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             Introduction 

 Bond failure of brackets during orthodontic treatment is a 
commonly encountered problem. The frequency of this has 
been found to vary between 0.5 and 17.6 per cent ( Zachrisson, 
1977 ;  Sunna and Rock, 1998 ;  Reis  et al. , 2008 ). Various 
factors can contribute to bond failure, including poor 
operator technique, variation in the enamel surface, saliva 
contamination, bracket properties, masticatory forces, and 
patient behaviour ( Bishara  et al. , 2002 ;  Cozza  et al. , 2006 ; 
 Soderquist  et al. , 2006 ;  Northrup  et al. , 2007 ). Acidic and 
alcoholic foods and drinks in the diet of the patient can also 
be a causative factor for bond failure. ( Hobson  et al. , 2000 ; 
 Dinçer  et al. , 2002 ;  Oncag  et al. , 2005 ;  Akova  et al. , 2007 ). 

 The consumption of soft drinks is popular with adolescents 
and the habit is carried over into adulthood. However, their 
popularity has raised concern about their detrimental 
potential on adhesion of brackets. It has been reported that 
acidic and alcoholic soft drink consumption during 
orthodontic treatment decreases the retention of brackets by 
enamel softening around the brackets ( Dinçer  et al. , 2002 ; 
 Oncag  et al. , 2005 ) or adhesive resin/composite resin 
degradation or softening ( Hobson  et al. , 2000 ;  Akova  et al. , 
2007 ). Therefore, patients with fi xed orthodontic appliances 
are advised not to consume acidic soft drinks during 
treatment ( Oncag  et al. , 2005 ). 

 Nowadays, as well as soft drinks, herbal teas have become 
popular worldwide and especially in Turkey ( Ba ş gel and 
Erdemo ğ lu, 2006 ) because of their benefi cial effect on both 
physical and mental health ( Aoshima  et al. , 2007 ). The 
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average consumption of tea is reported to be higher than 
that of soft drinks with an average of 3 units of tea being 
consumed per day compared with 1.6 units of soft drinks 
( The Tea Council Ltd, 2000 ). Herbal fl avoured tea was 
introduced as a low-caffeine alternative to conventional 
black tea ( Brunton and Hussain, 2001 ). In a short period of 
time, herbal fl avoured tea has increased in popularity in the 
United Kingdom and currently represents 3 – 4 per cent of all 
tea consumed ( The Tea Council Ltd, 2000 ).  Phelan and 
Rees (2003)  reported that the consumption of herbal teas is 
similar to that of traditional teas. Herbal teas contain various 
fragrances which have a tranquillizing effect on the mind 
( Aoshima  et al. , 2007 ). In addition, they are low in calories 
( Brunton and Hussain, 2001 ). They are based on dried fruit 
products and often contain a mixture of dried berries and 
fruit leaves together with other fi llers and fl avourings 
( Phelan and Rees, 2003 ). Although herbal teas are known to 
be  ‘ safe ’ , it has been reported that many of these have a high 
erosive potential because of their fruit products containing 
hydroxyl organic acids, such as citric, malic, and oxalic 
( Hughes  et al. , 2000 ). Some researchers ( Brunton and 
Hussain, 2001 ;  Phelan and Rees, 2003 ) have found enamel 
loss caused by herbal teas. To date, no study has been 
performed to evaluate the effect of black or herbal teas on 
the enamel bond strength of orthodontic brackets. As many 
orthodontic patients, especially adults, routinely drink 
herbal tea and there could be a possible relationship between 
the initial pH of the teas and the bond failure of brackets, the 
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present  in vitro  study was carried out to provide information 
on the resistance of a metallic bracket to shearing forces 
after tea exposure and to evaluate the mode of failure.  

  Materials and methods 

 Ninety non-carious human premolar teeth from 12- to 
16-year-old orthodontic patients, that had been extracted 
not more than 2 weeks previously, were handled and 
prepared solely by the same operator (ÇU). The teeth were 
cleaned and polished with fl uoride-free pumice slurry and 
examined under a stereo microscope (Discovery V8 Stereo, 
Carl Zeiss MicroImaging GmbH, Göttingen, Germany) to 
ensure the absence of caries and cracks on the labial surface. 
The roots of the teeth were embedded in standardized 16 × 
20 mm acrylic blocks. The buccal enamel was etched with 
37 per cent orthophosphoric acid (3M Espe, St Paul, 
Minnesota, USA) for 30 seconds, rinsed with water for 15 
seconds, and air dried with oil-free compressed air shrinkage 
for 20 seconds. Bracket bonding to the enamel was 
performed using a highly fi lled orthodontic adhesive, 
Transbond XT (3M/Unitek Corporation, Monrovia, 
California, USA), and Transbond XT Light Cure Adhesive 
Primer according to the manufacturer’s recommendation. 
Transbond XT primer was applied to the etched surface in a 
thin fi lm and light cured for 10 seconds with a halogen-
curing unit (Hilux Ultra Plus, Benlio ğ lu Dental, Ankara, 
Turkey). Before each testing procedure, the light intensity 
of the unit was checked with a curing radiometer (Demetron 
Kerr, Danburry, Connecticut, USA) and confi rmed at 700 
mW/cm 2 . Transbond XT adhesive paste was then applied to 
each bracket base, and a metal premolar bracket (Victory 
Series, 3M Unitek GmbH, Seefeld, Germany) with a 0.018 
inch slot was placed on each tooth. The bracket was centred 
on the crown of the tooth mesiodistally along the long axis 
of the tooth, and pressed fi rmly with a Hollenback carver to 
expel the excess adhesive. The excess resin was removed 
using a sharp scaler. After light irradiation from two sides of 
the bracket edges for 10 seconds, the specimens were kept 
in distilled water at 37°C for 24 hours to allow polymerization 
of the resin. 

 The 90 specimens were randomly divided into six equal 
groups:
    

     Group 1:   Black tea  
     Group 2:   Mint – mate herbal tea  
     Group 3:   Mint – lemon herbal tea  
     Group 4:   Rosehip fruit tea  
     Group 5:   Coca-Cola (positive control group)  
     Group 6:   Distilled water (negative control group).   
    

 The contents of the drink are listed in  Table 1 . All the 
groups were conditioned with each solution for three sessions 
of 5 minutes with equal intervening intervals during the day. 
After each session, the solutions used were replenished. For 
the remainder of the time, they were kept in distilled water. 

The process was carried out for 90 days. All the tea bags were 
brewed according to the manufacturers ’  instructions using a 
standardized method. One tea bag was added to 250 ml of 
boiling tap water and stirred at 0, 2, 4, and 5 minutes and the 
bag was then removed. The volume of 250 ml was chosen as 
this represented the average volume of a typical tea mug. The 
solution was allowed to cool until it reached 37°C before 
testing ( Phelan and Rees, 2003 ). Only Coca-Cola was used 
cold, directly from the refrigerator, at each session.     

 The initial pH of each liquid was tested using an electronic 
pH metre (Thermo Orion, Model 720, Witchford, 
Cambridgeshire, UK). The pH metre was calibrated using 
test solutions with a known pH value (Fisher Scientifi c 
International, Hampton, New Hampshire, USA) prior to 
testing. Each liquid was tested using fi ve different samples 
( Phelan and Rees, 2003 ). 

 After 3 months, each bonded bracket was positioned in a 
universal testing machine (Instron Corp., Canton, 
Massachusetts, USA) parallel to the direction of load 
application. Shear load was directly applied to the bracket –
 tooth interface at a crosshead speed of 1 mm per minute 
until debonding occurred. The load at bracket failure was 
recorded using a personal computer connected to the testing 
machine. The load at failure was recorded in Newtons (N), 
and the stress was calculated in megapascals (1 MPa   =   1 N/
mm 2 ) by dividing the force in N by the area of the bracket 
base. The area of the bracket base, determined by measuring 
fi ve brackets with digital callipers (Masel Orthodontics, 
Bristol, Pennsylvania, USA) accurate to 0.01 mm, was 
found to be 10.53 mm 2 . 

 After debonding, each tooth was examined under ×40 
magnifi cation with a stereo microscope (Discovery V8 
Stereo, Carl Zeiss MicroImaging GmbH) and the residual 
adhesive remaining on the teeth was scored using the 
adhesive remnant index (ARI), as described by  Årtun and 
Bergland (1984) . The possible values for the ARI are 0, no 
adhesive left on the tooth; 1, less than half of the adhesive 
left on the tooth; 2, more than half of the adhesive left on 
the tooth; and 3, all the adhesive left on the tooth with an 

 Table 1      Drink contents according to the manufacturers ’  
information.  

  Drinks and manufacturers Contents  

  Black tea — Lipton, Unilever, 
 Istanbul, Turkey

Black tea leaves 

 Mint – lemon herbal tea —
   Dogadan, Dogadan Inc., 

Ankara, Turkey

Curled mint (37%), lemon grass, lemon 
  verbena, lemon peel, natural lemon 
fl avour, chicory root 

 Mint – mate herbal tea — Doga, 
 Doga Inc., Istanbul, Turkey

Mate, peppermint (10%), spearmint 
 (10%), lemon grass, natural 
 lemon fl avour, chicory root 

 Rosehip fruit tea — Dogadan Rosehip, hibiscus 
 Coca-Cola — Coca-Cola 
 Company, Istanbul, Turkey

Carbonated water, sugar, phosphoric acid, 
  fructose, corn syrup, caramel, colour, 

natural fl avours, caffeine  
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impression of the bracket mesh. Data of initial pH, SBS, 
and ARI scores were analysed statistically by Kruskal –
 Wallis and Mann – Whitney  U -tests, one-way analysis of 
variance (ANOVA), and Duncan and  Z -tests, respectively.  

  Results 

 The initial pH and mean SBS of the groups tested are 
presented in  Table 2 . The pH of the different types of herbal 
tea tested ranged from 2.4    ±    0.07 to 7.1    ±    0.05 compared 
with values of 2.5 (0.05) for Coca-Cola and 6.7    ±    0.00 for 
distilled water. The pH of the rosehip fruit tea was 
signifi cantly less than all the other teas ( P    <   0.05).     

 One-way ANOVA and Duncan test were used to analyse 
the differences in SBS among the groups. Duncan test 
showed that Coca-Cola and rosehip fruit tea had a 
signifi cantly lower bond strength than all the other tea 
groups and the negative control group ( P    <   0.001). There 
were no signifi cant differences between the other tea groups 
(black, mint – mate herbal, and mint – lemon herbal) and the 
negative control group ( P    >   0.001). The negative and 
positive control groups were signifi cantly different from 
each other ( P    <   0.001). 

 The location of the fracture for each group was evaluated 
with the ARI ( Table 3 ). Except for the positive control 
group, all other test groups showed similar bracket failure 

modes. The enamel – adhesive interface was the most 
common site of failure among the groups. There was no 
evidence of enamel fracture in any of the groups. The results 
of the  Z -test showed that, except for the positive control 
group ( P    <   0.05), the distribution of ARI scores was similar 
for the other groups ( P    >   0.05).      

  Discussion 

 Herbal tea products are widely and habitually consumed 
worldwide. Four types of tea, one black and three herbal, 
were tested in the present study. 

 The investigation was designed assuming that a young or 
adult patient receiving orthodontic treatment might consume 
tea three times a day and that the consumption period would 
be 5 minutes. Distilled water was chosen as the negative 
control to simulate wet oral conditions provided by saliva, 
as in other bracket bonding studies ( Larmour  et al. , 1998 ; 
 Hobson  et al. , 2000 ;  Murray and Hobson, 2003 ;  Akova 
 et al. , 2007 ). As Coca-Cola is known to have a deleterious 
effect on enamel – bracket retention ( Oncag  et al. , 2005 ), it 
was selected as the positive control. 

  Brunton and Hussain (2001)  measured the pH of a 
traditional tea and recorded a value of 4.8, which is slightly 
more acidic than the black tea tested in the present study 
(5.6    ±    0.02). Mint – mate herbal tea and distilled water were 
well above these values at 7.1    ±    0.05 and 6.7    ±    0.00, 
respectively. The pH of all the other teas tested had values 
from 2.4    ±    0.07 to 4.3    ±    0.06 and were signifi cantly different 
from the mint – mate herbal tea, black tea, and distilled water 
( P    <   0.05). The pH range of rosehip fruit tea and Coca-Cola 
(2.4    ±    0.07 to 2.5    ±    0.05) was similar to carbonated cola 
drinks having a pH of 2.44 ( Oncag  et al. , 2005 ). 

 The results of this study showed a direct relationship 
between the initial pH of the drinks and the SBS of the 
orthodontic brackets tested; the lower the initial pH the 
lower the SBS. The  in vitro  effect of tea on bracket – enamel 
bonding was pH dependent. All the teas used provided 
clinically acceptable bond force levels (6 – 8 MPa) as 
suggested by  Reynolds and von Fraunhofer (1976) . Rosehip 
fruit tea signifi cantly decreased the SBS of brackets, whereas 
all the other teas did not affect bracket bonding. The bond 
strength value in the rosehip fruit tea group (7.26    ±    1.11 
MPa) was similar to the positive control group (6.04    ±    1.11 
MPa). Rosehip fruit tea, that had the lowest pH 
(pH   =   2.4    ±    0.07) among the tested teas, contains hibiscus 
and rosehip and the rosehip plant is rich in vitamin C 
(ascorbic acid;  Phelan and Rees, 2003 ). It has been reported 
that acidic drinks have a negative effect on bracket – enamel 
bonding by causing enamel demineralization around the 
brackets ( Oncag  et al. , 2005 ) and this might be a possible 
explanation for the decrease in bond strength after exposure 
to rosehip fruit tea. Adhesive/composite resin softening or 
degradation impairs the interlock between the bracket –
 adhesive resin – enamel and may also cause bond failure. It 

 Table 2      Initial pH value and mean shear bond strength (SBS) 
values in megapascals (standard deviations in parenthesis).  

  Groups Initial pH ( n    =   5) Mean SBS ( n    =   15)  

  Black tea 5.6 (0.02) d 12.34 (1.36) b 
 Mint – lemon herbal tea 4.3 (0.06) c 12.79 (2.30) b 
 Mint – mate herbal tea 7.1 (0.05) e 12.17 (2.27) b 
 Rosehip fruit tea 2.4 (0.07) a 7.26 (1.11) a 
 Coca-cola (positive control) 2.5 (0.05) a 6.04 (1.11) a 
 Distilled water (negative control) 6.7 (0.00) e 13.09 (1.90) b  

  The same letters in the pH column indicate no signifi cant difference 
( P    >   0.05). The same letters in the SBS column indicate no signifi cant 
difference ( P    >   0.001).   

 Table 3      Adhesive Remnant Index (ARI) scores by group.  

  Groups  n ARI scores   

 0 1 2 3  

  Black tea 15 3 10 2 0 
 Mint – lemon herbal tea 15 2 13 0 0 
 Mint – mate herbal tea 15 3 12 0 0 
 Rosehip fruit tea 15 2 11 2 0 
 Coca-cola (positive control) * 15 15 0 0 0 
 Distilled water (negative control) 15 3 10 2 0  

  *  There was a signifi cant difference ( P    <   0.05) among the groups.   
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has been reported that acids and acidic drink absorption 
may degrade the structure of bisphenol A glycidyl 
methacrylate-based composite resins ( McKinney and Wu, 
1985 ;  Hobson  et al. , 2000 ); the resin matrix can be softened 
and fi llers can leach out, decreasing the bracket bond 
( Hobson  et al. , 2000 ). Although the effect of herbal teas on 
adhesive resin is not known, softening of the adhesive resin 
by rosehip fruit tea may be a possibility and can be 
considered as a causative factor on SBS reduction. However, 
it is not known which factor is really dominant in bracket 
retention. As there are no previously conducted studies 
about the effect of herbal teas on the SBS of orthodontic 
brackets, comparisons with previous studies with respect to 
teas are not possible. As for the positive control group 
(Coca-Cola), bond strength reduction in the present study is 
in accordance with the results of  Oncag  et al.  (2005) , 
reporting that acidic soft drinks, for example Coca-Cola, 
have a deleterious effect on bracket retention against 
shearing force. 

 The sites of failure can occur within the bracket, between 
the bracket and the adhesive, within the adhesive, and 
between the tooth surface and the adhesive ( Littlewood  et al. , 
2000 ). ARI scores were used to identify the amount of 
adhesive remaining on the teeth. The results of this study 
showed that the Coca-Cola produced the most consistent 
separation at the enamel – adhesive interface, leaving the 
enamel surface intact (ARI score 0). For all other groups, 
the majority of bond failures were ARI 1, that is, at the 
enamel – adhesive interface. ARI score 1 means that more 
adhesive has adhered to the bracket base and less adhesive 
remains on the tooth structure. This reduces clean-up time 
and is less troublesome for the patients. Thus, it is not 
harmful to the structural integrity of the enamel. For the tea 
groups, no correlation was found between a particular site 
of bond failure or a high or low bond strength. No enamel 
damage was evident in any of the groups. ARI scores in the 
rosehip fruit tea group were similar to the other teas. It is 
surprising that despite similar effects on SBS, the mode of 
failure in ARI scores between the Coca-Cola and rosehip 
fruit tea groups was different. This may be due to differences 
in the product contents or the actual failure mechanism of 
Coca-Cola could be different from that of rosehip fruit tea. 
It may be that the carbonated water and phosphoric acid in 
Coca-Cola are responsible for softening the resin matrix 
resulting in the leaching out of fi llers and the decrease in 
bond strength. 

 The destructive potential of drinks on enamel and resins 
can be infl uenced by several parameters, including frequency 
and timing of intake, the period in the mouth, temperature, 
sugar content of the drinks, and type of resin. In the present 
study, the teeth were exposed intermittently to tea at 37°C 
and sugar was not added. Of course, not everyone drinks tea 
at this temperature. Some people sip tea at higher 
temperatures approaching 60°C. This may in turn have a 
varying effect on the destructive potential of teas on the 

bond strength of orthodontic brackets. As Coca-Cola is 
marketed as a drink that can be served chilled, in the present 
study it was applied cold, directly from the refrigerator. In 
addition, the salivary protective effect can play a major role 
in the mouth, in moderating the negative effect of acidic 
drinks on enamel – bracket retention. Further tests on 
different herbal teas and different resins on enamel – bracket 
bonding may be needed. 

 Although this study could not completely replicate the 
complex oral environment, it seems to confi rm that Coca-
Cola and rosehip fruit tea have a negative effect on bracket –
 enamel bonding. Assuming that an orthodontic treatment 
lasts an average of 1 year or more, the possibility of greater 
damage should be considered.  

  Conclusions 

      1.     The results of this study revealed that there was a direct 
relationship between the initial pH of the tested drinks 
and the SBS of the orthodontic brackets after exposure to 
the drinks; the lower the initial pH the lower the SBS.  

  2.    Rosehip fruit tea had an acidic pH and caused a 
reduction in the bond between the enamel – bracket, 
which was also seen in the Coca-Cola group.  

  3.    Black, mint – mate herbal, and mint – lemon herbal tea 
do not seem to have a destructive potential on enamel 
or on the bond strength of orthodontic brackets.  

  4.    There was no signifi cant correlation between the SBS 
and ARI scores of the tea groups.  

  5.    Adult patients who are receiving fi xed orthodontic 
treatments should be informed about the destructive 
potential of Coca-Cola and rosehip fruit tea or any other 
soft drink with a low pH.            
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