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AFe XY9F Aol Bz3HArch length discrepancy : ©]8} ALD)YS| 92l a4iztel A ZoA7 EHXF7

°ﬂ’\14 A&7+ d S dotEazl A=A
Angle¥ 13 ti7R @AY 27)% ool AP ool glttn AREHE 14299 JATRFP S o] &3}
4E 2t ALDS] %ol whel JATF oz o] 2 Aole] Ariet NAF 7 ¥l 278 ASEATh SPSS FAA Y

EradS o] fsld Zhe] HFE, FEHAE 1813 Student t-test, FHTAA £4 9B FIAEANE 44

U,

dAeH EFAG7AN A& § e AREEL 0|88 ALDY 57548 S 7P°}°1 o534 22 23S

1. Add & Afoje ARTAAE AY Holx] tem spacingm2 tHEEY ASX| A, crowdingw2 27HA]
A9ZF9 ZNo B3 AFA NN [T AFo)E HHoh
2. @A crowding ™% A} spacingi‘% it A Ao Hg] F2 Xolzo] T ASH A F-g Ao]E HHTh
3. @&} spacingT# A&} crowding T S AT vls] N EZ A7) B3 ASANA {7 ZFolE BGu)
4. AAFA LR QJQFAFHNME F2 (DF9 Ao #F AZXEo] ALDS & ATE S e
5. EFAGIAA 4& 4 JdE AR 24X, 24X, AIRTA Y 243 AW7A7 B3, LT A4S o] &g
ALD®] GE3ARM L F4 3% Ao 8% AE=R square)E ERT

( =20 © NLE=a 20| Bxg 2014, SISy )

LN 8 Qg 24l GFF o3 1A} AN Hoisith ol 5

g 7lx AUABEE A AZAR o] AW

Aote] crowdinge @AY Fa BAAACH Aok 27] o4& FPse AT Aokes

TARAE L Be HEE Bolk BAP%og S3te o2 A7) ol %‘—X&é}%:- A9 Sa g

Spacing@AHE 2 HIEE 32 gou} 917 X 2w o] F7kA olde] BIA EAlDE FAte BT
ol Bsfo] ok F94'Fo) Q= Zelolth o] £ IR prolR S gl

74 BAe Al B3 TS RzaE g A7 l%— HASAIF|AY Z[ote] A7 §

F3le W) wE g9 B e My>e 2 2A43%E 59 2] dure 98 A =28 B

Aatet xofe] 37) BzI*P gz Q& AT A7t 2201%£f4, aEY ddsofof sk Aof A

o] Z7}o] )3 4 S(interbreeding)®, Aotz W& 719] ol &) FE AP0} ok Yo B A7

g, A3 A9 F72T, Aotel ¥ gAoly DBEAE, 0| 0| 83 A DF o] F23H(arch len-
gth discrepancy : ©13} ALD)®] o Zo #a A7

D Mecysim ALis mASmAl AAl o] HetEd ofs) A7E uF ek 22 o
2 M2nstm X|DpEY mASmA oA g wkst o] 9 FrHA BAle A
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F TS AFIAAY BE HFE
o] Aol Aoz Bl
Angle¥ I H7X#A < 34 o]
£ overbite, overjetS 7FAH oFo §
glojide] gtk BdH = crowdingolY spacing3F
= 94 4z FAen vage A ofm
T7F & %L A7t g A EF E 9
A7HA] JREH o] E 2T & Qe
gol szt kgt

I GICHA 2 e

3~

/& (normal group)S A Ethdn oA

2 A AFAEF thed 20E AZtE 7
$= sge

1) 4Z AIAFR 7 BF AngleX [ BAE Hol
o Aol HiugS Holx| ¥ A$

2) 7&ater A= Al Aoyl T wgH §
o2 W& F5-

3) overhite, overjet®] ¥ Omm< <4mmH o] =
= 4%

4) Z9H 3 4 v F e FEEY,

A%

< WAL TE ooy &9 Ao
A5
7 d AEde 3aEA g
8) SpeeX| TH3o] AmmulgHel 7
9 AY TRE Holx FE A (ARAET < 10)
10) ¥t 25 ALD® %o] 2mmP|gHel 3%
crowding T3} spacingT™& A&t mE Y n3 7
o Heg e KUY 237, K7eldd
WL FAEF FA 9 1)-9)9 23& wrEsiH o]

X,
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Table 1. size and definition of each group

(-2mm< <2mm) 2 F 16
Spacing 3 M 17
(>2mm) 4 F 24

Crowding 5 M 26
(<-2mm) 6 F 29

g obgolgte A ET Aol F2387F 2mm o)<
2 9t} «ats F44 44 o8 3 79
gk ALD7} Bole AS-E A9 st

F 14299 SHES Agetlen 4 e oot
G

SHlTE Eld JeEhAh
E TUES w3H AFYdEc] LAMcER

A
A% (vestibule) §-917F & U B 5 st} Q< A
E3la FA] GCAFel white hard stones AF&3te
23E AFSAT. 2y AL GCAF AAA 9
W/P v} E3A S 71E02 st om Kujgy e
A 79} KA|Zo] oA 42 107]9] B 9= wt
BASE 285t BE ASS ZFAF 4500 I

EPASE o] &3 AT ez Aoy Al
£ o] &% “Hocclusogram)A Al S&she Wi 2
H BYoA At wigo] ol 2olmltt AAt
= ¥ Marcotte™, White? 5o ]3] AH&-8 u} .

e YAA FERE FHIs W E) $H, 3
H7Fsol 7heste HAFEHE o] &8tH B2 FY
FRE A, B, BB F de 59 FHE /A
o}, occlusogrames 4= W= © A tracingd}
= Wl @ BAPIE o] &3 A4S de W Q@ AR
= Wisol ok A e
7} @43 nHooksta A
A wj 7ol HAAEY A A A
S F Yt ©Ho] Stk Bl
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1. ULR

2. ULL

Fig 1. Measurements

Burstoneo] <l8) EF"Hon] wnd g3
& 2L 5 Jdoh 22 BE occlusogram A
ARl g WHs ozA Ao dFRdAME Sy

471 Bvtgstn vhekdt X EAAE Qlste] Ao
AZo] ol $u® ngwZe] FRwS AT
GHE 7 o AN E BHAM ASslE
m_ﬁé]17,34,41 o) E_Hé.]_oa D}

EE BEE Eo| 47tEA vEol@ MitutoyoAt
9] sliding calipers2 A &3t} X olar]= sl 5-8
A ZPAF AT AYE 0.0ommeEH A A
st okz %73% AR B, 272 5 0
74, A 247 E 3798 AE 0.1lmme
AR AZedth RS 9 }04 TR T
7é°] HEsHA] e Agde HoA XolHeHE 7]
st WFH Y AR E E}‘\ﬂ?— Aot A
749 845 doliy] H3te], AAe= %
9] FACC(Facial Axis of Clinical Crown)“¢} 2]
o] ghite Hzte 273 X 9K canine fossa)
o] ER%%Fe Azt el A4 Al
W] A HE3HAA FHA] 2AASH A9
AE 0lmme 2 29 wg S48t 71Ee
RSN L F5-24A] FEFH] HFAolA Wl
HAS of A ARG AA g F e 9H1E
7421 7] 9] L_L%ﬂﬁthMb,Lmﬁ%” g
2 AAL WP 7 9hRie ALgsid)

SpeeX Tl ZolE dut el o) %o me}
T8 Ha R e Jacobson-J W ®o 2 3 7}0}

FoH olE e L& ATARY AHEARE

HU

ofN rlo Y X P
L A

ste 71Eo 2Tk ARSI T

A dF Zo| Bz 012°F-2]X (brass wire) 2
2 3 AT 7y dAHEHAA Wi
ZAA R 24712 2] Zo|Z line of occlusiong Wk
0.1mme9I 74 &3 & o] gl A1 TR 74A]
9] o}Eo] ZHAEZ7 Z3}total tooth material) &
wo] 05mmee 2 v AT ol & FEd AF
A7) 33 HbEEd 280} 22 e vEhd A

AHEEIRE 2 o] fE Helle TS AR

0[4

st

ABE ANE A% 157hs] B S RA9R F
Fote] 393 Aokas|g 74]—%6}9& ow 234
£3 RE $R9) ASES wEse] wEAge) e
28 AT

2) BAA

dojA RE 7HE Windows® Excel programell ¢
Halo] 7+ 7o) 3 T A} Bolion ratios 78}
gom Fd o] & thA] WindowsE SPSS programel]
A& sl t-test, oS A (multiple regression
analysis), 29152 (factor analy51s) Pearson®] 4%
BN (correlation analysis)s< Aldstgon 4z
ANE 9t AEE=EA(Cronbach's  reliability
analysis)& Al 33ttt

3) AFFE (Fig. 1)

1. UL-U6 : etxlol Z42te] A J/g 173
2. L1-16 : shefA|of zhzre] Hef 94
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Table 2. Measurements—tooth size and Bolton ratio

U1 860 849 84 811 8B am

U2 7.02 701 6.89 6.67 729 719
U3 813 7.98 814 771 825 8.03
UASUM 4750 46.96 46.86 44.86 , 4856 47.86
U4 756 7.60 746 719 763 771
U5 6.89 7.08 7.00 6.68 718 717
U6 1048 10711 1062 10.07 10.73 10.58
USUM 97.36 97.74 97.02 92.72 99.66 9878
L1 535 537 545 517 561 555
L2 6.02 6.08 6.03 5.78 6.21 6.23
L3 7.08 6.93 714 6.61 724 7.02
LASUM 36.88 36.76 37.26 3512 3812 37.62
L4 7.34 743 737 711 759 757
L5 734 741 740 713 743 748
L6 11.09 11.16 11.30 10.73 1152 11.37
LSUM 88.42 3876 89.40 85.06 91.20 90.46
ABOL(%) 7167 78.30 79.55 78.33 7852 78.62
BOL(%) 90.80 90.83 92.13 9176 91.52 91.58

age(yr) 2820 2206 20.77 21.52 2041 21.04

Table 3. Measurement - arch dimension and ALD

UsW 3665 3628 955 37.39 36,02 529

U3G 39.16 3823 41.80 38.80 3837 36.22
U3F 3851 36.16 41.01 37.29 37.13 3374
U4W 4556 4391 4764 46,01 4368 41.89
UsW 51.89 50.38 53.37 51.62 50.12 4835
U6W 57.03 55.89 57.92 55.98 55.72 53.30
ULL 4569 4558 4782 4597 46.39 4462
ULR 4583 4558 4791 4599 46.16 44.42
L3W 2771 28,11 2963 2839 26.33 2656
L3G 30.68 3061 3174 30.74 29.84 2837
L3F 3051 29.46 31.48 2956 2953 27.40
AW 3557 36.02 3841 37.11 3476 3458
L5W 42.42 . 4208 4373 42,93 4087 3962
L6W 4820 47.04 4922 4801 4663 477
LLL 41.12 40.78 4281 4129 41.12 39.77
LLR 41.09 40.84 241 41.11 4093 3967
LALD -0.38 -059 5.29 5.63 -354 510
UALD -065 -072 3.24 425 -4.46 564
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U
mean 0.02
SD 0.12
ABS mean 0.10
ABS SD 0.08

a 9985

T 9

Repeat Repeat dim
-0.01 0.07
0.10 0.82
0.05 0.18
0.10 0.80
9989 9973
9979 9946

Lt-Rt : differences between left and right tooth size measurement
Repeat . differneces between 1st and 2nd tooth size measurement
Repeat-dim : differences between 1st and 2nd arch dimension measurement

ABS : absolute value
a : Cronbach’s alpha

r ! Pearson’s correlation coefficient

Table 5. T-test :

Intergroup comparison

o . p<005 o0 . g
12 L3¥F  USW Uaw
L3W L 16 U5 LASM 13 USW  USUM
L5 L2 LLLLL USW  LSUM Us UL
34 L5W I3F R USW UG USF  UIR
L6W 4 U UASM UG UL
ut AW UAW UASM ULR
13 L3G LR UsG LF UL
5-6 L6W  UAW ULR U3F
LLL  USW U6W

3. U3W-UBW, L3W-16W : AX &= X &4,
= iﬂ—r%’ tﬂ?zlb 3’3?3% AT}

7] 7

5. USF, L3F : Axj¢te] 547 7

6. ULL, ULR @ &% 2ot A1 72 94 HEH
A FAAN AEH FHAY A

7.LLL, LLR : &% ato} A% 24 dZ4
A=A x| 7¢ HER 9 A7 A

8 UALD, LALD : 73tete] x93 ZHo] Hzx3l
(ALD)9| <. AR A LEF Hol(avai-
lable space)oll A 2o} ZYAIZ7e] F(USUM,
LSUM)S # 3k

9, ABOL : A3sle} 649 Bolton ratio

10. BOL : A8tet A1d) 72174419 Bolton ratio

11. UASM, LASM : A&t} 6821 9] 294 7 3}

12. USUM, LSUM : “38tet A 17X 742 o] *]o}e]
94 7 F3

MY

. HAFNMA

AA S} A™, ALDY whet BRE 2] AEX
B-E Table 2014 37kA19) YElT) AlEe] A
A =E 93 =4 E A(Table 4) 253 559
2ot Atololl = B 0.10mm, HHE=A 3 A$ X
okel Z7 A= 0.05mm, X EF9 A7 e 018
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Table 6. T-test : Intergroup comparison

CHRImEA 27H 35, 19974

Bol Usw

1-3 LLL Udw L3w A UsG ULL
L3G LLR ULR U3F Usw
Lw U6 L1 Lew U4wW
1-5 U2 uew 14 LSUM U5
U3F USUM L6 LASM USW
Ul L3F UASM L3G LLL L3W UsG Usw
35 USUM LLR ULL L5wW Usw AW Usw
U2 L6Ww ULR U3F U4aw
15 U3F L2 L6 U5 LSUM Ué
24 UG Usw L3 Ul UASM U4 USuM
Usw 14 U3 U4w
L3w L5wW U4w U3F L3F
26 LAW L6W Usw UW L3G
LLR U3G
L3wW L5 L1 16 U4
U2 LLL L2 L6W U4wW
ULL LLR L3 LASM U5
16 ULR Usw L3F LSUMUI Usw
U6 L3G U3 UsW
14 USF UASM
4w UG UsuM
L5wW

Table 7. Pearson?| correlation analysis - coefficient ( -0.5 or » 0.5, p < 0.01

13G

L3wW
L5w
L6W
U4w
Usw

variables

LAW
usw
UsG

U4w

AW
5w
Usw
U4wW

Usw
U3G
U3F
U4w

L3G
L3F
AW
L5wW
L6wW
U4wW
UsW
Uew
U4
LASUM

L3G
L3F
LAW
U3G
U3F
U4w
UswW
U1
U4
USUM

mmP =8l o7} TPZ F YIS ¢ F U
VAT ZEATE Hof ojy AHTNR FE
of eatehal HTHNY. A AFXNEL A9 BE
Hote] A7) NFGge] A7)A Aol JHET
2 A%E B}, crowdingT & spacing 2.6} X]o}
9 A7l An AETY A7le AL A 2tk
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Table 8. Pearson®| correlation analysis - coefficient ( 0.4 or ) 0.4, p ¢ 0.01

_ crowding

L6W
LLL
LLR
U6W

variables

. spacing

14
L5W* L5 L5W
L6W LASUM U3SW
UewW LSUM’ U4w
LI’ ug U4’
L2 USUM
L3

" coefficient < -05 or > 0.5

Table 9. Multiple regression analysis - LALD dependent

overall male

crowding

female normal spacing

multiple R 9363 9304 9636 3216 3383 9778

R square 8166 .8656 93381 6750 7028 9562

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

multiple R 9890 1.0000 1.0000 1.0000 1.0000 1.0000

R square 9782 1.0000 1.0000 1.0000 1.0000 1.0000
Table 10. Multiple regression analysis - UALD dependent

 overall male fermale normal crowding spacing

multiple R 9528 9582 9728 3493 914 9835

R square 9076 9181 9464 7213 8379 9672

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

multiple R 999% 1.0000 1.0000 1.0000 1.0000 1.0000

R square 9991 ~1.0000 1.0000 1.0000 1.0000

1.0000

o} AotAzle] Bt AZANA F23 2ol B B
ok 273 479] Bl aeo M E AL BE ol A9}
AR (GZFe] A7oA, 237 679 H R E X
T 279} FHHE B WMol F9@ 2o
£ B9} ofd 77t v 2 A E Bolton ratios
o3t Aol & Holx| eksir},

ALDS} 7} ®Wgote] ARTAEZ LolEI| T
Pearson®] 4 ##AA A A7} Table 72 8 e}
Wtk YRS 82 AFXE Z7j0] 2 AARA

ot} crowdingwoll & L4
W47} spacingdtoll A& 4%
g9 A7|¢} Fole) A71E vl ©gUt vl
2 ABRAAE BATh

7} x|ote] A7) G T2 2719 ASAQ 28709
HAEE o] g3t B4, 943 crowding, spacing,
agw Zhzte] Al ] tFdAEY S AAISAT.
2 A7} Tabled<H 0744 veh3iel. 44, ALD

o et FAE ARAFF Foll WLRER LT

!
—

N
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Table 11. Multiple regression analysis for prediction eguation - LALD dependent

CHXmEAl 274 35, 19974

Ul -1.5887 -1.0761 -2.7570 0.1995

U2 -0.7223 -0.8724 -0.3810 -04115 -0.3259 0.3102
U6 -1.4652 -1.7335 -0.3923 -0.1663 0.0484 -1.3730
Usw 0.0746 -0.0135 0.2451 0.0615 0.0338 0.3231
ULL -0.0275 -0.2774 0.3975 -0.0265 -0.3473 0.1674
ULR 0.3879 0.6360 0.2055 -0.3143 0.2479 0.0498
L1 -0.3656 1.0339 -2.3446 -0.2348 1.2180 46677
L2 2.7047 -3.5005 -0.9840 -04114 -2.0678 -0.8220
L6 -1.6820 -1.6491 -1.7760 0.0112 -1.0428 -1.5672
LW 0.1971 0.2997 0.1552 -0.0204 0.0821 00724
LLL 05551 0.7335 05218 0.1924 0.1882 0.5604
LLR 0.6743 0.4679 03772 0.3257 0.7330 0.5586
constant -10.1912 -13.0286 -11.9263 -2.2813 -17.3682 -1.0914
multiple R 8557 8288 8986 5838 6659 8783
R square 7323 6369 8075 3408 4434 7714

Table 12. Multiple regression analysis for prediction equation - UALD dependent

Ul -3.2646 -2.2558

U2 -1.55%4 -1.5219 -1.4568 -0.5176 -0.3623 -0.7437
U6 -1.8734 -1.4047 -1.7894 0.3861 -0.7135 -1.0542
UswW 0.1363 0.3079 0.1385 -0.0408 05182 02235
ULL 0.2140 0.1676 0.3300 0.0834 -0.1631 0.2353
ULR 1.2208 1.3004 1.1789 - -0.0557 0.8701 0.8982
L1 0.6072 0.9642 -06537 1.0248 1.1006 -1.5111
L2 -1.15%4 -2.4476 1.0754 -0.269 -0.5417 1.3302
L6 -1.7456 -1.9584 -1.6310 0.4468 -0.9287 -1.8377
L6W -0.0356 -0.1858 0.0981 -0.0375 -0.3950 -0.0516
LLL 0.1932 0.2768 0.1600 0.0626 -0.2321 -0.0018
LLR 0.2759 0.2454 0.1462 0.0176 0.3102 0.1984
constant -9.4053 -20.0365 -9.0832 -4.4176 -9.8424 -11.0997
multiple R 8478 8317 3816 5736 7302 a397
R square 188 6917 771 3290 5332 K71
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Table 13. Correlation coefficient and R square of prediction equations

PML . PMU
multiple R 7954 8168
R square 6326 6671

PRy

o

8942 8731
.8009 7623

PMLI12 = [2(ULL+ULR)+6(LLL+LLR)+3+*L6W1/10-[U1+U2+L1+L2+2(U6+L6)]

PML = PML12-12

PMU12 = [7(ULL+ULR)+3*UsW+3(LLL+LLR)-2+L6W)/10-[2(U1+U2+L6)+U6+L1+L2)]

PMU = PMU12-21

PFL12 = [3(ULL+ULR)+4(LLL+LLR)+2(U6W+L6W)]/10-[2(U1+L1+L6)+U2+U6+L.2]

PFL = PFL12-8

PFUI2 = [8(ULLAULR)+1.5(LLL+LLR)+U6W+L6W]/10-[5+U1+U2+2(U6+L6)]

PFU = PFU12-3

Zdo] Bzl ¢S A HAFT FUSST E F A
At

EIA L7 ALDY & cdE3iE A==
A, EFAL7IAN S e 4R, X, Al
7o S ER T AR TR 2, NEF A
BT 129 Mg 71 g5 AEN S AJast
of Tablel1#} 12¢] AZE AT} 0|5 Ul A&
317] fjste] 7t Wl B3 Al ABFE S0l
Aestd duie) LALD, UALD®| #3F prediction
equatione 73t3l 11 dESEE Tl Bt 1 E
#E Tablel3o YeRHATH

V. &Z 3 1ot

1. @_?EH/&)P al |:|H:H/\PO| %X—”@l

Ag vl & Slg
Mills®, Sofaer”, 2352 2492 xjo}zte] folgt 2}
ol7} gltkm F33ldtt. Shelthart™& 3mme]4+el
crowding< Eol& VA FAES 24X A 8F
539 EPASES Bt AAF FddAe= Y
24mm, A1 FA7AA 9 F3he A 37mme] At
7} AT des Badtgov RSP easE A
AbetA] kst ol AgoM e AA=HAE 48]
&3 15%, 3070 ¥ T WESHA Y] AolEA

I

2

%3HUSUM, LSUM)Z} =0l 7} 0.5mme] ol - A
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row

38 2. Scattergram:ABOL - BOL relationship

i

= Ut} &3 spacingF 9] FHrldle ol R E
& A& S gloh brass wireS A3 uhg
A EZ Zol(available space)E Z33}7] YA

Bz Gl LA wireE AZ-FFH AL FT &
do-glofaty o] FFA FA a7t SR
AUt oW AFeAM = T AFArt BE 7Y
33 W&t oAE AU FolxAl syt

do

o ~f» a2 rlo o

2. T6HA| Qe [IZ 9steol

ALD®| ol 93< nld + e e 842
SpeeX] TEE = 4 91t} Root™= 1mme] SpeeX
W29 levelingAl Imme] X EF Zoj7l R3&tin
stgem, Proffit’& 0.75mme] ¥ dol7t o
stz stk 238y Germane®o] wEM Spee
ko] zlo] s} o] 9] levelingoll B L3 X FF Aol2
G2 NGz v EA] om 4mme Spee T
FA Ha 0.71lmmel A Hdl 1.87Tmme] g3 Zo]
7b 27901 ST} Bran® e 33944 AFE &
B71E o83t BYL ST AFolA Y(ALD) =

466

0.2462 X(SpeeX] ®H9] o)) - 017238 = 2HE
Atk a2 XETE 54 FE3td FuH=E g8t
Ak SpeeX| THao] 939 44& Wk 7835
w ol 2 Ggo] AA T FFriEw 7)E X
Al B 3ol 8 7HIYD 7MH2 leveling mech-
anicsE 2% A&7 wio|gtxn AT 19
W 2H 4mme] SpeeX #49] levelingoll 0.8mmA =
9] 27lo] 879}t Andrews”:s Spee#] THZo]
25mm7IA & AT s EFe ok d7idS
4mmU] 9] Spee¥ THEE JHF AS-E SR
H9 AT AHREC] o] AR I E IFS 7
A7 etk Basgrld ofd dFddAe 1 4
o] A mAE A Fgrort, SpeeX WOl
ALDd| vlx & &) Ao o2 AslEo) #gd A
F7h o 488 Ae® AlRdnh

A3 9] Gl Bl B =T o] Yot
th. Little™®& A3h 727t ALDY wlXe 9L
AR Jedn F4ag o) Sillman®e 379
Zae @A dxrgle 7|91t FHkX|ole] 2
Ao ol g gk A gloka st A3 T3] 9



Vol. 27, No. 3, 1997 Korea. J. Orthod.

AES A3 Vego' = 81ete] A% ALDe %
Fhol AZATFA 7L FAE FFE v Fka 23
t}. Richardson™& A3t 77} ALDE Z7}A7]&=

o) 7]t ARkl xlOEJH g3o] ¢ T8t
a1 F38geh Forsberg® % ol9b A1 A2
Ig REIFoU T JUR T d¥YHo] gant
At} Lindgvist®™= A3t 727} crowding
W 93¢ & S5 dou o= A7
UAZ =g BE F USAE @ﬂ#o}t
i #8t9ith Drage” s A3l &
Q91 FHE ¢ FelE A v

[e31}
ﬁL

s

o

o
rre

W2 e R
w
2 o
L2 g o

(o]

L)

e

N
0
>
Y

A7y EA A

3 Basarh oy A E A3 EX Y §Fo|
Fatol = )X ggton], Fo R ofF WMo T
AN AF7 Bas Ao B

Aot Ajetar)7he) 23RS HEL A u
FP4H opdel vif Fodttn AR I 3l
om Ao AR xole] AFslebzre] v g #gh
2L ATt ol g we Bmand AAE
oA olE vl &< B2} HuHo] gtom oo A
RE H& stebAAe] wA, reproximation, Aot &

= 777 fE FEA R, AFY 24 ol
HA=o] i iz forE Y ol AHeH

A Arstel 2ot Z7 o] u]Ql Bolton ratio?}e H)
£ 5 A2 Fd A= FARHY SR
Hah7t §ol o] & gA3] iAol ALshride &
7} ok Ha®x ubxE v gt} ol AFoA|

AALZAZE B(ABOL)S] HEFHAE 234
297%2 A A 2ol£AE vl(BOL)S] AL 164~
242%H.t} 7 o1 o] & Bolton™ 0|1} Stifter™e] 23}
o} whoo] a1 Freeman®™ v} Berger'®, Crosby™e] H.
A= FARE Aaje|th 5 /9] Hlgo] o= Fre]
vl #Alo A7e shh(Fig. 2) A B IA A
O FoAHE AT v &ol ¥ & FFHAE B
A AL el FEAY e e A= HHAY
gatelzt Aofar] Hxst A FWstEo R BAE
& d5s delerin gAY o= B R
ALDS] <3} 5 ¥ &7te] A#AE veh A ¥k
on o olH9] drETE B ol FEo| e
Yol A e atel Aoigte] Bl&zlo]7t ALDE €2
71e 2349 84e HA Egs vehdta 47
21=3

rél‘-{NléJlﬂ.uo}L

l

x|ZF o] Exstel 7ol iEE0 Ret A+

AR BA3 89N Aite XETY &
H-53] AP ¥ £73-°] ALD9] "Wr gtk ]
S Ho|m gt} old #eld Howes™e AT 5
7 BZo] crowding?] F+ Al #¥u e F
ololgba AgFstdon] hEE9 crowdingZ 311011/\1
NNAE 3L Aoy ARRY Y XNET A0
BEIS Holn oy 759 EAlHL FAAFA
th. Brodie®& s To] A hd mxe A&HQ ¢
o7 Qg NdF FHE Folv dFe Vel +
otiz AFe vl gtk Frankel33) 2 A 83 S
so gl g 53 £7ARe SRS Ko™
ol vlwd e 4 Heltn BIH At

crowding £ o] o = EH——TLX]ED} L2FAF FH o]
Z g sty +3 }5 H} ¢t} o] 9ol & Mills”, Howe"
=0] crowdingd Edol ol e ATAFE F759
Pﬁé;; Buslch 7] A5 ol AFEH
e B wPANRE AZY FHA 27T F
JJr Zo| thA] 93 functional matrix] < gkl
Y adst & o 288 ez oA
2AAY AgH A BAZA A HAAZL F
A FaAe ol AEEd oata ZxE H U
B A g3 Ao Bojsie AARFIG AN B
2 0}-‘: tertiary ALD" o] glolxe) #22& 98 ¢
Ay 9l oy crowding®] ¥elel &3 A=
1 Qo] AA goke FAE B ol A7)
AE crowding®l| X £3) Holye AXF ¢xlo) %
o) JFE ZAE A} AR AT %%%’%ﬂ A
Astach A7 A3 AX T FAL 27 crowding T
o vlad 2 4FS 71X AR eyl
Aetath stete] ALD7F 2 Ak Ztete A2
o]l 2ty Badul 9t Winders™ = Az o) A
234 Bilo] g2 1Yy B A& qhgo] A
5}"17‘47'4 E £29 <dEol F& HuIATh
Brader?= 71o] X|dZ9) oA &) Plpressure)
R(radius) = Clconstant)® WEtE o|&& &3t
et A Rt b sl g Fo5lE B
ol ul 9t} Ricketts®E }etEo] arcial growthE
AWM AR F7 e g4EE W] ASS B
A} stetel ALDEAS sted Euldal Adwst
27 e AECE e s AR
constriction 3ol &t A7 % o] Ra¥ 1 Q)
t} ol¥ AHoM% slete] ALD dAl= & 33

467



0
e
3
02
[
=

< HAFIH.
4. ALDY| 0iI=

ALDS %& EFAEIAA o Ze 7] delM e
oletH Ro] A7 sle] #3t X0 Fasict EF
X g9 et A7, Aol ARle] E wi7x] A7le
wzte] #ated o] 7x AFEo] Yol gk Knott®
£ A2LTA R EAd o s A Wt ¢l
on gete ozt 713, AXY ERL shealA
ommAE Z713 3 39t} Barrow's P2t
Z73L& 7Moo} Zas) A st glew 373
& FAE ¥y dAe 1.dmmAE Fadtn
233} Sillman™e 374 Ao W} glon
YAt 2L AR AL 3mm, e
L5mmA E F713H o] Fol hdEtha F43H
a, &% g7 TAL AL 2-3mm, et
1-2mmA = F7He A4 fANE AR <
FAL dAstn 1 e I Fide AT
2olg Baadth §° LU TATEA0| ARE A
o] Wzl gloy YAE 2-3mmAE SUKHE B1
3 u} 9l Sinclair®E a3 <] ®Wslst o] 717t
Z A9 gk BastAh. Ricketts™ & 713t Z
Ae A AAL I AAhEH LA RY Z
AENATe s At AAFY NGF dole &
& Hzrt A9 gidka stk Mew™ e 749
WatE AAQY AFEAR we dadn F48
gk A919 ALDS] A& 93l 97D &7,
A7) TG w2 R Hl3l o grtete
BE duz ot 99 dEAAAY o}z B
d 247} gidke A S Qs ol 474
o] thd e AP Ae-E adA FA E
g7 Aoz Algdr). ol dAFdA e HluA o
B oA HFALE Hud xR EAH K
of=7|THE o] &3 ALDQ| &g AEdlont 1
&7t ¥tk & o] &3 ALDS] &S 98iA
£ EFRGAA dele] 2 di7x e &7, 373
Wsld #g A7t o 9ed Aow Algdch

ARG 9] kA wske Qe o
AEE Hole XGZ9 A EAF Y o]}
AgFo] okerde] 3aAAQ TR YA g
Z A8 A, 3, FPAsL A2 AT #A
E 77 HE A0%0=0) dg) 0L thad A A
-5 ZHA| "t 53] stetel A g ete] #A

468

OiXILAER 27 3%, 19974

o mat Ax)Re ALDFe] A 48 A B
Bishara'’®} overbites} 8tete] ALDSEe} 23430 2
T B3 9A] o]E 2w A AFHolof & Aojtt.
Overbite} overjete] 334 Z9 ¥Wsle 7i71<1
tFgo]l AA dZo] oy UAZ S
g wgkale 497 Bui% 7129 478 Rd
wa} o] oA ALDS] oS 9lof olE] A
AR Fo WEE na A gkoy o|g9 WY
A3 ALDSHY] #Ao] A A7t do2 o g A
o2 Atg®n.

ofebw B9l o] A& utA o loA] functional mat-
rix, 3] capsular matrix® orofacial capsule®] F£
3 Aghg e T LA Yo olE d2ARE A
ol5e] Y2 M AAFET D 2F F Ao
ol5o] Wizl FH o #E ATV ufzd o)
3 AzF RN 71943 F& st A B2
olglgo] way, Yxdez dsf, A, ¢&Fe
NEAde 4&9 ggo] AA3 Ax MFAdE
Az P29 228 (muscle tonus)°] #8E ©]
FoE AL BoF Xote] fX & o8 ¢ AH
o] 484 o8 FH9Hn ofF 2 Yo Ao
(1.68gm/cm’ A= D)o M= Hofglx o] W3
2 AL F 9w (dFe 2719 FEd
#A3 AT o|E ‘equilibrium position’e] ¢} <}
A% g2d B A7rF dasichn st o 4
TFolle AZxAR #AF anH/F PP gz
ALD$t 7 AEZ5-9] =38 a3 FadA
o B3 A7 et gn AR

ATl AN E weul e A F
717kl AR ALDQ] W3l #3 ATEL A" St
o Wt ALD7} Svhete A Holu ALDS W
g 53 & Y 82E FHE dHES
Basta JQopPES oje ALDA 9FS WX e
8450 Bn Bad AsdAE Za 7] Wil
Ao Holn] wehr] HEE 2 dQU8LES F
e FAES ALEE TAAQ A7t Fa Aok
T primary ALD"9] &3} o] AF% 4 ¥rE
o] 43S ¢ 5 glegH Al o AFdME
2 AAE YS9 35 3Pt ssdd o
ZA B8 AgE o 22 3] A 9 o2 @
FES 23 A7E0] 9% Festeg ALY

ALD®] dZo|& ulito] T3l fAFo=R AR
9 2R3 A3 Aol FRHOE VI aYlE
A4 Gkl 7 HE & Dotie Hojat &



Vol. 27, No. 8 1997 Korea. J. Orthod.

F Utk FAFEEEA A Hole 01% o] Ao}
A7) ZAolFolA & 4 d' HAH, &L 78719
E4g 343 °"5‘“318°]‘4 7H7ﬂ?l°] —?—%ﬂ;ﬂﬁ’—i 4
A E 354 M T o] R e A
Y ol o Ze BEFHAG S 9 IA wED ofFd=
=o] ¥ el ohE ALDE 71 Fdld oju g
A 8-, debEe ), A 2F /)X (remo-
deling)®} =, T 71%W3}, reproximation, 7§17} %)
ofe] 2 ExA B-& AMHE-She Flo] 7HE AR ot
T3 ko] AP o] 9 22 ALDY oSl #3
SR A8V QoA A HE BN FFeta E o
B2 249Ut 598 4 e JAdH? NuAES =
71l A 4 UA E Aot}

v.2 2

Angle¥ 1§ tFx#AlolH 275 ool
Al o o] gittn AtslE 1429 AUR3
< o] &3l A} ALDE] Fel wat AA TR
Fo] Z+ Aol AV} ANEF 2t B9 AVE A
Z31] Y. SPSS BAAE Z2aY g o) &t A
ol P, EEAAE F8}aL Student t-test, FHTA
A4, 98N, g3 AR S drstd ey £
G714 D& F e ABES 0|83 ALDY
S7ted S Hrletd s 28 235 4tk

L ooft i

=

—

e mE Rpole FAATANE AY Kol &
ko spacingm2 WHEES] AZA A, crow-
dingT& 27FA] X439 A7]ol #ek ASA
A Fog AolE BT

2. @A crowding = {2} spacing® 2 3E
of vja] F2 XotA7|o 3 ASX X
Aol & HEth

3. ¥ & spacingw ¥ A A} crowdingw2 d AT
o vl3) XNEZF A7l #3F ASA A o] 7
Aol & HHT}

4. BBBJAEALT 9AQENATRNNE T2 NET
9] A7) #I AZHEo| ALDY & AB/AAS
YERAATE

5. EFX G0N & & e FER] FHA, &%

A, AR e} A7 AT E3, (LT

G735 o] &3 ALDS] thF3 &AL 4 63%

A Ao 80%Y IZ%(R square)E R

3¢

8
9l

=

; F

o

XEZ 20| #xste] 7jo{eelnt WEZ Tet H

Z2DEdE

AGE AAFAXT HFolMd H3 AT viXmA] 1978 ;

8 7-17

GEA, 329 gl AFAFeE A7 A wA| 1994
;24 1 247-273

3 EAR, &34, &G0l 97X 294 ER viAe 9
g R wHA 1995 ; 25 1 M47-451

4 RAE d=oe (T B GF APA 197 ; 13 ¢
51-56

5 £33 oA, AAE, A¥% ¥ 6-174 obge 83T
Bgo] AR 2FHA AT AARTA - (BT F4Hst
thxjmA] 1996 ; 26 : 225-239

6. £93 33 A1 29 BN 9T Ao R FA A
AT A wAA 1991 ; 21 : 273-284

7. %A il»hﬂé kel A& 0 2 ERAL 199% 5 39-57

8. 0173, o] ¥ Crowdingol| A Xotar|sh G A7 skel &
Aol g @:11. YA aA} 1988 5 18 : 217-225

9, &9, 27) arch crowding® &) &3 AT A 2A) 1983
; 13 1 205-208

10. Z98, 4. AA R Aol he] B mFA 22 YA
WA 1984 5 14 : 229-236

11 H93, vl ™, xole] Ao JFE Fi= Kol oo 2
719 Adol B EATE A7 dATHEA 1984 ;5 14
263-272

12. Andrews LF. Straight wire the concept and appliance. San
Diego : L. A. Wells, 1986 ; 13-43

13. Ballard ML, Wylie WL. Mixed dentition case analysis -
estimating size of unerupted permanent reeth. Am J Orthod
Oral Surg 1947 ; 33 : 754-759

14. Barrow GV, White JR. Developmental changes of the
maxillary and mandibular dental arches. Angle Orthod 1952
; 221 41-46

15. Begg PR, Kesling PC. Begg orthodontic theory and techni-
que. 3rd ed. Philadelphia : W.B.Sounders, 1977 : 7-86

16. Berger H. The lower incisors in theory and practice. Angle
Orthod 1959 ; 29 : 133-148

17. Bishara SE, Chadha JM, Potter RB. Stability of intercanine
width, overbite, and overjet correction. Am ] Orthod 1973 ;
63 : 583-5%

18. Bishara SE, Jacobson JR, Treder JE, Stasi MJ. Changes in
the maxillary and mandibular tooth size-arch length
relationship from early adolescence to early adulthood : a
longitudinal study. Am J Orthod Dentofec Orthop 1989 ; %
1 46-59

19. Bjork A. Variability and age changes in overjet and overbite.
Am ] Orthod 1952 ; 38 : 779-801

20. Bjork A. Variations in the growth pattern of the human
mandible : longitudinal radiographic study by the implant
method. ] Dent Res 1963 ; 42 : 400-411

21. Bolton WA. Disharmony in tooth size and its relation to the

analysis and treatment of malocclusion. Angle Orthod 1958

469



02
o

23.

24,

25.

28.

29.

30.

3L

32.

36.

3.

38.

3.

41.

=]
fob
09
[
=

; 28 1 113-130

. Brader AC. Dental arch form related with intraoral forces :

PR = C. Am ] Orthod 1972 ; 61 : 541-561

Brash JC. The etiology of irregularity and malocclusion of
teeth. The dental board of the United Kindom. 1956 ; 121-
126

Braun S, Hnat WP, Johnson BE. The curve of Spee revi-
sited. Am J Orthod Dentofac Orthop 1996 ; 110 : 206-210
Brodie AG. Muscular factor in the diagnosis and treatment
of malocclusion. Angle Orthod. 1953 ; 23 @ 71

Carey CW. Linear arch dimension and tooth size. Am J
Orthod 1949 ; 35 : 762-775

. Creekmore TD, Cetlin NM, Ricketts RM, Root TL, Roth RH.

JCO roundtable diagnosis and treatment planning. J Clin
Orthod 1992 ; 26 : 585606

Creekmore TD. Physiologic drift. J Clin Orthod 1975 ; 19 :
749-773

Crosby DA, Alexander CG. The occurrence of tooth size
discrepancies among different malocclusion groups. Am J
Orthod Dentofac Orthop 1989 ; 95 @ 457-461

Doris JM, Bernard BW, Kuftinec MM. A biometric study of
tooth size and dental crowding. Am J Orthod 1981 ; 79-:
326-336 '

Drage K], Stephens CD. The effect of third molar removal
on the size of premolar extraction spaces in the lower arch
: a case report. Eur J Orthod 1992 ; 14 : 445-448

Enlow DH. Handbook of facial growth. 2nd ed. Philadelphia
: W. B. Saunders, 1982.

. Fastlicht J. Crowding of mandibular incisors. Am J Orthod

1970 ; 58 : 156-163

. Forsberg CM. Tooth size, spacing, and crowding in relation

to eruption or impaction of third molars. Am ] Orthod
Dentofac Orthop 1988 ; 94 : 57-62

. Freeman JF, Maskeroni AJ, Lorton L. Frequency of Bolton

tooth—size discrepancies among orthodontic patients. Am ]
Orthod Dentofac Orthop 1996 ; 110 : 24-27

Germane N, Staggers JA, Rubenstein LK, Revere JH. Arch
length considerations due to the curve of Spee : Mathe-
matical model. Am ] Orthod Dentofac Orthop 1992 ; 102 :
251-255

Graber TM, Vanarsdall JRL. Orthodontics : current princi~
ples and techniques. 2nd ed. St Louis : Mosby, 1994
Graber TM. Orthodontics : principles and practice. 3rd ed.
Philadelphia : W.B. Sounders, 1972

Hixon EH, Oldfather RE. Estimation of the sizes of
unerupted cuspid and bicuspid teeth. Angle Orthod 1958 ; 28
1 236-240

. Horowitz SI, Osborne RH, DeGeorge F. Hereditary factors

in tooth dimensions : a study of the anterior teeth in twins.
Angle Orthod 1958 ; 28 : 87-93

Howe RP, McNamara JA, O'Conner KA. An examination of
dental crowding and its relationship to tooth size and arch

470

42.

43.

4.

45.

UIXDAA 27H 35, 19974

dimension. Am ] Orthod Dentofac Orthop 1983 ; 83 :
363-373

Howes AE. Arch width in the premolar region-still the
major problem in orthodontics. Am J Orthod 1957 ; 43 : 5-31
Jacobson A. Attrition of teeth in the south african bantu. Am
J Orthod 1972 ; 62 : 74-8

Jacobs RM, Brodie AG. Tonic and contractile components of
the oral-vestibular forces in young subjects with normal
occlusion, Am J Orthod 1966 ; 52 : 561-577

Knott VB. Longitudinal study of dental arch width at four
stages of dentition, Angle Orthod 1972 ; 42 : 387-3%4

46. Lindqvist B, Thilander B. Extraction os third molars in cases

47.

49.

5L

2.

53.

57.

59.

60.

61.

. Little RM. The irregularity index :

of anticipated crowding in the lower jaw. Am J Orthod 1982
; 81 ¢ 130-139

Little RM, Riedel RA, Stein A. Mandibular arch length
increase during the mixed dentition : postretention evalu-
ation of stability and relapse. Am ] Orthod Dentofac Orthop
1990 ; 97 : 393-404

. Little RM. Review article - stability and relapse of dental

arch alignment. Br J Orthod 1990 ; 17 @ 235-241

Little RM. Stability and relapse of dental arch alignment. In
Hosl E, Baldauf A, ed. Retention and long term stability.
Heidelberg : Huthig, 1993

a quentative score of
mandibular anterior alignment. Am ] Orthod 1975 ; 68 :
554-563

Lutz HD, Poulton DR. Stability of dental arch expansion in
the deciduous dentition. Angle Orthod 1985 ; 55 @ 299-315
Marcotte MR. The use of the occlusogram in planning
orthodontic treatment. Am J Orthod 1976 ; 69 : 655-667
Mew ]. Relapse following maxillary expansion : a study of
twenty-five consecutive cases. Am ] Orthod Dentofac
Orthop 1983 ; 83 : 57-61

. Mills LF. Arch width, arch length and tooth size in young

adult males. Angle Orthod 1964 ; 34 : 124-129

. Moorrees CFA, Reed RB. Biometrics of crowding for iden-

tifying and scoring occlusal disorders. Am ] Orthod 1971 ;
59 : H52-567

. Moyers RE. Handbook of orthodontics for student and

general practitioner. 3rd ed. Chicago : Yearbook Medical
‘Publishers, 1973
Neff CW. Tailored occlusion with the anterior coefficient.

Am J Orthod 1949 ; 35 : 309-333

. Nimkarn Y, Miles PG, O'Reilly MT, Weyant R]. The

validity of maxillary expansion indices. Angle Orthod 1995
; 65 1 321-326

Peck S, Peck H. Crown dimensions and mandibular incisor
crowding. Angle Orthod 1972 ; 42 : 148-153

Proffit WR. Equilibrium theory revisited : factors influencing
position of the teeth, Angle Orthod 1978 ; 48 @ 175-186
Radnzic D. Dental crowding and its relationship to mesi-
odistal crown diameters and arch dimensions. Am J Orthod



Vol. 27, No. 3 1997. Korea. J. Orthod.

Dentofac Orthop 1988 ; 94 : 50-56

62. Richardson ME. Review article - The etiology of late lower

arch crowding alternative to mesially directed forces : a
review. Am ] Orthod Dentofac Orthop 1994 ; 105 : 592-597

63. Root TL. Level anchorage system - 7§33 289, M&; &

A& AL, 1990

64. Shellhart WC, Lange DW, Kluemper GT, Hicks EP, Kaplan

AL. Reliability of the Bolton tooth-size analysis when
applied to crowded dentitions. Angle Orthod 1995 ; €5 :
327-34

. Sillman JH. Dimensional changes of the dental arches :
longitudinal study from birth to 25 years. Am J Orthod 1964
; 50 1 824-842

. Sinclair PM, Little RM. Maturation of untreated normal
occlusion. Am J Orthod Dentofac Orthop 1983 ; 83 © 114-123

67.

68.

69.

70.

7L

2.

73.

AET Ho| £A59] 7|0R01n HEL0| Bet AT

Sofaer JA. Human tooth size asymmetry in cleft lip with or
without cleft palate. Arch Oral Biol 1979 ; 23 © 141-146
Stifter J. A study of Pont’s, Howes’, Rees’, Neff's and
Bolton’s analyses on class 1 adult dentition. Angle Orthod
1958 ; 28 1 215-225

Tuverson DL. Anterior interocclusal relations : part I Am J
Orthod 1980 ; 78 : 361-370

Van der Linden FPGM. Theoretical and practical aspects of
crowding in the human dentition. JADA 1974 ; 89 : 139-153
Vego L. A longitudinal study of mandibular arch perimeter.
Angle Orthod 1962 ; 32 : 187-192

Weinstein S. Minimal forces in tooth movement. Am J
Orthod 1967 ; 53 : 831-903

Winders RV. Recent findings in myometric research. Angle
Orthod 1962 ; 32 : 38

- ABSTRACT -

CAUSATIVE FACTORS AND PREDICTABILITY OF
ARCH LENGTH DISCREPANCY

Min-Ho Jung, D.D.S., Won-Slk Yang, D.D.S., M.S.D..

Ph.D..

Dept. of Orthodontics, Graduate School, Seoul National University

The purpose of this study was to estimate relative importance among the causative factors of arch length discrepancy(ALD)

and possibility of prediction of the ALD in the mixed dentition.

The sample consisted of the casts of the 142 young adults who had no abnormal muscle function, no skeletal abnormalities
and Class I molar relationship. We classified the sample by gender and the extent of ALD, and measured mesiodistal diameters
of each tooth and the dimensions of the dental arch. The computerized statistical analyses was carried out with SPSS win

program.,

The results were as follows ;

1. Most of the variables of spacing group and some variables of dental arch dimension of crowding group were significantly
different between genders. But in normal group, there were few differences.

2. In male crowding and female spacing group, mainly measurements of tooth dimension were significantly different from those

of normal group.

3. In male spacing and female crowding group, measurements of dental arch dimension were significantly different from those

of normal group.

4, The measurements of dimension of dental arch were highly correlated with ALD in correlation analysis and factor analysis.
5. Prediction equations for adult’'s ALDs by means of what can be measured in the mixed dentition(mesiodistal dimensions of
incisors and first molar, intermolar width and arch length) showed R square from 63% to 80 %.

KOREA. J. ORTHOD. 1997 ; 27 : 4567-471
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