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Figure 1. Hamate bones in hand & wrist x—ray *= « + - = = « « « « « « « « . .
Figure 2. Ossification events of the hamate bone - - - - = = « « « « « « « . .
Figure 3. Distribution of SMI when H1 and H2 appear - - - - - - « « - - -

Figure 4. Hamate bone maturation examined every six months in a boy - - -
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Hagg and Taranger, 1980; Fishman, 1982; Grave & Brown, 1979)%Hw,6 E3|
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WA GAN = Fishmano] A|F3k Skeletal Maturation Indicator(SMI) S©l

BHHoZ ALEH T 9
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Skeletal Maturation Indicator(SMD)elA= AbE7] A% 745719 A
NS 47 A8 dAH o RAHSFEAE (sesamoid bone)o &3 AFE
Slatn] FazEe 3 AFE7I7F oln AR Par 2 Azt urd slelde
o= stk (Bjork, Helm, 1967). FA=e] & %= AAA o= J7td
T o] ddHoez Thdsk AR GEHAT, HAA /HAQ] sesamoid bone?
=3 oF = 2.53.049 9= AT ok 19.5(9)-25%(F)ANA = sesamoid
bone =& Mol A=Y HAd 4 A7 vebdthar @k (Pileski, 1973),

Grave¢} Brown A7)0 doju= BE & e WstE AIZE &l et
Bzsl Aup A7) AlE olA HUbolE =ZF (carpal bones)S o] &3HE A o]
A& (digital phalanx)®.t} F8|e 4 gt 3 oh. (Grave & Brown, 1979).
TEe E5E TS e we wEt
FHE 7HAH =3tEd. o
THE7I 245 B wawS dHolA Ente £ e 1-2me] Zae] FE=
AbEZL AR 7EETZIE A Al Z2Eel EdekH (Kim, 1999), ARE7]S] Al#Hat
v A (peak) Atolell FHaX 5 ) WSy glbar ®BaH Atk(Mesgarzadeh,
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Figure 1. Hamate bones in hand & wrist x-ray
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%4 o} BEo] ojel e A%

1o 7IES WEskE 376 (e 1718, o 2057)S FAugo] el
w2l EHF3s7] el =7 Al ANB(A point-Nasion-B point)¢} Wits(Wits
stalth. =44 I8 FARFT(1.0°<ANB<4.07,

=
=
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~4.Omm < Wi A A7, oA Argelled, =44 11w
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15 F8aF(ANB=<0.0°, Wits<-4.0mm)-> P2 367, o=} 538 o] Urt.

N3l Z9-(0.0°<ANB<1.0°, 4.0°<ANB<5.0°):=
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geet HuEs fa AAel

o

HFHoZ 2314 (dF 1094, o 122%)S A7 Ao R AAHsH o,
AN

Bo} Wits k2 Table 13}

Zzke RAmG Pl Wt ERHAG. 1§

Table 1. ANB and Wits of subjects
Male Female

Class 1 Class II  Class III Class 1 Class II  Class III
(n=47) (n=26) (n=36) (n=47) (n=22) (n=53)

ANB(°) 2.9x1.0 6.3x1.5 -1.3x1.1 | 3.0%0.9 5.9£1.2 -1.0£2.1

Wits(mm) -2.2+1.8 2.0£2.3 =7.1%2.6 | -2.7+x2.0 1.8+2.6 -6.7+2.4
n, sample numbers ; ANB, A point-Nasion-B point angle ; Wits, Wits appraisal

Data were presented at meantstandard deviation for ANB and Wits
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(D =8 =3t 18 A7) A7}
e =3 A AZIE &7 S8 Zae] JEe FFE71Y
Z7] FHHD Y =83 FFE717F SE8] =3hF g o o4
HakA] e FE(H2)E H7bekith(Grave & Brown, 1979, Tanner,

1976, Whitehouse, 1979, Fig. 2).

« H1 : initial ossification of the hook of the hamate

e« H2 : advanced ossification of the hook of the hamate

Figure 2. Ossification events of the hamate bone
A: initial ossification of the hamate(H1), B: advanced ossification of the
hamate(H2)

(2) SMI(Skeletal Maturation Indicator (Fishman, 1979)) %7}
gxlo] Al R AR AR Aol A SMIE o835t A%
GAE HIbsol ).
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3. EAEA

& o AAAE BobE Aldedar, AARE W2 e
TR AdeE 3078 A dis) HrhE At oW At
)3t  intraclass correlation coefficients®& Al4Fet A3} r=0.896-
0.9U% AFAE= % AFEE BTHP<0.05).

AR 2 AlE =S Thostr] 98 o 3 WO AL FAS R A
3071 el disl "H7EE Aldsiglen Aol diste]l  interclass
correlation coefficients® Al4tgt A3} r=0.889-0.997= AFA= =

AF=E HATH(P<0.05).
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ASA ol el A4 A (Shapiro-Wilk test)S Al&deRar AyF &

o,
e

2= A5 daids B 27504 (Mean £ SD)E 7]&=sk3H.
=44 FANF wE Ay vuE $s] I HnE independent t-test
ZLOANOVA testE ARE3FIIL SMI WL Chi Square testd AME-3HTH H1¥H
H2, SMIY A& d#AAHE  FAsH7] 9s8lA] Pearson  correlation
coefficientE ©o]&3st3ltt. B AMES o83 FAHS sty sl
independent t-test % Chi Square test & ©]|&3}3t}. A5 54 EAHL
SPSS(version 23; SPSS, IBM, Chicago, IL, USA)E AM&3tqlch. EA5H4

FolaE o 0.05%2 AAsrt.



[171. 4 31}
b F3F JE A7) Hot

H1> b 11.320.941, 4= 9.020.94]9] YERtem, H2e
12.4£0.94, o=k 10.1£0.9A41e YERRETE. HlolA H22 o] 5] =]
AIZHe 2 1.120.59, oA} 1.0+£0.4d 02 JUgE o3k ajo]=
(P$>0.05, Table 2).

—

HI, H27} YeElves 93 Jy 5o FAA BAgag &+ 3t
ol 7b YERGA @gkow(P>0.05, Table 2), HI, H2& & ©f
AR 2.3d % wEA e tH(Pi< 0.001, Table 2).
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Table 2. Age at which H1 and H2 appear according to gender

Male Female
Total t-
Class I~ Class II Class III Total Class I~ Class II  Class III Total (n=231) P
(n=47) (n=26) (n=36) (n=109) b= (n=47) (n=22) (n=53) (n=122) p= value
value value (mean%SD)
(mean£SD)  (mean£SD) (meanxSD) (mean=£SD) (mean£SD) (meanxSD) (mean+SD) (mean=xSD)
H1 11.4+0.9 11.1+£0.7 11.2x1.0 11.3x0.9 0.166 9.2+0.9 9.2+1.1 8.9+0.7 9.0+0.9 0.322 - 0.000
(years)
H2 12.6x0.9 12.3+£0.8 12.2x1.1 12.4x0.9 0.210 10.2£0.9 10.1x1.3 10.0%x0.8 10.1x0.9 0.105 - 0.000
(years)
H2-H1  12+0.5 1.240.6 1.140.6 1.1+£0.5 0.221  1.0+0.5 1.040.5 1.1£0.3 1.0+0.4 0.156 1.1+0.4 0.182

(years)

SD, Standard Deviation

n, sample numbers ; H1, initial ossification of hook of hamate ; H2, advanced ossification of hook of hamate ; H2-H1, time interval

from H1 to H2

ANOVA test for differences among Class I/II/III groups, P-value
Independent t-test for differences between male/female groups, Pi-value

10



e =3k SMIske] A A4
1. HL =& A 7)19F sMIske] 7
Hlo] YEbv= Al7]1& SMI 2(43.7%), SMI 3(37.7%), SMI 1(11.3%), SMI
4(6.9%), SMI 5(0.4%) % tH(Fig.3).
Hle] vetvb= Al7]k SMI whA|eke] 7ol A, SMI ©HAlolA H19 B¥&
W BTl FAuFE o 3k fFoAdel flem(p=0.291, P=0.461,

Table 3), ¥4 7+ 9% ¢l Aoz Ve TH(Pi=0.220, Table 3)

2. H2 & A]7] ¢} SMIske] wHA|

H27b vEbd= Al7]5 SMI 4(51.9%), SMI 5(23.4%), SMI 3(16.9%), SMI
6(6.5%), SMI 2(1.3%)¢] =A== Vel (Fig.3).

H2 & Al7]ek SMI wHAISke] sg7bell A, SMI wAlelA H2¢] #E=
Aagh o 7H(Pt=0.340, Pt=0.388) 1@ P 7H(P1=0.331) frelAdo]
= Aoz YRt (Table 4).

2 o

11



Distribution of SMI when H1 appears

SMI 1
26(11.3%)

SMI 2
101(43.7%)

SMI 3
87(37.7%)

Distribution of SMI when H2 appears

SMI 3
39(16.9%)

SMI 4
120(51.9%)

SMI 5

54(23.4%) \

Figure 3. Distribution of SMI when Hl1 and H2 appear, SMI, Skeletal
Maturation Indicator, Fishman, 1979 ; H1, initial ossification of hook of

hamate ; H2, advanced ossification of hook of hamate ; N, sample numbers
of subjects
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Table 3. Relationship between H1 stage and SMI

Male Female
Total _
SMI Class I~ Class II  Class III Total Class I ~ Class II ~ Class III Total (n=231) P
(n=47) (n=26) (n=36)  (n=109) (n=47) (n=22) (n=53) (n=122) ) value
N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)
1 8(17.0%) 2(7.7%) 2(5.6%) 12(11.0%) 5(10.6%) 1(4.5%) 8(15.1%) 14(11.5%) 26(11.3%)
2 16(34.0%)  11(42.3%)  15(41.7%)  42(38.5%) 22(46.8%) 10(45.5%) 27(50.9%) 59(48.4%) 101(43.7%)
3 20(42.6%) 10(38.5%)  17(47.2%)  47(43.1%) 16(34.0%)  9(40.9%)  15(28.3%) 40(32.8%) 87(37.7%)
Pt=
4 3(6.4%) 3(11.5%) 2(5.6%) 8(7.3%) 3(6.4%) 2(9.1%) 3(5.7%) 8(6.6%) 16(6.9%)
0.220
5 0(0%) 0(0%) 0(0%) 0(0%) 1(2.1%) 0(0%) 0(0%) 1(0.8%) 1(0%)
6 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
7 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
P=0.291 P=0.461

n, sample numbers ; N(%), sample numbers (percentage) ; H1, initial ossification of hook of hamate ; SMI, Skeletal maturation
indicator(Fishman, 1979)

Chi Square test for differences among Class I/II/III groups, P-value

Chi Square test for differences between male/female groups, Pt -value
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Table 4. Relationship between H2 and SMI

Male Female
Total —val
I Class I~ Class II Class 111 Total Class I~ Class 11 Class III Total (n=231) Pvaiue
(n=47) (n=26) (n=36) (n=109) (n=47) (n=22) (n=53) (n=122) N ()
N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)
1 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
2 2(4.3%) 1(3.8%) 0(0%) 3(2.8%) 0(0%) 0(0%) 0(0%) 0(0%) 3(1.3%)
3 6(12.8%) 2(7.7%) 2(5.6%) 10(9.2%) 12(25.5%)  4(18.2%) 13(24.5%)  29(23.8%) 39(16.9%)
Pi=
4 23(48.9%)  14(53.8%) 23(63.9%)  60(55.0%) 23(48.9%)  11(50.0%) 26(49.1%)  60(49.2%) 120(51.9%)
0.331
5 13(27.7%)  6(23.1%) 8(22.2%)  27(24.8%) 11(23.4%)  6(27.3%) 10(18.9%)  27(22.1%) 54(23.4%)
6 3(6.4%) 3(11.5%) 3(8.3%) 9(8.3%) 1(2.1%) 1(4.5%) 4(7.5%) 6(4.9%) 15(6.5%)
7 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
P=0.340 P=0.388

n, sample numbers ; N(%), sample numbers (percentage) ; H2, advanced ossification of hook of hamate ; SMI, Skeletal maturation
indicator(Fishman, 1979)
Chi Square test for differences among Class I/II/III groups, P-value
Chi Square test for differences between male/female groups, Pi-value

14



SrrEe] Zahs} ool 4E Avy 24

H13} H27b vebve 8-S Z4zb SMI 2(r=0.914), SMI 3(r=0.905)<} SMI
4(r=0.911), SMI 5(r=0.849), SMI 3(r=0.811)3 <& XN#AAAES
UEFATH(P<0.001, Table 5).

Table 5. Correlation between ossification of hamate bone and SMI

(P<0.001)
SMI1 SMI2 SMI3 SMI4 SMI5 SMI6 SMI7
01 0.602 0.914 0.875 0.537 0.533 0.492 0.485
02 0.494 0.502 0.811 0.911 0.849 0.505 0.511

r, correlation coefficient
Pearson correlation analysis for correlation between ossification of hamate
bone and SMI, P-value

15
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Table 6. Sensitivity analysis with other samples

Age SMI
Male Female SMI 1 SMI 2 SMI 3 SMI 4 SMI 5 SMI 6 SMI 7
N(%) N(%) N(%) N(%) N(%) N(%) N(%)
H1 11.2+£0.9 8.9%£0.8 1(2.0%) 24(50.0%) 20(41.7%) 2(4.2%) 1(2.1%) 0(0%) 0(0%)
Hilx 11.2+0.9 8.940.8 1(2.0%)  24(50.0%)  20(41.7%) 2(4.2%) 1(2.1%) 0(0%) 0(0%)
P1=0.211
H2 12.3+1.0 10.0%0.8 0(0%) 3(1.3%) 39(16.9%)  120(51.9%) 54(29.4%) 15(6.5%) 0(0%)
H2* 12.3+1.0 10.0%0.8 0(0%) 0(0%) 8(16.7%) 27(56.3%) 8(16.7%)  5(10.3%) 0(0%)
P1<0.001 Pi=0.211

SD, Standard Deviation

N(%), sample number (percentage) ; Hl, initiation ossification of hook of hamate ; H2, advanced ossification of hook of
hamate ; SMI, Skeletal maturation indicator(Fishman, 1979)

H1, H2 are resulted from original samples and Hlx, H2* are resulted from

Independent t-test for differences between male/female groups, Pf-value

Chi Square test for differences between male/female groups, Pi-value

17



7= (hamate bone)2 A 22 HEor ZEFA wEste] AA Hrl Al
A o] & ¢ Ao} o} FAHQ =3} Fgo] AAEA AMeH A gl
2 AFel = 231 sl A7) ofbseo FEe =3tE #ESIa, 1

WS v 2ol HAE At (Fig. 4).

=

FrEe B/ vk 22 g BEee Agom YA
AR golA mlokg dlo] vhehdeh, (A& HE e ok 25T

Felh JEbIE AR, A AR A oA e
Wk gael Yejsk ohrt.)

o2
k1
i

B. dAX&7te =& & H&oz Z3E (hook) FEHL BE &
VST &7 FEle] =37t dojdr}. o] ©WAE initial ossification
of hook of hamate(H1l)o]g}ar slt}.

C. BSt vy & 1 2 ot CtAl= A=H 7= 3o},

D. B, CY &717} & © SvfgERo = Fol2WHA AR Ade A
Aoz A8y FA1s e =32 By, o] wWAE advanced
ossification of the hook of hamate(H2)o]&}aL 3lt}.

E. A3 8 Aol AaiAla FAYIG. o5 A =A7]=

44 9 AQAR Ho] | QAL FAAAE JEE AAviG e,
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s

Figure 4. Hamate bone maturation examined every six months in a boy
(A : 10.0 years old, B: 10.5 years old, C:11.0 years old, D:11.5 years old,

E:12.0 years old)
Stage A : No significant changes, Stage B : H1 (initial ossification of

hook of hamate), Stage D : H2(advanced ossification of hook of hamate)



HI, H2 23 d=S Hlxqds o, HIZ EAFelA 11.320.94], ofztolA
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Wrino 2,33 Ar wEAy A4 PANG & 2 %d A" Aoy
Hiel Al H2=e] o]e) Alztell= fofgh zte|7h vpepubA]l kgdrh. olejdh W
AHE 7]ES] g oJolE g e ® g AF(HI At 9.24], H2 4 10.34])
Aot fAFSEAIRE  (Kim, 1999) oA e A7] obss didoz @

JaA AFA BRu®E Hl (& 12.2+1.14], ox 10.6+1.44)), H2 (&

13.6+£0.94], o 11.3x1.14)HUT+= HFHoz ddo] 1-1.5d AR =

Mo

¢

Asfelty, EFQ] Hlsl @HAe A7l Hol 447 A o 15w

d He ekt ol sk Aol QlF A Aold wE Fow
FdE o (Hwang, 2019). FEgE sh=rle] FHol A7) A& (E 13.4:0.841, oo
11.1+1.14)) (Hwang, 2019)& m#EIThd H2E= AE7] Ho AA712d oF 13

Aol UpEhdtha §38 4 AH(Table 7).

Table 7. Comparison of this study with previous studies

Grave & Brown Kim this study
HI  12.2+1.1 (n=16) - 11.3£0.9 (n=109)
male
H2  13.6+0.9 (n=28) - 12.4+0.9 (n=109)

H1 10.6+1.4 (n=16) 9.16 (n=122) 9.0£0.9 (n=122)
female
H2 11.321.1 (n=16) 10.30 (n=122) 10.1+0.9 (n=122)

n, sample number

Mean*Standard Deviation for age at which H1 and H2 appear
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1. f=e TAE7] Hlol WA 11.340.941, oAb 9.0+0.9A4°] Y,
H27b WA} 12.440.94], o3&+ 10.1£0.94 9 Y EFSTE.

2. Hle] YeERS o SMI WA= SMI 2(43.7%), SMI 3(37.7%), SMI 1(11.3%), SMI
4 (6.9%), SMI 5(4.0%) St}.

3. H27} el w) SMI A= SMI 4(51.9%), SMI 5(23.4%), SMI 3(16.9%), SMI
6(6.5%), SMI 2(1.3%)<It}.

4. H1, H27} YEhveE d#Ee A4 B b o8k o7 glglon

(P>0.05), =7 dAR) 2.3 w2 A UEelskh,

5. HIZ7F YEl}E A8e SMI 2(r=0.914), SMI 3(r=0.905)$} =& A#a7A =
YERIZ, H2E SMI 4(r=0.911), SMI 5(r=0.849), SMI 3(r=0.811)% =&
FHAAE e o g2 AES o] &S w 22 AU YERST).

N

= AE7] AlZE oAF-E ¢7] 918 hamate bone &3tA o] & ¢ Ao,
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Abstract

Hamate bone maturation in children with malocclusion

using hand wrist radiograph : A longitudinal study

SUJIN KIM, D.D.S.
Department of Dentistry
Graduate School of Yonsei University

(Directed by Prof. Kyung-Ho Kim, D.D.S., M.S.D., Ph. D.)

To determine proper treatment timing for orthopedic treatment in growing
children, it is essential to evaluate growing potential of each person correctly
which 1s mainly evaluated by hand wrist radiographs. The sesamoid bone 1is
generally used to estimate when the onset of adolescent growth spurt occurs. It
also has a variation about 20 percent than expected. Hamate bone, included as
part of carpal bone, has a characteristic of a hook—like shape in its ossifying

process and this occurs near the onset of adolescent growth spurt.

In this study, we examined the ossifying process of the hamate bone using
longitudinal hand wrist radiographs in growing children and checked correlation

between this process and other methods used for evaluation in skeletal maturation.

The study material was randomly selected from among all children visited
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clinic during from 2000 to 2018. The subjects had hand wrist radiographs examined
every six months from SMI 1 to SMI 7 and a total of 231 samples were selected.
H1 means initial ossification of hook of hamate and H2 means advanced ossification
of hook of hamate. The ossification progress of the hamate bone was examined and

relations with SMI stages were analyzed.

1. Hl(initial ossification of hook of hamate) appears at 11.3%+0.9 years
of age in the male group, at 10.1+£0.9 years of age in the female
group. H2(advanced ossification of hook of hamate) appears at 12.4+0.9
years of age in the male group and at 9.0+0.9 years of age in the
female group.

2. When H1 appears, the SMI distribution was SMI 2(43.7%), SMI 3(37.7%),
SMI 1(11.3%), SMI 4(6.9%), SMI 5(4.0%).

3. When H2 appears, the SMI distribution was SMI 4(51.9%), SMI 5(23.4%),
SMI 3(16.9%), SMI 6(6.5%), SMI 2(1.3%).

4. There were no significant differences in age when H1 and H2 appeared
between skeletal classification groups(P>0.05). In the female group

H1, H2 appeared 2.3 year faster than in the male group.

5. There was a good relationship between age when H1 appeared for SMI
2(r=0.914), SMI 3(r=0.905) and between age at which H2 appeared and
SMI 4(r=0.911), SMI 5(r=0.849), SMI 3 (r=0.811).

In conclusion, hamate bone may be used to evaluate the adolescent growth
spurt. When H1 appears, there is a high probability that skeletal maturation
stage is before onset of growth spurt. When H2 appears, the maturation stage is
after the initial stage of the growth spurt and 1 year before the growth velocity

peak.
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