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Fig. 1. The stages of tooth calcification (From Dermijian, 1978%).

- C stage ' Enamel formation is complete at the occlusal surface. Dentinal deposition has commenced. The
outlines of the pulp chamber are curved.

- D stage @ Crown formation is complete to the cementoenamel junction. The pulp chamber in the uniradicu-
lar teeth is curved, being concave toward the cervical region. In the molars the pulp chamber
has a trapezoid form. The pulp horns are beginning to differentiate. Root formation is seen.

- E stage : The walls of the pulp chamber are straight and the pulp horns are more differentiated. The root
length is less than the crown height. In molars the radicular bifurcation is visible.

- F stage : The walls of the pulp chamber now form an isosceles triangle. The apex ends in a funnel shape.
The root length is equal to or greater than the crown height. In molars the bifurcation has devel-
oped sufficiently to give the roots a distinct outline with funnel shaped endings.

- G stage : The walls of the root canal are now parallel and its apical end is still partially open (distal root in
molars).

- H stage : The apical end of the root canal is completely closed (distal root in molars). The periodontal
membrane has a uniform width around the root and the apex.

Width of epiphysis as wide as diaphysis
1. Third finger — proximal phalanx
2. Third finger — middle phalanx
3. Fifth finger — middle phalanx

Ossification
4. Adductor sesamoid of thumb

Capping of epiphysis
5. Third finger - distal phalanx
6. Third finger — middle phalanx
7. Fifth finger — middle phalanx

Fusion of epiphysis and diaphysis
8. Third finger — distal phalanx
9. Third finger — proximal phalanx
10. Third finger — middle phalanx
11. Radius

Fig. 2. Skeletal maturity indicators (From Fishman, 1982%).

- PP3 (SMI 1) : the proximal phalanx of the third finger, the epiphysis equals its diaphysis
- MP3 (SMI 2) : the middle phalanx of the third finger, the epiphysis equals its diaphysis
- S (SMI 4) : the first mineralization of the ulnar sesamoid bone

- MP3cap (SMI 6) : the middle phalanx of the third finger, the epiphysis caps its diaphysis
- DP3x (SMI 8) : the distal phalanx of the third finger, complete epiphyseal union

- MP3x (SMI'10) : the middle phalanx of the third finger, complete epiphyseal union
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Fig. 3. Cervical vertebral maturation stages (From Baccetti, et al. 2002”").

-CVMS [ : The lower borders of all the three vertebrae are flat, with the possible exception of a concavity at the lower bor-
der of C2 in almost half of the cases. The bodies of both C3 and C4 are trapezoid in shape (the superior bor-
der of the vertebral body is tapered from posterior to anterior). The peak in mandibular growth will occur not
earlier than one year after this stage.

-CVMS [ : Concavities at the lower borders of both C2 and C3 are present. The bodies of C3 and C4 may be either trape-
zoid or rectangular horizontal in shape. The peak in the mandibular growth will occur within one year after this
stage.

-CVMS Il : Concavities at the lower borders of G2, C3, and C4 now are persent. The bodies of both C3 and C4 are rectan-
gular horizontal in shape. The peak in mandibular growth has occurred within one or two years before this
stage.

- CVMS IV : 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. The
peak in mandibular growth has occurred not later than one year before this stage.

-CVMS V : 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.
The peak in mandibular growth has occurred not later than two years before this stage.

Fdol wet sEAlZ R/ Baccetti 5770 AAS - ASE (TSN, AFE) A 7 Xofe] AM3]g) o
CVMS(Cervical Vertebral Maturation Stages) %7} % Aol BEEX=S AT
< 0] 8319 tH(Fig. 3). - Kappa value : 3712 A& 4 sk3let.
3. oy I. o+ M
399 HyRH w2} 2A} 21, Aolx|=2 oA} 19)el] 93] 1. oI Chate| ofd B
AlE o dA51A] e FEo e EYE AA 9
A A E Bghth, Hrake] Adg ASE fldl & 2] 114 ol A+ thdAe] ¥ X = Table 13} 2t
= 71208 % FA9 2 AA st AH e skt

2. 2 MEE Y o oo 2%
4. A 2
Table 2€ = A&E 9E dy 43 Ad o dF <
- SPSS statistical package : 4FZ 2 F45Z A4 & HolFT} Table 2-12] F945-F Ao = ZE dAA o
A i A8 RFUAE Fekn G oS B4 of7} dolol vlal AA YEREoH FAA FAE BE T
C

Eisa=s oA EABHATE. AFE A E vpR]E @A CVMS ¥

- The Spearman rank order correlation coefficient @ X HAE At ZE DA FAFCRE fo3t Aol & K
o} A3t WA, o= s, AFT A=t 4 Atk CVMS V SAA = BATH o= frofshzl AR of
HAE 248 ofell A ok 971 oA YEbtTH(Table 2).
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Table 1. Number of subjects used in this study

Chgtobx|mst| x| 35(2) 2008

7 8 9 10 11 12 13 14 15 16 =3
Female 26 20 17 14 20 20 16 6 12 3 154
male 24 21 25 24 29 20 17 8 7 4 179
Table 2-1. Distribution of chronological ages for all subjects grouped by SMI
Maturation S Number of Chronological age Difference g
ex . P-value
stages subjects Mean + SD (mon.) (mon.)
PP3 F 33 93.76 £ 6.16 6.36 0.0009
M 60 100.12 + 11.64
MP3 F 26 107.69 + 11.73 21.91 (.0001
M 60 129.60 + 11.18
S F 18 120.88 + 13.84 22.06 (.0001
M 16 142.94 + 11.67
MP3cap F 26 142.88 + 13.85 17.89 (.0001
M 22 160.77 £ 11.57
DP3u F 15 155.13 + 16.95 17.43 0.0200
M 9 172.56 + 15.58
MP3u F 36 168.56 + 16.40 11.77 0.0336
M 12 180.33 + 15.27
Table 2-2. Distribution of chronological ages for all subjects grouped by CVMS
Maturation g Number of Chronological age Difference g
ex . P-value
stages subjects Mean + SD (mon.) (mon.)
CVMS I F 54 99.04 + 11.00 8.15 0.0015
M 74 107.19 + 17.27
CVMS I F 20 116.85 + 13.85 13.91 0.0021
M 51 130.76 + 17.41
CVMS I F 27 140.78 + 14.71 10.65 0.0088
M 30 151.43 + 14.87
CVMS IV F 32 158.16 + 16.41 13.51 0.0060
M 18 171.67 + 15.08
CVMS V F 21 172.76 + 15.78 8.91 0.2523
M 6 181.67 + 18.74
3. $oHR T MATol X|0f Af5|5} EhAlAlo|o| AbmiiH| 4. $9H2T MEE e 7t xloje| AMsls} o] ExE
ZA

= 4EEet Aot A3]5}t dAAtol o AdHdAE 3
BN 2 RIS B ofote] A% skt A= 0.877, 1. PP3 &4

sket Al 14272 0.901, dket Al 2272+ 0.891, stet A 2 PP3 SAAM = F 25 st AX9) skt Al 1473 =
2 0.9189 AZE EHx, ol AF e A= HEE E @A o] 10} MsteE B3 et Al 20+
0.865, atet Al 1474] 0.894, ste A 247X & 0.902, st A 32 D 94AE YehiAt (Fig. 4).

oF Al 2l 74] 0.9059] 232 BTt Y % Ut st

of Al 2l FA A g Ee AAAAE JERNSITHTable 2. MP3 &4

3). MP3 @A A= ofofe] 734 sket AR F @A 7} 88.46%,

sfet Al 1 274 F @) 76.92%% =71 vehgten]. ot
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Table 3. Correlation coefficients between SMI and dental calcification stages

Correlation Coefficients

Tooth Female Male
r Significance r Significance
Canine 877 o .865 o
First premolar 901 o .894 o
Second premolar .891 o .902 o
Second molar 918 o .905 o
PP, stage in femedi subjelscts 1 1 Tooth PP; stage in mele subjects
h 1 I [ I I
#33 Wﬁé
E ]
| L ML
| NN 05 [ |
—] 1
#37
HEEEEEEE (T T[]
M 9 8 7 & 5 40 0 H 10 0 o 1 2 2 W W & 0 & 9 i
& %
Fig. 4. Percentage distribution of calcification stages at the PP3 stage.
MP; stage in ferrdle subjects Tooth MP; stege in mele subects -
1 P 0
OE
#34 E——— mF
BG
#35 L LI
#37
00 9 B0 W B0 5 4 2 2 10 0 0 10 2 30 40 H 60 0 H D 10
% %
Fig. 5. Percentage distribution of calcification stages at the MP3 stage.
7AE ot A, et Al 1, 2873 UFE F 9 o0]/3<] 4. MP3cap 9
A3 3z BHAtHFig. 5). MP3cap @Al & ‘*H 5% kel A9 70% ©]/de] o]
0] X2 ¢ dAE B atet Al 27219 G ©AI7F o
3. S & o} 53.85%, o} 81.82% = =A X3t tHFig. 7).
S WAL olok set A, st Al 1ATAE F 9

ol el Nses HAm skt Al 2&FX e F AL
70.59%% 7V we RIS BY dHole tiAgoR #At
H BEEXE 139 (Fig. 6).

Ry

248

5. DP3p @A

DP3p THAdl| A = ofofe] 734 3kt Al 2t 4] <] G oA 7}
86.69% = =A| et o Hole i X|of o] A2
245 WS YeRITH(Fig. 8).
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S stage in ferrele subjects Tooth S stage in mele sugect
#0 oo
mE
43 mF
BG
#35 mH
#37
Iy
100 9 BO 70 60 5 40 30 0 10 0 UWUZOBD!‘DE?BO?OSOSUWO
Fig. 6. Percentage distribution of calcification stages at the S stage.
MP;.5, stage in ferele sujects o MP;.., stace in mele subects
fele]
433 ob
OE
#34 mF
BG
#35 mH
#37
00 9 80 7 60 B 4 30 2 10 0 0 10 20 3B 40 5 6 T 8 99O 100
Fig. 7. Distribution of calcification stages at the MP3 cap stage.
OP;, stage in femdle subjects oot DP;, stage in rrele sugects
- - - ooth
3 oD
mE
#34 mF
BG
#35 (|
#37
00 % B8O /0 60 R 40 30 2 10 0 D]OZD30ﬂO£DGOTOE[)EbIOD
% %
Fig. 8. Distribution of calcification stages at the DP3 ¢ stage.
6. MP3u @A 5. 4FZ Aot x|0f M3|5} ChAALO|2] AEttA

MP3p @A M= thi-2e] g Aobrh A2

4382 YER ATk Fig. 9).
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S HaAn. ofote] 75 skt Al 2th7-21(0.897), Fetel 4+
FEAAE Bl

ateb Al 1472(0.782)904 7H &&
(Table 4).

MP;, stage in ferrele subjects

Tooth

MP;, stage in mele subects

#33
#34
#35
#37
100 90 B0 70 60 S 40 30 2 10 0 0 W = = a0 5 6 W A 9 10
Yo o
Fig. 9. Distribution of calcification stages at the MP3#u stage.
Table 4. Correlation coefficients between CVMS and dental calcification stages
Correlation Coefficients
Tooth Female Male
T Significance r Significance
Canine .864 o 173 o
First premolar .869 o 7182 o
Second premolar .854 o 763 o
Second molar .897 o 778 o
1. CVMS I 24 (Fig. 10)
COUMS | stage in femdle subects - QUNS | stage in rele subjedts
00
#3 ob
OE
#34 BF
BG
#35 mH
]
#37
=T |
100 20 80 4] 60 50 40 30 20 10 0 .
" 0 0 D D N W B W W 0w

Fig. 10. Distribution of calcification
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2. CVMS I &4 (Fig. 11)

CUMS 11 stage in mele suljects

CQUNS |l stage in ferrele suects Toorh
#1 0D
BE
BG
#35 mH
#37

0 10 2 0 4 5 6 O 8 90 100

o
Yo

- Ll

100 9 8 7 60 50 40 30 20 10

Fig. 11. Distribution of calcification stages at the CVMS 1 stage.

3. CVMS Il &7 (Fig. 12)

CVNS Il stage in ferrele subects VMBS Il stage in rrele subiects

Tooth

#3 [

OE

#1 mF

BG

= #35 mH
#37

100 90 80 70 60 50 40 0 20 10 0 0 0 0% P M B O 0 8 9 100

Fig. 12. Distribution of calcification stages at the CVMS 1 stage.

4. CVMS IV @A (Fig. 13)

QUMS IV S'ta@ in ferrdle sujects _— CQYMS |V stage in mele sudects
#33
#34
#35
#37
1009080706050403020100 0 10 2 3 40 H 60 W0 8 9 10
% %

Fig. 13. Distribution of calcification stages at the CYMS I stage.
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5. CVMS V &7 (Fig. 14)

CQUMS V stage in ferrele sudects oot OUMS 'V stage in mele subjects

ooth

43 oD
OE

#3 BF
BG

#35 mH

#37

M 9 8 70 8 N 40 30 2O 10 0 0 10 2 P A N O W 8 W 10

Fig. 14. Distribution of calcification stages at the CVMS V stage.

8. G7iAtel Med A

ol

A3} FARE ASEDS AHAUAE oo} 0,925, ol
0.8212 PU 5 & 424 teRArHTable 5),
BA(0.97-1.00)5 #9452 9%
2 %22 BYrHTable 6).

Table 5. Correlation coefficients between SMI and CVMS

P AYAY 4SS 0.94-1.0002 AuvtAoz A3FA
o] o}F Ekom AFF A&=(0. 94 0. 95)7} 2] o}e] *@ﬂ

Correlation Coefficients

Female Male
r Significance r Significance
0.925 o 0.821 o
Table 6. Reproducibility of the assessment

#33 #34 #35 #37 SMI CVMS
Observer A 1.00 0.98 0.97 1.00 0.98 0.94
Observer B 1.00 1.00 0.98 0.97 0.98 0.94
Observer C 0.97 0.98 1.00 0.97 0.98 0.95
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Abstract

RELATIONSHIP BETWEEN DENTAL CALCIFICATION STAGES AND SKELETAL
MATURITY INDICATORS IN KOREAN INDIVIDUAL

Dong-Gyun Kang, Tae-Wan Kim, Soon-Hyeun Nam, Young-Jin Kim, Hyun-Jung Kim

Department of Pediatric Dentistry, College of Dentistry, Kyungpook National University

The purpose of this study was to investigate the relationship between the stages of calcification of vari-
ous teeth and skeletal maturity stages among Korean individuals. The study subjects consisted 154 fe-
male and 179 male ranging from 7 years to 16 years of age. A total of 333 hand-wrist, cephalo-lateral
and panoramic radiographs were obtained and analyzed. The tooth development of the mandibular ca-
nines, first, second premolars, and second molars were assessed according to the Dermijian' s system.
Skeletal maturity stages were determined from hand-wrist radiographs by using the SMI system and
cephalo-lateral radiographs by using the CVMS, respectively.

The results were as follows.

1. The mean ages of each stage of skeletal maturity were consistently younger in female subjects.

2. There was a high correlation between skeletal maturity of hand-wrist and cervical vertebrae in the

both sexes.

3. There was a high correlation between skeletal maturity and dental calcification stage of mandibular

canines, first premolar, second premolars, and second molar.

4. The mandibular second molar was tooth showing the highest correlation.

5. Percent distributions of the relationship between calcification stages of individual teeth and stages of

skeletal maturity were obtained in both sexes.

In summary, this suggests that tooth calcification stages from panoramic radiographs might be clinical-
ly useful as a maturity indicator of the pubertal growth period.

Key words : Pubertal growth, Dental calcification stage, Skeletal maturity of hand-wrist, Skeletal ma-
turity of cervical vertebrae
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