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ABSTRACT 

 

Debonding of orthodontic brackets:  

Effect on marginal microleakage and microcrack  

of Class V composite resin restorations 

 

Ho-Sung Kang 

Department of Dentisty 

The Graduate School, 

Yonsei University 

 

This study evaluated effects of orthodontic bracket debonding on 

microleakage  and  microcrack of Class V composite resin restorations.  

Fifty-two teeth were divided into four groups. Class V cavity was restored 

without bonding brackets in group 1. In group 2, 3, and 4, Class V cavity was 

restored after bonding brackets (group 2: 1.5mm away, group 3: 2.5 mm away, 

group 4: below CEJ). Thermocycling was carried out and brackets were debonded. 

Samples were stored in 2% methylene blue solution for 4 hours.  

 Microcrack pattern was observed between brackets and Class V restorations 

on each tooth. Samples were sectioned and the extent of dye penetration was 
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observed. After evaluating microleakage scores, following conclusions were 

obtained.    

1. Microleakage was higher in group of bracket debonding than in group 1 

with statistical significance. And, no statistical significance in distance 

between bracket and Class V restoration(p<0.05). 

2. Microcrack increased in group 2 with statistical significance when 

compared with group 1. Group 3 and 4 showed similar pattern of 

microleakage and did not show statistically significant difference when 

compared with group 1(p<.001).  

In conclusion, debonding of orthodontic brackets increased microleakage of 

Class V restorations located below the brackets, and microleakage have no 

relation with distance. Microcrack was also increased when the distance between 

bracket and Class V restorations was 1.5mm.  
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Debonding of orthodontic brackets:  

Effect on marginal microleakage and microcrack  

of Class V composite resin restorations 

 

Ho-Sung Kang 

Department of dentistry 

The Graduate School 

Yonsei University 

(Directed by Professor Byoung-Duck Roh) 

 

Ⅰ. Introduction 

Tooth sensitivity is one of the reasons people visit dental clinic. In many cases, 

the sensitivity is due to class V lesions and these lesions are treated with 

composite resin. Composite resin has superior esthetics, but concerns about 

microleakage have been raised due to polymerization shrinkage and higher 

coefficient of thermal expansion. Studies have been conducted to solve the 

microleakage. Microleakage can induce secondary caries or marginal discoloration 

and it was reported that pulpitis can develop from severe hypersensitivity (Atash 

and Vanden Abbeele, 2005; Bae SB, 2009; Owens and Johnson, 2007). 
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Recently, the demand for adult orthodontics has been increased because of 

social awareness of esthetics(Selvaraj et al., 2013). Consequently, more patients 

want treatment for hypersensitivity during or after orthodontic treatment. 

Generally, cervical lesions are recommended to be treated before starting 

orthodontic treatment because of difficulty in maintaining good oral hygiene and 

deterioration of the lesion during orthodontic treatment. It is common for patients 

to suddenly develop cervical lesion during orthodontic treatment and treat the 

lesion with composite resin. When class V lesions were treated before or during 

the orthodontic treatment, they often show marginal discoloration, secondary 

caries, microcrack, and hypersensitivity after approximately two years of 

orthodontic treatment and majority of them require retreatment. Therefore, 

longevity of class V restoration in patients who are getting orthodontic treatment 

should be evaluated. Previously, class V restorations have been actively studied 

on marginal microleakage, physical properties of composite resin, and bonding 

system. In addition, orthodontic treatment affects class V restorations differently. 

Bonding and removal of the brackets, use of various elastic materials, and lack of 

oral hygiene maintenance are expected to influence dental restorations(Bishara et 

al., 1993; Chen et al., 2013; Greene and Bearn, 2013; Holberg et al., 2013; Melo 

et al., 2013; Sidhu and Henderson, 1992). 

This study aimed to investigate the effects of orthodontic bracket debonding on 

microleakage and microcrack of class V composite resin restorations. 
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Ⅱ. Materials and methods 

 

1. Materials  

 

Fifty-two sound human upper and lower premolars extracted for orthodontic 

treatment were selected. 

 

2. Methods 

 

Sample teeth were divided into 4 groups with each group containing 13 teeth. 

In group 1, brackets were not bonded and composite resin was filled after 

preparing class V cavity. Location of the cavity was the same as that of group 2. 

In group 2, bracket was bonded first and composite resin was filled after 

preparing class V cavity with occlusal margin placed 1.5 mm below the bracket. 

In group 3, bracket was bonded and composite resin was filled after preparing 

class V cavity with occlusal margin placed 2.5 mm below the bracket. In group 4, 

bracket was bonded and composite resin was filled after preparing class V 

cavity with gingival margin placed 1 mm below cemento-enamel junction (CEJ). 

All the cavities were designed with 3 mm of mesio-distal width, 2 mm of 

occluso-gingival height, and 2.5 mm of depth(Chandra et al., 2013; Santini et al., 

2004)(Figure 1). 
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Upper and lower premolar metal brackets (Speed Dental Co., Seoul, Korea) and 

Transbond XT (3M Unitek, USA) were used. Brackets were bonded on the buccal 

long axis and around height of contour according to the orthodontic manual. Tooth 

surface to be bonded was cleaned out and acid-etched with 37% phosphoric acid 

(Resilience, Ortho technology inc., Netherland) for 20 seconds. After rinsing for 

15 seconds, tooth surface was dried and adhesive (Transbond XT, 3M Unitek, 

USA) was applied. The surface was cured for 10 seconds. Bonding resin was 

applied on the bracket base and the bracket was bonded with LED light curing unit 

(Freelight Elipar2, 3M ESPE) by light curing for 20 seconds. 

 

The cavities were filled according to the following procedure. After acid-

etching enamel (20 seconds) and dentin (15 seconds) with 37% phosphoric acid 

(Spident Ltd., Seoul, Korea), the cavity was washed for 15 seconds. Dentin 

bonding agent (Single Bond 2, 3M ESPE, USA) was applied for 20 seconds and the 

cavity was lightly dried with air syringe and cured with LED curing unit for 20 

seconds. The cavity was filled with Filtek Z350 XT (3M ESPE, USA) 

(Mirzakouchaki et al., 2012)(Table1 and 2). 
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Figure 1 Cavity design of each group. A schematic diagram of the Class V cavity 

and the distance to the bracket. All cavities have same width (3mm), height(2mm) 

and depth (2.5mm). Bracket was not bonded in goup1. In group 2, bracket was 

bonded first and class V cavitywas placed with occlusal margin 1.5 mm below the 

bracket. In group 3, bracket was bonded and class V cavitywas placed with 

occlusal marginplaced 2.5 mm below thebracket. In group 4, bracket was bonded 

and class V cavitywas placed with gingival margin 1 mm below cemento-enamel 

junction (CEJ). 
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All the samples were thermocycled (5°C and 55°C with a dwell time of 

30 seconds, 1000 cyclesRW-0525G Jeio tech, Korea). Same operator debonded 

brackets of group 2, 3, and 4 by applying a debonding plier (DBS Romoving Plier-

Angled, Task Inc, Japan) to the base of the brackets to bend the bracket 

(contemporary orthodontics. 3rd. William R.:590-91). Then, sticky wax was 

attached to the apex of teeth and nail banish was applied for three times on the 

entire tooth surface except experiment area. After that, samples were immersed 

in 2% methylene blue for 4 hours and rinsed. 

Surface of the samples were examined with microscope (OPMI Pico S100, Carl 

Zeiss Co., Germany) and SEM (S-3000N, HitachiCo., Japan). Microcrack pattern of 

enamel surface and the number of microcrack between class V restoration and 

bracket were measured. The number of the microcrack was measured between 

the bracket and margin of the Class V restorations using microscope under 

magnification of x10 or x15 depending on tooth size. Measurement was 

reconfirmed under magnification of x25. Two or more connected microcracks 

were counted as one and verified with electron microscope. Measuring process 

were repeated one more time. After vertically cutting samples in bucco-lingual 

direction into two pieces, the halved sample with more dye penetration was 

chosen and the microleakage was scored (Gueders et al., 2006; Lucena-Martin et 

al., 2001; Nagpal et al., 2011). 
 

Following scale was used when scoring dye penetration 

score 0 : no dye penetration; 
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score 1 = dye penetration within 1/2 along cavity wall; 

score 2 =dye penetration to 1/2 or more along cavity wall and not to axial wall; 

score 3 = dyepenetration along axial wall. 

A statistical software package (SPSS version 18.0, SPSS Inc., USA) was used 

for verification of significance between each group about microcrack and marginal 

microleakage. Kruskal-Wallis test was performed to compare microcrack and 

microleakage of each group.  
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Table 1. Materials used in this study 

method Material 

 Metal bracket (Mn, Mx premolar) . Speed Dental Co.,LTD, 

seoul, Korea 

Bracket bonding 37% phosphoric acid, Resiliesnce, ortho technology, inc. 

Netherland 

 
Transbond XT adhesive primer. 3M Unitek, U.S.A) 

 
Transbond XT light cure adhesive paste 3M Unitek,U.S.A 

 37% phosphoric acid, FineEtch. Spident.Co.Ltd, Seoul, Korea 

Class V filling
 

Single Bond 2 adhesive. 3M ESPE, Brazil 

 
Filtek Z350 XT flowable composite resin.  3M ESPE, Brazil 
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Table 2. composites of materials used in the study 

Material Composition Company 

 

Transbond XT primer 

Triethylenoglycol-

dimethyacrilate, 

Bis-GMA 

3M Unitek 

Monrovia,Califonia, 

USA 

 

Transbond XT 

adehesive paste 

Silica, Bis-GMA, Silane,N-

dimethylbenzocaine, hexa-

fluoro-phosphate 

3M Unitek 

Monrovia,Califonia, 

USA 

 

 

Single Bond 2 

Ethanol, water, Bis-GMA, 5nm 

silane treated colloidal silica, 

2-hydroxyethyl 

methacrylate,glycerol 1,3 

dimethacrylate,methacrylate 

functional copolymer of 

polyacylic and polyitaconic acid 

and diuretane dimethylacrylate 

 

 

3M 

ESPE,Sumare,Brazil 

 

Filtek Z350 XT 

Bis-GMA, TEGDMA, Bis-EMA, 

Silane-treated ceramic, silica, 

zirconium oxide 

3M 

ESPE,Sumare,Brazil 
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Ⅲ. Results 

 

Microleakage  

Microleakage scores in group 2, 3, and 4 was higher than in group 1 with 

statistical significance (p<0.05) (Table 6). This means that debonding forces of 

orthodontic bracket increases microleakage of class V restorations. It is 

noteworthy that group 2 and 3 showed similar pattern but microleakage scores in 

group 4 were higher than in group 2 and 3. This represents that debonding force 

of bracket increases microleakage irrespective of distance from gingival margin to 

the class V restorations, and microleakage is increased more when the restoration 

is located under the CEJ as group 4.  

 

Microcrack  

 Median of microcrack in group 1, group 3, and group 4 showed similar 

distribution. However, median (4.00) of microcrack in group 2 was relatively high 

(4.54) with statistical significance (p<.001)(Table 6). This means microcrack is 

increased as distance between brackets and Class V restorations is within 1.5 mm. 

 

As shown in table 7, occurrence of microcrack and microleakage did not have 

statistically significant correlation. Therefore, microcrack and microleakage did 

not affect each other. 
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Table 3.  Microleakage scores of each group 

Group Score 0 Score 1 Score 2 Score 3 

1 8 2 2 1 

2 2 6 5 0 

3 1 6 1 5 

4 2 2 3 6 
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Table 4.The number of microcrack in each group  

sample Group1  

microcrack 

Group2  

microcrack 

Group3  

microcrack 

Grou4  

microcrack 

1 2 4 1 1 

2 1 4 0 0 

3 0 2 0 0 

4 1 4 0 1 

5 1 4 0 0 

6 0 4 1 0 

7 0 2 2 0 

8 1 5 0 0 

9 1 6  1 

10 0 5 0 0 

11 1 2 0 3 

12 1 6 0 1 

13 2 4 3 2 
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Table 5. Test of normality by Kolmogorov-Smirnov test 

 K-S Z P 

Microcrack 1.781** .004 

Microleakage 1.488* .024 

**p<.01, ***p<.001 

Test of normality with Kolmogorov-Smirnov test did not showed normal 

distribution (p<.05). Kruskal-Wallis test was conducted for nonparametric test for 

further analysis.  
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Table 6. Comparison of microcrack and microleakage in each group  

 

  

  

N median  
Minimum 

value 

Maximum 

value 
X²(p) 

microcrack 

group 1 13 1.00 0 2 

29.308*** 

(.000) 

group 2 13 4.00 2 13 

group 3 13 .00 0 3 

group 4 13 .00 0 3 

total 52 

   

microleakage 

group 1 13 .00 0 3 

10.809* 

(.013) 

group 2 13 1.00 0 2 

group 3 13 1.00 0 3 

group 4 13 2.00 0 3 

Total 52 
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Table 7. Relationship between microcrack and microleakage of each group 

 

microcrack microleakage 

group 1 

microcrack 1 

 

microleakage .280 1 

group 2 

microcrack 1 

 

microleakage .179 1 

group 3 

microcrack 1 

 

microleakage .049 1 

group 4 

microcrack 1 

 

microleakage .229 1 

Total 

microcrack 1 

 

microleakage -.011 1 
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Figure 2.microleakage grade 0 in Group1    Figure 3. microleakage grade 1 in Group2 

 

Figure 4-1. microleakage grade 2 in Group3  Figure 4-2. microleakage grade 3 in Group 3 

 

Figure 5-1. microleakage grade 2 in group4 Figure 5-2. microleakage grade 3in Group 4 
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Figure 6. SEM photographs showing the microcracks in Group 2 & Group 3 

(C : microcrack line E : enamel, R : composite resin)  
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Ⅳ. Discussion 

 

Recently more patients are visiting dental office with complaint of tooth 

sensitivity and demand for the treatment has been increasing. Patients getting 

Class V restorations are increasing and treating orthodontic patients for Class 

V composite resin restorations is also on the rise. Marginal sealing of 

composite resin restorations is crucial for its success. Polymerization 

shrinkage and microleakage has been unsolved problem (Duke, 1993; Neme et 

al., 2000).
 

It is same reason that microleakage was observed in group 1 where brackets 

were not bonded.  

Irma Dumbryte investigated microcrack pattern of the enamel after removing 

metal brackets (Dumbryte et al., 2013). He took photos on the entire tooth surface 

with electron microscope and observed microcrack pattern. In this study, 

microcrack was measured only between the bracket and the Class V restoration 

to evaluate correlation of Class V restoration and microcrack. Other study 

(Bishara et al., 1995) observed the enamel microcrack with microscope and fiber 

optic light. However, nail varnish was applied in this study and fiber optic light 

could not be used. 

Among various methods evaluating microleakage, dye penetration is the most 

widely used one due to convenience and direct observation of the penetration 
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pattern. Youngson et al. reported no difference of dye penetration among 2% 

methylene blue, 5% eosin, 50% silver nitrate, and Indian ink. 2% methylene blue 

was used in this study as a dye material (Youngson et al., 1998).
 

There were many reports that debonding of bracket induced enamel fracture. 

Holberg reported that the risk of enamel fracture may depend on the individual 

debonding procedure, relatively high stresses occurred in the enamel (44.18 MPa), 

and additionally high loads occurred on the alveolar bone as well(11.79 MPa).
 

In this study, brackets were removed after simulating oral thermal 

environment using thermocycling. Considering slight microleakage was inevitable 

in group 1, where bracket was not bonded. Considering masticatory forces during 

approximately two years of orthodontic treatment, significant microleakage is 

expected in the Class V restorations by the time of debonding. Bracket removal 

process will probably worsen the existing microleakage (Holberg et al., 2013; Liu 

et al., 2005).
 

In this study, metal brackets were used. Ceramic or resin brackets are more 

popular in private practices because of patient’s esthetic demand. More 

microcracks were reported in these esthetic brackets than metal bracket (Bishara 

et al., 1995; Mundstock et al., 1999). 

Further studies are required to relation of microcrack and microleakage in 

different type of brackets. With respect to group 4, loss of bonding in gingival 

margin, which was located below CEJ, stems from lower bonding strength of 

composite resin with cementum than enamel and vulnerability to masticatory 
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force and intraoral temperature change in addition to bracket removal force 

(Dhingra et al., 2013; Poggio et al., 2013). This result is similar to the clinical 

observation that discoloration of deep Class V restoration is more obvious in 

gingival portion of the fillings in patients who do not orthodontic treatment after 

years of use.  

Microcrack was most conspicuous in group 2. Bracket debonding force can 

affect longevity of existing restorations including Class V filling when they are 

close to the bracket margin. According to this study, occurrence of microcrack 

was considerably increased and the longevity of the restoration was significantly 

deteriorated when the distance between the brackets and composite resin 

restorations was less than 1.5mm. When the distance was 2.5mm or more, 

microcrack can be prevented from bracket debonding process.   

As shown in this study, microleakage of Class V restorations is unavoidable in 

patients who are undergoing orthodontic treatment and bracket removal process 

would further induce microleakage and microcrack of the Class V restorations 

after orthodontic treatment. Patients who finished orthodontic treatment are 

expected to have much microleakage and microcrack would be present in the 

Class V restorations. These can develop to discoloration of class V restoration 

margin, hypersensitivity, and pulpitis. Consequently, retreatment of the Class V 

restoration is strongly recommended.    

This study examined the effects of bracket debonding process on the 

microleakage and microcrack of the Class V restorations. Adult patients usually 
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have a variety of restorations such as gold inlay and composite resin fillings in 

many teeth.  Further studies are required to microcrack and microleakage in 

various restorations during bracket debonding process 
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Ⅴ. Conclusion 

 

This study evaluated effects of orthodontic bracket debonding on 

microleakage and microcrack of Class V composite resin restorations.  

Fifty-two teeth were divided into four groups. Class V cavity was restored 

without bonding brackets in group 1. In group 2, 3, and 4, Class V cavity was 

restored after bonding brackets (group 2: 1.5mm away, group 3: 2.5 mm away, 

group 4: below CEJ). Thermocycling was carried out and brackets were debonded. 

Samples were stored in 2% methylene blue solution for 4 hours.  

 Microcrack pattern was observed between brackets and Class V restorations 

on each tooth. Samples were sectioned and the extent of dye penetration was 

observed. After evaluating microleakage scores, following conclusions were 

obtained.    

1. Microleakage was higher in group of bracket debonding than in group 1 

with statistical significance. And, no statistical significance in distance 

between bracket and Class V restoration (p<0.05). 

2. Microcrack increased in group 2 with statistical significance when 

compared with group 1. Group 3 and 4 showed similar pattern of 

microleakage and did not show statistically significant difference when 

compared with group 1 (p<.001).  
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In conclusion, debonding of orthodontic brackets increased microleakage of 

Class V restorations located below the brackets, and microleakage have no 

relation with distance. Microcrack was also increased when the distance between 

bracket and Class V restorations was 1.5mm.  
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Abstract(in Korean) 

 

교정용 브라켓 탈부착이 5급 레진 충전물의 변연 

미세누출과 미세균열에 미치는 영향 

 

강 호 성 

연세대학교 대학원 

치의학과 

 

 

본 연구는 교정용 브라켓의 제거과정이 5급 레진 충전물의 미세누출과 미세균열에 

미치는 영향에 대하여 알아 보았다. 

52개의 치아를 4개그룹으로 나누어 그룹 1은 5급와동충전만을 하였고, 

2,3,4그룹에는 교정용 브라켓을 부착한 뒤 거리 (그룹2: 1.5mm, 그룹3: 2.5mm, 

그룹4: 치경부아래 1mm)를 두고 5급와동충전을 하였다. Thermocycling을 시행한 뒤 

브라켓을 제거하고 2% methylen blue용액에 4시간 보관하였다. 각 치아의 표면에서 

교정용 브라켓과 5급 충전물 사이의 미세균열을 관찰하였고 치아를 절단한 뒤 

색소침투 정도를 관찰하여 미세누출 점수를 평가하였으며 다음과 같은 결론을 얻었다.        
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1. 그룹1에 대하여 그룹 2,3,4 의 변연미세누출이 유의차 있게 증가하였다 

(p<.05). 

2. 그룹 1에 대하여 그룹 2의 미세균열이 유의차 있게 증가하였으나 그룹 3,4 는 

그룹1과 유의차가 없이 비슷한 양상을 보였다 (p<.001). 

 

결과적으로 교정용 브라켓의 제거시 가해지는 힘은 아래에 위치한 5급 복합레진 

수복물의 변연미세누출을 증가시키나 거리차에 따른 영향은 없었고, 미세균열의 경우 

브라켓과 5급수복물의 위치가 1.5mm 정도로 가까우면 미세균열이 매우 증가함을 알 

수 있었다.    
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