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Application of Superstainless Steel to Orthodontic Bracket

Sung-Uk Choo', Kyoung-Nam Kim', Kwang-Mahn Kim', Yong-Soo Park’,
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Esthetic has become an indispensable factors to consider when choosing a orthodontic fixed appliances. However, most of
the brackets used in orthodontics are made of metallic materials because those esthetic alternatives showed several controversics
like brittleness, deformation and discoloration. The AISI austenitic classes, 303, 304, 316 and 317 type of stainless steels are
frequently used for orthodontic metallic brackets fabrication. The composition of this type of alloy is 18 wt% of chrome, 8
wt% of nickel, 2 to 3 wt% of molybdenum and low carbon contents. They seemed to show relatively good characteristics
to fabricate the orthodontic brackets in previous study. But in hostile condition such as low pH containing chlorine ion like
saliva thcy might to be attacked by localized corrosion. The purposes of this study were to evaluate the microstructure,
microhardness, corrosion resistance, frictional resistance and cytotoxocity of 316L(MD), AISI 304L(AC) and experimentally
produced super stainless stcel bracket(SS). The results from this study were as follows;

1. MD and AC showed (Cr, Fe)sCe precipitating in austenite matrix. 88 showed small ferrite island forming in matrix.

2. S8 showed the highest polarization resistance(Rp). SS seemed to have the highest corrosion resistance since SS showed 0.9
X 10° MPY, MD showed 3.7 X 10° MPY and AC showed 7.4 X 107 MPY.

3. The friction resistance decreased from 3 days to 4 weeks for SS(P<0.05). MD showed significant differences for the
measurement of 3 days, 2 weeks and 4 weeks. AD did not showed significant differences to 3 days but increased at 2
weeks(P<0.05),

4. SS seemed to have the best biocompatibility since SS§ showed response index of 0/1 (mild), AC showed 1/2 (mild+) at
cytotoxicity test.

According to these results, SS secemed to have sufficient characteristics io fabricate the orthodontic brackets and superior
corrosion resistance compare to AISI 300 type stainless stcel which could lower the chance of nickel allergic reaction.
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Bl g AAlol] &8t A H& X|otel| A&
A Aol o vl S Fadt gXo|ng HAY
AR g 2422 712 glo]of 3| iL(Feldner 2, 1994;
Flores =, 1994), |99} 3z4930 AHE Eilsla
olof st g o} 4HH X dar avE 7] A
v Hzplel 27t AdslA AzE ook gk
(Creekmore2} Kunik, 1993; Matasa, 1990). 1=2]3L Hz}
AT} 28 429 npdA o] A 2Rl A%
Zo}9] o] &L AAlsle] X877k Al kg vl
AA HER upz|go] ztotof sfil(Arici®} Regan,
1997), Hepdle] - Hugh mjns Y npdg e
v EEo|a e 59 ARG WA ¢ glofof 31,
FaRete] 21, £4E vehliA e ok 54 B
el s B4 wah) Xotebe] AR 4 gl
o] AMALE Fl=dlol gk (Matasa, 1989; Wheelers}
Ackerman, 1983).

o} g @& HixE = Bl Al
Aeto] Aot wAo] A&xo] et 2RIl F
g2 FE£5 o) 89 o el A2l (Michael, 1988)
B EehAE (Feldner g, 19943 242 4w] 2 ¢l A&
5 ol &4 nejAle] AFE BAE 2 v} gy
2L ARE o]E3le] zole] 3XUAR FAR)E
fukst7] el A e AE 31e) dde] 7Hsslodok 3}
oz vlaA Feld Ade] 3 354 Relalo]
o3 1 FHE o]F 2 gt} FF HEbllE o 71A
A4 Helgeh A me] A4, A8 HXEE B
o]y, Sk wple Eo] FE 4A WA
o] dofut 78t torque forceoll ZAt)A| Kol HEHH
vhFeldner &, 1994). ©-%-7] Alz}a] HepAle] A5+
X7} whiE] 5 el AAA] WE-Aoe] A= &
AA-E 7FA I fltHArici®} Regan, 1997; Komori®}
Ishikawa, 1997; Olsen &, 1997; Pratten -5, 1990; Sinha
9} Nanda, 1997). re8l A& A7t BY F5o
AZE I Qe o] & Aeo|o] nld® F& yg
vhd, S5 Bl 8L ofudt Av)H 59 A
o= B ela FEZ Algd AHo|vHArcik
Regan, 1997; Bazakidou &, 1997; Creckmore$} Kunik,
1993; Matasa, 1990).

AP BE A o suielE Audles
702 AZE 51 lovk(Maijersh Smith, 1982; Matasa,
1990; Matasa, 1992) Deguchi £-(1996)2 EJe}g 8- o] &
3 A4A F4 vl ARl o] ¢] AAe] gt
A2E slglon, Platt 5(1989)- duplex phase 8|Sl

Bla7e 24§ neple Azl A8et7] A A
E ZgPsta Qlt

71E8] el a7t et o WERAA S Ve
e« AQdelaz 2 1980 )3 A9
ol 4] F8-31% 7] A Aslgl o 2Tl FulelA
= AR g, 1994). ofol] Abe AHEE
ZNAA] 2B 27HSR-50A, JHa)S o]-g3le] &
& REllE XAzl o] m|Al =, 378
BAE, €530 A9 v ey 9 AEEHAHE
Algsled ARE Hagcl

oAANIE S g
NS SN (== NSNS,

AAdt Fats FEFETellA NEer 20
A4 2E|9le] A7kl SR-50A%(SS) 22 U9 F
HE ARrsiar A3HE whAsly] $sted 240 cofming
&g GEtaE ool Fr 1100THA 270
E7F AXe gt £ A9 oFel g¥sle] 733} A
galoirt. 989 FHE DY AFer] Hsle
wire cuttingdt F o =w7}F, H7EE Folel €%
3} 9 9 JARE JHFssict. Ball-mill7b-g-g Esto]
Fi¢ Aupsta FRTE AHslgdck B dollAl=
018"X.025" 48 =7]e] Al AL standard
edgewise twin HEpAlg AAsHa H2To2E F
o Fieo HlAdlen AISI 316LE  AzEE vl
OrmeoAt¢] Mini-Diamond(MD)2} AISI 304LE. #)2Hat
g5 g4kl 9] ARCHIST(ACYE AH-8-319].2w (Table
1) o]&¢] AF-Z Table 2¢} 2},

AAele] wpEAGE AFE s 017"X.025"
rectangular 2 g]]2)2] A7} A A (Omco, USA)E A3}
a1, AHANEE LIG-A-TIES (TP Orthodontics, USA)
2 AgHdrt £8 A% P4 298 919
7t7ke] AlzARRE HEA 7S §eE Tt
@dTo] 1 v} Sk AWE S Ech

Lh o2 2

1. Bepl | Al7z 33

zbzkel HelAlg 3gho & epoxy resinoll Toljdt F
#2005-8] #1200 AF7A] EAH Q2 Aletol vl
3 0.5 g LTt BTt tolohEE Amg Ay
Aupsiglek. $Sv G2 187 FAAZ oM MD9}
ACE 30% 94, A4 9 4F FA ez 1027 &



Table 1. Orthodontic Brackets used in this study
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Materials Code Manufacturer Batch No.
SR-50A
55 Experi Product -
Super Stainless Steel perimenta] Produ
Mini-Diamond MD Ormeo, USA 7B291B
ARCHIST AC Daeseung Ltd, Korea 101-001
Table 2. General composition of orthodontic brackets used in this study
Materials code C Si Mn P S Ni Cr Mo Cu N Fe
S8 0.025 0.80 - - - 20 22 6 - 0.250 Bal
MD 0.013 0.39 1.76 0.028 0.008 12.30 17.54 217 0.24 0.015 Bal
AC 0.028 0.59 1.04 0.026 0.003 10.12 18.15 0.17 0.21 0.029 Bal

AN & F4580)7)(Versamet 11, Union, Japan) o2
d00uliell4]  mlAlFZE PEElYE FE2FHAA
(Wheeler$} Ackerman, 1983)] 28|98 ~7} 223} o)
z3lo] EAsl9dr}.

2. A7|8eE BAE AY

TF7Re @73 ANHsl7] Hste] AFeLH(elEY,
199DUlellA] A AT 9 59 AHEFAE S 3l
t}. 88, MD ¥ AC®] &AlE 7 s/ Enlskal A
He) b A 1 v} A-FEFHoll =EFHEF AHE 4]
HAZo) wgsigick AR A% 13 ARE AA
(cel)E 37CE FASt L 308 ARE] SHRe] &&
A48 glell7] Y&l A4 bubbling-g- A]3¥sl e -50
~100 pAS] SIAFE 57 7 BYAA T
BE W ASES A ok 587 N A 9Et
olA et A Z ). AR} §Ho| qbAst H F 50 W
/ming] &% & ANET 9 A9 ASETAYS A
sYald vt

3. X3 A v Y Ad

A7) 30X10X1 mno) AeQdelA7 nAR-S Azt
3L ol AF 2 me] FHE Hol 24 o] 7he3t
55 slglon o & ol Helll £29 @] 3
Zo| AP =E AT FHNA(System 1+, Ormco,
USAYE olgslo] Hebdle H&sigict. Exld 017
X 025" ~eQ12] 27} AANE 2 30 mm 7HE AhEE 7
& F2 ne|Rgg whEo] Hepled] Adsta 1Ay
#7} A& 9H54]% 7] Instron 6022, Instron Co., UK.)

o] 3143} = cross head speed 10 mm/min©. & 4 mn ©]5
st ofuf] o w1 gEE N E Fg300m
37T, 100% Aoisedl] Bt ¥ & FHUYLE 78
o7 19, 39, 2F, 43 A Fol YT Wiez
o ol ele-& 284 ckFig 3).

017 X.025 inch wire

Brackct

30 mm

30 mm

Flg. 8. Schematlc diagram of sample configuration
for friction test.
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4. AFEEA A9

AR agare}] HEm Aol 1 a7} HEF PiA)
g 7HE3le] 4881910 agar plateo]] HEA)7]7] A
ol| ethylene oxide 7} A2 Hysla HiE SFFE 4
el FAUzFL2E FeEHNPG, Albadent
Co., USA)E A-&3l93 SANZEF- 0 2= Polyethyl
- ened AHEE19.0H ol F HA HFHA] | avl ¥
%% 7tE 10 ma, A2 10 m] AALE D& AAs)
Gt AlHE 3404 Fujsiedch

E9ol W} L929M L) HGN3X107m)E wHE
% 90 mn2) petri- disholl A EX-G-H 10 mE A7} &
24417} wijokslodct. vhEo 2 wadEeR]E gt
F ufjokallE- AA &AL 45-50T 2] Eagle’s Agar medium
10 mlE 7+Z+9] petri-dishol] H7}sioq e}, A-&ollA) 308
ZF WAl mA|3yt H EBagle’s agar medium®] Z-o}
H-2]l] Neutral red 10 mE Xs] Hrlsto] Hwdell <
ANo] HAEE g 3 3087+ x)seivk 7 o
MY AAS 7t g wke] AHE ol w3
A7 EE 92 & 377, 5% CO, wljekr] glol|A] 244)7F
afjokal vt

petri-dish& WA 9]l 31 SNH HHe] =7 & &
Kol AR FE Fala AR B(CK2, Olym-
pus, Japan) ©.2 @AE B-9loflAq AEsL AHE vlE
£ Aliksto] AERARE T 37] AlH 9 49
g 8l AERRE HFslo] o] ZRE] MSATE 79

et

5. &AAE

A7|13eA BAZ9 HlsLollE One-way ANOVA
Tukey Grouping¥} Willcoxon Sum rank testg AM-£3}9]
ow, ME 9 AZFF7 el wHE ek v

A. 8§ X400 B. MD x400

9] B-Aofj+= Repeated measure Two-way ANOVA GLM
Procedure S A4-8-8}0] 95%2] AFFollA A&
A7Rsch

1R,
Oh ERI2 DINRE

Bgle) vl Tz B4 SSE 2. Aol E 7]
Aof| dgtol B7} WA 4] gkgkon], MDE .28t
olE Al ¥ el HAH vl Az g3El (Cr,
FepiCo?t AE8E BT, ACE 228}olE gA)
o] w)A)3 §3HE-9) (Cr, Fe)nCorb 2510w FeCrg 71
BzAog sl F47 3559 o Ao] A=
(Fig. 4).

Lt DB SAE

ol Fet Nl A HABFA YT TR ASETAIY
& A3Pste] QL A Table 33} 2L v AR
Aol 4] A KEcom)d B-FA83)E Rp)S 3}aL
FAS AYEFAHAA P aanodic Tafe)2t B
(cathodic Tafel)E- -8} Stemn-Geary Equation© 2 -
A A Fcorr(uhfen))y s FeHgiet. Z A FEFA ol W
Asg B35 SS7F fofslAl E9kow(p<0.03),
o] & ulgto g A FARAFE 7 Y-

MPY (millimeter per year) & AJAbx 32182 §$7} 4
F 091+02X10° MPY, MDE 37+1.0X10°MPY, AC
= 74420X10° MPY® S$S¢] BAZo] 72k Yo}
(p<0.05) WREAEA o] £442 Heloh w3l TA Y
A EFAH o Z o 7 AFL) FAFANA S§7t

C. AC X400

Fig 4. Optical microscopic photograph of microstructure.



71 5ol SR oM EAH 0 Z MD, ACEL.
2 ST ATAE B HEe Fe) TARE
Bt

Lt sx0t 6RQ| DIEMES

S35 Az oldAed A= Table 49} 7
%t ATAT SS= 37, 100% G ol Hiksl=
A|7ko] 7}t whel upEbA g o] Triehe kS
Hg o k(p<0.05), MD#} ACE Aj7to] F7hstel] whe)
o3|y wpAgHe] FrlelE FdS Jebic
(p<0.05). SS&= 3U7NA = R A7t whAsbA] ghokon)
(p>005) 2F8E 45714 [oeA TAsigled
(p<0.05), MDE 1Y K} 39, 25, 283 45 Fo) &
A QA F7 A L(p<0.05), ACE 3R §-9]
gk xlolE Holx] ghgkor) 25 ol f-oJ3hAl St
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1Ak} 45 Folls Al F2 g Aol & HolA] gk
tHp>0.05).

ch NE=H

A EEA A Agts Table 59} 7k} SS, MD, AC
B vkt WkSAFE ey e SS& A 1% 7t
A gL ke x| 4E ¥y

£2 3 14

234 BebAe ARl wel F5, A, Seks
8 21 SekkEe) 34 5% e Ega
g Algtelg E£3ele] THE ERYeR BRE
At 2719 plL 25 Ad|Qle| 27 of &ulo]
A g4 Hepgllo] FHE o) 7ol et A YA

Table 3. Values from potentiodynamic polarization curves

Code Ecort(V) Rp(2/cr) Teorr X 10™(uAfcr) GCR X 10*(MPY)
8S -0.26 1.0.06" 7556+ 190" 2.0+0.3° 0.9+02*
MD -0.30+0.02" 6126 +96" 79+2.1° 3.71£09"
AC -0.25+0.11° 3534 +307° 20.01.9.0° 7.412.0°
“ ™ © gignificant difference between materials in corrosion test(p<0.05)
Table 4. Frictional resistance force between bracket slot and wire (N)
1day 3day 2week dweek
S8 0.82 £0.31 0.65 £0.13 047 £0.14% 0.59 +0.19"
MD 039 £02] 0.99 10.24" 0.66 £0.21° 0.84 +0.24°
AC 0.54 +041 0.56 £0.29 0.80 +0.41° 0.71 +0.20
“: significant difference between tested periods(p<0.05)
Table 5. Cytotoxicity evaluation of materials tested
$5 MD AC +NPG) ~(Polyethylene)
Zone index 0~0 1~1 1~1 2~4 0~0
Lysis index 0—1 1~1 1-2 4-—4 00
Response Index oNn 11 12 2/4 0/0
mild mild(+) mild(+) Moderate(++) none(-)
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o] Ao g Zope}t FAR Mg e Aot
el Hapgle] 4wz ok Mgk Hall
ANaAA| 2 #gel vF A5 digrx] 7} vpRE| AL} tie
wingo] 4A| H-2lA = oz RASE A Ealar Q)
or(e]£, 1997; Matasa, 1992; Pratten £, 1990) A}
2le] o]efdt tHd& Betstr] g Eulad] nelale]
ANE ot ETAEL edgewise £F0 Z A-§317)
ol W FEoke s} S5 Bl 44 wAe]
Hobe S 231 QvhDunlap, 1989). Y3 A6l A
© B3 Hiple] HEwlE A4-E Fo17] Sl F
& 255 Adelda, ZAxe) WA FAE HAlo
ANAsl7] foto] Zelrelo)] Aate IS 43t B
gllg AR E sl

%719 S5 il FAE Walste] Azts
3 X)otete] HAE 93] 1EHele] 3l vl 7|
A EE of# 22 JRA7 § oA el SAE ¢
23 3ekA| F2E AFSI e o) Wl 158
witoll 7] AA ZAgte] frsiARt FA o] E3tslo] 2
A7t A7) &-Fo] Fa A=z} go] Ew M
Ao} 7147 gl 2 g8 A Aol AR il Zduld F4)
& 427)1= 9 FAE FAHMaijer?}  Smith,
1982). ol#jdt FAESE Hbslr] e LAY de
7bere] SE el 70y Zntell A UnitekAb
9] Dynalock™o] o] ubi& %3l Ay Az F&
Helglo]ut oluf i) dA¥ el vl e 4
g ofe] 7hA] Fe] £4)%)=ul, Ortho OrganzierA+2]
gz FHolut FEora-Ad ¥ (metal injection mold,
MIM) 3Y & EF vk 28U o|#g A Al
Z23H9 Hd 2 FHAA F=AE AAY o
AviZo] glojof 3lu2 FHE A FeE Kol
glo] $-A2o] WojArh= Zo|thKomorid} Tshikawa,
1997). A<ty vhgA w5EE AHsto] n47]
Al &) (micromechanical retention) 2 1= v A%
715 ek B dddlAe g ele] A
ANFeg Bl A AlAsick

B qdollA] AlY A28 SR-50A 73 LHE|dE A~
7> HE el 2tolgl Bt 30041499 V)
E2] Zholl viel WiAlo] sty FAH E54, 29
H.2) 9 (stress corrosion cracking), ¥) BLEA], 442 A,
YA 4 T3 2L RARAES QAL = U= §
AE 7R, B3] e 32 554 27604
gtd Ao g AR ¢ QIS sekx9len 517t
el ol e FAHAAH 2 AT 22 A
& 23 olvh. | AE|QlelA72 <F 6% Mos)
025% AA4E ol Arlsle] Fge w=hg A4

Aor] 53] dao]-& Foll 43 Mog Hrlsled 7
19} 7o) vieksh W37 oll A B-o] 7hEelE S a1l
Hvka Bt e84, 1994).

FEAEE A AR el wle} 1 SA4Jo] wist
A B vt A% A8t A=
AvbHQl B4 T2 A% 52 BRY 5ok £
Aol AL sdelelazte vATEE o2
Lol E 7] A¢l Algte| Bz} 4E A ghdhE Gol 4
e AL WA Bl $Se TS M - A4
A7bger Beblel w2 A4 QAU E
7|l AZdo] vJehgR] koLt MDE S 2HL)
olE gl ¥ gAY #HAWol wlAG @eHEel (Cr,
FeysCo7} AZ3lic). AC 4] 2 dh]e]E 712
HAell MD K} 2h2- wl A8t g3l (Cr, Fe)sCort
vk A S-S delsislom FeCrd 7|Ez2Ao 3}
= FET SgEQ o 4] Vet

MD, AC2| 7% (Cr, Fe)uCs S-o] A = g 4
e 2 A AR E 7R Y A5E gabEe]
A zsted] wliok7]Al Flof iAoz A Egabe] U
o} A = 2w} W EA| B4 o] ZhAgE Ao g A7t
Hok L3 ghAagrake $SU) 0.025%, MDY 0.013%,
ACE 0.028% 5 1|37 ghddtepo] &2 ACH|A thek
o] AFR3Eo] AEeA 5 o] BAAYA Y &
Aol w&y Ang A2 uw 2 A5 e
W A s A=

A7) 384 A E| gt 747 Ss= A
Alglell4 MD, AC Hr}l & Rpghg BYoEA &5
g WSS Yellew B8 F49] ARHETA)
Yol A GCRZYo] v A FhE vehioes] 52

FAEAE Vel o) 316142t 30442408 AL
43 MD, ACE silf 32 b5 viehllo] R4 5A
o] HolAl= AL 2 vhelykow AeQle]|sa7olld &
3 £ = ZA] o] Sl A= pakE]A] gkghont
AC, MDoj| A &= A E[9(ch. $19] Aats & ul) $S9

HAEA o] HAsA 2 AL velAld} Zo] YA
g AL o sle A HeES A 184
A3RYAEE 025%2) ALE Avlsle 369 HE 9
HEE AU BAF Mogt A Hrlste] Y4
Zhell “&52}-E-(synergistic effect)ol] 23t JA|F-4] =g}
g AR F7HAE7] wWird] Aog Agsd
£ 1994),

Heplel| A Baa) ARA g 5 Qe W ohE A
T A e 2 AEF3a e 7 AETF AR A
WA Q) FEell vt AupE A FdBAd o] wdtE =
Ag gk}, vpge g4 o7 A vyl o} gl



ot dubHo g BAapda) o] Frde] shahul-S-oll
o 71A nlE 9] o1, & LA SR Qg 31
A3bg0) Aol wie) v Y E S FAFIAY £
ol 2t F7|HESo] AZ JAH 5l ulet 4
HH LR o] & &L wofspH A ulA e &
s 3E Jeheg F99 YR EA o] 7t
ANEE ALY 7§ vpAghe o] 748 Holnd o4t
Moz AAZHQ 2AQR 5717k G, Ko 4E
gk Hole] o] & FEY F Y= ANE IS F U
Aolct. & AT vpA| g2 SSE 27)9 &
npZ A gl 4] 37T, 100% “doisiieel Haksle Al
Zro] Z743hol| whe} X} Fhdzels A4S YERAS S
Hp<0.05) MD, ACE u}dA|8E 5 Z7)sls kAl
ERH A eHp<0.05). o] MD#} ACE F'HF-4]o] w)
2 Asiute] Wi o g vpdR g o] Frlsll e SS
v 93]8] Zhdsle e Uehd e Bolr o]
Aol 3t Mg Agsigeons 25 Wl
X9 elastic force?] 7+Aof B kS viAlE = gl
Ak 71E- o2 SSE AE BE wfzTellA Bt
Al 7bell wtet wbgA o] FrbslAdeE & wl 1Y
=g ogkich: Tl Aol 93t F7he Aguw,
53] 57}t 1Al B4 o] uiER e Aol ofgk-S
a2 Aol thsle] EAgk FAEA A F-2x7) ut
Ak Ao & w) FA4HEl 23 npAAg g
7¥7t ehddt olfekar AmE 9.

A HA 87 WA B4 5 7AH A& WS
s Ets P79 2ol Qallel] AE-EE AE= A
33 & aefstoiof =t £3] Helalat o] o}
off 2140 & A exr ello]] =FH = ANE = EH
AAFE] felFlo] 1fois F&ol&9] fdfo| vl as
Hojof g}, dntH o g s} 7MAE EAE
A7kele 7152 oe] 7HRA7) glen] o|F Al Euljoky
S AR27E 2AY F 9on vad Fi Ay
5 EEH E T = AR oAl Zo W74, A
AEBE, d5s Soll dgkS A o £
REgHHE 7158 = ok w3t wlokd AlEE 7ol
A7sA A gsby A 7ol =2 AEEA S )
AL Q) Faol Thsdlte BAE X olg)
- e M SR A o g Alde BE 79 Al
EXAAGANA] ST g o A4S B AL
316LAAN S AL8-sli= MDS} 30448 ALst= AC
Het S|4 el g0l 9] £50] A7
o kee] wela $$E w4 Hepled 4
39S A% 2 Zvt g4y Holely AaHYck

ol gt ol WA o] -8 2WA4) AH|ele]

7o R AR ARE wele F1Ee AFR
Sat AAE 7221 Qlo] Aol S8 4 YA me}
Alo] Xofoll F2e] i 54 (Sinhas} Nanda, 1997; Wang
%5, 19972 A% W) A3 ololl i Ao] o]l
Aok & Zolt}.

2 E

o] 74R] WA g o] AlvH Bejale] At
ANE EFelE X|7E FHEAAY FoE FolEA
§UI A FAlolct FFe F4 Hapll vlad
T WA 248 Bl Al b S
2 AAL 7FA 3 Y AISL 300t]9] 2|l 278
ol gafar QIAIRE W BN E T4 FAle 7}
A0l A gt ool & oA WA S
Zhe 2HRlE|A7k6S) 0 2 3] HEllE Al Al
3o olo] 44 WAl AT 4ellAl 78 mEH o
Ag3kaL Q)+ Mini -Diamond(MD, Ormco. US.A) 4
ARCHIST(AC, Wg4kdA, dh%) Heplat u)asled
chedt 22 A9E dgivt

1. o) AlEZE MD9F ACE 2.AE o) E 7]l 22
TR AFo| ¥ Wbl SSE 2 AHUo)
E 71Ael gitEolt HlzlolE HFo] #&E A
gkt

2. F5A Y ZRp)yE SS7F 71 =9k MD, ACTe]4l
thp<0.05). 4] 5(GCR)-L $S7] 09 X10° MPYZ
743 ggkom MD7} 3.7X10° MPY, AC7} 7.4X
10° MPY 2 vjeji} Q15 Eleloll4] $S9) WB4 5
o] 7 Fskeh

3. oA L 5% frolEollA 887 1Y VlEe
3Q o] 58] 45714 Zh4slglal, MDD 39 o)
oA A Frhslden 23 9 4544 a2
FAEH UG ACE 3 YA e FoiAr) LA A
gtont 28 Folle Freldrr)l 4 Felle o
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