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AOMHMENH NEPIAHWH

ZKOIOZ: Na &iepsuvnBei n avioxn tou deopol otn
S1dtunon wwv eppéows ouykoANoUpEVWY YAWGOIKWV
aykuiiov tns Ormco, Xpnaigonoinvias S1apopeuKEs
peBodous napackeuns tns Bdons ané ouvOetn pnti-
vn.

IXEAIAZMOX MEAETHE: MeAfovukn tuxaionoinpé-
vn peAén.

XPONOZ KAI TOIOX APAZHZE: H epyacia auth npay-
patonoinBnke oto Epyacthpio OpBodovukns tns
Obovuatpikns Ixofdns tou [Mavemotnpyiou 1ns
Kwvotavuvounonns to 2004.

YAIKA KAI MEGOAOI: Eikool K4tw npoyopu®iol o1
onoiol e€axBnkav yia opBodovukous Adyous cunné-
xBnkav kar xwpiotnkav os dUo 10ap1BuEs opdades.
Oudbda 1: (n=10) Bdon ané ouvBetn pntivn ndxous 1
mm Kataokeudotnke aneuBeias otnv avénagn Bdon
tou aykufliou. Opdda 2: (n=10) o1 Bdoels twv ayku-
Aicwv apxikd appoBoAnBnkav pe évav pikpoadponoi-
ntn xpnoigonolvias cwpatidia ofeidiou tou anou-
piviou 50 pm Ka1 Otn OUVEXEID KATAOKEUAOTNKE N
naxous 1 mm Bdon ané cUvBetn pntivn.
[MAPEMBAZELE: Ta tnv epappoyn twv duvdpewv &id-
Unons xpnoigonoindnke n Hokipacukn OUCKEUN
universal Lloyd.

KYPIEE METPHZEIZ: TMpaypatonoinOnke otauocukn
oUyKPION TwV anoteAEoP@TwY XPNOIPONOIMVIAS TNV
avaduon petaBAntétntas kai tn dokipacia x2.
AlMOTEAEEMATA: H péon uph tns dokipaaias avio-
xns tou deopol otn Gidtunon htav 9,46+0,78 MPa
kan 12,11+0,82 MPa yia us opddes 1 ka1 2 avtiotoixa.
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STRUCTURED ABSTRACT

AIM: To investigate the shear bond strength of
indirectly bonded Ormco lingual brackets, using
different composite bracket base preparation.
DESIGN: Prospective random study

SETTING: This study was conducted at Department of
Orthodontics of the School of Dentistry of the
University of Istanbul in 2004

MATERIAL AND METHODS: Twenty mandibular
premolars extracted for orthodontic purposes were
selected and divided into two equal groups. Group 1:
(n=10) 1 mm composite base was constructed directly
on the intact bracket base. Group 2: (n=10) the
bracket bases were first sandblasted with a
microetcher using 50 pym aluminium oxide particles
and then the 1 mm composite base was constructed.
INTERVENTION: The universal Lloyd testing
instrument used for the application of shear forces.
MAIN OUTCOME MEASURES: Results were compared
statistically using analysis of variance and chi-square
tests.

RESULTS: The mean of shear bond strength test was
9.46+0.78 MPa and 12.11+0.82 MPa for group 1 and
group 2 respectively. The difference was found to be
statistically significant (P<0.001). The analysis of
variance demonstrated that there were also
statistically significant differences in adhesive
remnant index (ARI) scores between the groups
(P<0.001).

CONCLUSIONS: Sandblasting of the bracket bases
increased the shear bond strength and the redundant
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H &iapopd Bpébnke va €ivan otauotukd onpavukn
(P<0.001). H avdduon petaBAntétintas £€6ei1€e ou
unnp&av enions otatioukd onpavukés S1aQopés ws
npos us upés tou deiktn unofeippatos cuykoAAnu-
koU (ARI) peta&u wwv opadwv (P<0.001).
LYMMNEPAIMATA: H appoBodn twv Bdoewv twv
aykufiwv avgnoe tnv avioxn tou deopou otn didtun-
on Kail tn cuykpdtnon peta&u tou aykufiou kail tns
Bdons ané ouvBetn pntivn.

Né€ars kAadd: Mwooikd aykunia, avioxn 1ou HopoU
otn &idtunon, éupeon ouykéAAnon

EAA OpBod EmO 2005;8:81-91.

MapeAn@On: 02.05.2005 - Eyive dektn: 24.07.2005

EIXArQrH

Ta opBobdovukd aykUma ouykoAAnBnkav yia npwin
Qopa dueoa ota Sévua 6w Kar nepioadtepo and 30 xpod-
via (Newman, 1965) ka1 ané téte anotédsoav Baoiko
KOMMAU twv ndyiwv Xeifkov opBodovVUK®MY CUOKEUWV.
Ev toUt01s, n akpiBns tonoBétnon twv yAWOoIKWY ayKu-
fiwv givan noAu 6UokoAn ka1 oxedov aduvatn pe dueon
ouykéAAnon e€atias Twv EKTETAUEVWV HOPPOAOYIKMV
anokficewv tns yAwoaoikns emeaveias twv dovuawv. Etal,
n texvikh s €éuueons ouykoninons anotéieoe éva
ouaides tuhpa tns yAwaooikhs Bepangias pe noAdanid
aykufa (Kim kar ouv., 2002).

H anotuxia 6gopol twv aykudiwv anotedei éva and ta
mo evoxAnukd oupBdvia otnv opBobovukn npdén. O1
ouvéngies oupnepiRapBdavouv augnon tou xpovou Bepa-
neias, nepaitépw dandves og ufikd, NPOCWNIKO Kal M-
np6obetes emokéyels and tov aocbevh. Ektdés and 1o
ouykoAAnukd ufikd Kal v nponapackeun s odovu-
Kns em@aveias, o pnxaviopds cuykpdinons otn Bdon tou
aykufiou eival évas and tous mo onpavukoUs napdyo-
VIES MOU eNNPedzouv tnv avioxh tou deopou petagl tou
aykuiiou ka1 tns adapavuvikhs em@edveias (Urabe kan
ouv., 1999) Kk ws €k toUTOU éxouv npotabei H1dpopes
péBodor yia tnv augnon tou (Newman kar ouv., 1995;
Vicente ka1 ouv., 2004).

Ikonds tns epyacias htav n Oligpelivnon tns avioxn
beopol otn didtunon twv egupéows ouykoNAoUpEvwY
yAwooik®v aykudiwv ts Ormco, xpnoigonoimvias dia-
popeukés ueBédous napackeuns tns Bdons and olvBetn
pntvn.
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between the bracket and the composite base.
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INTRODUCTION

Orthodontic brackets were first bonded directly to teeth
more than 30 years ago (Newman, 1965) and since then
became part of the standard of care of fixed labial
orthodontic appliances. However, precisely positioning
of lingual brackets is very difficult and almost impossible
by direct bonding due to the large morphologic
variations of lingual tooth surface; so indirect bonding
technique became an essential part of lingual multi-
bracket treatment (Kim et al., 2002).

Bracket bond failure is one of the most frustrating
occurrences in orthodontic practice. The consequences
include an increase in treatment time, additional costs in
material, personnel, and additional patient visits. Along
with the adhesive material and the preparation of the
tooth surface, the retention mechanism at the base of
the bracket is one of the most important factors
affecting bond strength between bracket and enamel
surface (Urabe et al., 1999) and therefore different
methods have been suggested to increase it (Newmann
et al.,, 1995; Vicente et al., 2004).

The purpose of this study was to investigate the shear
bond strength of indirectly bonded Ormco lingual
brackets, using different composite bracket base
preparation.

MATERIAL AND METHODS
Substrate

Two groups of 10 mandibular human premolars collected
over a 3-months period were used in this study. The
teeth were from 12 to 18-years-old patients undergoing
orthodontic treatment.

The inclusion criteria were: intact buccal/lingual enamel,
no previous chemical treatment, no caries, no extraction
damage and no developmental malformation of enamel
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YAIKA KAI MEGOAOX
Ynéotpwpa

Ztnv penétn xpnoipononBnkav 600 ouddes and avBpw-
MVvOUS MPOYOHPIoUs Tns KAtw yvdBou o1 onoiol cuAié-
xBnkav katd wn &Sidpkeia pias nepiddou 3 pnvov. Ta
b6vua npoépxoviav and acbeveis niikias 12 ws 18 e1mv
o1 onoiol unéotnoav opBodovukh Bspaneia.

Ta kpithpia emioyns nepieAduBavav: aképain napeio-
kh/yAwooikh adapavtivn, kapia nponyoUpevn Xnpikn
Katepyaoia, anoucia tepnddvas, anoucia KAtaotpoPns
katd tn didpkeia s e€aywyns kar anoucia avwpammv
Sidniaons tns adapavtivns.

Mponapaockeun Seiypatos

Ona ta &6vua kaBapiotnkav pe tn xphon evos Eéotpou
ka1 o1 pizes epBuBiotnkav oe yUyives Bdoeis. EAnQOn
anotwinwpa and kabe dévu, npaypatonoindnke éyxuon
obovuatpikns yUywou Kai pe Tov Tpono autd Napackeud-
otnkav ta ekpayeia v dovuwv (Eik. 1). Xe autd 1
onpeio ta d§6vua anoBnkeUtnkav o€ didAupa guaiofoy-
koU opou (0,9% NaCl) péxpi tnv npaypatonoinon tns 61a-
bikaoias ouykéAAnons (Tan kai ouv., 1997). To &1idAupa
anfdzoviav ouxvd npokeipévou va ano@euxBsi n avd-
nwén Baktnpiwv.

Ta ekpayeia penéns xwpiotnkav o duo 10Gp10pes oud-
bes:

Eikéva 1. Movténa odovukv ekpayeiwv peAétns yia tov éAeyxo s
avtoxns tou 6eopou otn didtunon.

Figure 1. Dental cast study models to test shear bond strength.
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structure.
Sample preparation

All teeth were cleaned using a scalpel and the roots were
embedded in cast bases. The impression of each tooth
was taken and poured in dental plaster so that the casts
of the teeth were produced (Fig. 1). At this point the
teeth were stored in normal saline solution (0.9% NaCl)
until the bonding procedure (Tan et al., 1997). The
solution was changed frequently to avoid bacterial
growth.

The study models were divided into two equal groups:
Group 1: (n=10) 1 mm composite base was constructed
directly on the intact bracket base.

Group 2: (n=10) the bracket bases were first sandblasted
with a microetcher using 50 pm aluminium oxide
particles and then the 1 mm composite base was
constructed.

Composite bracket base construction procedure

A device designed for indirect bonding in lingual
orthodontics (Torque Angulation Reference Guide +
Thichkness & Rotation [TARG+TR] system, Ortonorm Ltd.,
Istanbul, Turkey) was used to control the 1 mm adhesive
thickness on the bracket base (Fig. 2) (Caniklioglu and
Oztiirk, 2003). The study models were inserted on the
surveyor part of TARG+TR machine, and each lingual
premolar bracket was moved forward until it contacted
the lingual surface of the tooth. The best fit of the
bracket base and the enamel surface was found and the
distance between the two tips of the machine (distance
between the labial surface of the tooth and the bracket
slot) was recorded. This recording was accepted as zero.
After withdrawal of the bracket from the enamel
surface, a light cure primer (Reliance Orthodontic
Product Inc., Itasca, Illinois, USA) was first coated to the
bracket base and light cured, then the adhesive -
Reliance Quick Cure (Reliance Orthodontic Product Inc.,
Itasca, Illinois, USA) - was applied. Subsequently, the
bracket holding tip was slowly moved forward again
until the desired adhesive thickness (1 mm) was read
from the digital screen of the machine. The excessive
adhesive was carefully removed with a scaler. The study
model-bracket combination was then exposed to a
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Opdba 1: (n=10) Bdon ané ouvBetn pntivn ndxous 1 mm
kataokeudotnke aneuBeias owtnv avénagn Bdon tou
aykudiou.

Ouaba 2: (n=10) o1 Bdoeis wwv aykudiwv apxikd appoBo-
AnBnkav pe évav pikpoadponointh xpnoigonoimvias
owpatibia ofe1diou tou afoupviou 50 um ka1 otn cuvé-
X€10 Kataokeudotnke n ndxous 1 mm Bdon ané olvBetn
pntivn.

Aabikagia kataokeuns ts Bdons ané ouvOstn pntivn

XpnogonoinBnke pia cuokeuh oxediaopévn yia éupeon
ouykéAinon pe v texvikh s yAwaooikhs opBodovukhs
(Torque Angulation Reference Guide + Thichkness &
Rotation [TARG+TR] system, Ortonorm Ltd., Istanbul,
Turkey) pe okoné va efgyxOei 10 ndxos tou cuykoAAntkoU
uikou oto 1 mm otnv Bdon tou aykudiou (Eik. 2)
(Caniklioglu kan Oztiirk, 2003). Ta ekpaysia peféns eion-
xBnoav oto whpa eféyxou tns ouokeuns TARG+TR kai
kdBe yAwooikd aykUfo twv NpoyouPiwv HETaKIvhBNKe
npos ta eunpés péxpt va €pbel oe enagn pe tv yAwooikA
em@aveia ou dovuou. Bpébnke n kadUtepn duvath cuvap-
poyn peta€l tns Bdons tou aykuiou kal tns adapavuvikns
eM@AveIas Ka €yIve Kataypapn tns andotacns petagl twv
buo kepandv tns ouokeuns (andotaon peta&l s xeitikns
em@avelas tou dovuou Kai s unodoxns tou aykudiou). H
Kataypa@n auth £yive anodektn ws PNSEVIKN.

Metd v anopdkpuvon tou aykudiou and v adapavuvi-
Kh em@aveia, n Bdon tou aykufiou kadUuEBOnke ané éva
owrtonodupepizépevo primer (Reliance Orthodontic
Product Inc., Itasca, Illinois, H.M.A.) 1o onoio @wrtonofu-
pepiotnke kan akodouBbnaoe n tonoBétnon tou cuykoAAnT-
koU napdayovta Reliance Quick Cure (Reliance Orthodontic
Product Inc., Itasca, Illinois, H.M.A.). Zn ouvéxeia, n KEPa-
Ah nou ouykpatoUos 10 aykUMo petakivhBnke kar nam
apyd npos ta €UnPOs PEXPT va EPPAVIOTET otV YnPiakn
086vn tns guokeuns n emBupnth évbei§n tou ndxous tou
ouykofiinukoU unikou (1 mm). H nepicosia tou ouykon-
AnukoU uAikoU anopakpUVONKe NPOCEKTIKA HE €va
€€otpo. AkonouBws, 10 ouotnpa ekpayeio pe€ns - ayku-
Mo pwrtonodupepiotnke und opatd ews (Ortholux XT, 3M
Unitek, Monrovia, CA, USA) yia 10 6eutepdnenta and
QUXEVIKN, paonukn, eyyls kal dnw kateuBuvan.

AgoU kataokeudotnkav 6fes o1 Bdoeis and olvBetn pnti-
vn ota odovukd ekpayeia penéwns, dnpioupynBnke éva
Siokdpio petagopds and autonoupepizopevo, EAACTKO,
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visible light (Ortholux XT, 3M Unitek, Monrovia, CA,
USA) for 10 seconds each from the cervical, occlusal,
mesial and distal direction.

After all composite bracket bases were constructed on
dental study models, a transfer tray was formed from a
self curing, elastic and clear material (Kulzer Memosil,
Trademark of Kulzer & Co., Hanau, Germany) (Fig. 3). The
transfer tray was removed from study model with the
bracket in it. The composite layer facing to the study
model was cleaned from dental stone particles using a
sharp scalpel and sandblasted for 2 seconds.

Bonding procedure

Before bonding, the lingual surface of each premolar
tooth was cleaned with fluoride-free pumice by using a
rubber cup in a slow-speed dental handpiece. The enamel
surface was rinsed with water to remove the pumice and
the surface dried with an oil-free air stream. The enamel
surface was acid-etched for 30 seconds, rinsed and dried.
Bonding liquid was applied to enamel and composite
base surfaces, light cured, and a flowable composite
(Flow Line, 3M Unitek, Monrovia, CA, USA) was applied
on both surfaces. The transfer tray was inserted on the
tooth, pressed firmly, and light cured from both left and
right sides for 30 seconds. After curing, the transfer tray
was removed carefully and the remaining composite on
the tooth surface was cleaned away.

Bond strength testing

All the bonded teeth were removed from the dental cast
bases and inserted into acrylic bases, shaped to fit the
testing machine. A specially designed jig was used, in
order to be sure that the bracket bases were parallel to
the force axis. The tests were done on a Lloyd T30 K
testing machine (Lloyd Instruments Plc, Fareham,
Hampshire, England) with a crosshead speed of 5
mm/min (Fig. 4). The maximum load required to debond
each bracket was recorded in Newton and subsequently
converted to Megapascals as a ratio of Newtons to
surface area of the bracket base.

Variable evaluated

The bond strength for shear testing was evaluated. After
bond failure, the enamel surfaces and bracket bases
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Eikdva 2. H ouokeun TARG+TR (Torque Angulation Reference Guide
+ Thichkness & Rotation) system.

Figure 2. TARG+TR (Torque Angulation Reference Guide +
Thichkness & Rotation) system.

Sidpavo utikd (Kulzer Memosil, Trademark of Kulzer &
Co., Hanau, leppavia) (Eik. 3). To &iokdpio petapopds ano-
MaKpUVONKe and to ekpaysio penétns nepiéxovias péoa
Tou 1o aykufio. To atp®pa ths oUVBETNS pntivns NPoOs tnv
nieupd tou ekpayeiou peétns kabBapiotnke and ta cwya-
tié1a tns odovuatpikhs yuyou pe T xphon evos aixpnpou
&€otpou kar appoBoninBnke yia 2 deutepodnenta.

Aabikagia ouyk6Ainons

Mpv tn ouykéAAnon, n yAwaoikh em@daveia kGOs npoyop-
iou kaBapiotnke pe elappoénstpa eletBepns pBopiou
xpnaigonoiwvias elacukd kuneAda npocappoopéva o€
obovuatpikn xeipofaBn xapnAmv taxuthtwy. H adapavu-
vIKh em@dveia eknAvBnke pe vepd yia tnv anopdkpuvon
s eNaPPONETPAs ka1 oteyvaBnKe pe pelpa aépa anouaia
Aadiov. MpaypatonoinBnke adponoinon ts adapavuvi-
khs em@aveias yia 30 deutepdenta, éknAucn Kal Otéyvow-
pa. O ouykonAnukés napdyovtas anAmOnke ous eMPAver-
€s s adapavtivns kal s Bdons and oUvBetn pntivn,
PWTONONUPEPIOTNKE KAl oTn CUVEXEld TonoBethBnke Kan
ous dUo em@dveies pia peuoth pntvn (Flow Line, 3M
Unitek, Monrovia, CA, H.M.A.). To &iokdpio petapopds
tonoBstBnke oto 66vu, méotnke eAappd ka1 pwronodu-
pepiotnke yia 30 deutepdnenta kar and v apiotepn Kai
ané i 6e§d nicupd. Metd t ouykénnon, o diokapio
METaPOPAs anopakpUVOnKe NPooektkd kal kaBapiotnke n
evanopévouca pntivn atnv obovukh em@daveia.
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Eikéva 3. Mova diokdpia petagopds yia éupeon ouykdninon.

Figure 3. Single transfer trays for indirect bonding.

were examined with a stereomicroscope under 10x
magnification to evaluate the mode of failure. The
adhesive remnant index (ARI) was used to assess the
amount of remaining adhesive on the enamel surface.
The scale ranged from 0 to 3:

Score 0: no adhesive was left on the tooth;

Score 1: less than half of the adhesive was left on the
tooth;

Score 2: more than half of the adhesive was left on the
tooth; and

Score 3: all adhesive was left on the tooth, with a
distinct impression of the bracket base.

Descriptive statistics, including means, standard
deviations, minimum and maximum values, were
calculated for each groups tested. Shear bond strengths
of the two groups were subjected to one way ANOVA
test. Non parametric chi-square test was used to
determine the significance of ARI index between the
groups.

RESULTS

The results of shear bond strength test are shown in
Table 1. The mean of shear bond strength test was
9.46+0.78 MPa and 12.11+0.82 MPa for group 1 and
group 2 respectively. The difference was found to be
statistically significant (P<0.001).

Examination of the frequency of the adhesive remnant
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Aokipacia avioxnhs 1ou deopou

Ta 66vua ota onoia npayuatonoinBnke n cuykdéAAnon
anopakpUvOnkav anod us yuyives Baaoeis kan tonoBetndn-
Kav og akpunikés BAagls, NPocapuUOCpEVES va taipidzouv
ot SOKIMOOUKA ouokeun. Xpnaoigonoinonke €161k6 oté-
Aexos avapinons npokelpévou va eGacpaniotsi ou ol
Baoeis v aykudiov htav napddinies ws npos tov
agova dpdons tns duvapns. O1 dokipacies npaypatonoin-
Onkav oe pia dokipaoukh ouokeuh Lloyd T30 K (Lloyd
Instruments Plc, Fareham, Hampshire, M. Bpetavia) pe
taxutnta ke@anns 5 mm/min (Eik. 4). To péyioto anaitou-
pevo Qoptio yia tnv anok6Afnon kaBe aykufiou kata-
ypapnke o€ Newton Kal Otn GUVEXEID PETATPANNKE OF
Megapascals ws avafoyia Newtons npos povada emed-
velas tns Bdons tou aykufiou.

A§onoyoupevn petaBinth

A&onoynBnke n dokipacia avioxns tou deopou otn did-
unon. Metd v anotuxia, o1 adapavuvikés EMPAveIEs Kal
o1 Baoeis wwv aykufinv e€etdotnkav pe éva oTEPEOMIKPO-
okonmo pe peyéBuvon 10x npokeipévou va a&lonoynbei o
pénos s anotxias. XpnaigononOnke o beikins uno-
Aeippatos ouykondnukoU (ARI) yia va a§lofoynBei n nogd-
nta Tou ouykoAAnuKoU ufkoU nou napépeive otnv ada-
pavuvikn emedveia. H kiipaka kupdvOnke and 0 péxpr 3:
Tph 0: tav unhpxe anouoia cuykodAnukou ufikoU Gto
oovu,

Tiph 1: 6tav Aydtepo and to hpiou tou uiikoU gixe napa-
peiver ato 6évu,

Tiph 2: 6tav nep1oooTEPO ANd 10 AIoU Tou UAiKoU Eixe
napapeiver oto 6évT,

Tipn 3: 6tav 6o 1o ufikd €ixe napapeivel oto dovu, pe
eud1dkpitn anotinwon otnv Baon tou aykudiou.

‘Eyive nepiypagikh otauoukh yia kaBe opdda nou nepi-
AduBave péoes upés, otabepés anoknioels, EAAXIOTES Kal
péyiotes upés. H dokipaaia avtoxns tou deopou otn 61d-
non yia us dUo opddes e€etdobnke pe tn péBodo
ANOVA pias petaBantns. Na tov kaBopiopyd tns onpavu-
kétntas tou deiktn ARI peta&u twv opddwv xpnaolponoin-
Onke n pn-napapetpikh dokigaaoia X

AMNOTEAEZMATA

0 Nivakas 1 napoucidzel ta anoteféopata tns dokipaaoias
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Eikéva 4. H dokipaoukn cuokeun Lloyd T30 K nou xpnaiponoinBnke
y1a oV €feyX0 TS avtoxns tou Heopou.

Figure 4. The Lloyd T30 K testing machine used for bond strength
testing.

index and its percentage are shown in Table 2.

The analysis of variance demonstrated that there were
significant differences in ARI scores between the groups
investigated (P<0.001) (Table 3).

DISCUSSION

This study investigated the bond strength of indirectly
bonded Ormco lingual brackets, using different
composite bracket base preparation on the basis of the
Thomas Technique, which means using a composite
custom base (Sinha et al., 1995a, 1995b, 1997; Miles,
2000).

Efforts are being made to reduce archwire bending in
lingual orthodontic treatment in order to get a better
efficiency. This can be accomplished by increasing the
bracket base thickness. However, it is very hard to get a
precise bracket position with the direct bonding
technique, and even harder to adjust the thickness of the
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Mivakas 1. Z0ykpion ts avtoxnhs tou deopou otn didtunon petafu twv opddwv.

Table 1. Shear bond strength comparison between groups.

Avtoxn beopoU Méan Ztabepn Efdxion Méyiotn Inpavakétnta
own didynon apn anokdion apn upn

Shear Bond Strength (Mpa) Mean SD Minimum Maximum Significance
Opéba 1 (eRéyxou) 9.46 0.78 8.52 10.98 *xx
Group 1 (control)

Opba 2 (appoBorr) 12.11 0.82 10.98 13.44 *ax

Group 2 (sandblasting)

Inuavukés b1agopés uetalu twv opdbwv oto *P<0.05, **P<0.01, ***P<0.001.

Significant differences between groups at *P<0.05, **P<0.01, ***P<0.001.

avtoxns tou deopou otn didwunon. H péon uph ts doki-
paaoias avroxns tou deopou atn didtunon ntav 9,46+0,78
MPa ka1 12,11+0,82 MPa yia us opddes 1 kan 2 avtiotor-
xa. H &agpopd Bpébnke va sivan otauoukd onpavukh
(P<0.001).

O Nivakas 2 napouaidzel v e€étaon s ouxvotntas
eUpavions tou deiktn unoAeippatos ouykoAAnukoU Kai
10 N00O0OTd NS.

H avaduon petaBAntétntas €6ei§e du unnpxav onpavu-
kés Srapopés ous upés tou ARI peta&u wwv 600 opddbwv
nou pefstnBnkav (P<0.001) (Mivakas 3).

LYZHTHIH

H napouoa epyacia digpelvnoe tnv avioxn tou deopou
WV EPPécws ouykoAnoUpevwY YRWOOIKWY aykufiwyv tns
Ormco, xpnaoiponoicvias Siapopeukés pebodous napa-

bracket base on the lingual surfaces of the teeth, so the
indirect bonding technique is recommended for the
lingual appliances.

There is a controversy in orthodontic literature regarding
bond strength in direct bonding versus indirect bonding
technique. Zachrisson and Brobakken (1978) compared
direct and indirect bonding and concluded that direct
bonding had lower failure rate. In contrary to this
finding, Shiau et al. (1993) and Hocever and Vincent
(1988) showed that bond strength measurements of
indirect bonding were found to compare favorably with
those of direct bonding. The results of this investigation
showed that shear bond strength of indirectly bonded
Ormco lingual brackets were 9.46+0.78 MPa for group 1
and 12.11+0.82 MPa for group 2 consecutively. These
values were both higher than 5.9-7.8 MPa which
Reynolds (1975) suggested was clinically required.

Mivakas 2. Tipés tou Heiktn unodsippatos cuykonAnukou (ARI) yia tnv nogétnta tou cuykoAAntkoU URikoU Nou Napépeve otnv adapavuvikn
em@aveia. [Tipés beiken ARL 0: anouoia ouykoAiAntikoU udikoU and to 66vt; 1t Aydtepo and to ApIoU Tou uMIKoU éxel napayeivel oto bov;,
2: n1epioodtepo and to Ao tou udikoU éxel napapeivel oto 66vu; 3: 6Ao 1o UAIKO éxel napaueivel ato 66vu, pe eudidkpitn anotunwon otny

Bdon tou aykudiou.]

Table 2. Adhesive remnant index (ARI) scores of the residual adhesive on enamel surface. [ARI Scores. 0: no adhesive was left on the tooth;
1: less than half of the adhesive was left on the tooth; 2: more than half of the adhesive was left on the tooth; 3: all adhesive was left on

the tooth, with a distinct impression of the bracket mesh.]

Agikins ARI

ARI score 8 . s
Opdba 1 (eitéyxou) 0 (0%) 1(10%) 4 (40%) 5 (50%)
Group 1 (control)

Oudba 2 (appoBodin) % % % %
Group 2 (sandblasting) 0(0%) 4 40%) 4 (40%) 2 (20%)
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Mivakas 1. L0ykpion ts avtoxnhs tou deopou otn didtunon petafu twv opddwv.

Table 1. Shear bond strength comparison between groups.

Agixtns ARI Méon apn ItaBeph Inpavukoétna
ARI index Mean SD Significance
0[1060 1 (enéyxou) *kk
Group 1 (control) 230 0.67

Oudba 2 (appoBoiin) 1.80 0.79 kkk

Group 2 (sandblasting)

Znpavtikés 51apopés petaéu twv opddwv oto *P<0.05, **P<0.01, ***P<0.001.

Significant differences between groups at *P<0.05, **P<0.01, ***P<0.001.

okeuns ts Bdons and ouvBetn pntivn Baoizépevn otnv
texvikh Thomas, xpnaoigonoimvias 6nAadn pia e§atop-
Keupévn Bdon and olvBetn pntivn (Sinha ka1 ouv.,
1995a, 1995b, 1997; Miles, 2000).

Mpokeipévou va emteuxBei kanUtepn anotefeopaukodtn-
10, yivovian npoondBeies va efattwdei n avdykn kduyns
TWV oUPUATWY Katd t Bspaneia pe tnv texvikn tns yiwo-
olkns opBodovukns. Autd pnopei va emieuxBei au€avo-
vtas 1o ndxos wns Bdons tou aykudiou. Qotdoo eivan
noAu dUokoAn n akpiBis tonoBétnon tou aykudiou pe
NV TEXVIKA Tns dueons ouykdAAnons kal akOpn Mo
duokonn n pUBon tou naxous tnhs Bdons tou aykudiou
ous yAwaoaikés emeaveies twv dovudv. Ma 1o Adyo autd
ouviotdtal n TeExviKn tns €uPeons ouykoAAnons yia s
yAWOOIKES OUOKEUES.

Ztnv opBodovukn BiBMoypagia undpxel éviovn ouzhn-
on ws npos tn diapopd otnv avtoxn tou deopol petau
s texvikNs tns dpueons kai tns €ppeons ouykoéndnons. O1
Zachrisson ka1 Brobakken (1978) ouvékpivav tnv aueon
pE v éppeon ouykoAinon kai katéAn€av oto cupnépa-
opa 6u n texvikh tns dueons ouykoAinons napouaiaze
MKpdtepo pubuod anotuxias. Avtibeta, o1 Shiau ka1 ouv.
(1993) ka1 o1 Hocever kan Vincent (1988) £6ei€av 6u o1
METPNOEIS TNS AVIOXNS TOU OECHOU ME TNV TEXVIKA NS
éupeans ouykoAAnons htav Nio €uVoikés anod eKeives e
v TeExvikn tns dueons ouykénnnons. Ta anotedéopata
ns napouoas penéwns €daifav 6u n avioxn tou Heopol
otn S1dtunon twv eppéows auykondoUpevwv yAwaoikmv
aykufiwv tns Ormco htav 9,46+0,78 MPa yia tnv oudda
1 ka1 12,11+0,82 MPa yia tnv opdda 2. Kan o1 duo autés
upés htav peyandtepes and tnv upn wwv 5,9-7,8 MPa tnv
onofa npdteive oav anaitoUpevn otnv KAvikh npdén o
Reynolds (1975).

Mandibular premolars were chosen as the experiment
material because teeth with relatively regular lingual
crowns provide regularity in resin base thickness and are
easy to obtain, due to their extraction for orthodontic
purposes. Also clinically, we can omit the first-order bend
between premolars and molars when we increase the
thickness of the bracket base of the premolars (Kim et al.
2002).

A number of studies have been performed to investigate
the effect of resin thickness on the bond strength.
Andrews (1990), Evans and Powers (1985) and Zachrisson
and Brobakken (1978) demonstrated that the resin base
should be both even and minimally thick to obtain
maximum bond strength, since bonding strength
increased as the gap between the bracket base and the
tooth surface decreased. On the other hand, ]ost-
Brinkmann et al. (1992) measured the shear bonding
strength, as the resin base thickness increased up to 0.8
mm and concluded that the bonding strength was not
affected by the resin base thickness but the resin type.
However, his experiment has been carried out on the
labial tooth surface and up to a 0.8 mm increase. In this
study composite base of 1 mm thickness has been
constructed and shear bond strength of Ormco lingual
brackets for both groups were found to be satisfactory
(Table 1). However, this result should be considered with
caution since in lingual orthodontic treatment we
sometimes have to increase the resin base thickness by
more than 1 mm. Even though this value seems very high
when compared with labial direct bonding adhesive
thickness (ranging between 150-300 nm), which is very
common for lingual orthodontics, because using this
technique a custom base from composite has to be
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EmAéxBnkav o1 npoyop@iol tns kdtw yvdbou ws to nel-
papaukéd ufiké enaidbh dévua pe oxeukd opand oxnpa
s yAwoaikhs em@aveias s puAns e§aopanizouv oup-
HETPIKGTNTA WS NPOS TO NAxos tns pnuvmdous Bdons kai
enions eival e0koAo va anokowoBoluv Adyw e§aywyns
tous yia opBodovukous Adyous. Emnpdabeta, oe kAvIKO
eninedo pnopouUpe va napandsigoups us KAPYEIS NPWINS
1d&ns peta&u npoyouiwv kal yopugiwv étav au§dvoupe
10 ndxos s Bdons tou aykufiou twv npoyop@inv (Kim
Kar ouv., 2002).

‘Exe1 npaypatonoinBei évas ap1Buoés peAetwv NPoKeIPévou
va 6iepeuvnBei n enidpacn tou ndxous tns pntivns gty
avtoxn tou deopou. O Andrews (1990), o1 Evans ka
Powers (1985) ka1 o1 Zachrisson ka1 Brobakken (1978)
¢6ei€av 6u n pnuvwbns Bdon Ba npénel va gival opoid-
pop®n Kal va éxel edxioto nAxos npokelpévou va e&a-
o@aniooupe tnv péyiotn avioxn SopoU, 1as Kai n avio-
XN tou 6eopoU au€dver pe tnv eAduiwon tou Kevou Jeta-
€U s Bdons tou aykudiou ka1 tns 0dovukns EMEAvEIQs.
Apetépou, o1 Jost-Brinkmann ka1 ouv. (1992) pérpnoav
v avioxn tou 6eopol otn Sidtunon augdvovias o
ndxos s pnuvmdous Bdons péxpr 0,8 mm kot katéAngav
oto oupnépacpa 6u n avioxn tou deopol dev ennped-
OTNKE and 1o ndxos s pnuvwdous Baons, anna and tov
wno s pntivns. Qotégo, npaypatonoincav 1o neipapd
Tous otnv xelnikn em@edveia tou Sovuou kai e pia augn-
on tou ndxous péxpr 0,8 mm. Linv napouca pefétn, 10
ndxos tns Bdons and ouvBen pntivn NOU KATAOKEUATTN-
ke htav 1 mm ka1 n avtoxh tou 6eapoU atn Hidtunon twv
eupéows ouykonoUpevwy yAWOOIK®Y aykufiwv tns
Ormco Bpébnke va eivar 1kavonoinukh kai yia us 600
opaoes (Mivakas 1). Qotéoo, 1o anoténeopa autd Ba npé-
nel va e€etaotei Npooekukd pias kar otnv opBodovukn
Bepansia pe n yAWOOIKN TEXVIKN NPENEN PEPIKES POPES va
au€hooupe 1o naxos s pnuvmdous Bdons nNepIocdtepo
andé 1 mm. Ak6épn ka1 €dv auth n uph @aivetol nou
au§npévn étav ouykpivetal e 1o NAxos tou cuykoAAnT-
koU uflikoU otnv dueon xeifikh texvikn (to onoio kupai-
vetan petagu 150 kan 300 nm), eivar noAU cuvnBiopévn
otnv yAwooikh opBodovukn eneibn pe v texvikn autn
Ba npénel va oxnpauotei yia kGBe d6vu pia eatopikeu-
pévn Bdon and oUvBetn pntivn n onoia Ba cuykoAAnOei
e epyaotnpiakh dadikacia Adyw tns peyanns noikidias
otn poppofoyia s yAwaoaikhs emPAaveias twv dovuwy.
Mapdéia autd, ndxos cuykoAdnukoU ufikou 1 mm h
peyanutepo anotenei coBapd npdBAnpa apou pnopsi va
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formed for each tooth to be bonded during laboratory
procedure due to the large variation in lingual
morphology. However, 1 mm or higher thickness
adhesive is a big problem because it may cause excessive
heat-associated expansion of the matrix accelerating
aging phenomena. Bond strength tests can not reveal
this issue because they deal with an almost momentary
treatment of the adhesive and the long term effects
remain unknown. Given that almost all bond strength
tests in the literature exceed the "threshold" there
would be no failure, a fact which contradicts clinical
reality.

In this study, Ormco lingual premolar brackets, whether

sandblasted or not, provided satisfactory results shear

bond strength (Table 1). However this result should be
evaluated carefully in clinic for several reasons:

(a) a continually increasing shear load applied to bonded
brackets in the laboratory is not representative for
the force applications that occur clinically,

(b) the type of debonding force in machines is not the
same as the force applied during clinical debonding,

(c) the complex oral environment with variation in
temperature, stresses, humidity, acidity and plaque is
not reproducible in the laboratory (Zachrisson, 2000),
and

(d) the experimental design of the present study using
one tray for each tooth allows for ideal application of
the custom base to the tooth surface.

Generally when indirect bonding is used in orthodontic

practice, trays are formed for bonding multiple teeth,

e.g., one tray is used for each quadrant to be bonded. In

a clinical settling, incorrect placement of a tray for

multiple teeth may result in larger sealant film thickness

and a decrease in bond strength (Arndt et al., 2003).

In lingual orthodontics, as in labial, the ideal adhesive

should leave the least remnant on the tooth after

debonding without producing enamel fractures (Vicente
et al, 2004). Furthermore, in lingual technique
individualized prescriptions (torque, angulation, rotation
and in-out values) are built inside the composite in the
base of the bracket during laboratory procedures. For
that reason if any bond failure happens during the
treatment, the clinician would like to have it between
the adhesive and the enamel surface, and keep the

custom made composite base intact in order to avoid a

new laboratory procedure.
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npokanéoel ektetapévn Beppikn Sraoton tns pATPAs Kai

va emreivel ta gaivopeva yhpavons tou ufikou. O1 doki-

paaoies tns avtoxns tou deopou bev pnopouv va avadei-

&ouv autd 1o npoBAnpa agou npaypateUovial évav oxe-

b6v ouypiaio xeipiopd tou cuykoAAntkoU UAIKOU, eV O1

embpdosis oe BABos xpovou napapévouv AyvwOTss.

Aebopévou 6u otn BiBMoypagia 6Aes o1 dokipaacies tns

avtoxns deapoU unepBaivouv to "op10” dev Ba énpene va

undpxel anotuxia, kAU to onoio épxetal o aviibBson e

v npaygaukotnta otnv kivikn npdén.

Zinv napouaoa penétn, ta yAwooikd aykUma twv npoyop-

Qiwv tns Ormco napeixav 1kavonoinukd anoteféoupata

s Npos v avtoxh tou deapou otn &idtunon (Mivakas

1), eite appoBonnBnkav gite 6x1. QGTOCO AUTO TO ANOTE-

Aeopa Ba npéne va ekupnBei pe npoooxn otnv KMVIKA

npdén yia didpopous Adyous:

(a) éva ouvexws auavépevo diatunukd Poptio 10 onoio
epapuozetan ato epyactipio dev ivar avunpoowneu-
uk6 pas duvapns n onoia epappdzetal otnv KAIVIKA
npagn,

(B) o wnos ts duvapns anokdéAANons and TS OUCKEUES
eféyxou Oev eivan i610s pe exeivov tns SUvapns nou
epappdzetan katd v anokdéAdnon otnv kAvikh Npagn,

(y) o noAunAoko otopauké nepiBandov pe noikidia o€
Bepuokpaocia, tdosis, uypaaoia kar pikpoBiakh nAdka
bev ival avunpoowneutikd tou pyactnplakol nepl-
BaAnovtos (Zachrisson, 2000), kai

(6) o nepapaukoés oxediaouds tns napoucas peNENs pe
v xpnaigonoinan evos diokapiou yia kGO dévu em-
péner v 16avikh €pappoyn tns eEATOUIKEUpEVNS
Bdons otnv odovukn emeaveia.

levikd, 6tav xpnolponoieitan otnv opBodovukn npdén n

éupeon texvikn ouykéAAnons, ta 610kAPIa KATAOKEUAZO-

vial yia th ouykéinnon noAdanA®v dovuwy, n.X. Xpnal-
ponoieital éva 6iokdpio yia tn ouykdidnon oe kdBe
tetaptnpopio. Xinv kivikh npdén, n AavBaopévn tonobé-
tnon evos diokapiou yia noAdanAd dévua pnopei va odn-
ynosl og au§npévo ndxos tou @AY tou cuykodAnukoU
ulikoU ka1 o€ efattwpévn avioxn tou deopol (Arndt kot

ouv., 2003).

Onws otnv xeifikh opBodovukn, €tar kal otnv yAwWoaikn

opBodovukn 1o 16avikéd cuykondnukd ufikd Ba npénel va

apnvel otnv odovukn emdvela ta fydtepa duvatd uno-

Aeippata petd v anokdAAnon tou xwpis va dnpioupyei

katdydata ts adapavivns (Vicente ka1 ouv., 2004).

EmnpooBeta, otnv yAwaooikh texvikh 01 E§ATOPIKEUPEVES

20

The ARI developed by Artun and Bergland (1984) has
been used by many investigators to help standardize
bonding failure and it may oversimplify the very complex
issues of bond failure analysis. In this study the ARI index
in group 2 was 2.30+0.67 and 1.80+0.79 in group 1
(Table 3). This result suggests that sandblasting of the
bracket base in group 2 produced statistical increase in
the retention between the bracket base and the
adhesive, yet this retention was not enough since there
was still a certain amount of adhesive remaining on the
enamel after debonding procedure (n=2, 20% of the
teeth for group 2 and n=5, 50% for group 1). At this
point further studies are needed in order to increase
more the retention between the bracket base and the
composite. Changing the adhesive materials to construct
the custom base (Jost-Brinkmann et al., 1992) or using an
adhesion promoter (Vicente et al., 2004; Newman et al.,
1995; Jeffrey et al., 2001; Nakabayashi, 1992; Clark et al.,
2003) could be an alternative for this purpose.

CONCLUSION

The results of this study support the recommendation of
sandblasting in order to increase the shear bond strength
and the retention between the bracket and the
composite base.
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obnyies (otpéyn, ywviwon, nepiotpoPh Kal UECA-EEw
upés) Evowpatwvovial atn ouvBetn pntivn ths Bdons tou
aykufiou katd us epyactnpiakés d1adikaaies. Ma to Adyo
autd eav oupBei onoladnnote anotuxia tou deopol katd
n &Sidpkeia s Bepaneias, autn Ba npénel va sivan petagu
tou ouykoAAntukoU ufikoU ka1 tns adapavuvikns emed-
VEIQS, WOTe n atopikeupévn Bdon and 1o ouykoAANTIKO
ufiké va napapeivel aBiktn ka1 va ano@euxBei pia véa
gpyaotnpiakn Sadikaoia.

O o6¢iktins ARI nou avantixBnke and tous Artun kai
Bergland (1984) éxe1 xpnaoiponoinBei ané noAndous epeu-
vntés npokeipévou va BonBnbei n tunonoinon tns anotu-
xias tou 6eopou ka1 iows unepanfouaotelel to noAU nepi-
nAoko Béua tns avaduons tnhs anotuxias tou HeopoU.
Ltnv napouca peféwn o deikins ARL otnv opdda 2 htav
2,30+0,67 ka1 otnv opdda 1 Atav 1,80+0,79 (Mivakas 3).
To anotéfeopa autd deixvel 6u n aupoBodn s Bdons
tou aykuiiou otnv opdda 2 npokdneoe otauoukd onpa-
vokn au€non s ouykpdtnons petafu tns Bdons tou
aykufiou ka1 tou ouykofdnukoU ufikoU, wotdéoo n
ouykpdtnon auth dev Ntav apketh apou unhPXe akOpn
apketh nogdwnta cuykoAAnukoU ufikoU nou napépeve
otnv abapavtivn petd tn Sadikacia tns anokdAAnons
(n=2, 20% twv dovuwv otnv opdda 2 ko n=5, 50% yia
tnv opdda 1). Ito onyeio auté anartolvial NEPATTEPW
penétes npokeiyévou va aufnBsi akdun nePIoo6TEPO N
ouykpdtnon petagu tns Bdons tou aykufiou kal s ouv-
Betns pntivns. H afdayn tou cuykoAdnukoU ufikou yia
v Kataokeun s e€atopikeupévns Bdons (Jost-
Brinkmann ka1 ouv., 1992) A n xpnaigonoinon evos npo-
aywyéa ouykoninons (Vicente ka1 ouv., 2004; Newman
Kan ouv., 1995; Jeffrey kar ouv., 2001; Nakabayashi 1992;
Clark ka1 ouv., 2003) 6a pnopouoe va givan pa evaiia-
kukh AUoN yia 1o okonoé autd.

LYMIMEPAZMA

Ta anoteféopata ns napouaoas pefétns unootnpizouv
tnv olotaon yia npaygatonoinon appoBonns npokeipé-
vou va au€nBoulv n avtoxn tou deopol otn didtunon kai
n ouykpdmnon petagu tou aykudiou kar tns Baons ano
ouvBetn pntivn.

H napouoa epyaoia napouoidotnke oto 6o [llaykéouio

Zuvédpio Mwooikns OpBoboviikns otnv Bapkedwvn,
Ionavia to 2004.
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