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Background and Aim: Recycling of brackets can significantly reduce the price of fixed orthodontic
appliances but if the bond is more prone to failure during treatment, this potential benefit will disappear. The
aim of this study was to investigate the effect of chemical recycling on bond strength of metal orthodontic
brackets and failure pattern of recycled brackets.

Material and Methods: In this experimental study Instron machine was used to measure shear bond strength
(SBS) of brackets in two stages on 60 human maxillary first premolars using No-Mix composite. Shear bond
strength and pattern of failure were compared between recycled and new brackets in two stages. Data were
analyzed by ANOVA and Duncan tests. Adhesive Remnant Index was evaluated in different groups by
Pearson Chi-square test. P<0.05 was considered as the limit of significance.

Results: Statistical analysis showed that the mean values of SBS for new bracket group was 12.00 MPa and
for recycled group and double recycled group, 9.94Mpa and 10.00 MPa respectively. A significant reduction
(about 18%) in bond strengths of brackets was observed at the first time of recycling. Recycling at the second
time had no significant influence on the bond strength. Pattern of bond failure of these brackets showed that a
great amount of residual adhesive material was remained on the teeth surfaces after debonding of recycled
brackets which indicates that cleaning the teeth surfaces after debonding of recycled brackets is more time
consuming.

Conclusion: Based on the results of this study, before using recycled brackets, several advantages and
disadvantages must be considered.

Key Words: Metal bracket; Chemical recycling; Shear bond strength
Journal of Dentistry. Tehran University of Medical Sciences (Vol. 18; No 4; 2006)

NS>

Ohawaste 45 dy50 jbpd | wddg)l Cob olSiwd diia asg BB ials Ly 4 besly recycling i dun g 4o )
ol D950 o 3l adel Cute (pl e CunSl dmiine loyd by STy pl b ST g ol b il 039 audgd o]
S5 2 e Tecyeling by, ;56 b)) Ban b 3l aalllas sy go 5 4y (5500 die) ol > IS DMl (1l

i3] o0l 09,8 = S peilain aaSutsly — g b pole o8l — e 1 5L 1 ghune cilhe T
f-heravi@mums.ac.ir : S5gpS) cow  AMYAD- V=0 104l

¥y


https://jdm.tums.ac.ir/article-1-296-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-11-24 |

2ol Loy 5553 9 S9 0 2 sd 5S> w0 pnl (59 4 2lesis Recycling ohas sl SWIH

2 bl oSy ol Cansd oSl (s g (ouidgi)l (5318 STy g (B Pl
adllas 5y90 NO-MiX €y jauelS” il ooliwlly Yl S8 onds onniiS 03l Jol Joooyy (ld £+ ¢ oo dallas cpl 3 w99
Ly c5ojlul Lol cusis (o0l gy g Tecycled lacSly Sgn (oS plodal dsjpe 9 )3 & s 4 BS )8
5 oolatul b Won canss Joe g dunlio Duncan 3 ANOVA 905l 5l ookl b ool cawd 4y polie A5 duslie 95 slacS]y,

A 48,5 a3 (gyld e paw lgis 4 P<e/+0 a3 8 )15 olel Jos g 4350 5,90 Pearson Chi-Square g0
gy &8 Slacsly 5 JSWbKe 4/2F decycled ¢Sy (JSKwbKe VY b Sl 09,5 Bgn pllouinl ke tladidl
p sy a8 o L (ARI) Adhesive Remnant Index asls obj,)l g JKWbKe Vo/+ o wisgs oai recycle
owals” aecycling Jgl asds 1 o ey H8 los maw (g9 g yides Tecycled 69,5 3 5 cSlp g9y g CojerelS el
STy Kgw plotinl olime 1 6yl pgd Jb recycling Jg s o> (o318 cbeSy wgm ploxnl 13 (VA 3905) (5l xe
sy 5l yia ()b dxe ysb & aecycled STy o500 Il dn s maw 59y p odleudl CueeelS e il

Sy besTy cpl debonding jl ax (9503 jued (gl i loj OB yo dilis &S 2 o
b o colreg Llse ciglie (claags decycled slacSTy il oolatul 4 plidl 5l LE ol adlhe zuls 4 4 gl 15 S Ao

Do aib)S ey

Nge oy plotinl ¢ olowd TECyCling ¢ g318 Sy (o 319 uls”

AFLANS Ol sl ANV ol el AYINVYD : gy

PAE Jlo F ol VA 5)93) gl pg5 oy esiiblags ©loxs 5 (S i wole 881> (S il s> dloxe

e a1y i)l coll oleolKiwd ang gl cued
Sasiwl Gl by besSly ol 8L ST oy cpl L
Sl adel Cuse cpl bl atsly ud ansd glp (s
Pl 3y90 53 (SIS CleMbl il ploly 94y 0
4 Sy9ro $ STy bl duglie 5 sy ol L
Py 0 5l
Jyile <81 WY+ (g9, » SWlas Chen 4 Mascia
Ll Gam (V) wols plosl idgs o Tecycle )l o
S am iz oSy 1S QU )3 s 9550 (2b)
i oy 0del Cawd 4 @ls g )b recycling
Siie gl ol L X0 Joleo 1) g plonl ials
3w i oSl s & cnl (S il cpl &S 050
precycling Jos cyuisres il ujemelS clilsl Gis

¥y

.

4020

g dyp0 Lpd 3l syl slacsly Recycling
ol Jb g cwl @3S 13 k) lawse
OgelSabigd ai)b 4 b (5)bS ©jgo 4 (gdaste Sledy)
(V) 21 3929 yshaie cnl (sl s 5

8ol llsl oS ais recycling ybg,y Lol G
iyl 4SS Candl b (05 dedo (yady STy 5l el
2 bl <8l bl slal ISS e b STy
@l esiladl gy olige sl b (S et
e 4 ol s 4 g anle e odlil (FO°C d905)
b g smde plsl (adlg iUl sl sg2g 4 apus] Bl
oo slewd sl JM> bawes odlo stripping 3l &5 -y
s Coley 5> o 2900 odlitnl Sgwlydgl (sleds)) L
(V) 295 5o plocl flash electropolish

(2> BB e 4 Wl o esly Recycling


https://jdm.tums.ac.ir/article-1-296-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-11-24 |

(VWA Ol I o leis ,) A 2,93)

Olrg Sl o mblag Oloss 9 (Sibjy psle ol&iils (S juilais Ao

oy onl zels (8) wols pll (foil mesh base) Hlo i
D pj dlge Jold

)l e boglesly adsl Kol )
o b Sy 4 G (g b Ngn plotinl (S,
LB I3 e e b SeS Ty 5 03)55 15 42 )L

oS coge ybg, 90 3l S L Recycling Y

o)l e b glaesly o )l Recycling Y
3590 50 Jg by jrals i 1) Wl Kgw plowl Siso,
pbul LB aslyrecycling yog) 90 2 305 oSy
Y

9 9 Lgl.a»&f]ﬁ RYPVe) ralfod.wl O d)&w Q5Lé3_\°
A5 s recycling jb SO 5l dw Jeatiune

lae adee ks U esly Recycling o
95 2 SrSedy §l @a gl Sl I 4yl recycling
bl Bg plSouiwl

recycling g, b obj) pols adlas jl Bua
lacSly Lo (Lby Pl Glie gy p (lesd
Sy recycled slacsTy cwslls 6N puss g (538

92 493

YU S8 gl Jaeo liis £o ¢ 0yo0 adllas opl jo
(W) Dyge Midgy ol odudS )l loyd b 4 &
5 Sy s Glae b lgluy Ol w58
a5 plxl ()loj U aS 09 (s JUL daw )3 (55900
JRERU I KVS S PP I

Foeon il gl sl (36 slaesly Guios ool )
No-Mix o jswls o foil mesh o (sl YU S8
ol lge 4 ldl Dentaurum & 4 sl
oy oplcé 318 edlatwl 5)50 (adhesive) saisluws

plosil (5ySojlul )l Fe b ggeome )3 g daye 95 5

Olyosi (g 505l0l jolaio 49 Ackerman 4 Wheeler
5 o)y recycling yogy L Sy culy b e axan
9 recycled 99 L;l.tbufl).} Lo uumS PK.’Z.M»‘ Iy
Pyeop > g Sy B g9y 1y Slke dygl bl
1SS kb ol LS el cund 4 zuls (V) wdls plsl
&yl recyeling Jos 5l > ey e o sladis,
Ngn iutS ploxinl S b 4 g aBl JialS LV sgus
Lesly Gled Sgy il plocil 1 ydn 9 slaeSTy
da b 350 cpl yo adl bl e )l Tecycling | ae
Jo il iiS Wb el uials sy (S
Lol s 1) slasdly a8l polie sl ZFY dgus £Blg 5
&S WS pSaond laze pl A Coge Cumdy oyl
Jos S &Sl e gopw glaans) b yalS
5 9 esSly Waw plowl yux b b3l recycling
2,lu recycled

(siuiS plSovinl duslie un L Powers 4 Wright
|y lasllas dacSTy L (reconditioning) (¢jle oslel
F) oy plosl YU Jlpsls 36 Sl Ar g9y
o 1y recycled lacSly wg0 slovl gl claasl
Cous 3> & D¢ (Sl 390 43 adgl L 7 VO-FO
‘sl recycling 1 ko ) cS1y e comw (sladis,
9 lord lapians o Ngy plSoul Hlai 5l e 5
S odalie Jelad b recycling gyl

dawlds jobio & |) Sldlae lKea 5 Regan
€5 4w (g9, p recycling alise by, g3
oo b Sl el stainless steel sbacsSly 5l calies
(integral cast bracket/base) (N, 4L
o O el e b Sy
o2 b Sl ¢ (integral machined bracket base)

¥y


https://jdm.tums.ac.ir/article-1-296-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-11-24 |

ol Loy S5 9. S90 (2) S SS>

u.&).a flS:a..,l S9) N ‘;al“w& Recycling u’b,) ).Ji.a IR

oM, Sy Glibl 5eelS wlilsl 5 SL ()5 )48
cel Y8 pl & wb el addl b atiby New lwy
USzud 9 dai odlo setting » MBS 4 Sbal
S dm il 48,55 )18 Sy pun 9y BLEI Cujoels
S Jb @ cels v Gl & adiges s yo opl pll
BT oy oailws B3lo aql setting b s anslis
Cow 295 4 D95 S| by Lgliis s 9,5 Oy
By dlsinl ) (g350s Gyse i (self cure) onigu
o 45 (5ysb 4 {(mounting) Lads cob (jig) (e gasw
aounting ;| ax 28,5 )8 38l mdaw y dges STy
YA ooy lawgio L) celu YF Coe 4 Jile baiges
e B85 L8 TN e gy )3 YV 53LksSSl )5 (sl
L ¢ Instron machine T]a,»;; bl g oy plSoiul
cepw b slalgul crosshead aws & 5l edlatwl
ol Cawd 4 & mm/min

s 4 el STy Jlail i sl p3Y sy
4 Sy base coluwe jl odlatwl b uww 9 <d (N)
cSly g odel Cond @ Colue W3 b JSwbKe
Sy V+/AY mm 2

sokaie 4 bdiged JB8L xlaw debonding I
L e o (53 2 oladly o2ty Blo olize (e
ol p g wyp XVO oS5 4 stereomicroscope
1 bl bd s 5 4 ARI sl

Sl gy loaslus ol g =jio Ll
Ll 035les

OM53 9y ol B3Lo I (o 5l yieS =N Sl
Gl odile 8L

oM gy 2 odiluy obo I o I it =V Ll
Gl odile 8L

olile (Bl > 59y p odilwe o3l plos =Y Ll

Ao ¢yloyd dly aio 9 cddg Sluls,S oyl T

Yo

4 kesly, (shear bond strength= SBS) g ooy
e Sygo a4 iy Feo gl ds e jd el 1yl
oo bag (900 jrad 3l am il JBL aw 5 Gl
Llyld 9) Ol g el y3gs bgle ¢ (bristle brush)
15 oalel 5 Jolye (o oSl Sl el (069 9

Sdo A LYY S Hand el by sl gl sl 0

(0£9) 3 )le) f Sipoo b by (ggulitans ¥
Al VD Gde @

S g o0 puid slgp bwg sl g0 Siis Y
) Sske sl & (S5 5 U5 A Blos L i)
o Sly Jgere clon g Jl gy b el (53]
93 5 lglis ol (il oolol I am s edlil elate
i8)S )13 BV goluwe 095

b b g STy Lglais cpl (g9 2 :N 093

bug 095 ol JBL e Suuil R ooy
Cé)S o recycled slacsly

odlo j (g lude recycled Sy o359l Cavd @ lp
g 5 00l H1)8 o5 ST Ve jly e das (59 o odilue
odlwyd recycling ¢ly besly cpl setting 51w
Jos aS ab p odlatl 5)5 recycling yos, *.0d
raizee Sl ol o] oo g (aliosd & g0 4y 0aiS
Loolor (obowd M 53 o3l 58 5 STy (ot i
235 o (S jgrels Bl Bl 4y oo 4 b oo 55
as o jd oud Tecycle cSly (idbe xS S e cpl g0
DS 58 Oype 26

ploi Lpe aw (gilo obel 5l (Sl (6l
5 O Gle paw S 2 Cujeels bawg sl
Gl Jsbo yoe  dgee g JUL aw dal oy Satas
G (b yeme sl ) Sl g9y S & g5 )

Lol (5 po (idgs )| lodd _ aguie™


https://jdm.tums.ac.ir/article-1-296-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-11-24 |

(VWA Ol I o leis ,) A 2,93)

Olrg Sl o mblag Oloss 9 (Sibjy psle ol&iils (S juilais Ao

(Y J932) 290 No0g)S bog)S 93 el gy )l e

log)S Logn Cunsd oo (gwyn 4 by @l
Sy ol oanlia BB Y Jgio > ART Lasls bl
Jgd> polie (¢q, » Pearson Chi-Square yg0;l plsl
9 ) G @l (opoil ol Jol oilul I3l g 5sb

OL\SJ $9y » odilue oo A 5l )~o.§ =) oglewd
(V5 + oliluel) asl owsle SL

O g9y p odilwe ol Z0e 5l i =Y opleud
(¥ 5 ¥ il 25 ol 3L

ARI ad s g, (gl a597 -F Jga>

axdllao 3,90 89,5 duw 4D
e
RR R N 4 3
)
A Y A )
AR VY AR Y
) Y ) Y

sasrecycle b o esly R og)5 95 81, N o9 )5

oxs recycle )by cS1y :RR 09,8

93 2595 A0 aw jd &S ol LS e agesl 3 eslazul
O 9 95 WSS (inlejl 09,5 ¥ 3 598 WSl o,les
(P=2/Y ) 5 0105 (6yle] I gme B3] Loy ,S

] aseiie MolS STy e @l 5 Cul

3 odel caws & STy pgd alsyo g9y 5l 3
Yo dsye opl yo . recycled Jb yesd slp R o6g,S
v il odlal I aw diges Fo Sl aniladl ol
S oSy bwg (Jol alsye )3 00l 5 g, 4 JBL
0,5 mount g Lb Wdg e TeCycle b o9y sy
Pl oo 05 000l RR 09,5 b G dtwd oyl
Sygo Jol doye sl ART (s o Wl Sigy
9 ANOVA (5051 5l osliiwl b ool s & polie .85
Chi- y90)] jl e3lstwl b Bgw S Joe g awslio Duncan
Julos g 450 0y90 glaio (slaeg,S ;> Pearson Square
b 53 (g oime g plgie 4 P<eo0 a8 ()l
b B,
asy

(SBS) g oy plSotiunl (gly odal Cawd 4 pléo
b slis YV Jas pn JKbKe cusp adiges
N 095 @ bayw SBS e (pyiio Cwl odd
R 09,5 4 by o cpyeS ¢ (mean =V¥/-- MPa)
09,5 4w (pl (pShe duslio De (mean =1/2F MPa)
y coolel s me M3 Lol S uibylg 56T Lo
g L oS3 gl plosl (P=+/+ %) o ol gl oy
O &S 3903 et B0g)S g3 4 ¢ duolie 0L =¢/4D
ool ©olis aSh w0345 I3 gme M3 RR ¢ R 05,5

axlllas 3490 89,5 dw 43 (SBS) wigm d“’)" P! (1le - Jgas

. AL Ou.“.obl alold B ‘.é‘)bd’ B _
Sl Jile nSile lre slas oSl daw g8
PORES omb s Jbxe
VAL+¥ AAY WS Y+ JAFYQ NS YiEves e Y- N
W %) V- IAF\S a/.¥5¥ JEYAR Vayva  aa¥e. y. R
VWAD %) Y+ JADAD /1000 JESA VAVAE  ye/eeve  ¥.  RR

ol recycle jlLgs <81y (RR 04,5 oais recycle )b S 81y R 0g)5 5 Sy N 09,5

Y5


https://jdm.tums.ac.ir/article-1-296-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-11-24 |

ol Loy S5 9. S90 (2) S SS>

u.&).a flS:a..,l S9) N ‘;al“w& Recycling u’b,) ).Ji.a IR

S 8 5 s 30

» |y recyeling [ megd b pols adlae =l
s Regan .cuilys pSeide «cSly Lo plouwl (49,
J s recyeling b Jky gern b5 oliSes
Cgldd gud 5 03505 yh)i51) polie 48l 4l recycling
(B) 5,5 sanlie Koo plovl 3 1) gyl xe ()bl
9 foil mesh By dl)b dlﬁ:p‘slf W)X L LQ(]
o+ Id g4 recycling \b cpesxis jd olews recycling
ly recycling Jb oyl 4 Cuns Won plSouwl i3l
5 03505 b |y 4Bl cpl 5 pobs adllas Ndges sdnlie
Nguo ploviwl yiol38l 7+ /V 39a> recycling ,b o9 4
A eamlie recycling b gl 4 Cond

Yoo /STy Jlasl cuslls Joo pols Baios )
oW 1y gyl gme MBI ARI by dalllas 5590 04,5
Dgr )b 303 09)5 93 4 Comd R 09,5 )0 MBS -yl ol
o) aals s 4 Yl R 09,5 3 Y el 038 st
recycling gl <Sly e e bbaws, b
dns Uine (19905 ool oy o0 Y3 4 Sl (ppo 4y 9 Mo
ooy Guo tejls recycled slacsly, debonding jl
sl S5 )3 syt

Oglite polie & dagi b g pils G bl
recycling jl as Sou plouiol ials I oad 5)l55
recycled (slacsly jl oot 5l L8 cul yips dacsly
Pl (59, p b L jl eas bl recycling g,
JhobeMe plo oo 935 )13 b)) 2590 g
2 (S OllaaMe 55 5 (Sl g (SO0 Ol puss alas
g g

S 5 dom 9 v

S gy olod ol oS sl pols adllas guls
Pl (EalS Loy> oS diz o 13l oo e nl 3 (S
gy 5 BESly @l ke Cldlae ) Ny
Gl 039y Cglaiie odlaiwl 340 Tecycling

U yiShe 1) Sow plSouwl Lials Chen 4 Masica
5 Regan 4 (¥) /¥« 590> Powers o Wright (Y) /Y
(0) 83505 5,135 AY d9as 3 1) liwe oyl oK

s ool s 48y Cund jl &Sl 4 gl
ol 4 e Wlgie recycling gy iy Sl
pac 33,5 &Sl (Fb) un xS il 55 g (FY) o5l
G cnl 5> odlatl 3y90 09y p3 GiLg Sl plox]
Sgn Pl > a$ nlS oriS amg e
25l 4yl Sl 4 e (A 3925)

oyl b S el B3/l s S
S0 Bkl (F) wled Jeoo 1y JSWbKe A= 5 Jolso
Sy glas oS ol lis o )Ken g Regan g0
SalS )3 o odlatnl b g slacSTy Lo plSoiwl e
b oplmlo (0) deu s0d odnline Tecycling jbb & 5l an
POl G asl o oldlas oyl
$xS 4 ol o (R 09,5 SBS = 4/a¥+ V/a) MPa)

4 9

scsly g9y p olews Tecycling plosl o5 5905
B odgize ;0 Wgw plSouwl & e (Sl Josiiwe

$9y » Slg e recycling ! ,$3 LS 20,5 o Jgub
@ dlaxiwl g slot slal Jud 5l STy Sleidls Sluogas
S s Pl > sl p3Y &S 38 b 35 30,8
dylge cpl Bgw plociul yy 0gMe STy, recycling slys

&b

1- Zachrisson BU. Bonding in Orthodontics. In :Graber TM, Vanarsdall RL. (eds) Orthodontics: Current Principles and
Technique. 3™ ed. Missouri. Mosby-Year Book Inc. 2000; 592.

2- Mascia VE, Chen S. Shearing strengths of recycled direct-bonding brackets. Am J Orthod 1982; 82 211-16.
3- Wheeler JJ, Ackerman RJ. Bond strength of thermally recycled metal brackets. Am J Orthod 1983; 83 (3): 181-86.

v


https://jdm.tums.ac.ir/article-1-296-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-11-24 |

(PAF Oliaj F 5)leid 1A ,93) O Sloss ssiiblag Oloss 9 (Sibjy pole sl8bils (S il s dloxo

4- Wright WL, Powers JM. In-vitro tensile bond strengths of reconditioned brackets. Am J Orthod 1985; 87 (3):
247-52.

5- Regan D, Van Noort R, O’Keeffe C. The effects of recycling on the tensile bond strength of new and clinically used
stainless steel orthodontic brackets: an in vitro study. Br J Orthod 1990; 17(2): 137-45.

6- Brantley WA, Eliades T. Orthodontic Materials: Scientific and Clinical Aspects. New York: Thieme Medical
Publishers; 2001.

YA


https://jdm.tums.ac.ir/article-1-296-en.html
http://www.tcpdf.org

