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Table 1. Distribution of sample by recycling method

N.B C.R.B T.R.B
Group
Mx Mn. Mx Mn Mx. Mn
Anterior 4 4
Premolar 4 4
Bonding period ' 1 year
N.B. : New bracket

* 1 . Monolok(R.M.Co)

C.R.B. : Chemically recycled bracket
T.R.B. : Thermally recycled bracket
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Fig. 1. Photograph in JSM-840 Scanning Electron MR E (LAY bracketo] #uEFE 3
Microscope, Japan. bracketicl v} RIF3 fitehiES B olc).

Table 2, Effect of recycling methods on the microstructure of bracket surface

Groups Microstructure

N regular structure

w!

Control regular structure with

some scratches

R regular structure
C.R.B. D regular structure with

some scratches

T.R.B. - R a beginning of island formation and recrystallization by annealing

D completely island formation with some metal grains by recrystallization

C.R.B.: Chemically recycled bracket
T.R.B.: Thermally recycled bracket

N 1 New bracket
R : Recycled bracket
D 1 Debonded bracket after 1 year, in vivo.

_87...



IV. #84 & £%

WEahol st &/ 1Lae sty Bl &8
7 BE BE AlololA dojvte e {LER
FEo 2 A F MEE S4HY 4 gled, AAE
KA Wik =< &fho g £l HiflelA
Bbtol vt Fkhs Al B3 Kol x,
AT K Bih =5 BMeR OfERA
dod 4 glow] EREILEH) Kl &l B4
%D}_-lhla)

S BRI = ERRKLS BERHEY HE
o2 &8 Aol A {bBEES dod= Hh
e feAgk. =9 BRI A2 38 B
FME, <42 pH, &%, BOY, WBiE &EH,
Zebd fBH, €8 Bt @iio] #a RSH:
ol BiE Yo 7 U+ EHOE s
Sap}_.12,14,18,19,20.24.26.28) °] _Q+7é.°l 021 E'] 7}_2‘ Eoﬂ /H
o OBRE €83 44l At el o
o by ¥ EAM miEeletr ¥ 4 gl

EIER &8 bracket® —f% T#MH &8
o] EFHT EeatE B eSS BERKE P
ok o g} OpERel Al BEERY, Ryl oF &
D}_‘IS,ZG.ZQ)

o CRERES Bl L BEA R
brackete] FEfhol BAZF w-2& 7 Usdch.

Maijerss (1982, 1986) 24292 FirggEB bracket
2 RSk EahiEdol Bl WY HR B
% bracketel A FEfniEH o] WA Yt HEs)
g3 Gwinnett (1982) & EIgEholl Hoall e
o Ehh EEER] Edn gt

=3 Berge#(1982)'92 SHIESEE HEfol
Ao &Bol-Lo| WhEsw EHel #b=Elzn
BT #kifo] #HAEdn slgen Ceenyt
Gwinnett (1980)'¥+ bracket B 22 4 6l
< AFE A EFHEMA Y BHE @il
w4 o] bracketo] FEffz} BHfRE chn FIRS)
ot

4 bracketd] & /Hmtol BAGE FFTE Wi
ol A1 Buchman(1980)'"-& Esmadentize 2
H g g bracketoll A ISR IREEAL W
ahe] el AR MYt ﬁ%ﬂ%{l

Hixon(1982)292 bracket-& 400~900°C & iz
sl fET ZEN KBt R{baE ik
g WELste]l #HRRIF Mol HegsiAdctxn
stglem] Ha9 brackets WIRMFEESIA] ¢to
ol el g doivtetn st

& Frgeoll A #EB e H A48 bracketo] i
3B fEshol kel B4R A5 ELe] A0 A
Re 293 144l = Fafdhol &3l fRkiel
o] 9 #k b HEAGS] TR ¥R
£ /Bol ol iEpEs o} miEhkite]l WA el ol E
o] W #Feh —md.

w2 HEE AEHEste] FHAEE
bracket-3 fffsl= 2 #allo} 3 &/
WERILER E HES vlAA] U (b8
HEEE ke fAste Zo ®msicln &
#=ct.

& B brackete] it = £l M=+
TEhkel K Aoz HEikEs RMb Al
7171 BlAE RIFT ORgEkEe] gige)
Eoh & fifeME Ad AddalAgoes
bracketo] BifEsioio} & 7lo|r}.

V. ¥ Eo

{8 g 2 #EPEY 4S8 brackete fitf
S FFESY) Bl BIEEAREE WRRE
BB IRl BT 449 BE ORA
of 4 bracket¥ A bracket& 14 E#: Mt
#He 1% BrEsle] BB M .S . M—840
Scanning Electron Microscope, Japan)o.z
Bt #R 959 2L #HRs doh

1. A bracketz {L#EHI HEEE
bracket KM HMMHEET HEEy BHiERY
Frialol #B—3lder, 1 HT #BE
= BHslie F—3 rRE 2.

2. BUEREEY FHAESIE bracket RO M
- sl sl BREEA SR B
RS 2odon, 14ols Hisdol Kl &
fkro] o5 kb ® HEIASQ] R RS B
et

3. {L# e bracketo] #gEIREl bracket
Ao} gl Al o REFe #RE 2o

._88_.



10.

11,

12,

13.

. REIK,

. T,

. GEEAE AR GTLR | [RBRE],

REFERENCES

L EAE L rEme s Fhd &8 bracket

o] EimEsl slot 1ERCl ME W, (9
gEAEHE Rl THESRAIFRDC], 1987,

CAMEEE PR B4R bracketd] 5l

SaRNzel 4N kel IR TFR", (R
WRBERERE), #I15%, H2M, 261-
269, 1985.

. HEE L “4B brackete] (g FAEE

kol BT HEoR", (GG RER A%k W
B iR, 1987,

L A KGR | R, A

%, 1981, ®HHMRFL, pp.174—178.
Grokvk T4 BHRZ]
1979, XE &, pp.96—11L
188 —228, 232-—281.
(&BEWEER], WER,
1979, U3, pp.157—159.

A 2,
114—143,

g,

O FEE, &AE (4B miht iR

#wl, ME, 1979, &F WL, pp.54—65,
126 —127. '

CwERl [4Me) Mg, A%, 1979, X

S, pp 673—685.

A
-, 1978, pp, 172—278.

Berge, M., and Gjerdet, N.R.: “Corrosion
of silver soldered orthodontic wires”, Acta.
Odontol. Scand., 40:75-79, 1982.

Buchrﬁan, DJ.L: “Effects of recycling
of metallic dirct-bond orthodontic brac-
kets”, Am. J. Orthod,, 77:654-668, 1980.
Chapman, P.L.: “Recycling the orthodontic
bonded brackets”, M.S. Thesis, Indiana
University School of Dentistry, 1979.
Ceen, R.F., and Gwinnett, AJ.: “Indelible
introgenic staining of enamel following
debonding™, J. Clin, Orthod,, 15:713-715,
1980,

14,

15.

16.

17.

18,

19,

20.

21.

22.

23.

24,

25.

_89_

Cowbe, E.C.: Notes on dental materials,
4th ed., pp. 72-81, 1981.

Craig, R.G.: Dental materials, Saint Louis,
The C.V. Mosby Co., pp. 217-225, 1978,
Edie, J.W., Andressen, G.F., and Eaytoun,
MP.:

stainless

“Surface corrosin of nitinol and
clinical
Angle Orthod., 51:319-324, 1981.

Esmadent, “BIG JAME" bracket recondi-
tioner-polisher E3762, Esma Chemicals, Inc.
P.O. Box 162. Highland park, IL 60035
USA. Am. J. Orthod, 92:22A, 1987.
Fusayama, T., Katayory T., and Nomoto

steel under conditions,

S.: “Corrosion of gold and amalgam placed
in contact with each other, J. Dent. Res,,
42:1183-1197, 1963.

Gaston, N.G.: “Chrome alloy in orthodon-
tics, Am. J. Orthod., 37:779-796, 1951,
Gwinnett, AJ.:
orthodontic brackets”,
82:441-446, 1982.
Hixon, M.E., Brantley, W.A,, Pincsak, 11,

and Conover, J.P.: “Changes in bracket slot
tolerance following recycling ot direct

“Corrosion of resin-bonded
Am. J. Orthod.,

bond metallic orthodontic appliance”, Am.
J. Orthod., 81:447-454, 1982,

Kawata, Y., Shiota, M., Tsutsui, H., Yoshida,
Y., Sasaki, H., and Kinouchi, Y.: “Cytoto-
xity of Pol-Co dental casting alloys”, J.
Dent. Res., 60:1403, 1981.
Lyman, Taylor (editor): Atlas of micro-
structures of industrial alloys, In metals
handbook, ed. 8, Metals Park, Ohio, 1972,
America Society of Metals, Vol. 7, pp.
133-137.

Maijer, R., and Smith, D.C.:
of orthodontic bracket
Orthod., 81:43-48, 1982.
Maijer, R., and Smith, D.C.: “Biodegrada-

“Corrosion

bases”’, Am. I.

tion of the orthodontic bracket system”,



26.

27.

28.

29.

30.

Am.J, Orthod., 90:195-198, 1986.
R., and Smith, D.C.:

growth on the outer enamel surface — An

Maijer, “Crystal
alternative to acid etching”, Am. J. Orthod,,
89:183-193, 1986.

Mascia, V.E., and Chen, S.R.:
strength of recycled direct-bonded brac-
kets”, Am. J. Orthod., 82:211-216, 1982.
Mueller, V.E., Greener, E.H., and Marker,
B.C.:
of soldered orthodontic wires in cleanser
Am, J. Orthod.,, 76:555-564,

“Shearing

“Corrosion by external polarization

solutions,
1979.
O’Brien, W.J., and Ryge, G.: An outline
of dental
Philadelphia, W.B. Saunders Co., pp. 307-
319, 1978.

Orthod-cycle company,

materials and their selection,

1231 Ross Ave.,

St. Louis, Mo.: Product information ma-

31.

32.

33.

34.

35.

terials, 1987.
Phillips, R.W.: Skinner’s science of dental
materials, ed. 7, Philadelphia, 1973, W.B.
Saunders Co., pp. 641-655.
Siomka, L.V,, and Powers, J.M.:
bond strength of treated direct bonding
metal bases’, Am. J. Orthod., 88:133-13¢,
1985.

Wheeler, J.J., and Ackerman, R.J.: “Bond
strength of thermally recycled metal brac-
kets’”, Am. J. Orthod,, 83:181-186, 1983.
Wright, W.L., and Powers, J.M.:

“In vitro

“In vitro

tensile bond strength of reconditioned
brackets”, Am. J. Orthod., 87:247-252,
1985.

Zachrisson, B,U.. Bonding in orthodontics,
in “Orthodontics” by Graber, T.M,, and
Swain, B.F., St. Louis, 1985, C.V. Mosby
Co., pp. 485-563.



— ABSTRACT -

A SCANNING ELECTRON MICROSCOPIC STUDY ON THE CORROSION
RESISTANCE OF CHEMICALLY AND THERMALLY RECYCLED
METAL BRACKETS

Young Joo Yoon, D.D.S., Dong-Joo Lée, D.D.S.,M.S.D., Ph. D.

Dept. of Orthodontics, College of Dentistry, Chosun University

The purpose of this study was to evalute the corrosion resistance of chemically and thermally
recycled metal brackets. '
In vivo, two types of recycled metal brackets and new brackets were directly bonded for

1 year, and then the microstructure of bracket surface was examined by S.EM. (J.S.M.-840

Scanning Electron Microscope, Japan).

The following results were obtained.

1) The microstructure of new and dhemically recycled metal bracket surfaces showed regular
structure without island formation and recrystallization; and after 1 year, the same appear-
ance except some scratches.

2) The microstructure of thermally recycled metal bracket surfaces showed a beginning of
island formation and recrystallization by annealing, and after 1 year, a typical corrosive
appearance, completely island formation with some metal grains by recrystallization,

3) Chemically recycled metal brackets showed better corrosion resistance than thermally

recyéled metal brackets.
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EXPLANATION OF FIGURES

Fig. 2. Regular structure
. (new bracket surface, X500)
Fig. 3. Regular structure with some scratches
(debonded bracket surface after 1 year in vivo, X500)
Fig. 4. Regular structure
{chemically recycled bracket surface, X500)
Fig. 5. Regular structure with some scratches
{debonded chemically recycled bracket surface after 1 year in vivo, X500)
Fig. 6. A beginning of island formation and recrystallization by annealing
(thermally recycled bracket surface, X500)
Fig. 7. Completely island formation with some metal grains by recrystallization

(debonded thermally recycled bracket surface after | year in vivo, X500)
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