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ABSTRACT 

 

Background and Objectives: There is an interplay of various factors that define the 

progression of orthodontic treatment. One such factor is saliva. The normal healthy 

range of salivary pH is 6.2- 7.6, averaging at 6.8. Poor oral hygiene, exposure to 

radiation can make the saliva thick and mucous and reduce it's pH. There is little 

evidence available on the bond strength of ceramic brackets in differing salivary pH. 

Hence this study was undertaken for evaluation and comparison of the following: 

 1. Tensile bond of metal and ceramic brackets in 5 different pH saliva. 

 2. Adhesive Remnant (ARl) Oliver de-bonding. 

 

Methods: Two hundred extracted premolars are cleaned with pumice paste and 

prophylactic rubber cups. Then, they are conditioned with 37% phosphoric acid gel and  

bonded with 2 different materials of brackets (50% metal brackets: 50% ceramic 

brackets). Next, they are incubated in 5 different salivary pH for 2 months. Thereafter, 

each sample is mounted in self cure acrylic resin and is subjected to tensile bond 

strength testing in a Universal Testing Machine. After debonding, tooth surfaces are 

checked for ARI score. 
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Result: There is no statistically significant difference between the bond strength of 

metal and ceramic brackets at any pH. Although in the individual groups, there is a 

decrease in bond strength in both acidic (3.8) and alkaline (7.8) pHs with the highest 

value being at the normal oral pH (6.8). 

 

Interpretation and Conclusion: Tensile bond strength reduces as the pH value differs 

from the optimum (6.8). There is no statistically significant difference between the 

tesnile bond strength of metal and ceramic brackets in any salivary pH. 

 

Keywords: Tensile bond strength; Metal bracket; Ceramic Bracket; pH 

 



                                                                                                   TABLE OF CONTENTS 

xii 

 

 

TABLE OF CONTENTS 

 
 

 

S. 

NO 
CONTENTS PAGE NO. 

1 INTRODUCTION 1 

2 OBJECTIVES 5 

3 REVIEW OF LITERATURE 6 

4 METHODOLOGY 23 

5 RESULTS 30 

6 DISCUSSION 37 

7 CONCLUSION 44 

8 SUMMARY 45 

9 BIBLIOGRAPHY 48 

10 ANNEXURES 53 

 



                                                                                                                                  LIST OF TABLES 

xiii 
 

 

LIST OF TABLES 

 

 

 

 

 

S.NO TABLES 
PAGE 

NO. 

1 TABLE 1: Tensile bond strength - ceramic brackets 32 

2 TABLE 2: Tensile bond strength – metal brackets 32 

3 
TABLE 3: Comparison of mean tensile strength between 

Ceramic Bracket and Metal Bracket at different pH 
33 

4 
TABLE 4: Comparison of mean tensile strength between 

different pH among Ceramic Bracket and Metal Bracket 
34 

5 
TABLE 5: Comparison of ARI Score between Ceramic 

Bracket and Metal Bracket at different pH 
35 

6 
TABLE 6: Comparison of mean tensile strength between 

different pH among Ceramic Bracket and Metal Bracket 
36 



                                                                                                          LIST OF FIGURES 

xiv 
 

 

LIST OF FIGURES 

 

S. 

NO 
FIGURES PAGE NO. 

1 CHART 1: MEAN TENSILE BOND STRENGTH 34 

2 CHART 2: ARI SCORE 35 

3 FIG 1: EXTRACTED PREMOLARS INSET STORAGE 59 

4 FIG 2: WEIGHING BALANCE 59 

5 FIG 3: pH METER 59 

6 FIG 4: STORED ARTIFICIAL SALIVA 60 

7 FIG 5: ETCHANT, PRIMER AND ADHESIVE 60 

6 FIG 6: METAL BRACKETS 60 

8 FIG 7: CERAMIC BRACKETS 61 

9 FIG 8: BONDING PROCEDURE 61 

10 FIG 9: TEETH READY TO BE INCUBATED 61 

11 FIG 10: TEETH INCUBATED IN 5 pHs 62 

12 FIG 11: MOUNTING OF SAMPLES IN ACRYLIC 62 

13 FIG 12: UNIVERSAL TESTING MACHINE 63 

14 FIG 13: SAMPLE MOUNTED 63 

 



                                                                                                          INTRODUCTION 

1 

 

 

1. INTRODUCTION 

 

A large number of people in a wide array of age groups seek orthodontic treatment 

nowadays. With the increase in young adult patients, there is a need for inconspicuous 

appliances. As the esthetic ideals change, so do the appliances.  

 

History shows the early orthodontic appliance to be a banded one, where there was a 

band with respect to every tooth and a metal bracket welded to it. Next, the process of 

acid etching was developed that paved way for direct bonding. This was user-friendly 

and not half as laborious as the previous banding procedure. Eventually, esthetic 

demand led to development of smaller sized metal brackets and brackets made of 

transparent or tooth-coloured materials like polycarbonate. Later, lingual appliances 

and most recently the clear aligner trays were introduced. 

 

Plastic brackets were introduced to the specialty in 1970 with the disadvantages of 

discoloration, low strength and dimensional stability. Lingual appliances were 

technique sensitive and still substandard in terms of efficiency as compared to the 

traditional appliances1. Aligners, even though currently most popular, have limited use 

in complex movements. The amalgamation of esthetic advantage and acceptable 

performance has made ceramic brackets the most commonly used esthetic appliance2. 

 

Orthodontic bracket bond failure is a common problem during orthodontic treatment. 

Bond strength is a relevant factor in successful orthodontic treatment as it is intimately 

connected to the treatment time. More the amount of unwanted debonding of brackets,  
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the more prolonged the treatment time. In addition, it affects day-to-day practice in the 

form of inefficiency, increased time consumption per patient and wastage of material.  

Bond strength (shear) values for adequate bonding should be between 5.9 to 7.8 MPa. 

Bracket material affects bond strength to a degree. 

 

METAL – ADHESIVE BOND 

Most commercially available brackets are made of stainless steel. These brackets show 

no chemical bonding either to enamel of the tooth or to the adhesive material used in 

bonding. Also, light tends to penetrate in a limited amount under the bracket. Due to 

this, bond strength remains lower than that of ceramic brackets. There are a variety of 

patterns in the bracket base that have been designed to increase the mechanical retention 

of these brackets. 

Some designs are: 

    Mesh wires 

    Perforations  

    Undercuts 

Micro-mechanical retention can be supplemental. Methods for this include abrasion, 

spray coating or etching. One study3 found that a bracket with a new laser-structured 

bracket base showed two times the bond strength produced by mesh type base, 

maintaining safe debonding properties.  
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CERAMIC – ADHESIVE BOND 

Two mechanisms exist namely: 

1. Mechanical retention via undercuts or indentations in the bracket base. Bond 

strength is comparable to the metal counterparts. 

 

2. Chemical retention with the addition of glass to the aluminium oxide base and 

treatment with a silane coupling agent. The silane creates a bond with the glass 

             on one side. The other end of the molecule reacts with acrylic bonding material. 

These brackets have exceptionally high bond strength values. 

High bond strength could lead to enamel damage during removal of the brackets and 

low values will lead to bond failures. Bracket bond strength depends on: 

• Surface preparation 

• Adequate bracket base design 

• Proper adhesive 

Bond strength is also affected by an interplay of other factors that are unique to every 

individual. Few are enlisted as follows:  

1. Acidic foods 

2. Acidic and alcoholic beverages 

3. Chemical solvents 

Another important factor is saliva. Orthodontic appliance is constantly surrounded 

by this fluid. It has a number of properties such as: 

• pH value 

• Buffer capacity 

• Saliva viscosity 
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These factors, even though in the normal range, tend to differ among individuals. 

Highlighting the salivary pH, normal healthy range is 6.2 – 7.6 (mean – 6.8).    

Factors that can change the pH of saliva include: 

1. Consumption of acidic beverages like soft drinks, white wine, orange juices and 

sweetened instant teas.4 

2. General oral hygiene maintenance.5 

3. Exposure to radiation.6 

 

Second point being comparatively more relevant, it is always difficult to maintain oral 

hygiene after commencement of orthodontic treatment. Studies show that after 

orthodontic appliance is placed in the mouth, the amount of micro-organisms raises by 

6-10%.7 Plaque formation in orthodontic patients is two to three times more than in 

non-orthodontic adult patients with a high dental plaque score. 

 

 In this era where aesthetics is a major concern, patients have more affinity towards 

choosing ceramic brackets. There is little evidence available on the bond strength of 

ceramic brackets in differing salivary pH. The present study attempts to compare the 

bond strength of metal and ceramic brackets in varying salivary pH. This would give 

an insight to whether ceramic brackets out-perform metal brackets in terms of bond 

strength in acidic or alkaline salivary conditions. 
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2. AIMS & OBJECTIVES 

 

To evaluate and compare the following parameters: 

A. Tensile Bond Strength (TBS) of metal and ceramic brackets in 5 

different pH of saliva 

B. Adhesive Remnant Index (ARI) post de-bonding. 
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3. REVIEW OF LITERATURE 

 

A lot has been written in literature about bond strength of brackets. Many studies have 

been done varying different permutations and combinations of factors such as the 

bracket material, different bracket bases, different adhesives, etc. 

This review of literature is divided into 3 parts namely –  

- Comparison between bond strength of metal and ceramic 

brackets 

- Substances affecting bond strength 

- Key articles on pH comparisons 
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1) Comparison between bond strength of metal and ceramic brackets 

 

Gwinnett et al in 1988 compared the Shear Bond Strength (SBS) of metal, ceramic 

and ceramic – filled plastic brackets. Fifty caries - free premolars were selected and 

divided into 5 groups with each group consisting of 10 teeth. Group A consisted of 

Ormesh Metal American Ormco, Glendora, Calif, while group B had Microlok Metal 

G.A.C. International, Inc., Central Islip, N.Y. Groups  C, D and E were  Allure Ceramic 

G. A.C. International, Inc., Central Islip, N.Y., Mirage Plastic/ceramic-filled American 

Orthodontics, Sheboygan, Wis. & Transcend Ceramic Unitek Corporation, Monrovia, 

Calif respectively. They were mounted in acrylic blocks. Brackets were bonded and 

stored in water at 37ºC for ten days following which bond strength testing was done 

using a universal testing machine. Ceramic brackets with chemical retention 

(Transcend from 3M Unitek) had the highest bond strength indicating them to be a 

better alternative to their metal counterparts.8 

 

Odegaard J and Segner D in 1988 attempted to compare the SBS of metal and ceramic 

brackets bonded with two different adhesives, namely, Dynabond two paste system and 

Unite “no-mix” orthodontic adhesive. Both types of metal brackets were included in 

the study. First being metal bracket with grooves, Dynalock and the second was a metal 

mesh bracket, Minimesh. A T-piece made of Aluminium Oxide with the bonding 

surface manufactured identical to that of Transcend (3M Unitek) ceramic bracket was 

used in the study. One hundred and forty bovine teeth were first mounted in acrylic and  
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then bonded. SBS testing was done using a Zwick testing machine. It was found that 

ceramic bracket had superior strength when used with both adhesives.9 

 

Viazis et al in 1990 studied the bond strength of ceramic brackets as compared to that 

of metal brackets that were bonded with light cure and chemical cured adhesives. 

Eighty premolar teeth were divided in 2 groups of 50 teeth and 30 teeth. These were 

further divided into five and three subgroups respectively with each having 10 brackets. 

Brackets used in the first group were American which was a stainless steel bracket with 

mechanical bond, Transcend by Unitek / 3M, a polycrystalline bracket with chemical 

bond, Allure GAC, a polycrystalline bracket with mechanical bond, Starfire "A"-

Company, a monocrystalline bracket with chemical bond and Gem Ormco which was 

a monocrystalline bracket with mechanical bond. 2nd group had American, Transcend 

and Allure. These were bonded out of which 50 were bonded using Transbond 

(Unitek/3M) while 30 teeth using Concise (Unitek/3M). Testing was later done using 

Instron Universal testing machine. SBS of the chemically cured ceramic bracket was 

the highest recorded among literature even as compared to the ceramic bracket with 

mechanical retention.10 

 

Joseph V. P in 1990 carried out a study to compare metal and ceramic brackets with a 

chemically-cured and a light-cured adhesive. Forty-eight extracted human canines were 

used in the study divided into two groups of 24. 1st group was bonded with metal 

brackets while the 2nd with ceramic brackets. Each of these groups were further divided 

into 2 sub-groups of 12 brackets wherein one sub-group was bonded using chemically- 
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cured resin, Concise and the other with light-cured resin, Heliosit. Teeth were mounted 

in acrylic using brass cups and SBS was tested using Instron testing machine. Ceramic 

brackets were found to have higher bond strength in general and chemically-cured resin 

along with ceramic bracket had the highest bond strength.11 

 

Ostertag et al in 1991 compared the shear, torsional and TBS of 3 types of ceramic 

brackets namely chemically retained, mechanically retained and chemical-mechanical 

retained. Two hundred and ten bovine teeth were bonded with one of three ceramic 

brackets using a 30%, 55%, or 80% filled adhesive. The brackets were debonded with 

a shear, torsional, or tensile force to test the bond strength and the site of bond failure. 

Bond strength showed an increase with increasing filler concentration. The 

mechanically retained ceramic bracket showed greater SBS and maximum SBS in 

torsion than the chemical or chemical/mechanical retained ceramic bracket. The TBS 

of the mechanically retained ceramic bracket was similar to that of metal brackets 

reported in other studies, and the failure site was at the bracket-adhesive interface.12 

 

Uner et al in 1992 studied the TBS of metal, plastic and ceramic brackets. Thirty 

extracted human premolars were divided into 3 groups. Group A contained “mesh pad” 

metal bracket from Dentaurum, Group B had plastic brackets from Orthoorganizer 

while Group C comprised of ceramic bracket from Orthoorganizer. Teeth were first 

etched for 30 seconds, and were later bonded using low-filled no-mix bonding kit 

(Alcos Corp). The highest values for bond strength were found with respect to ceramic  
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brackets. The differences between mean TBS for metal and plastic brackets and for 

plastic and ceramic brackets were statistically significant but those between metal and 

ceramic brackets was insignificant. The site of failure was commonly adhesive type and 

located at the resin/bracket interface for all the bracket types evaluated.13 

 

Soderquist et al in 2005 evaluated the effects of static and cyclic tensile loading on 

stainless steel and ceramic bracket bonding bases. The brackets chosen were Victory,  

stainless steel (3M Unitek, Monrovia, Calif); Clarity, ceramic (3M Unitek); Mystique, 

ceramic (GAC, Islandia, NY); and Signature III, ceramic (RMO, Denver, Colo). All 

these had different characteristics of their bonding bases. The brackets in each group 

were bonded to bovine teeth by using the same adhesive and subjected to both static 

and cyclic tensile loading. The analysis showed that ceramic brackets have unique 

characteristics compared with stainless steel, the most significant being higher bond 

strength. The effects of cyclic loading were shown to be significant, in that fatigue 

testing caused a decrease in mean TBS for most groups.14 

 

Uysal et al in 2009 investigated the SBS of different metallic and ceramic bracket 

bonding combinations using self-etching primers. Eighty extracted human premolar 

teeth were randomly divided into four groups of 20 each. Group 1 included metallic 

brackets bonded with conventional acid etching. Group 2 had metallic brackets bonded 

with Transbond Plus Self-Etching primer. Group 3 and group 4 included ceramic 

brackets bonded with conventional acid etching and Transbond Self-Etching primer  
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respectively. The SBS of these brackets was measured and recorded in MegaPascals 

(MPa). The ARI scores were determined after bracket failure. The bond strength of 

group 3 (mean: 36.7 ± 11.8 MPa) was significantly higher than any of the groups. 

Significant differences weren’t evident in debond locations among the groups. 

Compared with conventional acid etching, self etching primers significantly decreased 

the SBS of ceramic orthodontic brackets.15 

 

Abu Alhaija et al in 2009 evaluated the SBS of metal and ceramic brackets bonded to 

two different all-ceramic crowns, IPS Empress 2 and In-Ceram Alumina. Comparison  

was also made between the use of hydrofluoric acid (HFA), phosphoric acid etched, 

and sandblasted, non-etched all-ceramic surfaces. Ninety-six all-ceramic crowns were 

fabricated resembling a maxillary left first premolar. The crowns were divided into 

eight groups: (1) metal brackets bonded to sandblasted 9.6 per cent HFA-etched IPS 

Empress 2 crowns; (2) metal brackets bonded to sandblasted 9.6 per cent HFA-etched 

In-Ceram crowns; (3) ceramic brackets bonded to sandblasted 9.6 per cent HFA-etched 

IPS Empress 2 crowns; (4) ceramic brackets bonded to sandblasted 9.6 per cent HFA-

etched In-Ceram crowns; (5) metal brackets bonded to sandblasted 37 per cent 

phosphoric acid-etched IPS Empress 2 crowns; (6) metal brackets bonded to 

sandblasted 37 per cent phosphoric acid-etched In-Ceram crowns; (7) metal brackets 

bonded to sandblasted, non-etched IPS Empress 2 crowns; and (8) metal brackets 

bonded to sandblasted, nonetched In-Ceram crowns. An Instron universal testing 

machine was used to determine the SBS at a crosshead speed of 0.1 mm/minute.. The 

highest mean SBS was found in group 3 (120.15 ± 45.05 N) and the lowest in group 8  
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(57.86 ± 26.20 N). Of all the variables studied, surface treatment was the only factor 

that significantly affected SBS (P < 0.001). Acid etch application to sandblasted 

surfaces significantly increased the SBS in groups 1, 2, 5, and 6. Ceramic fractures after 

bracket removal were found more often in groups 1–4. No significant difference in 

ceramic fracture was observed between the IPS Empress 2 and In-Ceram groups.16 

 

Stumpf et al in 2013 determined the SBS of orthodontic brackets using color change 

adhesives that are supposed to aid in removing excess of bonding material and 

compared them to a traditional adhesive. One hundred and eighty brackets (90 metal 

and 90 ceramic) were bonded to bovine incisors using two color change adhesives and 

a regular one. 6 groups were made which were Group 1 - metal brackets bonded with 

Ortho Lite Cure (Orthosource, N. Hollywood, CA, USA); Group 2 - ceramic brackets 

bonded with Ortho Lite Cure; Group 3 - metallic brackets bonded with Transbond Color 

Change (3M, Monrovia, CA, USA); Group 4 -ceramic brackets bonded using 

Transbond Color Change; Group 5 - metallic brackets bonded with Transbond XT (3M, 

Monrovia, CA, USA); and Group 6 - ceramic brackets bonded with Transbond XT.  A 

tensile stress was applied by a Universal Testing Machine. The teeth were observed in 

a microscope after debonding in order to determine the ARI. The bond strength was 

similar for metallic and ceramic brackets when the same adhesive system was used. 

ARI scores demonstrated that bonding with these adhesives is safe even when ceramic 

brackets were used. On the other hand, bond strength was too low for orthodontic 

purposes when Ortho Lite Cure was used.17 
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Reddy et al in 2013 attempted to compare the SBS of ceramic brackets and metal 

brackets. Forty freshly extracted, human maxillary first premolars were equally bonded 

with ceramic brackets (Transcend series 6000) and metal brackets (Mini Dynalock 

Straight wire brackets). A no - mix orthodontic adhesive system was used. Their SBS 

values were measured by using the Instron universal machine. The mean bond strength 

of the ceramic brackets was 20.68 ± 3.89 Mpa and that of the metal brackets was 12.15 

± 1.32 MPa. The SBS of the ceramic brackets was found to be superior than that of the 

metal brackets.18 

 

Chalipa et al in 2016 carried out a study to compare the effect of conventional light 

source and high-power LED on shear bond strength of metal and ceramic brackets  

bonded to tooth surface. 40 sound bovine maxillary central incisors were divided into 

four groups of 10. Groups A was high-power LED with metal bracket, Group B being 

high-power LED with ceramic bracket, Group C was a conventional LED with metal 

bracket and Group D contained conventional LED with ceramic bracket. Teeth surfaces 

were etched with 37% phosphoric acid for 20 seconds followed by application of a 

uniform layer of adhesive primer. Composite was placed on the base of brackets and 

light cured according to the manufacturer’s instructions and thermocycled. The SBS 

was measured and the failure mode was scored using the ARI. Group 3, metal brackets 

bonded with conventional LED system had the highest bond strength. The interaction 

effect of type of LED unit (high-power/conventional) and bracket type on bond strength 

was not statistically significant. The type of LED unit did not affect bond strength as 

the type of bracket.19  
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Althomali et al in 2017 assessed the effect of addition of silver nanoparticles (NAg) to 

the Nano-Bond adhesive system and how it affects the SBS of brackets attached to 

enamel. Thirty extracted premolar teeth  were divided into two groups; Group A had 

metal brackets and Group B, the ceramic brackets bonded by Nano-Bond adhesive 

system containing (NAg) with concentration 0.05%. These groups were further 

subdivided into 2 subgroups with 5 teeth each; Groups A1, B1 (Teeth not subjected to 

thermocycling and cyclic loading), Groups A2, B2 [(Teeth subjected to thermocycling 

(500cycles) and cyclic loading (90N, 0.8-1 cycles/sec. 100,000 cycles)] Enamel was 

etched followed by the application of adhesive to the entire enamel surface according 

to bonding agent containing (NAg) or not, then light cured for 10 seconds with LED. 

The base of brackets were filled by nano-filled composite resin and placed on the tooth 

and cured by LED for 40 seconds. The recorded values of bond strength were collected, 

tabulated and statistically analysed. Bond Strength of metal brackets bonded by Nano-

Bond adhesive containing nanoparticles of silver (NAg) (Group A) was significantly 

higher than SBS of ceramic brackets (group B).20 

 

Pinho et al in 2020 studied the shear and TBS of orthodontic ceramic and metallic 

brackets to enamel, acrylic, and ceramic surfaces after thermal cycling. Three groups 

were formed based on type of surface, namely enamel, ceramic, or acrylic. Each group 

received stainless-steel and ceramic brackets. After thermal cycling, specimens were 

randomly divided into two subgroups considering TBS or SBS test. After the 

mechanical testing, scanning electron and optical microscopy were performed, and the 

ARI was determined. The highest mean SBS values were recorded for a ceramic bracket  
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bonded to an acrylic surface (8.4 ± 2.3 MPa).  Ceramic bracket bonded to acrylic 

showed the worst performance (5.2 ± 1.8 MPa) for TBS and the highest values were 

found on a metallic bracket bonded to enamel.21  

 

2) Substances affecting bond strength  

 

Miles et al in 1994 studied the effect of an at-home carbamide peroxide bleaching agent 

on the TBS of a precoated ceramic orthodontic bracket. Sixty extracted human premolar 

teeth were randomly separated into three groups of 20. Group 1 - control group that was 

etched and bonded in the usual manner. Group 2 – samples immersed in a carbamide 

peroxide home bleaching agent for 72 hours before pumicing and bonding and Group 

3 - bleached for 72 hours & immersed in distilled water for 1 week before bonding. The      

results indicated that recently bleached teeth have significantly reduced bond strength 

values when compared with both groups 1 and 3. The study indicated discontinuation 

of any tooth whitening product at least 1 week before the bonding of orthodontic 

attachments.22 

 

Lee et al in 1996 evaluated the effect of a food simulating solution, 75% v/v 

ethanol/water, and an artificial saliva, Moi-Stir, on the microstructure and on the 

diametral tensile strength of three dentine bonding agents (Tenure, Scotchbond 

Multipurpose and Optibond). The microstructure was examined by using a scanning 

electron microscope that revealed deterioration of all bonding agents due to 

conditioning in the solutions for 30 days. The different solutions appeared to cause  



 

 

                                                                                             REVIEW OF LITERATURE 

 

16 

 

 

different reactions in the bonding agents. Those conditioned in MoiStir showed 

swelling. The presence of filler particles in the Optibond bonding agent appears to 

decrease the deterioration resulting from soaking. Materials conditioned in ethanol 

exhibited both dissolution and thinning. Diametral samples of each bonding material 

were tested after being conditioned in the above-mentioned solutions for 1, 7, 14 and 

30 days. Conditioning significantly decreased the tensile strength of all bonding agents, 

except Optibond in Moi-Stir. Filled Optibond maintained its tensile strength longer than 

the two unfilled bonding agents.23 

 

Lamour et al in 1998 assessed the in-vitro effects of peppermint oil application on the 

debonding behaviour of ceramic brackets. This was compared with ethanol and acetone 

which are recognized softening agents.  Hundred extracted premolar teeth were bonded 

with Intrigue brackets. These were later divided into 5 groups of 20 bonded teeth. Group 

A was a test solution, Group B being control (distilled water), Group C contained 

peppermint oil (5 minutes and 1 hour), Group D had acetone (1 hour), and Group E 

comprised of ethanol (1 hour). The teeth were debonded using an Instron Universal 

Testing Machine to record debonding forces. The site of bond failure along with the 

ARI was recorded for each tooth. One hour placement in peppermint oil produced the 

lowest mean and maximal debonding forces (77 and 114 N, respectively). Weibull 

analysis showed that the probability of failure at 100 N was increased for the 1-hour 

peppermint group at 88 per cent compared with 52 per cent for the control. Placement 

in peppermint oil produced the lowest levels of retained resin. There was no evidence 

of enamel fracture with any of the groups, but bracket fracture remained a problem.24 
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Hobson et al in 2000 evaluated the effect of food simulants upon the enamel–

composite bond strength of two orthodontic adhesive composites. Thirty extracted 

premolars were used in each experimental group. Orthodontic brackets were bonded 

with either Transbond (3M Unitek) or Right-On (TP orthodontics) and were then 

exposed to either distilled water (control), 8 per cent ethanol (aqueous food), 50 per 

cent ethanol (alcoholic food), buffered lactic acid pH4 (acidic food), or corn oil (fatty 

food) for 12 weeks. Bond strength and ARI was recorded. It was found that 50 per cent 

ethanol had a significant effect upon the bond strength of both Transbond and Right-

On with the latter affected to a greater extent. The clinical significance of this finding 

is that alcoholic mouth rinses, and alcohol-containing foods and drinks may be a 

causative factor in bond failure.25 

 

Oncag et al in 2005 investigated the effects of acidic soft drinks on the resistance of 

metal brackets to shear forces in-vitro and in-vivo. Thirty non-carious maxillary 

premolar teeth, scheduled for extraction for orthodontic purposes, were used in the in-

vivo group. Thirty other non-carious maxillary premolar teeth, already extracted for 

orthodontic purposes, were used in the in-vitro group. The teeth in both groups were 

divided equally in three subgroups, i.e the Coca-Cola, Sprite, and control subgroups. 

Brackets were bonded using conventional methods. Teeth in the in-vivo group were 

rinsed with the acidic drink three times for five minutes daily and extracted after three 

months. Teeth in the in-vitro group were kept in the acidic drink for five minutes on 

three equal time intervals within 24 hours. The brackets from both groups were  
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subjected to shearing forces using a Universal test machine. After the shearing tests, a 

scanning electron microscope was used to determine the amount and the localization of  

erosion. The results indicated that both acidic soft drink subgroups had a reduced 

debonding resistance in-vivo and in-vitro compared with their control subgroups. No 

statistical difference in debonding resistance was found between the in vivo and in vitro 

groups. Areas of defect due to erosion were observed on the enamel surface around the 

brackets in both the in vitro and in vivo groups. Acidic soft drinks such as Coca-Cola 

and Sprite have a negative effect on bracket retention against shearing forces and 

enamel erosion.26 

 

Ulusoy et al in 2009 conducted a study to evaluate the effects of some types of herbal 

tea on the SBS  of orthodontic brackets to enamel surfaces. The brackets were bonded 

with Transbond XT to 90 extracted human premolar teeth and divided equally into six 

groups, that is, black, mint – mate herbal, mint – lemon herbal, and rosehip fruit tea and  

two control groups, Coca-Cola and distilled water. All groups were conditioned for 

three 5-minute sessions with equal intervening intervals for 90 days. The initial pH, 

SBS, and ARI of the groups were evaluated. Rosehip fruit tea (2.4 ± 0.07) and Coca-

Cola (2.5 ± 0.05) had the lowest pH values and significantly reduced the SBS to enamel. 

The SBS results for the other groups were similar. Except for the Coca-Cola group (ARI 

score = 0), fracture sites for all other groups were similar with the majority of bond 

failures at the enamel – adhesive interface (ARI score = 1). Although this experiment 

could not completely replicate the complex oral environment, it seems to confirm that  
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Coca-Cola and rosehip fruit tea may be a causative factor in bracket – enamel bonding 

failure.27 

 

Navarro et al in 2011 evaluated the effects of Coca-Cola and Schweppes Limón on 

bond strength, adhesive remnant, and microleakage beneath brackets. One hundred and 

twenty upper central incisor brackets were bonded to bovine incisors and divided into 

three groups: (1) Control, (2) Coca-Cola, and (3) Schweppes Limón. The teeth were 

submerged in the drinks three times a day for 15 minutes over a 15 day period. SBS 

was measured with a universal testing machine, and ARI evaluated using image 

analysis equipment. Microleakage at the enamel-adhesive and adhesive-bracket 

interfaces was determined using methylene blue. Microleakage at the enamel-adhesive 

interface for groups 2 and 3 was significantly greater than for group 1. At the adhesive-

bracket interface, microleakage was significantly greater in group 2 than in group 1  

while microleakage in group 3 did not differ significantly from either group 1 or 2. The 

drinks produced enamel erosion, loss of adhesive and microleakage. Coca-Cola and 

Schweppes Limón did not affect the SBS of brackets or the adhesive remnant.28 

 

Sajadi et al in 2014 studied the effects of Coca-Cola and a non-alcoholic beer on the 

SBS and ARI of orthodontic metal brackets in-vitro. Eighty intact human premolars 

were divided into two experimental groups of Coca-Cola and non-alcoholic beer 

(Istak), and a control group of artificial saliva. Over a period of thirty days, the test 

groups were immersed in the respective soft drinks for 5 minutes, twice a day. For the  
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remainder of the time, they were kept in artificial saliva at 37°C. The control group was 

stored in artificial saliva during the experiment. All samples were subjected to shearing 

forces using Universal Testing Machine. Adhesive Remnant Index was determined 

with a stereomicroscope at ×12 magnification. No significant difference was observed 

in ARIs of the three groups. The SBS of Coke group was significantly lower than that 

of the two other groups but there was no significant difference between the SBS of Istak 

and the control group. Coca-Cola decreased the SBS of orthodontic brackets.29 

 

Santos et al in 2018 investigated the short-term effect of two in-vitro erosive challenge 

protocols on the bond strength of metal orthodontic brackets. Sixty bovine incisors were 

selected and randomly divided into six groups: AS7 (artificial saliva - 7 days, Control 

Group);  CC7 (Coca-Cola - 7 days);  LJ7 (lime juice - 7 days);  AS30 (artificial saliva 

- 30 days, Control Group); CC30 (Coca-Cola - 30 days); LJ30 (lime juice - 30 days). 

Microhardness testing was performed prior to the erosive challenge to verify the 

standardization of samples. Immersion was performed 4 times a day for five minutes, 

for either 7 or 30 days. After immersion, the brackets were bonded and SBS was 

assessed after 48 hours in addition to the ARI. The immersion time used in the erosion 

protocols did not affect the bond strength of brackets to teeth. Coca-Cola induced  

significantly higher SBS values than lime juice and artificial saliva. However, the short 

term effects of duration in this in-vitro study may not be extrapolated for in-vivo ones.30 
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3) Key articles on pH comparisons 

 

Toodaezhaeim et al in 2015 studied the SBS of metal brackets in 4 different pHs of 

saliva. Eighty intact premolar teeth were etched, primed and bonded with stainless steel 

brackets (Dentaurum GmbH & Co. KG, Ispringen, Germany). After bonding, they were 

divided into four groups of 20 teeth in each group. Each was stored in artificial saliva 

at a pH of 3.8, 4.8, 5.8, and 6.8, respectively for two months. The artificial saliva 

solutions were refreshed weekly. Each tooth was then embedded in an acrylic block so 

that the crown was exposed and its buccal surface was parallel to the direction of the 

force during testing. All brackets were debonded using Dartec universal testing 

machine. The mean SBS value in group one (pH 3.8) was significantly lower than that 

in other groups.31 

 

Contreras et al in 2020 compared the effect of salivary pH levels on the SBS of two 

orthodontic adhesive systems for bracket placement. Seventy-two teeth were randomly 

assigned into two groups according to the adhesive system employed: Orthocem (light-

cure adhesive, FGM®) or Transbond-XT (3M Unitek). Each group involved nine 

specimens incubated in artificial saliva at four pH levels regarding previous studies: 

acidic pH (4.8 and 5.8), control pH (6.8) and alkaline pH (7.8), during two months. 

Once removed, SBS with a universal testing machine was applied. Transbond-XT 

adhesive system showed the greater SBS, mainly in the neutral salivary pH (11.18 ± 

2.82 Mpa) followed by the alkaline (10.33 ± 2.49 Mpa). Significant differences were 

found regarding to both acidic pH levels (pH 4.8 and 5.8) with values between 6 and 8    
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MPa. Moreover, Orthocem adhesive system had lower SBS values, with greater value 

in the neutral salivary pH (6.24 Mpa). Transbond XT orthodontic adhesive system 

showed only greater values of SBS for the control and alkaline pH levels; for acidic pH 

levels there was no difference between the two systems.32 
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4. MATERIALS AND METHODS 

 

This in-vitro study was designed and conducted at the S.D.M College of Dental 

Sciences, Dharwad.  

The tensile strength testing using an Instron Universal Testing Machine was carried 

out at the S.D.M College of Engineering. 

 

METHODOLOGY 

The methodology of the study will be discussed under following sub-headings- 

1. Collection of extracted teeth and their storage 

2. Formulation of artificial saliva  

3. Bonding procedure 

4. Incubation 

5. Mounting of teeth in acrylic resin 

6. Bond strength evaluation 

7. Adhesive Remnant Index evaluation 

 

I) COLLECTION OF EXTRACTED TEETH AND THEIR STORAGE 

 

The study consisted of 200 premolar teeth (1st or 2nd premolars in any of the 4 

quadrants) freshly extracted from adults for orthodontic purpose. Teeth were collected 

from the Department of Oral and Maxillofacial Surgery at S.D.M College of Dental 

Sciences. Teeth used in this study were selected based on the following criteria: 

• All teeth were free of caries and / or restorations. 
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• All teeth were non-hypoplastic. 

• All teeth were free of fracture and chemical erosion. 

Exclusion criteria included extracted premolars having caries, restorations or surface 

deterioration on the coronal part. 

Teeth collected were cleaned and stored in 0.2% thymol and distilled water for a 

week. Next, they were transferred to normal distilled water (Fig 1). 

 

II) FORMULATION OF ARTIFICIAL SALIVA 

 

Artificial saliva was first formulated by dissolving the following chemicals in 1L of 

distilled water: 

- 0.4g Sodium Chloride (NaCl) 

- 1.21g Potassium Chloride (KCl) 

- 0.78g Sodium dihydrogen phosphate (NaH2PO4.2H2O) 

- 0.005g Disodium sulphide (Na2S.xH2O)  

- 1g Urea (CO(NH2)2) 

Precise weighing of each chemical was done using a sensitive weighing balance 

(Precisa, Rezekne Higher Education Institution - Latvia, Rēzekne)(Fig 2) 

Next appropriate buffers were added to adjust the pH of the solutions – 

- 1N HCl 

- 1N 5% NaOH 

pH were checked and reconfirmed using a digital pH-meter (Systronics India 

Ltd.)(Fig 3). Saliva solutions were stored in Borosil bottles (Fig 4). 
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III) BONDING PROCEDURE 

 

The two hundred teeth were first divided into 2 groups of 100 each. Each tooth was 

prepared for bonding.  

 

• The facial surfaces of premolars were polished with a slow speed hand piece 

utilizing a thin paste of pumice and rubber cup (Fig 8a). 

• The polished surfaces of the tooth were washed with water and dried using oil 

free compressed air. 

• Then the surfaces were etched with 37% phosphoric acid (Prime Dental 

Products, Mumbai) for 30 seconds (Fig 5, 8b). The etched surface was cleaned 

with water from a three-way syringe and dried with oil-free compressed air. 

The dried surface was checked for a chalky white appearance of the etched 

enamel surface. 

• The primer used was the TransBond Primer (3M Unitek) (Fig 5). A thin coat 

was applied on the etched and dried surface of the tooth with an applicator tip 

(Fig 8c). 

• Two types of brackets were used namely – 100 metal brackets (Koden Silver 

Series Bracket, India)(Fig 6) and 100 ceramic brackets (Koden Ceramic Basic 

Aesthetic series Bracket, India)(Fig 7). 

•  Transbond adhesive (3M Unitek) (Fig 5) was applied on to the bracket base 

and positioned on the exact place of the tooth surface. The bracket was closely 

adapted and the excess adhesive was removed with a probe. 
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• Adhesive was cured using a light cure gun (Woodpecker i-LED Plus)(Fig 

8d,e). The same procedure was repeated for all the teeth. In order to minimize 

the operator error, single operator did the entire procedure of enamel 

preparation and bonding (Fig 9). 

 

IV) INCUBATION 

 

First, the 100 metal brackets and the 100 ceramic brackets were divided into 5 groups 

of 20 teeth each. 

Group I – pH 3.8 

Group II – pH 4.8 

Group III – pH 5.8 

Group IV – pH 6.8 

Group V – pH 7.8 

These were stored in different jars specially labelled for metal and ceramic 

brackets at 37ºC. Solutions were refreshed weekly (Fig 10). 

 

V) MOUNTING OF TEETH IN ACRYLIC RESIN 

 

For the ease of fixing the teeth to the lower crosshead of the Universal Testing 

machine, these had to be mounted in acrylic blocks. The following procedure was 

followed: 

Step 1: Tooth was first embedded in wax and the shape of the block was 

carved. 
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Step 2: Impression of this wax block was made with putty rubber base 

impression material (Reprosil, Dentsply)(Fig 11a,b). 

Step 3: There was a notch made on each sample to improve retention in the 

acrylic block. 

Step 4: Sprinkle-on method was used with self – cure acrylic to embed the 

premolars such that the buccal surface was parallel to the top (Fig 11c). 

Step 5: The die was immediately transferred to water to prevent the 

possibility of distortion due to heat dissipation while polymerization. 

Step 6: This process was repeated for each of the samples. 

 

VI) BOND STRENGTH EVALUATION 

 

The tooth samples embedded in acrylic blocks were stored in distilled water for one 

day and were then transported to S.D.M College of Engineering for TBS testing. 

As the acrylic block fixed onto the lower crosshead of the Universal Testing Machine 

(Fig 12,13), it could be adjusted such that the machine resulted in tensile force, there 

was no need for any complicated procedure to orient the brackets to the upper 

crosshead. The crosshead speed was kept at 1mm/min. 

 

VII) ADHESIVE REMNANT INDEX EVALUATION 

 

The adhesive remaining on the enamel of the premolars was measured using Oliver’s 

method.33 This assessment possessed the following scale rating: 

0 – No composite remains found on the enamel 
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1 – Less than 1/2 the composite remains found on the enamel 

2 – More than 1/2 the composite remains found on the enamel 

3 – All the composite remains found with the impression of the bracket 

base 

All the samples were evaluated and the findings tabulated. 

 

 

SAMPLE SIZE ESTIMATION 

 

Standard deviation in the Ist group S1 = 2.02 

Standard deviation in the  IInd group S2 = 3.10 

Mean difference  between Ist and IInd sample = 1.56 

Effect size = 0.609375 

Alpha Error(%) = 1 

Power(%)= 95 

sided = 2 

 

Number needed (n) = 100 in each material 

Alpha Error(%)            Power(%)            Sample Size(n) 

            1                          80                        66 

                                        90                        84 

            5                          80                        44 

                                        90                        59 
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Formula 

 212/12

2
βα

2

z+z
d

)(S
=n −−  

 

Where,                   Z 1-/2= Z-value for  level=2.58 at 1% alpha error (99% 

confidence) 

       Z1- = Z-value for  level=1.682 at 5% beta error (95% power) 

                                S=(S1+S2)/2 
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                                                            5. RESULTS 

 

The measurements obtained were next tabulated and subject to statistical analysis to 

assess and quantify the differences among the TBS of metal brackets and ceramic 

brackets. 

STATISTICAL ANALYSIS  

SPSS version 20. [IBM SPASS statistics (IBM corp. Armonk, NY, USA released 

2011)] was used to perform the statistical analysis  

• Data was entered into the excel spreadsheet.   

• Descriptive statistics of the explanatory and outcome variables were calculated  

by mean, standard deviation for quantitative variables, frequency, and proportions for 

qualitative variables 

• Inferential statistics like T-test was applied to check the statistical difference of TBS 

and ARI score between the groups  

• The level of significance was set at 5%  

• The following formulae were used for the analysis of data.: 

 

The mean commonly known as the average is the sum of values divided by the  

number of values and is denoted by the letter and it is given by   
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CERAMIC BRACKETS 

  

pH Max TBS (MPa) Min TBS (MPa) 

3.8 78.88 11.06 

4.8 87.02 24.66 

5.8 90.74 46.66 

6.8 94.44 33.31 

7.8 76.88 8.55 

pH Max TBS (MPa) Min TBS (MPa) 

3.8  85.77  4.33 

4.8  86.88  5.18 

5.8  92.22  11.02 

6.8  92  13.93 

7.8  90.44 9.68 

METAL BRACKETS 

 

TABLE 1 

TABLE 2 
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 Groups N Mean SD t 
P 

Value 

TENSILE 

STRENGTH 

(MPa) 

pH 

3.8 

Ceramic Bracket Group 20 36.8 15.6 

-1.4 0.17 

Metal Bracket Group 20 35.7 25.7 

pH 

4.8 

Ceramic Bracket Group 20 40.7 28.7 

1.04 0.306 

Metal Bracket Group 20 39.5 23.0 

pH 

5.8 

Ceramic Bracket Group 20 42.8 23.4 

0.45 0.655 

Metal Bracket Group 20 41.9 22.0 

pH 

6.8 

Ceramic Bracket Group 20 48.8 20.2 

0.577 0.567 

Metal Bracket Group 20 45.5 23.2 

pH 

7.8 

Ceramic Bracket Group 20 37.9 19.4 

0.43 0.67 

Metal Bracket Group 20 35.1 22.0 

TABLE 3 
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  N Mean SD F P Value 

Ceramic Bracket 

Group 

pH 3.8 20 36.8 15.6 

0.947 0.44 

pH 4.8 20 40.7 28.7 

pH 5.8 20 42.8 23.4 

pH 6.8 20 48.8 20.2 

pH 7.8 20 37.9 19.4 

Metal Bracket Group 

pH 3.8 20 35.7 25.7 

0.703 0.592 

pH 4.8 20 39.5 23.0 

pH 5.8 20 41.9 22.0 

pH 6.8 20 45.5 23.2 

pH 5.8 20 35.1 22.0 
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  Groups N Mean Rank P Value 

ARI 

pH 3.8 

Ceramic Bracket Group 20 18.13 

0.17 

Metal Bracket Group 20 22.88 

pH 4.8 

Ceramic Bracket Group 20 15.38 

0.004* 

Metal Bracket Group 20 25.63 

pH 5.8 

Ceramic Bracket Group 20 19.65 

0.628 

Metal Bracket Group 20 21.35 

pH 6.8 

Ceramic Bracket Group 20 19.85 

0.711 

Metal Bracket Group 20 21.15 

pH 7.8 

Ceramic Bracket Group 20 17.1 

0.057 

Metal Bracket Group 20 23.9 

TABLE 5 
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CHART 2 
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 Subgroups N 
Mean 

Rank 
χ2 Value P Value 

Ceramic Bracket 

Group 

pH 3.8 20 45.93 

5.98 0.2 

pH 4.8 20 44 

pH 5.8 20 53.95 

pH 6.8 20 62.25 

pH 5.8 20 46.38 

Metal Bracket Group 

pH 3.8 20 42.3 

4.12 0.39 

pH 4.8 20 57.68 

pH 5.8 20 45.9 

pH 6.8 20 53.43 

pH 5.8 20 53.2 

TABLE 6 
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6.  DISCUSSION  

 

Patients are increasingly conscious of the way they look. In addition to looking better 

post-orthodontic treatment, they also want their appliance to be less conspicuous to 

avoid aesthetic compromise in the tenure of the orthodontic treatment. These reasons 

show a rise in the use of modalities like plastic brackets, aligners and ceramic brackets. 

 

The ideal bond strength must be high enough to sustain the stresses of the oral cavity 

but not exceeding the safe limit that causes damage to enamel. Various authors have 

studied the bond strength of ceramic brackets in comparison to metal brackets8,13,14,16.  

In other studies, manipulation was carried out with factors such as differing the base 

design, type of primer, type of light used for curing etc. Some of these studies have 

found comparable bond strength of metal and ceramic brackets. Some have found 

ceramic brackets to be far more superior than metal. 

 

Brackets are in continuous contact with saliva. Salivary pH is a factor that is a dynamic 

value. It keeps varying in different situations such as on consumption of acidic 

beverages26,27. Also, studies have indicated a reduction in salivary pH post the start of 

orthodontic treatment34,35. This is because of the inability to maintain optimal levels of 

oral hygiene in the beginning of orthodontic treatment36. 

 

Reduced level of salivary pH may affect the bond strength negatively hence causing 

increase in treatment duration and inefficient treatment.  
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STUDY DESIGN 

The aim of this study was to compare the TBS and ARI scores between metal and 

ceramic brackets in 5 different pHs (3.8, 4.8, 5.8, 6.8 & 7.8). It was a prospective, 

comparative, quantitative in-vitro study. 

 

Two hundred premolars extracted for orthodontic purpose were collected and stored 

over a period of 6 months. Post extraction, they were stored in 0.05% thymol for a week 

after which they were transferred into distilled water. Before bonding, they were 

cleaned using pumice slurry and slow speed handpiece. Hundred of these premolars 

were bonded with ceramic brackets by etching first for 30s followed by priming and 

placing adhesive on the bracket base. Each sample was cured for 20 s. The same 

procedure was carried out with the other 100 samples but these were bonded using 

metal brackets. 

 

Each of these 2 groups were divided into 5 subgroups of 20 samples in each subgroup. 

The normal mean pH of saliva is 6.8 (range 6.2 – 7.6), and the critical pH for enamel 

decalcification being 5.5, the pH levels were adjusted at 7.8, 6.8, 5.8, 4.8, and 3.8, 

respectively. Each subgroup was incubated in the aforementioned pHs with solutions 

refreshed weekly. 

 

After 2 months, each sample was mounted in a block of acrylic for ease of attachment 

to the lower jaw of the universal testing machine. Tensile Bond Strength testing was 

done with each sample and readings recorded in an excel sheet. Later, each debonded 

surface was  checked for ARI using Oliver’s rating scale under 10X stereomicroscope. 
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INTERPRETATION OF THE RESULTS 

➢ Table 1 shows the maximum and minimum values of TBS in ceramic bracket 

group amongst all the 5 pH groups.  

The extreme pH groups, namely 3.8 and 7.8 show the lowest TBS with the peak 

being at 6.8 pH. 

 

➢ Table 2 shows the maximum and minimum values of TBS in metal bracket 

group amongst all the 5 pH groups indicating similar results. 

The most acidic and the most basic groups (3.8 & 7.8) show the lowest TBS 

with it being the highest at 6.8, which is the normal optimal pH of the oral 

cavity. 

 

➢ Table 3 shows the comparison of mean TBS between Ceramic Bracket and 

Metal Bracket at the 5 pHs. 

Independent sample t test was used to compare the mean difference between 

two independent variables. In the present study 2 types of brackets (Ceramic 

Bracket and Metal Bracket) were considered as 2 independent variables and the 

statistical analysis was performed to see whether there was any statistical 

significant difference in mean TBS at different pH (3.8, 4.8, 5.8, 6.8 and 7.8). 

Independent sample t test displayed no statistically significant difference in 

mean TBS among Ceramic Bracket and Metal Bracket at different pH (3.8, 4.8, 

5.8, 6.8 and 7.8). (P>0.05) 
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➢ Table 4 and Chart 1 show the comparison of mean TBS among different pH in 

the Ceramic Bracket and Metal Bracket groups. 

The one-way analysis of variance (ANOVA) was used to determine whether 

there were any statistically significant differences between the means of three 

or more independent (unrelated) groups.  The one-way ANOVA compared the 

means tensile strength between different pH among Ceramic Bracket and Metal 

Bracket and determine whether any of those means were statistically 

significantly different from each other.  

The one-way analysis of variance (ANOVA) displayed no statistically 

significant difference in mean tensile strength between different pH among 

Ceramic Bracket and Metal Bracket. (P>0.05) 

 

➢ Table 5 and chart 2 show the comparison of ARI Score  among Ceramic bracket 

and Metal bracket groups. 

The Kruskal Wallis test explains if there is a significant difference between 

three or more than three groups containing categorical or nonparametric data.  

The Kruskal Wallis test displayed no statistically significant difference in ARI 

Score between different pHs among Ceramic bracket and Metal bracket groups. 

(P>0.05) 

 

➢ Finally, all the data analysis indicated a statistically insignificant difference 

between metal and ceramic brackets in each pH. Although, a reduction of bond 

strength with pH in the individual groups was noted. 
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➢ This was consistent with other studies that compared TBS of metal and ceramic 

brackets12,13. 

 

COMPARISON WITH OTHER STUDIES 

1. A study had been done by Toodaezhaeim et al where the shear bond strength of 

metal brackets was studied in 4 different pHs of saliva, namely 3.8, 4.8, 5.8 and 

6.8. Eighty intact premolar teeth were etched, primed and bonded with stainless 

steel brackets (Dentaurum GmbH & Co. KG, Ispringen, Germany). After 

bonding, they were divided into four groups of 20 teeth in each group. Every 

group  was stored in artificial saliva at a pH of 3.8, 4.8, 5.8, and 6.8, respectively 

for two months. Each tooth was then embedded in an acrylic block so that the 

crown was exposed and its buccal surface was parallel to the direction of the 

force during  testing. All brackets were debonded using Dartec universal testing 

machine. The mean SBS value in group one (pH 3.8) was significantly lower 

than that in other groups.31 In the current study, ceramic brackets were compared 

to metal brackets where another sub-group of a basic pH (7.8) was also present. 

 

2. Contreras et al in 2020 had compared the effect of salivary pH levels on the SBS 

of two orthodontic adhesive systems for bracket placement. Seventy-two teeth 

were randomly assigned into two groups according to the adhesive system 

employed: Orthocem (light-cure adhesive, FGM®) or Transbond-XT (3M 

Unitek). Each group involved nine specimens incubated in artificial saliva at 

four pH levels regarding previous studies: acidic pH (4.8 and 5.8), control pH  
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(6.8) and alkaline pH (7.8), during two months. Once removed, SBS with a 

universal testing machine was applied. Transbond-XT adhesive system showed 

the greater SBS, mainly in the neutral salivary pH (11.18 ± 2.82 Mpa) followed 

by the alkaline (10.33 ± 2.49 Mpa). Significant differences were found 

regarding to both acidic pH levels (pH 4.8 and 5.8) with values between 6 and 

8 MPa. Moreover, Orthocem adhesive system had lower SBS values, with 

greater value in the neutral salivary pH (6.24 Mpa). Transbond XT orthodontic 

adhesive system showed only greater values of SBS for the control and alkaline 

pH levels; for acidic pH levels there was no difference between the two 

systems.32 Taking inference from this study, Transbond XT was used for 

bonding all samples in this study but the bracket material differed, namely metal 

vs ceramic and was up for comparison. 

 

CLINICAL IMPLICATIONS 

1. When the patient is unable to maintain optimal oral hygiene or has to 

undergo procedures like radiotherapy that may result in the reduction of pH 

of saliva, both metal and ceramic brackets can be used interchangeably, 

depending on the patients demand for esthetics. 

2. If affordability and the type of case permit, aligners can be a better option 

where bond strength isn’t one of the major factors. 

 

            SHORTCOMINGS OF THE STUDY 

1. Extracted teeth, that are used for in-vitro experiments, even if well preserved, 

are in a comparatively drier state than those in oral conditions. A drier sample  
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is also promoted by resin contraction and temperature rise during 

polymerization. 

2. Bond strength values obtained from in-vitro studies might be on the higher end 

when compared to values obtained in-vivo where a lot of other factors come 

into play such as oral hygiene, type of diet, isolation while bonding, forces from 

the orthodontic appliance itself, etc. 

3. The metal brackets used in this study had a mesh type of base design while the 

ceramic brackets had grooves which might have influenced the results. This is 

because previous studies have shown mesh base to be more retentive than 

groove base9. This could be an explanation to the comparable bond strength of 

metal and ceramic brackets when other studies have shown considerably higher 

bond strength in ceramic brackets. 

4. pH is never a constant value and hence even a drop in pH due to inadequate oral 

hygiene or due to consumption of certain fluids can never be considered 

constant (as opposed to continuous incubation period of 2 months in this study.) 

 

SCOPE FOR FURTHER STUDIES 

1. A study with larger sample size can be conducted to attain statistical 

significance, if any. 

2. An in-vivo study for bond strength testing can be planned for more realistic 

implications where SBS is tested in conjunction with TBS. 
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7. CONCLUSION 

 

This study was carried out to compare TBS and ARI score among metal brackets and 

ceramic brackets in the normal salivary pH (6.8), acidic pH (5.8, 4.8) and basic pH 

(7.8). 

Inferring from the results we conclude: 

1. Both metal and ceramic brackets show the most optimal TBS in normal salivary 

pH i.e 6.8. 

2. TBS reduces with an increase or decrease in pH from the optimum value. 

3. Within every pH group, TBS values for metal and ceramic brackets show a 

statistically insignificant difference. 

4. ARI scores follow a similar trend. 

Hence, certain modifications can be made to maintain optimum conditions for 

prevention of bond failure because of pH fluctuations. Patients can upgrade oral 

hygiene maintenance practices when an orthodontic appliance is present in the oral 

cavity such as the water jet flosser or interproximal brushes. Also, a check must be kept 

on the type and frequency of foods and beverages being consumed. These few 

precautions can result in an efficiently working orthodontic appliance resulting in best 

possible outcomes. 
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8. SUMMARY 

 

Direct bonding had been introduced to orthodontics after the discovery of acid etching 

by Buonocore. Metal brackets have been in use since the earliest appliances. As patients 

started to be more self-conscious about how they appear, not just post orthodontic 

treatment, but also during the continuum of treatment, esthetic appliances were 

invented. 

 

The first ceramic brackets made their mark in orthodontics in 1970’s and have been the 

esthetic appliance of choice ever since. The other competitors being plastic brackets, 

lingual appliance or the newer aligners, all have their own disadvantages that make 

ceramic brackets a relatively popular pick. Inspite of being this way, they do have a few 

disadvantages like being brittle and exceptionally high bond strength that can be fatal 

to the enamel.  

 

A lot of studies have been carried out comparing ceramic to metal brackets directly 

based on the brand or the design of the base. Otherwise, other factors involved have 

been manipulated such as the primer, etchant, etching time, type of light used etc. All 

these studies have shown either a comparable bond strength, or metal brackets being 

inferior to ceramic brackets in terms of bond strength.  
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The normal  pH of the human saliva is in the range of 6.2 – 7.6. Inability to maintain 

oral hygiene and consumption of acidic beverages can cause a momentary decline in 

the oral pH. This has been shown to affect the bond strength in previous studies31. It 

had been evaluated in metal brackets but never before in ceramic brackets. 

 

The present study consisted of 200 premolars that were extracted for orthodontic 

purpose out of which, half were bonded with ceramic brackets while the other half, with 

metal brackets. Each of these groups were further sub-divided into 5 groups of 20 

samples each that were incubated in 5 different salivary pHs (3.8, 4.8, 5.8, 6.8 & 7.8). 

After a 2-month incubation period, they were mounted in acrylic blocks such that the 

buccal surface was perpendicular to the direction of force. Universal Testing machine 

was used to record the TBS values of every sample. Next, each sample was examined 

under a 10X stereomicroscope for the ARI score. 

 

The data obtained was subject to statistical analysis using the statistical package SPSS 

version 20. The mean and standard deviation were tabulated. Independent T-test and 

one way ANOVA were used to compare the variables. 

 

The results revealed a reduction in bond strength as the pH dropped to 3.8. The highest 

bond strength in both the metal and ceramic bracket group was at a pH of 6.8. The TBS 

showed a decrease again at 7.8. 
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Although, when the metal bracket group and the ceramic bracket group were compared 

in each pH, there was a statistically insignificant difference among the two groups, 

indicating both can interchangeably be used. 

 

This study does have a few shortcomings as it is an in-vitro study, results cannot be 

directly implied to in-vivo situations. Also, the pH of the mouth isn’t a stable value. It 

will not affect the treatment to a large extent as pH of the saliva  keeps varying. Majorly, 

it lies in the normal range but only on consumption of acidic fluids, or recent plaque 

accumulation, it shows a drop. 

 

In debilitated individuals undergoing orthodontic treatment, where the saliva is acidic 

due to reasons like radiation exposure or pathologies, aligners can be a better option if 

the case permits. Conclusively, metal and ceramic brackets have a comparable bond 

strength in varying pHs of saliva. 
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ETHICAL CLEARANCE  
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ANNEXURE 2 - PROFORMA 

 

 

SAMPLE 

NO. 
TENSILE BOND STRENGTH (MPa)/ ARI 

pH 3.8 pH 4.8 pH 5.8 pH 6.8 pH 7.8 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
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COLOUR PLATE – 1 

  

FIG 2: WEIGHING BALANCE 

FIG 3: pH METER 

FIG 1: EXTRACTED PREMOLARS (INSET: STORAGE) 
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COLOUR PLATE – 2 

  

FIG 4: STORED ARTIFICIAL SALIVA 

FIG 5: ETCHANT, PRIMER & ADHESIVE 

FIG 6: METAL BRACKETS 
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COLOUR PLATE – 3 

 

  

a b c d e 

FIG 8: BONDING PROCEDURE  

FIG 7: CERAMIC BRACKETS 

FIG 9: TEETH READY TO BE INCUBATED 
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COLOUR PLATE – 4 

 

 

  

 

FIG 10: TEETH INCUBATED IN 5 pHs 

FIG 11: MOUNTING OF SAMPLES IN ACRYLIC 

a c b 
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COLOUR PLATE – 5 

 

 

 

FIG 12: UNIVERSAL 

TESTING MACHINE 

FIG 13: SAMPLE 

MOUNTED 


