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S} BB SeES BME KR uiel 2
wEE T glov, 53 HEH EEF FH
BE 9 ERTE RRTES RIS FEA A
E% 5}_25,25.27.45.54)_

B2 FERKS] AR BEM A%
olmg Hise BEM mAMEMNUY MR
o - EEEY,. BN BaRLsl S48
@bus_}_‘& B#;molgil&ll.“]d&"é) Emﬁ] ﬂzg%
{chronologic age) o2y HEY #FiE A

%etA] Rsloe g FEE B Hikel
z%o}v}z“”.
=3 £ %o mEMEE 27 wEi—3 g

) HHE AYEzR, —5%d KRB

CERAE

BFREEY] RS FHEAY EMI 2HhE
ol & 47} glck. wheld £hpicE £
BHES Misgel & AR, Mkl
FRA = R BAOREMY, SRS, K,
e WIHRRE o] RSl fey, Tk
HES FHe vl &y HEgse, o
FAAH-e BRI HAMEST e ¥
;}.s,l5.19.20,21.22.30.36.42.t3.u.53.58) .

HEEEY BEHAY BEARES 9 5E
o BEUM RREES A4 —%slnz, 5
£ Al REel K Fikel 74 EHE
3-},;]_5.9.10,11.12.29.32.33.34.37,39.41.47.50.51.55,51)' :__p"llz}- %
£ flErols MENS S B el
SE, = RABEZT 2 fgolok &
Aol # £ v MBS Add. F sEr
gl dulo] ERME BEY RERKES 4
4 Slojok 37] wiEolrt. olF B s £
3 FEHEE ol FHE KHAREREW, ol
© FHT HHE st 44 FE= A
< BHAAN MEoz AdF + 37 =Ee]
ches o o [kl AL &+ Greulich
o] (K3 FRAERS HES B BRER
9}, & B {LBEREE £E{td Tanners®s
TW, method”} 3lovt KER BRiKol RIS~
ol W§ #Migshch, Leite’®, Hagg%@-e 3
H, B4 o AA #HE fEY B A
= ey ARAsE shglew, &kl
Fishman®?-& FHifEel LEb=EE MRl
w2 HkS BIHEslel  Skeletal Maturity
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Indicator (SMID) g &}aict,

a9t o2 g FhMEEREBES FIA
HEBAC MAEMYE RARRME 27 53 @
& Wgest Al s, 257 cross-sectiond
g Fikelrh. olv RIS Mk W WHEMR
U AL R BY HRE s YA
Fal] o (FIBEE7L KT cphasasna),

olo] ¥¥+ BFEMGIC HBELEE HRO
2O 4R RN FRe WER FREK
SRR BRgel K SMIZikel wiel, &
BAS TERAEANN HRo BEAM &K
B BN & FRE bEkkel AHE
fAfRE 47 B3 MRS HiTstd MRS o
A 71ell ik et

. BREHR ¢ B
1. BIREH

BB RIS MIBEAHREE FERe
BEh BTE # 11 LTS 4 1058
RE 23245 HBROE 4 4EM BEEMQ BF
%5 HifFstlch. RHlMes HE-S 3EA B
Moz mEsien, gEel HEMME BAK
B At Heg AEE 1048 BER
2 dglen 2 1k PELESED Y} (Table
1).

2. MRK&

(a) BEMHE HARER

ol e & WY MEREE Ko
2 FBAES BENE RARERBE st
o, olule £ o WY Mo
ek, 2 1% SEmEel AA BAsln glgel
FERE ERinh B8, BRARENY Bk
Al FHEE B BEREE Kke, RREE
B R HWESC),

(b) FHEEE KPR FE
&  FHo  EERY  TEHPRSAREES
Fishman?9¢e] Fikol| ube}l 5r#slglon], oful

o @ WA, o FHikelAMe oA,
A 2 A FhEel A (radius) o o4
ol A BB S BRBES fAESIZ Q.

HEe BHEAME RAKEH FREHEY
SMI9] 4rr, & SMI] FHEE, £ SMIY
A o HBREE ksl (Table 2) (Fig.
1,2). '

(c) WiFtiEs

Hieol BEUE moamkife B £
o RAIRRE, & SMIS] &, % SMIo i)
Mol #a T ol FdmES Relden, &
KOs SMIRe] HBBRE Kt o
o}, & Bitel B M AR BEstd
ct.

Table 1. Number of records

. hand-wrist average record
" sex patients radiographs per patients
female 46 194 4.2
male 24 108 4.5
total 70 302 4.31

Table 2. Skeletal maturity indicators

Width of epiphysis 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
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000l AR Y

Table 3. Average age at PHV

WIDTH OF EPIPHYSIS OSSIFICATION

000 004

CAPPING OF EPIPHYSIS FUSION

Fig. 1. Radiographic identification of skeletal
maturity indicators.
A. Epiphysis equal in width to diaphy-
sis.
B. Appearance of adductor seasamoid
of the thumb.

C. Capping of epiphysis.
D. Fusion of epiphysis.

MATURITY
INDICATORS

Fig. 2. Eleven skeletal maturity indicators
(SMIs).

III. BFREHE

. HRke| BEMM RXAEK

HRe BN Bl K3 BEME oK

sex mean S.D. t-value
female 11.92 vear 0.72 year 4.96%**
male 13.17 year 1.12 year

**+ p < 0.005

Table 4, Annual stature increment velocity according

to PHV
sex mean S.D. t-value
female 90.63 mm 34.68 mm
1.38
male 99,75 mm 20.44 mm

P>0m

EHY £)S K. ¥y BARESE
BT} # 1.254 »2u, o] ZRE HEHMY
o2 AFFE3HcH(Table 3).

BEMEE AR ERY RERE uE 144
o BLhl BEY REEES Kilud. B
Mol REdEe ZRe Hi6 FEME sl
o} (Table 4).

2. FHWME RMEFE

BRe BEPE BARAERN FHEIEFRE
EHe SMIE 724 Kkalgch, B =+ SMI
6-7014 BABMEHZE b gkes (& 56.
5%, B 37.5%), 8o BT %4 ol& K
P& (SMI 5-7, 83.3%)dlH, &Fe 4 X2
BxP% (SMI 6-8, 91.3%)olA HARE#T U
el {FHe] dgen HMeEE SM
6-Toll Al 50% 7} 345 ck(Table 5) .

% SMIA Bich) el EgRES
Fatgch, & FHEge] ZR H AR
e HES?] $l8 unpaired t-teste] #HE
LFolA = SMI 2-3, 6-7, 7-8, 10-11, BF
ol & SMI 6-7ol4 FHEMe] Ulch(Table
6).

% SMIst #£ipo s Bkl BB (levd
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of maturation) & Hl#{tslaict. Mele % Hr
7 & FERE Mol BIFEW Akl HAF 107
kol Folalcl(Fig. 3). 9t
Table 5. Hand wrist stage at PHV 8
7.
/
sex
female (%) | male (%) sum {%) = 61 /
SMI = y
n st /
56 0 (0%) | 9(37.5%) | 9 (12.9%) / = - = - female
44 / male
6 1 (22%) | 2 (8.3%)| 3 (4.3%) Y
67 26 (56.5%) | 9 (37.5%) | 36 (50.0%) q //
7 10 (21.8%) | 3 (12.5%) | 13 (18.6%) G 7
oz N + i 1 i
7-8 6(13.0%) | 0 (0% 6 (8.6% 14— t t t t + t—
(13.0%) 0%) 8.6%) 9 10 11 12 13 14 15 16
8 2 (4.3%) | 0 (0%) 2 (2.8%) CHRONOLOGIC AGE
— 0
8-9 to(22%) {1 42%) | 2 (2.8%) Fig. 3. Levels of maturation
. Table 6. Average age & standard deviation at each SMI,
female male
SMi age {year) S.D. (year) age (year) S.D. {year)
1 9.30 0.40 11.39 1.45
2 9.68 0.51 11.53 1.27
3 10.65* 1 0.62 11.66 1.26
4 11.01 0.57 11.98 0.25
5 11.23 0.47 12.07 0.79
6 11.68 : - 0.64 12.82 0,98
7 12.00* 0.76 . 13.81* 1.17
8 12.78%** 0.84 : 14.10 0.85
9 13.11 0.75 14.42 0.77
10 13.31 0.94 1497 0.86
11 14.32% %% 0.94 15.31 1.02
*p <0.05 »*p < 001 w22 p < 0,008
Table 7. Interval between each stage of hand-wrist radiograph
t
sage 12 23 34 45 56 67 78 89 910  10-11
sex
fomae | ™0 783 807 640 363 567 859 642 528 7.25 14.23
emale
S.D. 224 227 196 054 236 5056 294 190 3.98 8.13
| mean 725 867 877 440 543 850 589 488 5.30 7.25
maile
S.D. 1.09 169 479 081 107 238 138 1.47 160 1.76
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SEFQ] FREBHMRTREAA BAG SMI
S BHlisted, o P ol EREEE Kks)
sltH(Table 7). Rt e SMIE Kot
gk 1% BEH il SMI 5-9 ko)) #ARF-S
ExRL stalew, B ZFo)A SMI 6-741e]
7} An FEH g 5MABIUH(Fig. 4). % M
o] FTHiEfMe £Re 25 #Hitmes A%
ol AU (P<0.005).

3. BEE RARED FHNE BREE
otel Bk

Bl GRS BEHE RAKEPHVY),

12+
~ — ~female
g A male
Z
S 64
=
<
-
jo}
[a]
3 6 ¥ 8 3
SMI

Fig. 4. Duration of SMI in 5-9

FRfhE mPREN, #& 3 KEEEE 4%
ste] B%EE (Ellstgct(Fig. 5). Bu 2%
SMI 6-7oll A R ES] e o $S
ZF7b o ®@oke.

& BEM FABEHY Bs 8,
BAMESl £2 Bl #fel SMI 6-89)
A & SMIs} BAgEMele MRk 2 |
wHERE Kok, oldle @ WA=
Forndct, HMFEHRSY FEMS REY HFR
o] SMI 7o) 714 #athdl ARl AN
o], WHEr 2L 559 SMI 82 Kitst
e 25 HEME ek (Table 8).

—
(]
o

3

S50y

GROWTH VELOCITY (MM/Y)

1112 13 14 15
CHRONOLOGIC AGE

Fig. 5. Interrelation between PHV, SMI, chro-
nologic age and growth velocity.

Table 8. Correlation coefficient and regression equation between PHV and 6, 7, 8 stages

se
X female male
SMI
r=0.7058** r=0.6189*%
B
y = 42.936 + 0.7267x y = 61.680 + 0.6170x
r=0.7336*** r=0.8558%*
7
y =39.497 + 0.7116x y = 30.838 + 0.7798x
r=0.7990%* r=0.7043
8
y =23.083 + 0.8078x y =-2,4081 + 0.9219x
*p <005 = p < 0.01 *xx p < 0.005
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= olglen

t#55)

IV, #4% & Z488

B

AEAGEE HRY KRRl K
Bh9 M, 59 BEMY BRkmke &
4 58l EFEsbeh, 2§t R BHM
AR Bs BASel A
o]#o]x $kow], PHVEsS £ oh&3 2
t}(Table 9).

Be W

PHVS FEFHRS HREE Mol 2 &R

.- B LI HIRER He =
2 MHAEMY tEie H#gEsich, BEAS &
foll M, S ianskdel e RATMER
&3l cross-sectionaldlt Fikel {KF
KN, &Y, £P%9 Bl & Bl Al

%4 o] A PHVsE &=t ols &
Hihee 14 MR REd #3 Ao, &
s WA R Riges EWE PHVSHe
MEE THon, H—HEER W F— ikl
3 Bhlelnz o] EMS F#polel Bks
o}

B4k PHVe ZRE oA kF7t 24 12
B 94 Edscta slgen™®, Bjork'S: 1
FoMA, 0, &Y Y% 1EMEH ~146
MRl Aetn stolov, & BiReAE 14
8RS ERE Holi ek, of& Aol i
MRt Az F—g B A 2o

PHVE k@R #BEo] B3l Tanners®+
B AZLZF 9.8cm/year, BF 10.3cm/yearct
sl eni, @mBAS WRNA 02 LT 8.6

Table 8. Comparison of average age at PHV between present study and other studies,

PHV

study population formale male
Demirjian French Canadian 11.97 -
Hunter American 1181131 14.11 £0.78
Bjork & Helm Dane 125%0.8 140108
Marshall British - 14.120.14
Lewis American 11.8%1.1 138%1.0
Brown Australia Aborigion 120%1.2 13.7%£1.3
Taranger Swedish 12,98 £1.02 14,07 £ 1.08
Park Korean 10.91 £ 1.41 12,541,268
Kim Korean 11.0 12.6
Kim Korean Class |11 11.66 £1.02 13.08%1.48
Author Korean malocclusion 11.82%+0.72 1317142

Table 10. Comparison of average age at SM!I 6-3 between present study and other studies.

female male
SMi Fishman Park Author Fishman Park Authar
6 11.96 10.5 11.68 13.78 12,9 12.82
7 12.51 - 12.09 14.43 - 13.61
8 13.26 12.4 12.78 15.19 14.1 14.10
9 13.97 - 13.11 15.49 - 14.42
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cm/year, B+ 9.9cm/year, V& IIH INE
MiAEANA F 8.6cm/year, BF 9.7cm/
yearzl dlowm, K BEME LI 90.
63+34.68mm/year, BT 99.75+20.44mm/
year® %4 vi AA uveiuich. K A
o Wi MK 1EMe BRRC oM B’
KRR EES 1FMeR fE %7 WEea
Eaisle], Bl #Rv HEHE FEME
aslct. 7

SMIe| #gholl HR WA & Bigge &
#2 Fishman?xd o} %4> wlz A velybel,
3 #RZE Fishmane &kE 1927~19604
Roz #9 304 HIel Zo]=, Fishman®'2}
2 cross-sectionaldt Frkolm g  IEFES
Fleaiie] #HEgel WEsllr] ozt B
=}k (Table 10).

FhiikE AAEA B B dellA B#ER
i85 (ulnar sesamoid) o] BIZ W%k~ 7}
24 ko] f7elA ok, Chapman'®2 BIER
5 Bt s R BEREGE JE
o #hfEx} —&RA g3 dlev], Demirjian®
& iol A 10,988 Wl o] PHV 1
Fafol=ta dtaict, & BiFlAM SMI 4+ &
FollAd  11.01%, BF 11.98%eln, ol
PHVYc}h &% 0.914, BT 1.194 ¢4 &
BiQoenz g HEES A9 FE—3tdd.
Bjork'® = = AEBMEN{%R7F 0.49, Brown!'”g
0.842} 3t

oy o]n] IFRMFEFFol HHslel 9l
T Hifid]l PHVZE EREEA o]v] zv}zkz]| ¢
fEAlle]l AuRksleR FEEEY &£& EILE
FEel TV LB, o] B{uEbEe PHVR
o] BiRol 3 BgeolA Hage?®= SMI 69
4], Fishman?& #F SMI 5, BF SMI 60l
A F0L 4 F SMI 6-7, BT SMI 5-604
PHVZ} #ERdn ok, & BHEelA
PHVE #&F SMI 7-7914 56.5%, SMI 7ol
Al 21.8%7F AR Kol BFE SMI 6-7¢
2 37.5%, SMI 5-60lM 37.5%7} k=0
oo wee AY —#sEn Ak, =38 kF
= %4 5¢ SMIdlY 87 %4 o]& SMI
o4 PHVZt 3#49¢ 2 dch(Table 5). ol

» AFTER
PHV

)

/

Fig. 6. Diagnostic clue of Hand-wrist radio-
graph for PHV.

whtoll K8 ERERAgo 2 KA FAY 4 Y=
5 EfRE testl o (Fig. 6).

# SMIHel ol M WRrM KFe
SMI 3,7,8,11, BF+ SMI 704 & SMIR
o] Rl HiEH AEEC] e, WRE
Meoll= Bhel 24 B ZR7 oy o
ZR A2 WA= (Table 6, Fig. 3).

BELNA4 & SMI #ilol HE #HRA
Bi =25 SMI 6-74tel7t 7ha ZAdew #
8.5 A et = LF+ SMI 910,119
Mol BFEct A, o] kT PHV
E B ac 98 ks 2 % BRMRE
BFicde AA4 sfbdE Bk & SMI
st PHViH el fAMRREE ¢ 5 ke &
olmd gEtiyo 2 AHEitEe] Ut

F HEe BEEM THEE Rk RRs
7] wEel, ZHaa9l mE o #Eel et
Bl BHsl k2l A oS R #
%7t vEse e B,

V. 8 ]

FHBBESARRES FIAG HEA HE&E
BEME RARES R Bik BEE <
71 S8, BEMNS FEREE 70&(B 24
%, W 46%)E HRoE ) 4RO AMEYQ
BRI 2 FHEEHEASES fIAYE SMI
Fikez HRY HR oG AL HRe o
et
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1. #iee) MFUM: BAmiEe KTFE SMI
6-7(56.5%), 9 F & SMI 5-6(37.5%),
6-7(37,5%) ol A £=2 Jelytep(Table 5) .

2. SMI 8o HEslnd Har ZFoll4] Hike
BARME BBl Axkeg #ET 4+ A
=

3. SMI9] fE@-e LF7t BFETh # 24
wh2el, o ERE BEM A% B2 R
gleic} (Table 6, Fig. 3).

4. BEMA SMIIS H4 2% SMI
6-7o0A 71z Holew FHy 8 5{E B ot
a1 TTFolAel FEMES BT it
9

5. # SMIst gFel MEMM RAMED:
2 MR 7L 2l3ich(Table 8).

% £ X K

5 AL 3y
o] Foctwdy AAs FAfE A5l
of ¥ A", "HEANEEAL, 11!
305-325, 1987.
2. AANY, ARE D FAMEE A

3. AFA U FAHEFAETY F8o| e
whatAd ez o3, ToiAmAy, 6 7-14,
1976.

4. A4, AAE ALY e A
Azl FoARE A=Al A AT,

Fef )5z, 15 197-208, 1985.

5. dhel 1 “qhFal obEo] otelul Aol
g FRYAA FAARRE-Ae] 2ljE
A o ", Tz mw=,, 14:217-230,
1084 ,

6. okt FEa, Ted o “gE]l obgel
AolA Ea Aol dlg odF". Mgl
2 2hukab Al s sl A, 30 69-80, 1973.

7. olAQE I FTETY £de e A4
A od”, TlxaA],, 7:13-21, 1977.
8. A7A, AMAE  “AHAmgae HobA s

3t A2 A7) Aol A3 AT TH

10.

11.

12,

13.

14.

16.

17.

18.
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— ABSTRACT -

A LONGITUDINAL STUDY ON THE PUBERTAL GROWTH PEAK AND
MATURITY STAGES OF THE HAND-WRIST {N MALOCCLUSION

Kim Hyung-{l, D.D.S., M.S5.D., Lee Dong-Joo, D.D.S., M.S.D., Ph. D.

Department of Orthodontics, College of Dentistry, Chosun University

To predict the pubertal growth peak in stature and study the skeletal maturity degree using

hand-wrist radiograph, the author used the 70 malocclusions (male 24, female 46).
After longitudinal measurement of stature and skeletal maturity indicators of hand-wrist

radiographs were taken during 4 years, the rsults were as follows.

1) The pubertal growth peak in stature occurred mainly at SMI 6-7 (56.5%) in female, SMI
5-6 (37.5%), 6-7 {37.5%) in male {Table S).

2) It was suggested that the pubertal growth peak in stature was already passed, if SMI 8 oc-
curred.

3) Ages of SMI in female were about 2 years earlier than those of SMI in male, and the sexual
difference was gradually decreased in puberty.

4) Duration of SMI was longest at SMI 6-7 in both sex and the mean was 8.5 months. After
this stage, the velocity of skeletal maturity in female was decreased than in male.

5) The correlation coefficient between each SMI and pubertal growth peak was very high (Table
8).
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