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MATURITY
IN DACATORS

O 1. 1 leven Sheletal Maturity Indicators by Fish-
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gl ARK

WIDTH OF EPIPHYSIS OSSIACATION

000 003

CAPPING OF EPIPHYSIS FUSION

& 2. Radiographic identification of skeletal matu-
rity indicators

A. Epiphysis equal in width to diaphysis

B. Appearance of adductor sesamoid of the thumb

C. Capping of epiphysis

D. Fusion of epiphysis

¥ 2. Skeletal Maturity Indicators (SMI)

Feka F7HE-e] Eof FolA = AV

(width of epiphysis as wide as diaphysis)

1. A (third finger) - H% A% (proximal
phaldnx)
. %] (third finger) - 37 A4 (middle phalanx)
"41] (fifth finger) - &%t %4 (middle phalanx)

3} (Ossification)
4, f4A9 F3t AHE gEel FAH
sesamoid of thumb)

(Adductor

#99] Capping (Capping of epiphysis)
5 A  HAF A4 (distal phalanx)

6. TA - &3 A4
7. A - E3F AH

"Lq-'*]' F’{} -’] Uﬂ‘
(fusion of eplphy51s and diaphysis)

8 %A - A4 A
0. 34 - 4% A
10. A - &7 A4

11. &3 (radius)

3
INITIATION ACCELERATION TRANSITION

[ = [G] e [S]r
][ || =

DECELERATION MATURATION COMPLETION
4 5 6

8 3. Cervical Vertebras Maturation Indicators
using C3 as guide

SRE Brhm olAT eI A ARLOIA
Bohd BASEE Vel 45 ARYE 2
gov, 47T YEEE FRE FFbE P
N RS Brhete] thas] g AN ol 1
ndtaxt ek

It OI20HAd
AMNei JsAET B X2 w7 ol WY
3 WA SR FollA F2A¢ R Meld 6MFE 184
Atole] x| 1520 7} SHIFE] 174 Atole) ofz} 241
% 30382 AFYAe R Tt (B ).

Lt Ol

1WA AbEl ] Y

AMign g sAEetaE Y X A FF
A& BrALA AR #ed 7] (Orthopos, Simens)oll o] 5
Z7A7F Eolsle 8 %X 10" X-ray 7HIE (Kodak)
o HES "} 0}0:] 73-77 KVp, 6.10 mA, 0.8-1.3
sec®) wEFXUOE HIsTH
2. IREE ot

b FdRE sz 37t

Fishman©o| #1<HeE 11 ©Al2] 2445 A5 (Skele-
tal Maturity Indicators, SMDE& |83} 393939
FHE-Z WAL AME S #EIA T SMIe= 9A, F
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I 3. Cervical Vertebrae Maturation indicators (CVMD)

1. Initation

2. Acceleration

Lower border of (1 vetebral hody 1s flat

(3 and C4 are more rectangular in shape

3. Transition

Distinct Concavities in lower border of (2

C3 and C4 are rectangular in <shape

4. Deceleration
Small amount of adolescent growth expected

C3 and C4 are nearly square in shape

5. Maturation

C3 and C4 are square in shape

6. Completion
Adolescent growth is completed

C3 and C4 height are greater than widths

Significant amount of aldolescent growth expected

Moderate amount of adolescent growth expected

(C3-1)
Distinct Concavities in lower border of €2 and (3 (C3 2)
C4 developing concavities in lower horder of hody

Insignificant amount of adolescent growth expected
Accentuated concavities of inferior vertchral body borders of C2, C3, and C4

Deep concavities are present for inferior vertebral body borders o

CHAIM&R] 28 2%, 1998

Very significant amount of adolescent growth expected
C2, C3, and C4 inferior vertebral body horders are flat
Superior vertebral borders are tapered posterior 10 anteror

Concavities developing in lower border of €2 (C2 1)
Concavities developing in lower horder of €2 and €3 (C2-2)

Distinct Concavities in lower horders of C2, C3. and C1

f C2, C3, and C4

2, FA 8k 8F (radius)ol Al Bolubs 4 ©hAle

Helg waEsle 1 el wel EdsnE
GAR ol EREATH Y (13 1. olw)
© 4 ©Ae] s Hske 5 Srtel AdEoM &
el Ho] &7} (epiphyseal widening) i 3T} 7
9 Eo] EddA = dAY HA FAE (sesamoid
bone)2| 21313 @Al 54 &vhet A Ao A Aol
BARAE 2 8 AE capping LFﬁll O i) e
7+e] Zg3 (hone fusion)e] Yojulis VA S 2&%2

)
i}
o

m
rizk
ﬂd.;_‘ﬂ»‘

|
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HAND-WRIST OBSERVATION SCHEME

4. Ossification of adductor

' sesamoid thumb M
No ? Yes ?
| |
1. Width of 8. Fusion of

proximal phalanx distal phalanx
of third finger of third finger
l No ?v N Yes ?
2. Width of 5. Capping of 9. Fusion of
middle phalanx  distal phalanx  proximal phalanx
of third finger  of third finger of third finger

J J )
3. Width of 6. Capping of 10. Fusion of

middle phalanx  middle phalanx middle phalanx
of fifth finger  of third finger of third finger
l !
7. Capping of 11. Fusion of
middle phalanx radius
of fifth finger

8 4. An observational scheme for assessing
SMIs on a hand-wrist radiograph

T FY A9 F8 FREAZ AN ARZIA A 2,
Al 3, A 4 BFFA (C2, C3, CHE o H o] EA]of
EArstal Hassel®t Farmano] #|otet 6 ThAlel %
= 82 & (Cevical Vertebrae Maturation Indicators,
CVMDol utet s ghate] A3 dass Bds)
At oo HrtE= FdELS A 2 A3 A 4AF F
A stde] FM8 EA A5 A 3 A 4 AF A
ARt o w3 Zlojvt AFF] Fele wF 7}
g 7] Al A 2, Al 3, A 4 BFE s
Heta O g2 A Aoz AAR 2ok
(tapering)& bl UTh Fd 59 gl wet A 2
A3 A 4AFFY AL TAFLRE L5 BY
(concavity)S YERAE A 3, Al 4 HFE 4 7
Al bl A HA Azt mefe g Aok 8t
Ao Z A3} (concavity)= Alsdl 7t o & T 232
3 HAZEY BRekold AFE L wol RS ASst
o golrr} Fol7t & AAZtY Rgow sl
dde| @AE HAFEGY (29 3).

Hassel# Farman®] CVMIOIAM &= A 2, A 3 A=+

r

S ol

)

¢

o

1 1) 53.95

1 76) 2.(25) 32.89
309 11.84
401 132
13 2.83
207 16.04
3 4n 44.34
2 (106)
4 (24) 2264
51D 10.38
6 (4 3.77
3 (10 16.39
409 1475
3 (60 508 13.11
6 (22) 36.07
7 (12) 19.67
402 3.23
50D 1.61
6 (1) 1.61
4 (62) 724 3871
3 (24) 387
96 9.68
10 (4) 6.45
50D 1.45
7(D 1.45
3(3) 4.35
5 (69)
9 (13 18.84
10 (38) 56.07
11 (13 18.84
10 (3 1579
6 (19)
11 (16) 34.21
A (393)

Z sl FME F=E A Hrlstgod & AT
dAe B R Al 3 AFE side] S48 flol
A 2 BAFF kAT FA3) BEHE ALE
C2-13 C3-12, Al 2 AFE3 A 3 AFFA A &4
FAs7F BAHE A$E C2-2, C3-28 £l Hrt
sta) A 2, A 3 AFF Fule N8 ot g
F84S AESYTHE 3).
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B 5. SMIOI CHSF CVvMICl BE=

1 @) 1 (41) 93.18
203 H.032
) 1 (25) Han2
2 (42) _
217 40.4%
109 13.64
3 (66) 2 40 7121
3 (M 1o.15H
1 ¢ h 278
R RAY 00.67
1 (36) .
30O, 26.00
e Lo
20D A
[N 301
5©D
LoD 176
D (,l,,),,,,,,, - 71 6
200D IR
6 (27) 3 (22) 3118
4(] S 37()7
312 3243
737 4 (24) 64.56
51D S 2;7()
4 (24 88.89
8 (27) )
5(3) 11.11
106 J1oR
9 (19
Hoad ()«\ 42
404 35()
10 (45) 5 (38) S
63 ()7()/7 -
5 (13) 11.83
(29) o -
6 (16) ‘)517

ZA (393)

3. EAAE

1. SMI®} CVMIQ] ZF ghAlol uigh ghxle] gt o1&
< 7ol on, SMI thAlol| tigt s CVMIe] &
&7 CVMIL @Al gk sild sMie] ¥E&

B Sva=
2.A 2 A 3AE

&)

o

2 sl FAG g s
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H6 CVMIOIM NIl 2. XI 3 220 SIEtiE MEst 2L0

(et sMmIol 2itg

18.18

)
‘ 26 54.55
C21ap 10.38 ,
302 18.18
At
| 1cD 1.05
? 2 (1) 1158
B ) 3 (45) 47.37
Cooney 89.62
4(23) 24.21
501D 11.58
6 (4 491
300 30.00
C ol (.00 -
o R 30.00
308 14.04
N 1298
C 326D 0314 508 14.04
6 (22) 33,60
7 (12) 2105
al oo tf & sSMIe] X EE 2 }"6} Era=y

j)

3. wotel ofololl A SMIgE CVMIQ @A ¢ &
A dEda), Ak aelo HAe ela
vhake} of 2k Afolof] zfol s} Ql=A] t-testE Al F
-“—]AOrl (:14

A Hpcarmdn correlation analysisS 28] Ao u}

OSMIgE CVMIL 43 AT S ZAMSH o

}j ,«_ﬂ. /\14;5,_4 )\]__Q_o]_o:} g—pg,Q_ [e] ig],}é [E18s0

of MAEE HrtstATt
m. ArE 1

1L6eA A5 A (CVMDY 2F eA o i3t
FeE dar (SMDE] EEEA CVMI 1oﬂ
A= SMI 1o 53.95 9, SMI 271 32.80 %= 1
Evb AaA vepdow, CVMI 20 SMI s
(4434 %)3 SMI 4 (2264 %)7}, CVMI 34 =
SMI 6 (36.07 2602 SMI 7 (1967 %)), CVMI 49}
iz SMI 7 (3871 %) SMI 8 (3871 %)ol,
CVMI 5ol A& SMI 9 (1884 %)¢F SMI 10 (55.07
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B 7. 88 [E sMI2t CVYMIQ] EHAIE BHXI240| H|

1 9.44 1.27 11.03 6.04 7.60 1.23 10.09 5.03 o
2 1050 095 1200 808 900 115 10.83 7.00 *
3 11.44 0.18 13.58 866 9.92 109 12,17 758
4 11.75 055 1267 1083 10.69 0.99 12.83 9.00 *
> 5 11.89 0.66 1317 11.41 11.08 095 13.00 9.08 *
1\11 6 11.98 1.18 13.25 10.08 11.37 111 13.33 867
7 13.25 0.85 1450 11.92 1191 1.26 14.17 9.25 x
8 1375 0.90 15.00 292 1219 123 1450 10.50 o,
9 1381 0.56 14.33 1225 § 1258 0.10 14.00 10.75 *
10 15.40 155 17.04 1375 1324 0.89 15.33 11.50 x
11 17.00 0.47 1804 13.42 15.00 L2 1683 13.42 sk
1 o9& 126 1206 604 | 836 148 1106 503 %
¢ 2 1105 0% 13.09 904 | 1022 0.22 12,04 707
\ 3 11.43 1.46 15.00 11.03 11.34 125 1350 808 *
M 4 13.39 0.82 17.02 11.08 12.16 1.08 1450 10.10 xox
I 5 1503 129 17.04 1205 1343 1.17 1583 1075 *
6 17.33 0.32 1804 1407 | 1501 106 16.83 12.83 o
SD. gi_f‘,_&.\’@i} Max. © #Huigh Min. @ 343
t-test +ox 1 p C00B, #= 1 p 001, % p < 0.001
9)o], CVMI 6 oA+ SMI 11 (3421 %)o] 7z} E 8. NESIE CVMIQH SMIO) A0 (18 Al
e BEEE VERT (B 4). SMI9 2t @A
of thgh CVMIS] ¥X & FAF A2 o] 9 w| =g
ok FS Bal 2T} (R 5). CVMI (6 stage) v. SMI =% 0.93701
2. Hassel?} FaumanO] A<kt CVMIStE € Al 2 G} 0.87227
731‘—%4 ]Oi : Z2] a%ﬁ: e jz}i}ﬂ 111( - 094507
9 A= o 23 FAR y EL ZEZF e s s i i © i e s
CUMI 2] ; _Hé MLH Si; %: 2 g% CVMI (8 stage) v. SMI L 094189
w2 Hrheta g W, CVMI 2-13 3- 19k 7 A A) w 0.88368
CVMI 2, 394 AR ek vl&ol k2 10.38 %, o 2} 0.94756

656 %= HA Ut (£ 6).
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-ABSTRACT-

EVALUATION OF THE SKELETAL MATURITY USING THE CERVICAL VERTEBRAE
AND HAND-WRIST RADIOGRAPHS

Kyung-Ho Kim, Sang-Jin Sung, So-Youn Park

Department of Orthodontics, College of Dentistry, Yonsei University

In clinical orthodontics, it is significant to understand the stage of growth in a growing patient. In order to assess
the skeletal maturity of the patients, the hand-wrist radiograph and the cervical vertebrae (Cervical Vertebrae
Maturation Indicators : CVMI) was evaluated from the lateral cephalograph and the skeletal maturity deterrnined
from the hand-wrist X-ray (Skeletal Maurity Indicators : SMI) taken on the same day in the same patients, and
its interrelationship examined to come up with the following results:

1. The skeletal maturity evaluated from the hand-wrist radiograph and the maturation of the cervical vertebrae
from the lateral cephalograph showed a significant interrelationship with each other.

2. In the evaluation of the skeletal maturity using the SMI and CVMI, the CVMI 1 showed a siginificant correlation
with SMI 1, 2, the CVMI 2 with SMI 3, 4, CVMI 3 with SMI 6, 7, CVMI 4 with SMI 7. 8 CVMI 5 with 9,

10 and CVMI 6 with SMI 11.

3. When the morphological changes in the 2nd and 3rd cervical vertebrae were separately observed, it was seldom
that the concavity appeared in the lower border of the 2nd cervical vertebra and at the same time not appear
in the 3rd cervical vertebra (CVMI 2 : 10.38 %, CVMI 3 ! 6.56 %)

4. In each of the skeletal maturation stage evaluated from the hand-wrist and the cervical vertebrae, the average
age and its standard deviation in male and female patients appeared to have large differences among individuals.
Skeletal maturation seemed to appear earlier for the girls than for the boys, and its termination 24 months faster

for girls.
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