)  8(72.7) - - 109.1) 2(182)  8(72.7)
10 10 - - - 2(20.0)  8(80.0) - - - 2(20.0)  8(80.0)
i 0 - - - - - - - - - -
SMI = skeletal maturation indicators by Fishman
Table 11. (Continued) Male distribution of Demirjian index by skeletal maturation indicators
Demirjian Index, n(%)
Second premolar Second molar
C D E F G H C D E F G H
338  19(23.8) 50(625)  5(6.3) 3(3.8) - 56.3) 39(48.8) 30(37.5)  6(7.5) - -
- 12.8)  19(52.8) 13(36.1)  2(5.6) 1(2.8) - 5(13.9) 18(50.0) 12(333) 1(2.8 -
- - 17(54.8) 10(323)  4(12.9) - - - 17(54.8) 13(419) 1332 -
- 12.00  25(50.00 18(36.0) 6(12.0) - - 3(6.0)  30(60.0) 17(34.0) - -
- - 1(5.9) 8(47.1)  7(41.2) 1(5.9) - - - 12(70.6)  4(23.5) 1(5.9)
- - - 14(41.2) 15(44.1)  5(14.7) - - - 19(55.9) 13(382)  2(5.9)
- - 1(1.4)  11(15.5) 26(36.6) 33(46.5) - - - 23(324) 38(53.5) 10(14.1)
) - - - 8(42.1)  11(57.9) - - - - 13(684)  6(31.6)
- - - 19.1) 2(182)  8(72.7) - - - - 8(72.7)  3(27.3)
- - - - 4(40.0)  6(60.0) - - - - 7(70.00  3(30.0)

SMI = skeletal maturation indicators by Fishman
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Table 12. Female distribution of Demirjian index by skeletal maturation indicators

Demirjian Index, n(%)

Canine First premolar

SMI n D E F G H D E F G H

1 41 10(244) 24(585)  7(17.1) - 8(19.5) 32(780)  1(24) - -

2 4 124)  19(463) 17(415)  4(9.8) 3(73)  27(659) 10Q44)  124) -

3 69 1(14)  17(246) 26(37.7) 22(31.9)  3(43) 114)  41(594) 152170 9(130)  3(43)
4 14 - 17.) 6429 6429  1(7.1) - 6(429) 5357) 3(214) -

5 17 - - 2011.8)  14(824)  1(59 - 3(176)  4(235) 10(58.8) -

6 19 - - 3158)  12(632)  4(21.1) - - 9474)  6(316)  4(21.1)
7 72 - 1014)  6(83)  45(62.5) 20(27.8) - 3(42)  19(264) 39(54.2) 11(15.3)
8 28 - - - 13(46.4)  15(53.6) - - 2(7.1)  14(50.0) 12(42.9)
9 16 - - - 2(125)  14(87.5) - - - 42500 12(75.0)
10 55 - - - 6(109)  49(89.1) - - 101.8)  7(127)  47(85.5)
11 12 - - - - 12(100.0) - - - - 12(100.0)

SMI = skeletal maturation indicators by Fishman

Table 12. (Continued) Female distribution of Demirjian index by skeletal maturation indicators

Demirjian Index, n(%)

Second premolar

Second molar

D E F G H B C D E F G H
2(49) 17(415) 22(53.7) - - - 2(49) 13(31.7) 20(48.8) 6(14.6) - - -
2(49)  5(12.2) 29(70.7) 5(12.2) - - 7(17.1)  9(22.0) 19(46.3) 6(14.6) - -
- 7(10.1)  38(55.1) 19(27.5) 5(7.2) - - - 16(23.2) 31(44.9) 19(27.5) 3(4.3) -
- - 8(57.1) 3(214) 3(214) - - - 1(7.1)  8(57.1) 4(286) 1(7.1) -
- - 4(23.5)  9(52.9) 4(23.5) - - - 1590  3(17.6) 12(706) 1(5.9) -
- - 1(5.3) 10(52.6) 8(42.1) - - - - 3(15.8) 14(73.7) 2(10.5) -
- - 9(12.5) 33(45.8) 25(34.7) 5(6.9) - - 2(28)  8(11.1)  31(43.1) 31(43.1) -
- - 2(7.1)  6(214) 14(50.0) 6(21.4) - - - - 8(28.6) 18(64.3) 2(7.1)
- - - 3(188)  8(50.0) 5(31.3) - - - - 3(188) 12(75.00  1(6.3)
- - - 3(5.5) 17(30.9) 35(63.6) - - - - 6(109) 31(56.4) 18(32.7)
- - - - 183) 11(91.7) - - - - - 6(50.0)  6(50.0)

SMI = skeletal maturation indicators by Fishman
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Table 13. Male distribution of Demirjian index by cervical stage

Demirjian Index, n(%)

Canine First premolar
csS n D E F G H D E F G H
1 57 2(35)  39(684) 14(246) 2(3.5) - 235) 50(87.7)  4(7.0) 1(1.8) -
2 72 2(28)  30(41.7) 32(444)  709.7) 1(1.4) - 33(45.6) 27(37.8) 11(153)  1(1.4)
3 96 1(1.0)  13(13.5) 25(259) 50(523) 7(73) - 17(17.7)  25(26.5) 50(51.7)  4(4.2)
4 54 - 1(1.9) 23.7)  46(852)  5(93) - - 7(13.0) 37(68.5) 10(18.5)
5 53 - - - 23(434) 30(56.6) - - - 15(283) 38(71.7)
6 27 - - - 4(148)  23(85.2) - - - 4(148)  23(85.2)
CS = cervical stage by Baccetti
Table 13. (Continued) Male distribution of Demirjian index by cervical stage
Demirjian Index, n(%)
Second premolar Second molar
C D E F G H C D E F G H
3(53)  10(17.5) 38(66.7)  6(10.5) - - 5@8) 18(3316) 32(56.1)  2(3.5) - -
- 10(13. 40(55.6) 15(20.8)  6(8.3) 101.4) - 24(33.3)  34(472) 14(194) - -
- 101.0 27(28.1)  39(406) 26(27.1)  3(3.1) - 55.2) 29(30.2) 49(51.0) 11(11.5)  2(2.1)
- - 2(37)  24(444) 20(37.0) 8(14.8) - - - 32(59.3) 2037.0) 2(37)
- - - 2(38)  20(37.7) 31(58.5) - - - 504)  37(69.8) 11(20.8)
- - - - 5(185)  22(81.5) - - - 17(63.0)  10(37.0)
CS = cervical stage by Baccetti
Table 14. Female distribution of Demirjian index by cervical stage
Demirjian Index, n(%)
Canine First premolar
cs n D E F G H D E F G H
1 26 5(19.2)  11(42.3)  9(34.6) 1(3.8) - 3(11.5)  21(80.8)  2(7.7) - -
2 61 7(11.5)  25(41.00 172790 11(180)  1(1.6) 7(11.5)  38(62.3) 11(180)  5(8.2) -
3 74 - 10(134) 18(24.2) 41(55.7)  5(6.7) 2(27)  16(21.6) 42(56.8) 10(13.5)  4(54)
4 111 - 5(4.5) 110990 60(54.1) 35(31.5) - 11(9.9) 29(26.1) 45(40.5) 26(23.4)
5 63 - - 101.6)  25(39.7) 37(587) - - 7(11.1)  25(39.7)  31(49.2)
6 49 - - - 8(16.3)  41(83.7) - - 12.0) 8(16.3)  40(81.6)
CS = cervical stage by Baccetti
Table 14. (Continued) Female distribution of Demirjian index by cervical stage
Demirjian Index, n(%)
Second premolar Second molar
D E F G H B C D E F G H
13.8) 8(30.8) 17(65.4) - - - 2(7.7)  4(154) 15(57.7) 4(154)  1(3.8) - -
233)  17(279) 31(50.8) 9(14.8)  2(3.3) - - 12(19.7) 12(19.7) 26(42.6) 8(13.1)  3(4.9) -
1014)  4(54) 25(33.5) 35(47.6) 9(12.2) - - 334) 9(11.7) 18(25.2) 39(53.0) 5(6.7) -
- - 14(12.6) 49(44.1) 37(33.3) 11(9.9) - - 3(.7) 18(16.2) 53(47.7) 37(33.3) -
- - 34.8) 17(27.0) 21(33.3) 22(34.9) - - - 101.6)  22(349) 36(57.1) 4(6.3)
- - 120)  36.1) 16(32.7) 29(59.2) - - - - 2(4.1)  24(49.0) 23(46.9)

CS = cervical stage by Baccetti
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