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Abstract
Objectives. The purpose of this in vitro investigation 
was to evaluate qualitatively the surface topography at 
the bracket-adhesive-enamel junction, bonded to the 
buccal and lingual surfaces of premolars with compos-
ite resin and resin-modified glass-ionomer orthodon-
tic adhesives, using two methods of adhesive removal: 
a dental explorer and a micro brush. Methods. Forty 
premolar surfaces were allocated to four groups of 10/
each, 20/buccal and 20/lingual surfaces. The brackets 
were bonded to the surface of the enamel and any ex-
tra adhesive was removed with a dental explorer or a 
micro brush. Specimens were evaluated and scored 
by two calibrated independent raters, at the bracket-
adhesive-enamel junction, for adhesive overlap on the 
bracket, the smoothness of the surface, as well as the 
presence of projections and depressions, using a digi-
tal microscope. The Fisher-exact statistical test was 
conducted to compare the different groups. Results. 
Regardless of the method used to remove the adhe-

sives, all groups showed partial or complete overlap of 
the adhesive on the bracket. No statistical difference 
was found between the groups for adhesive overlap 
(P=1.0). However, resin-modified glass-ionomer was 
found to be statistically significantly (P<0.05) better 
than composite resin in both smoothness and the lack 
of projections or depressions, regardless of the instru-
ment of removal. Conclusion. Removing excess adhe-
sive with a dental explorer or a micro brush is not an 
ideal method for adhesive removal, as partial or com-
plete overlap of the adhesive on the bracket existed in 
all groups. On the other hand, resin-modified glass-
ionomer was a superior material to composite resin 
for better smoothness and surface topography at the 
bracket-adhesive-enamel junction.

Key Words: Orthodontic Brackets  Surface 
Topography  Surface Characteristics  Orthodontic 
Adhesive.

Introduction

Some of the features of ideal orthodontic ad-
hesives are: sufficient working time for the 
dentist, fluoride release, good bonding, and 
easy removal without damaging the enamel 
surface, with minimal polishing needed (1-
3). Another ideal feature that has not been 
tested before is the easy removal of the adhe-
sive from the areas around the enamel and 
orthodontic bracket, after bonding and be-
fore setting, anticipating a smooth surface. 
Composite resin is the most commonly used 
adhesive because of its well-established clin-
ical and laboratory performance (4, 5). On 
the other hand, resin-modified glass-iono-
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mer cements have some advantages, which 
include its ability to form a chemical bond 
with the enamel and metal, less sensitivity to 
moisture and saliva contamination, fluoride 
release, and the ability to serve as a fluoride 
reservoir (6, 7). 

White spot lesions due to decalcification 
of the enamel surface adjacent to fixed orth-
odontic appliances are a frequent undesir-
able consequence of orthodontic treatment 
(8, 9). Several studies have reported the 
prevalence of white spot lesions to be as high 
as 96 percent (10-13). Fixed appliances and 
bonding materials increase the retention of 
biofilm and the development of white spot 
lesions (8, 9). Management of white spot 
lesions on the enamel surface comprises a 
variety of approaches to prevent demineral-
ization, and procedures to promote remin-
eralization of any demineralization present 
(8, 14). A wide variety of methods has been 
described and implemented for the preven-
tion of such lesions, implemented by the pa-
tient and/or the dentist (8, 9, 14). However, 
not all methods to prevent white spot lesions 
are successful (15). 

The application of adhesives to enamel 
and orthodontic brackets could be a source 
of irregular and rough surfaces at the brack-
et-adhesive-enamel junction after adhesive 
removal, and could create areas for plaque 
accumulation, with the resultant demineral-
ization (11, 16, 17). The surface roughness 
of various metal and esthetic brackets, as 
well as various orthodontic wires, has been 
tested. However, to our knowledge no pub-
lished research has evaluated the surface to-
pography and roughness of the areas around 
the enamel and the orthodontic bracket af-
ter bonding and adhesive removal. 

Therefore, the aim of this study was to as-
sess qualitatively the surface topography at 
the bracket-adhesive-enamel junction using 
a digital microscope, after bonding to the 
buccal and lingual surfaces of premolars, 
using two orthodontic adhesives: composite 

resin (Transbond XT, 3M Unitek, Monrovia, 
California, USA) and resin-modified glass-
ionomer (Fuji Ortho LC, GC Corporation, 
Tokyo, Japan), and two adhesive removal 
methods, using a dental explorer and a mi-
cro brush. The null hypothesis tested in this 
study was that there is no difference in the 
surface topography at the bracket-adhesive-
enamel junction after removal of the two 
orthodontic adhesives using a dental ex-
plorer or a micro brush.

Materials and Methods

Preparation of Specimens 

The study protocol was approved by the Re-
search and Ethical Committee of Human 
Studies at the College of Dentistry Research 
Center. Twenty human premolar teeth ex-
tracted due to orthodontic treatment, stored 
in 0.1% thymol solution, were used in this 
investigation. The teeth included had an in-
tact crown, no attrition, and were free from 
hypoplastic areas, cracks, gross irregulari-
ties, decay and fractures. The enamel surface 
of each tooth was scaled and polished with 
a rubber polishing cup and pumice using a 
low- speed handpiece for 10 seconds, then 
stored in deionized water at room tempera-
ture (27°C) for 48 hours. The apical part of 
each root was mounted in self-curing acryl-
ic resin (Vertex™  Orthoplast, Vertex-Dental 
B.V. Asia Pte Ltd, Singapore) to facilitate per-
pendicular sectioning of each tooth into two 
sections (buccal and lingual), and then each 
section was decoronated 4 mm below the 
CEJ using a diamond saw mounted under 
a water spray (IsoMet-2000 Precision Saw, 
Buehler, Lake Bluff, IL, USA). Each section/
surface was then placed in a standardized 
mold and embedded in self-curing acrylic 
resin, where the buccal and lingual surfaces 
of each tooth were kept parallel to the floor. 
The teeth were allocated into four groups, 
with 10 specimens/group, according to the 
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adhesive material and removal methods 
used, with 20 buccal and 20 lingual surfaces 
(Table 1). Due to the difficulty of collecting 
teeth and the limited number, the lingual 
and buccal surfaces of each tooth were used 
to increase the sample size. The power sam-
ple size was 0.81 and the level of significant 
σ=0.05, with estimated standard deviation 
=0.9. The sample size should be at least 9 in 
each group.

Bracket Bonding and Evaluation

Orthodontic premolar brackets with gingi-
val offset (Ortho Classic, Roth 0.022, Ortho 
Classic Inc., McMinnville, OR, USA) were 
positioned using firm and even pressure, 
and bonded to the enamel surface, following 
the manufacturer’s recommendations, using 
2 types of orthodontic adhesive: compos-
ite resin (3M-Unitek Transbond™  XT  Light 
Cure Adhesive, Monrovia, CA, USA) for 
groups 1 and 2, and resin- modified glass-
ionomer (GC Fuji Ortho LC Capsule, GC 
Corporation, Tokyo, Japan) for groups 3 and 
4. The brackets were then bonded onto the 
mesio-distal and occluso-cervical center of 
the tooth surfaces. Excess adhesive was re-
moved in 5 applications using a regular size 
micro applicator brush #2 (Dental Micro 
Applicator Brush, Shanghai Smedent Medi-
cal Instrument Co., Ltd.,  Shanghai, China) 
or a dental explorer (Double Ended #5, Hu-
Friedy Mfg. Co., LLC, Chicago, USA). One 
micro brush was used for each specimen and 
was wiped with gauze after each application. 
In addition, the explorer was also wiped 
with gauze after each application. The speci-
mens were light cured using an Ortholux™ 
Luminous Curing Light (3M Unitek Orth-
odontic Products, Monrovia, CA, USA) 
(App. 1600 mW/cm) (LED). One investiga-
tor performed all the bonding procedures in 
a consistent manner and random order. The 
specimens were stored in distilled water at 
room temperature for 48 hours. Each speci-

men was then photographed using a digi-
tal microscope (Digital Microscope System 
Model KH 7700, Hirox; USA, Inc., Hacken-
sack, NJ, USA) at fifty times magnification. 
One photograph, which included the brack-
et and the surrounding enamel, was taken. 
Before the evaluation started, the two expert 
evaluators discussed the evaluation scores 
and they were calibrated. The two inde-
pendent examiners did not know the group 
under evaluation. Each photograph was 
evaluated and the bracket-adhesive-enamel 
junction scored at the occlusal edge/side of 
the bracket. The following parameters were 
assessed: the adhesive overlap of the bracket, 
the smoothness of the enamel, and the pres-
ence of projections and depressions. The ad-
hesive overlap of the bracket was allocated 
to one of three classifications: no overlap, 
where no adhesive was covering any part of 
the occlusal edge/side of the bracket; partial 
overlap, where there was adhesive covering 
any part less than the entire length of the 
occlusal edge/side of the bracket; and com-
plete overlap, where the adhesive covered 
the entire length of the occlusal edge/side of 
the bracket. The smoothness of the enamel 
was given one of three possible classifica-
tions: completely smooth enamel - when 
no rough area of adhesive was present over 
the entire length of the occlusal edge/side of 
the bracket; partially smooth enamel - when 
some rough areas of adhesive were present 
but less than the entire length of the occlu-
sal edge/side of the bracket; and no smooth 
enamel - when a rough area of adhesive was 
present along the entire length of the occlu-
sal edge/side of the bracket. The presence of 
projections and depressions on the adhesive 
was given one of four possible classifica-
tions: no projections and depressions, pro-
jections present, depressions present, and 
both projections and depressions present. 
For all parameters, when disagreement was 
recorded between the two examiners, the 
highest score was recorded.
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Statistical Analysis

Comparison of different groups and iden-
tifying statistically significant differences 
were performed using the Fisher's exact test. 
The statistical significance was set at a p-
value of <0.05. Inter-examiner reliability for 
scoring different parameters at the bracket-
adhesive-enamel junction was completed 
using the Kappa statistic. All procedures 
were performed using Stata SE15.1 software 
(StataCorp, College Station, TX, USA).

Results

Inter-examiner reliability for scoring differ-
ent parameters showed that the Kappa sta-
tistic was 0.74, which indicated high agree-
ment. Regardless of the adhesive removal 
method used, all groups showed partial or 
complete overlap of the adhesive on the 
bracket (Table 1). 

Groups in which a composite resin was 
used on the buccal surfaces showed com-
plete overlap of the adhesive in 90% of the 

surfaces when the dental explorer was used, 
and 100% of the surfaces when the micro 
brush was used (Table 1). Groups in which 
a resin-modified glass-ionomer was used on 
the lingual surfaces showed complete over-
lap of the adhesive on the bracket in 100% of 
the surfaces when an explorer was used, and 
90% of the surfaces when a micro brush was 
used to remove the excess material (Table 
1). The Fisher-exact statistical test showed 
no significant difference between the groups 
for complete/partial overlap of the adhesive 
on the bracket on the buccal or lingual sur-
faces (P=1.0).

A completely rough surface of adhesive 
on the enamel was found for the composite 
resin when the dental explorer (10%) or mi-
cro brush (30%) were used, while none was 
found for the resin-modified glass-ionomer 
(Table 1). A partially rough surface of adhe-
sive on the enamel was found for the com-
posite resin when the dental explorer (90%) 
or micro brush (70%) were used, while for 
the resin-modified glass-ionomer 50% of 
rough surface was recorded when the dental 
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Table 1. Frequency of the Three Outcomes between the Removal Methods and Adhesive Materials

Outcomes

Groups

Dental Explorer (n=20) Micro brush (n=20)

CR 
(N=10)

RMGI 
(N=10)

P
value

CR 
(N=10)

RMGI 
(N=10)

P
value

Overlap of the adhesive over the bracket (N=40)

No overlap 0 0

1.0

0 0

1.0Partial overlap 1 0 0 1

Complete overlap 9 10 10 9

Smoothness of the adhesive on the enamel (N=40)

Completely smooth 0 5

0.033*

0 5

0.016*Partially smooth 9 5 7 5

Completely rough 1 0 3 0

Presence of projections and depressions on the adhesives (N=40)

None present 0 9

<0.001*

0 6

0.001*
Projections 3 0 1 0

Depressions 0 1 0 2

Both present 7 0 9 2

CR=Composite Resin; RMGI=Resin-Modified Glass Ionomer; P-value of 2-sided Fisher's exact test; *Significant at P<0.05.
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explorer or and 40% when micro brush were 
used (Table 1). Resin-modified glass-iono-
mer was statistically significantly better for a 
completely smooth adhesive surface on the 
enamel compared to resin composite, when 
using the dental explorer (50%; P=0.033) or 
the micro brush (50%; P=0.016).

Composite resin adhesive displayed both 
projections and depressions in 70% of the 
specimens when dental explorer was used, 
and 90% when a micro brush was used to 
clean the adhesive residues. On the other 
hand, resin-modified glass-ionomer pre-
sented superior topography, where only 
10% of specimens had depressions when 
the explorer was used (P<0.001), and 40% 
(P=0.001) had some form of surface topog-
raphy when using a micro brush (Table 1).

Discussion

The null hypothesis tested in this study was 
rejected, as there was a difference in the 
surface topography at the bracket-adhesive-
enamel junction after the removal of two 
orthodontic adhesives, using a dental ex-
plorer or a micro brush. In the present study, 
regardless of the method used to remove the 
adhesives on the buccal or lingual surfaces, 
no group prevented overlap of the adhesive 
on the bracket and all groups showed par-
tial or complete overlap of the adhesive. The 
measures reported for prevention of white 
spot lesions have rarely considered the use 
of orthodontic adhesives and their possible 
overlap on the brackets as a potential source 
of formation of irregular and rough surfaces 
at the bracket-adhesive-enamel junction af-
ter adhesive removal (14). The forces of ad-
hesion of cariogenic bacteria to the enamel, 
the adhesive and the stainless steel bracket 
were found to be lowest on the enamel and 
highest on the adhesive (18, 19). Morpho-
logical changes in the topography of  the 
enamel, especially roughness, are of consid-
erable clinical importance for the formation 

of white spot lesions (20). One study report-
ed that, even with relatively uniform sur-
face roughness, surface free energy was sig-
nificantly different between resin composite 
and resin-modified glass-ionomer adhesives, 
which affects the adhesion  of Streptococcus 
mutans (21). Resin-modified glass-ionomers 
showed significantly higher surface free en-
ergy than composite resin (21). 

In the present study, there was a signifi-
cant difference between the groups in the 
distribution of the smoothness of the ad-
hesive on the enamel surface, and a rough 
surface was found on the composite resin 
when a dental explorer or a micro brush was 
used, while none was found on the resin-
modified glass-ionomer. In contrast, more 
completely smooth adhesive was found us-
ing the resin-modified glass-ionomer when 
a dental explorer or a micro brush was used, 
and none was found for the composite resin. 
Again, these results indicate that the appli-
cation of adhesives for bonding orthodontic 
brackets to the enamel could be a source of 
irregular and rough surfaces at the bracket-
adhesive-enamel junction after adhesive 
removal. This may restrict cleansing activ-
ity and increase the risk of white spot for-
mation (14). This scenario is supported by a 
study which reported the lower occurrence 
of white spot caries lesions in patients who 
used orthodontic lingual appliances, due to 
their self-cleansing activity (22).   

A rough surface provides opportunities 
for bacterial adhesion by increasing the sur-
face area and providing suitable niches (23, 
24). Differences in surface roughness were 
reported, with the greater surface roughness 
of different materials used for brackets than 
orthodontic adhesives, which was attrib-
uted to minor dissimilarities in the surface 
roughness (<0.5µm) of different materials 
(24). However, another study showed that 
minor variations in surface roughness had 
no significant effect on the contact angles 
for surface free energy, or on the adhe-



267

sion of bacteria (23, 25). The adherence of 
Streptococcus mutans to a fixed appliance 
is largely the result of the bracket material, 
where titanium brackets had the least num-
ber of Streptococcus mutans and the great-
est number of Candida albicans (26). The 
variations in the adhesion of Streptococcus 
mutans between brackets have been attrib-
uted to the surface free energy and tension 
(26). It has been shown that stainless steel 
had more surface tension, which is dem-
onstrated by the more likely attachment of 
microorganisms on metallic brackets com-
pared with ceramic brackets (26, 27). Ac-
cordingly, substrates/materials with high 
surface free energy will attract more micro-
organisms to their surfaces than those with 
less surface free energy (26). In the present 
study, there was a significant difference be-
tween the groups in terms of the presence 
of projections and depressions on the adhe-
sive, and both projections and depressions 
were present in the adhesive in composite 
resin specimens when a dental explorer or 
a micro brush was used, while fewer pro-
jections and depressions were found in the 
resin-modified glass-ionomer when a micro 
brush was used, and no projections and de-
pressions were found when a dental explorer 
was used. The differences in the distribution 
of diverse surface irregularities shown in 
this study may be due to the dissimilar char-
acteristics and composition of each adhesive 
and orthodontic material surface. This is 
supported by the studies reporting the influ-
ence of surface roughness on the adhesion 
of bacteria to the surfaces (11, 16, 17). In 
addition, it has been suggested that the type 
of filler modifies the surface of orthodon-
tic composite resin (28). However, another 
study reported that the filler size, volume 
and composition of different composite 
resins have no effect on the adhesion of mi-
croorganisms (29). It has been reported that 
glass ionomer and resin composites have a 
tendency to collect more plaque or microor-

ganisms than different restorative materials 
in vivo and in vitro (30). The adhesion of mi-
croorganisms to the orthodontic composite 
resin is attributed to van der Waals forces, 
as well as hydrophobic and electrostatic fac-
tors, and Streptococcus mutans adhesion to 
composite resin is greater than to orthodon-
tic appliances (31). In the present study, 
excess adhesive was removed from around 
the brackets during the bonding process to 
simulate clinical practice. Another study 
compared the effects on bonding strength of 
removing excess adhesive from around the 
bracket base both immediately after placing 
the bracket on the tooth and after subjecting 
the adhesive to 5 seconds of light curing to 
initially secure the bracket in its proper po-
sition, and concluded that removing excess 
adhesive after 5 seconds of light cure sig-
nificantly decreased the bond strength at 24 
hours (19). It has been reported that the ad-
hesive properties influence the consistency 
of the bond, the ease of debonding and the 
ease of cleaning the enamel (32).

The design of this study had multiple di-
mensions, which included the effects of the 
tooth surface, adhesive type, and the adhesive 
removal method. Due to the difficulty of col-
lecting teeth, we used the lingual and buccal 
surfaces of each tooth to increase the sample 
size. We also used the buccal surfaces for 
composite resin, and the lingual surfaces for 
resin-modified glass-ionomer orthodontic 
adhesives. This is supported by a study, which 
reported no significant differences in shear 
bond strength between the buccal and lingual 
surfaces of premolars, and resin-modified 
glass-ionomer and composite resin adhesives 
exhibited sufficient shear bond strength for 
orthodontic use, with no significant differ-
ence between the two adhesives (33). 

Limitations of the Study

The present study has some limitations, 
such as the use of only two orthodontic 
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adhesives. It would be beneficial to com-
pare more orthodontic adhesives. We also 
only evaluated the occlusal edge/side of the 
bracket, which may be easier to clean com-
pared to other edges/sides. In addition, ag-
ing of specimens by thermocycling, to imi-
tate the conditions of the oral cavity, was not 
performed. It would be useful to expose the 
specimens to thermocycling and saliva to 
simulate the oral environment. In addition, 
use of a brush versus a micro brush, and 
finishing of the adhesives, were not tested 
in this study. Further research is needed for 
evaluation of the different methods used to 
improve the smoothness of the surface at the 
bracket-adhesive-enamel junction so that it 
is less attractive to biofilm. In addition, fu-
ture investigations are necessary to analyze 
different parameters of the surfaces, such as 
surface roughness, and the composition of 
each material on microbial adhesion.  

Conclusion

Within the limits of this in vitro study, it was 
concluded that removing excess adhesive 
with a dental explorer or a micro brush is 
not an ideal method for adhesive removal, 
as partial or complete overlap of the adhe-
sive on the bracket existed in all groups. 
Resin-modified glass-ionomer was a supe-
rior material over composite resin for better 
smoothness and surface topography at the 
bracket-adhesive-enamel junction. There 
was a difference in the surface topography 
at the bracket-adhesive-enamel junction 
between the methods used in this study. 
There was a significant difference between 
the groups in terms of distribution of the 
smoothness of the adhesives, as well as the 
presence of projections and depressions on 
the adhesives.

What Is Already Known on this Topic:
The application of adhesives to enamel and orthodontic brack-
ets could be a source of irregular and rough surfaces at the 

bracket-adhesive-enamel junction after adhesive removal, and 
could create areas for plaque accumulation, with the resultant 
demineralization. The surface roughness of various metal and 
esthetic brackets, as well as different orthodontic wires, have 
been tested. However, to our knowledge no published research 
has evaluated the surface topography and roughness of the ar-
eas around the enamel and the orthodontic bracket after bond-
ing and adhesive removal. 

What this Study Adds:
The manuscript provides evidence-based research to support 
what orthodontists practice every day. As no published research 
has previously evaluated the surface topography of the areas 
around the enamel and the orthodontic bracket after bonding, 
and adhesive removal using different adhesive removal meth-
ods, this study aimed to assess qualitatively the surface topog-
raphy at the bracket-adhesive-enamel junction after bonding 
using two orthodontic adhesives and the use of two adhesive 
removal methods.  
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