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             Introduction 

 The investigations of  Buonocore (1955)  on the direct 
bonding technique revolutionized the appearance of fi xed 
orthodontic appliances. Over the years a great deal of 
attention has been paid to improve the acid-etching 
technique, primers and adhesives. Nonetheless, adhesive 
failures still exist because of contamination during bonding. 
As contaminants, saliva, blood and etching gel remnants are 
described ( Schaneveldt and Foley, 2002 ;  Reddy  et al. , 
2003 ). Some researchers have reported a decline in bracket 
bond strength as a result of saliva and moisture exposure 
during bonding ( Webster  et al. , 2001 ;  Rajagopal  et al. , 
2004 ;  Campoy  et al. , 2005 ). However, most  in vitro  studies 
on bond strength after saliva contamination did not use an 
artifi cial ageing procedure before testing, despite the fact 
that thermocycling of the specimens has been recommended 
to consider the durability of the bond ( Buonocore, 1981 ; 
 Schaneveldt and Foley, 2002 ). 

 Saliva contact with the etched tooth results in plugging of 
porosities caused by acid etching and in a reduction of surface 
energy ( Rajagopal  et al. , 2004 ). Early resins were 
manufactured of hydrophobic monomers, which performed 
well only in dry environments ( Hormati  et al. , 1980 ;  Grandhi 
 et al. , 2001 ;  Rajagopal  et al. , 2004 ). Nowadays hydrophilic 
components, such as hydroxyethyl methacrylate (HEMA) 
which is well known in restorative dentistry for dentine 
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bonding, are available in adhesives for enamel bracket 
bonding. These moisture-insensitive primers (MIP) perform 
adequately even in the presence of moisture ( Rajagopal 
 et al. , 2004 ). However, there are controversial reports on 
whether MIPs fulfi l the requirements for bond strength in a 
dry environment ( Littlewood  et al. , 2000 ;  Kula  et al. , 2003 ). 

 A common procedure for surgical exposure and orthodontic-
assisted eruption of impacted teeth is direct bonding of 
orthodontic buttons or brackets ( Reddy  et al. , 2003 ). The 
presence of blood makes it diffi cult to place a button on the 
unerupted tooth. Therefore, buttons or brackets often have to 
be rebonded which is an unpleasant procedure for patients. 

 Another problem of direct bonding might be the removal 
of the etching gel. According to the manufacturer ’ s protocol, 
the tooth should be rinsed thoroughly with oil-free water after 
etching. If this process is performed inadequately, etching gel 
remnants stay on the enamel and could obstruct bonding. 

 The purpose of this study was to compare the effect of 
saliva, blood and etching gel remnants as contaminants on 
the enamel surface during the bracket-bonding process. A 
conventional primer (Transbond XT, 3M Unitek, Monrovia, 
California, USA) and an MIP (Transbond MIP, 3M Unitek) 
were evaluated using the adhesive Transbond XT (3M 
Unitek). The results were compared with a control group 
bonded under dry conditions. To simulate temperature 
changes and the moisture in the oral cavity, all samples were 
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Ulm, Germany) at a crosshead speed of 1 mm/minute. The 
embedded tooth and the adhesively fi xed bracket were 
positioned in the testing apparatus so that the bracket slot 
was placed horizontally. A knife-edge shearing rod was 
used to deliver the shear force at the bracket base – enamel 
interface. All brackets were shear tested to failure. SBS was 
determined using the formula  σ  shear  =  F  max / A  bracket      base      
surface  (MPa). The surface area of the bracket bases was 
determined by measuring the length and width and 
computing the mean area.     

 To determine statistical differences, a Mann – Whitney 
 U  test was performed. The means and standard deviations 
were calculated. The level of signifi cance was set at  α  = 0.05.  

  Results 

 The hydrophobic Transbond XT primer revealed a 
distinctive and signifi cant ( P  = 0.005) decrease in SBS 
after saliva and blood contamination ( Table 1 ,  Figure 2a ). 
Following etching gel contamination, no signifi cant change 
of SBS was observed. Saliva and etching gel contamination 
did not significantly influence the SBS of brackets 
bonded with the hydrophilic Transbond MIP ( Figure 2b ). 
A signifi cant ( P  = 0.005) decrease in SBS could only be 
detected after blood contamination using Transbond MIP. 
A comparison of SBS values for Transbond XT and MIP 
bonded brackets showed no signifi cant changes under dry 
conditions or after etching gel contamination. In wet 
conditions (after saliva and blood contamination) a 
signifi cant decrease in SBS for Transbond XT bonded 
brackets was found in comparison with Transbond MIP 
( P  = 0.005). Transbond MIP primer revealed the highest 
SBS mean values (9.29 ± 1.16 MPa) under dry conditions 
( Table 1 ).          

exposed to thermocycling (6000× 5°C/55°C) in a mastication 
device before testing.  

  Materials and methods 

 A total of 80 recently extracted third molars were collected 
and stored in 0.5 per cent chloramines-T. The roots were 
removed and the crowns were embedded in auto-
polymerization acrylic resin so that the facial surface of 
each tooth was parallel to the base of the polymer. The teeth 
were cleaned with a non-fl uoridated pumice paste and 
rubber cups. The enamel surface of each tooth was etched 
with 20 per cent phosphoric acid (Gluma Etch 20 Gel, 
Heraeus Kulzer, Hanau, Germany) for 30 seconds. A frosted 
appearance indicated a successful etch. Eight groups (10 
teeth per group) were formed: 
    

      Group 1: Transbond XT in dry conditions (control).  
      Group 2: Transbond MIP in dry conditions (control).  
      Group 3: Transbond XT after saliva application.  
      Group 4: Transbond MIP after saliva application.  
      Group 5: Transbond XT after blood application.  
      Group 6: Transbond MIP after blood application.  
      Group 7:  Transbond XT after insuffi cient removal of 

etching gel with a rinse of oil-free water for 
only 2 seconds.  

      Group 8:  Transbond MIP after insuffi cient removal of 
etching gel with a rinse of oil-free water for 
only 2 seconds.   

   

 The applications of the used primers were as follows: 
the conventional primer Transbond XT was applied, 
gently thinned with air and light-cured for 20 seconds 
(Ortholux, 3M Unitek). Transbond MIP was thinned with 
air after 10 seconds of application and light-cured for 20 
seconds (Ortholux, 3M Unitek). For contamination tests, 
suffi cient saliva or blood (both human) was applied for 
15 seconds on the enamel to permit full hydration of the 
surface. 

 Metal brackets (Ormesh, Ormco Corporation, Glendora, 
California, USA) were bonded to the teeth using Transbond 
XT adhesive. All brackets were placed centrally on the fl at 
buccal surfaces of the teeth. The excess resin was carefully 
removed from the tooth using a dental probe. The samples 
were then light-cured with a light-emitting diode curing 
device (Ortholux) for 20 seconds. All brackets were bonded 
by the same operator. 

 To simulate the moisture and temperature changes in the 
oral environment, all samples were exposed to thermocycling 
24 hours after preparation. All groups were alternately 
fl ooded every 2 minutes with warm (55°C) and cold (5°C) 
distilled water for 6000 cycles in a mastication device 
( Rosentritt  et al. , 1997 ). 

 Shear bond strength (SBS) testing was performed using 
the universal testing machine Zwick 1446 ( Figure 1 , Zwick, 

  
 Figure 1      Overall view of the Zwick universal testing machine.    
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  Discussion 

 In this study, the SBS of brackets on contaminated enamel 
was tested after thermocycling. To consider the durability 
of the bond,  Buonocore (1981)  and  Schaneveldt and Foley 
(2002)  recommended thermocycling of specimens. 
According to  Pfeiffer and Marx (1989) , the temperature of 
food ranges between  − 8°C and 81°C. It was concluded 
that in the oral cavity the temperature on interfaces 
between different material groups could be 5 – 52°C 
( Pfeiffer and Marx, 1989 ). It has been reported that the 
bond strength of different adhesive resins is reduced after 
thermocycling ( Bishara  et al. , 1975 ;  Klockowski  et al. , 
1989 ;  Komori and Ishikawa, 1997 ;  Daub  et al. , 2006 ). 
Two reasons for this phenomenon could be water uptake 
and the effect of different coeffi cients of thermal expansion. 
Increased water sorption is likely to be the main factor, 
which affects bond strength since water is able to penetrate 
into the polymer. As a result, the secondary chemical-
bonding forces (van der Waals forces) between the polymer 
chains are reduced and the mechanical properties of the 
resin decreased ( Rantala  et al. , 2003 ). This plasticizing 
affects mainly the properties of the adhesive.  Daub  et al.  
(2006)  stated that the amount of water absorbed by the 
polymer and the rate of absorption are diffusion controlled 
and depend mostly on material factors. Previous 
investigations on bond strength of saliva-contaminated 
enamel have disregarded the infl uence of temperature 
changes in a wet environment ( Webster  et al. , 2001 ; 
 Schaneveldt and Foley, 2002 ;  Rajagopal  et al. , 2004 ; 
 Campoy  et al. , 2005 ). Often samples were immersed in 
distilled water only for a short period of time ( Schaneveldt 
and Foley, 2002 ;  Kula  et al. , 2003 ).  Yap and Wee (2002)  
suggested that if thermocycling is added to water storage, 
water absorption of composites is accelerated and resins 
absorb even more water. 

 Another reason for the decline in bond strength of 
thermocycled samples could be the differences in the 
coeffi cient of thermal expansion between the bracket, the 
adhesive and the enamel ( Anusavice, 2003 ;  Arici and Arici, 
2003 ;  Daub  et al. , 2006 ). Consequently  , in this investigation, 
thermocycling (6000× 5°C/55°C) in a mastication device 
before SBS testing was used to simulate cyclic stress at two 
different temperature extremes and to reproduce water 
absorption expected in the oral environment. 

 The diffi culty of orthodontic bracket bonding is its 
semi-permanent nature. The bond strength should be 
suffi ciently high to resist accidental debonding during 
treatment, but low enough to remove the bracket from the 
tooth without generating excessive force which might 
damage the periodontium ( Özcan  et al. , 2004 ). It is a 
common belief that the clinically adequate SBS for a 
stainless steel bracket to enamel should be 6 – 8 MPa ( Gillis 
and Redlich, 1998 ;  Bourke and Rock, 1999 ;  Özcan  et al. , 
2004 ). In the present study no signifi cant differences 

 Table 1      Means and standard deviations for shear bond strength.  

  Shear bond 
strength (MPa)  

  Transbond XT primer under dry conditions (control 
 group)

8.71   ±   1.37 

 Transbond MIP under dry conditions (control group) 9.29   ±   1.16 
 Transbond XT primer after saliva contamination 3.42   ±   0.78 *  
 Transbond MIP after saliva contamination 8.82   ±   1.21 NS  
 Transbond XT primer after blood contamination 2.37   ±   1.13 *  
 Transbond MIP after blood contamination 7.08   ±   0.78 *  
 Transbond XT primer after etching gel contamination 8.47   ±   0.78 NS  
 Transbond MIP after etching gel contamination 9.16   ±   0.95 NS   

  MIP, moisture insensitive primer.   
  *   P    =   0.005; NS, not signifi cant.   

   Figure 2      Shear bond strength (MPa) of brackets bonded with Transbond 
XT primer (a) and Transbond moisture-insensitive primer (b) after enamel 
surface contamination.    
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between conventional primer (XT) and MIP could be 
observed under dry conditions. These results are in 
contrast to the fi ndings of  Littlewood  et al.  (2000) . They 
reported a signifi cant reduction of SBS under dry 
conditions using a hydrophilic primer. The results of the 
present study indicate that after saliva and blood 
contamination MIP revealed a higher SBS compared with 
the conventional primer XT. These fi ndings are in 
agreement with previous reports ( Webster  et al. , 2001 ; 
 Rajagopal  et al. , 2004 ;  Campoy  et al. , 2005 ).  Webster  et 
al.  (2001)  concluded that uncontaminated (without saliva 
contact) enamel surfaces resulted in the highest bond 
strengths for hydrophilic and hydrophobic adhesives. 
 Rajagopal  et al.  (2004)  investigated the effect of 
conventional, moisture-insensitive and self-etching 
primers after contamination with natural saliva  in vitro.  
They found a superior bond strength for MIP and self-
etching primers in cases of moisture contamination. 

 The introduction of MIP in orthodontics derives from 
efforts in restorative dentistry to improve bond strength to 
dentine ( Kanca, 1996 ;  Frankenberger  et al. , 2000 ). According 
to the investigation of  Newman  et al.  (2001) , adhesion 
promoters containing pyromellitic glycerol dimethycrylate 
and HEMA and other acrylates improve bond strength and 
promote bonding under slightly moist conditions. Especially 
the hydrophilic monomer, HEMA, which allows a lower 
contact angle and an extension of the molecule ( Rajagopal 
 et al. , 2004 ), is effi cient even in the presence of saliva. 
Conventional primers consisting of a glycidal methycrylate 
(BisGMA) reveal a hydrophobic characteristic and are not 
able to penetrate the saliva on the etched enamel. In addition, 
minerals and saliva proteins compromise the setting of the 
adhesive on the contaminated tooth surface ( Itoh  et al. , 
1999 ). 

 The results of SBS testing after blood contamination 
indicate that human blood seems to be a greater barrier 
for the adhesives to penetrate. This might be of concern 
when bonding orthodontic buttons or brackets during 
surgical exposure of impacted teeth. Often glass ionomer 
cements (GICs) are used for bonding brackets to the 
surface of unerupted teeth, because of their enhanced 
curing in a wet environment ( Reddy  et al. , 2003 ). 
However, those authors found that the benefi cial wetting 
phenomenon of GICs is not achieved after blood 
contamination during curing. They stated that, without 
contamination, composite resins have a greater bond 
strength than resin-reinforced GICs. After blood 
contamination, both materials showed a signifi cant 
decrease in bond strength ( Reddy  et al. , 2003 ). In the 
present study, blood seems to be a physical barrier that 
impedes the mechanical retention of the adhesive to the 
etched tooth. It was assumed that because of the compound 
of blood, the physical barrier was greater than that of 
saliva. Hence, bond strength is reduced in comparison 
with saliva contamination. 

 Etching gel remnants on the enamel do not seem to 
signifi cantly infl uence SBS. Despite this, etching gel should 
be removed according to the manufacturer ’ s instruction to 
avoid enamel damage. 

 In the present investigation an attempt was made to 
simulate clinical conditions using thermocycling. Therefore, 
the results of the present investigation are diffi cult to 
compare with other studies on contamination during 
bonding, because often SBS was determined under dry 
conditions or after water exposure for a short period of time, 
and the infl uence of water penetration into the bracket, resin 
and tooth interface was disregarded. Nevertheles  , it should 
be remembered that this was an  in vitro  study, and care 
should be taken in interpreting the results to those that might 
be obtained  in vivo .  

  Conclusions 

 If contamination during bonding is anticipated, a hydrophilic 
primer should be used. Under dry conditions hydrophilic or 
hydrophobic primers could be applied. Blood contamination 
seems to be a more serious problem for bond strength than 
saliva or etching gel contamination  .     
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