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Abstract 
      Many techniques were developed for enamel polishing after orthodontic bracket debonding to 
keep the enamel surface as smooth as possible to pretreatment condition, in addition to many 
bracket adhesives used for orthodontic brackets bonding. This study aimed to compare the effect of 
two different adhesive materials and polishing protocols on enamel surface roughness after 
debonding of orthodontic brackets. Forty maxillary premolars were divided into four groups, 
orthodontic brackets were bonded using two different adhesive materials (Resilience LC 
Orthodontic Adhesive from Orthotechnology and Bisco Ortho bracket paste LC from Bisco). After 
brackets debonding adhesive remnants were removed using carbide bur followed by either 
Enhance Finishing tip then Prisma Gloss Polishing Cup with Prisma Gloss Polishing Paste or High 
Shine Enamel Polisher and Astropol green polishing cups. Then Atomic force microscope was used 
to evaluate surface roughness parameters among groups. The roughness data were statistically 
analyzed with Tukey post hoc test. Results showed significantly lower surface roughness 
parameters with Bisco Ortho bracket paste group compared with Resilience LC Orthodontic 
Adhesive group when both were polished with Enhance Finishing tip and Prisma Gloss Polishing 
Paste. Additionally, significantly lower Sz (Ten points height) value was seen with Bisco Ortho 
bracket paste group polished with Enhance Finishing tip and Prisma Gloss Polishing Paste in 
comparison with Resilience LC Orthodontic Adhesive polished with High Shine Enamel Polisher 
and Astropol green polishing cups. Pre-mounted, aluminum oxide impregnated, cured urethane 
dimethacrylate resin finishers tips (Enhance finishing tips) with a fine-grit aluminum-oxide polishing 
paste (Prisma Gloss Polishing Paste) could produce smoother enamel surface than 5 micron 
diamond grit suspended in resilient silicone tip (high shine enamel polisher) followed by Multiple-
use polishing cups consist of silicone rubber and silicon carbide particles (Astropol green polishing 
cups) when Bisco Ortho bracket paste LC used. 
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 Introduction 
 
 The restoration of enamel surface after 
orthodontic treatment to the pretreatment 
condition is a major concern when removing 
orthodontic brackets 1, because the presence of 
resin remnants left on enamel surface facilitates 
plaque accumulation which could lead to 
decalcification and subsequent carious lesions 
development 2. Accordingly, different resin 
removal and polishing protocols introduced by 
many authors such as tungsten carbide bur,  

band-removing plier,  Sof-Lex discs or scaler 3 4 5 

6.  
Additionally, previous studies investigated 

the influence of air abrasion techniques with 
aluminum oxide particles on enamel surface 
roughness 7 8. While others found that the 
bonding resin was degraded with laser energy 
that reduce the bracket removal force needed 9 10. 
On the other hand some studies used ultrafine 
diamond burs or Er:YAG laser, but others believe 
that these protocols may result in irreversibly 
damaged enamel surface 1 10. Furthermore many 
less aggressive techniques have been developed 
such as new composite burs, silicone or diamond 
coated polishers, disks and stone burs 11  12. 
 Tungsten carbide burs have been used as 
an efficient and fast way for removal of the 
adhesive remnants in either a high-speed or low-
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speed hand piece and considered as a method 
of choice by many studies 11 13 14.  

The widely used protocol is the use of a 
suitable bur then a polishing disc followed with a 
polishing paste 15. After achieving normal enamel 
and complete removal of adhesive the polishing 
with pumice or prophylaxis paste may be optional 
16. Scanning electron microscopy (SEM) used for 
qualitative assessment of different rotary 
instruments effect on enamel surface 14 17 18.  
However qualitative evaluation of enamel surface 
cannot be performed with SEM in addition to 
comparative assessment that make this 
technique to be considered subjective and 
unreliable 16. Furthermore the possible 
assessment and comparison of enamel damage 
resulted from various instruments enhances the 
choice of the most efficient protocol 19. An 
alternative assessment technique to SEM is the 
Atomic force microscopy (AFM) which is highly 
recommended for the analysis of surfaces with 
nanoscale irregularities such as enamel surface 
through high resolution multiple mechanical 
scans 20.  

AFM is considered as a scanning probe 
that has a biologic applications. It can measure 
the force between the sample and the tip with a 
flexible cantilever spring. Many advantages were 
found in AFM like the production of several 2-
dimensional and 3-dimensional high-resolution 
scans, sample reevaluation possibility and 
minimal sample preparation 21 22.  

Furthermore better resin removal and less 
enamel damage can be achieved through the 
use of a dental loupe that can affect the 
debonding procedure quality 23.  
Different orthodontic brackets adhesives and 
protocols were used by Iraqi orthodontists. The 
present study chose the most frequently used 
adhesives, burs and polishing kits that are 
available in Iraqi dental markets. 
   

Materials and methods 
 

A total of 72 extracted first or second 
premolar for orthodontic purposes were collected. 
Forty premolars were selected with inclusion 
criteria that teeth should be free from cracks, 
caries and enamel hypoplasia when inspected 
visually. The teeth were stored in plastic 
containers filled with distilled water 16.  
Any remnants of soft tissue were removed and 
the roots were separated from crowns leaving 2 

mm below the cemento-enamel junction. The 
pulp tissue in the sectioned crowns was manually 
removed using a dental explorer, plastic molds of 
20 mm height and 25 mm width loaded with light-
curing acrylic resin were used for investing the 
crowns from all surfaces except the buccal that 
would be about 1-2 mm above the mold rim. 
Following light curing process acrylic blocks were 
stored in plastic containers filled with distilled 
water at room temperature to avoid dehydration 
10. 

The teeth were randomly divided into four 
groups according to the type of bonding material 
and adhesive removal protocol. Each group 
consists of 10 numbered samples: 
1. Group A brackets were bonded with 

Resilience LC Orthodontic Adhesive 
(Orthotechnology, Florida, USA) and polished 
with Debonding Carbide Burs 
(Orthotechnology, Florida, USA) followed by 
Enhance Finishing System Kit then Prisma 
Gloss Polishing cups and paste (Dentsply, 
North Carolina, USA) 

2. Group B brackets were bonded with 
Resilience LC Orthodontic Adhesive 
(Orthotechnology, Florida, USA) and polished 
with Debonding Carbide Burs 
(Orthotechnology, Florida, USA) followed by 
High Shine Enamel Polisher 
(Orthotechnology, Florida, USA) and Astropol 
green polishing cups (Ivoclar Vivadent, 
Schaan, Liechtenstein). 

3. Group C brackets were bonded with Bisco 
Ortho bracket paste LC (Bisco, Chicago, 
USA) and polished with Debonding Carbide 
Burs (Orthotechnology, Florida, USA) 
followed by Enhance Finishing System Kit 
then Prisma Gloss polishing cups and paste 
(Dentsply, North Carolina, USA) 

4. Group D brackets were bonded with Bisco 
Ortho bracket paste LC (Bisco, Chicago, 
USA) and polished with Debonding Carbide 
Burs (Orthotechnology, Florida, USA) 
followed by High Shine Enamel Polisher 
(Orthotechnology, Florida, USA) and Astropol 
green polishing cups (Ivoclar Vivadent, 
Schaan, Liechtenstein). 

Enamel surfaces were prepared for 10 
seconds using low rotation rubber cup with water 
and pumice then washed with distilled water for 
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10 seconds and dried with oil free air at 5 cm 
distance for additional 10 seconds. Acid etch 
(Meta, Korea) was applied for 15 seconds then 
subsequently washed with distilled water for 10 
seconds and dried for 10 seconds. Then the 
etched enamel was subjected to bonding agent 
application, while the brackets basis of the 1st 
premolar (Equilibrium 2, Dentaurum, Germany) 
were loaded with composite resin according to 
the sample grouping then centered mesiodistally 
along the crown long axis with enough manual 
pressure using bracket placing forceps 
(Dentaurum, Germany); before light curing of 
orthodontic adhesive, excess material around the 
bracket base was removed using a dental 
explorer 13. 

All samples were stored for 24 hours in water 
at room temperature then brackets were 
debonded from crowns with a bracket removal 
plier (Dentaurum, Germany) while the remaining 
residual adhesive was removed using different 
protocols as follow: 

 
1. Debonding Carbide Burs – 12 Fluted Long 
Taper (Orthotechnology) – High Speed with 
water cooling then followed by Enhance Finishing 
tips (Pre-mounted, aluminum oxide impregnated, 
cured urethane dimethacrylate resin finishers 
tips), then Prisma Gloss Polishing cups and 
paste (fine-grit aluminum-oxide polishing paste) 
(Dentsply, Germany).  

2. Debonding Carbide Burs – 12 Fluted Long 
Taper– High Speed with water cooling then 
followed by high shine enamel polisher (5 micron 
diamond grit suspended in resilient silicone tip, 
2.35 mm head length) (Orthotechnology, Florida, 
USA) and Astropol green polishing cups 
(Multiple-use polishing cups consist of silicone 
rubber and silicon carbide particles) (Ivoclar 
Vivadent, Schaan, Liechtenstein). 

The burs, tips and cups used for adhesive 
removal procedures were discarded after every 
five samples polishing 13. The polished tooth 
surface was examined under the operative lamp 
light with naked eye to ensure composite free 
and smooth enamel surface 11. 

A surface probe/atomic force microscope 
(SPM/AFM) (Digital Instruments MMAFM-
2/1700EXL, Calif) was used for initial evaluation 
of samples surface roughness. Topographic 
images of selected surface areas were obtained 
when the contact mode was operated in the AFM 

by the aid of built-in  scanner that has a 
maximum range of 125 ϻm X 125 ϻm X 5 ϻm in 
x, y, and z directions, respectively with a scan 
rate of 2.03 Hz and 5-mm scan sizes. The 
roughness of three different points on the surface 
center was measured by moving the device tip 
across the enamel surface. The average 
roughness of these three readings was 
calculated. A no platform (NP) probe type was 
used at 12 to 40 kHz with applied force of 1026 N 
and the bending constant was set to normal (0.06 
to 0.58 N/m). Each measurement consisted of 
512 scans and provide many parameters for 
surface roughness, among these parameters 
three were selected 16: 

 Average roughness value (Sa). 

 Root mean square roughness (Sq). 

 Ten points height (Sz).  

Kolmogorov Smirnov statistical test was 
used to investigate normality of distribution, then 
parametric tests such as 1-way analysis of 
variance (ANOVA) and the Tukey post hoc test 
were used to statistically analyze the roughness 
data values using SPSS software, release 10.0. 
The level of significance was set at 0.05 10 16.  
 

Results 
 
Results for surface roughness parameters 

(Sa, Sq and Sz) were summarized in figure 1 and 
table 1. One way ANOVA revealed a significant 
difference between groups in all surface 
roughness parameters. Multiple comparison 
using Tukey Post hoc test showed significantly 
lower surface roughness parameters (Sa, Sq and 
Sz) in group C which was bonded with Bisco 
Ortho bracket paste LC polished with Enhance 
Finishing System Kit then Prisma Gloss polishing 
cups and paste when compared with group A 
which was bonded with Resilience LC 
Orthodontic Adhesive and polished with Enhance 
Finishing System Kit then Prisma Gloss Polishing 
cups and paste. Additionally regarding Sz 
parameter a significantly lower finding was found 
in group C when compared with group B which 
was bonded with Resilience LC Orthodontic 
Adhesive and polished with High Shine Enamel 
Polisher followed by Astropol green polishing 
cups. On the other hand no statistically 
significant differences were found among other 
groups (Table 1) (Figure 1). Differences between 
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surfaces roughness of the four groups’ samples 
are in accordance with AFM scans as shown in 
figure 2.  

 

 
Table 1.  Results of Surface Roughness 
Measurement for Each Group (in nm). 
 

0
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Sa Sq Sz

Results of surface roughness 
parameters

Group A Group B

Group C Group D

Figure 1. Results of surface roughness 
parameters. 
 

 
Figure 2. AFM scan of A) group A (LC 
Orthodontic Adhesive polished with Enhance 
Finishing System then Prisma Gloss Polishing 
Cups and Paste). B) Group B (LC Orthodontic 
Adhesive polished with High Shine Enamel 
Polisher and Astropol green polishing cups). C) 
Group C (Bisco Ortho bracket paste LC polished 
with Enhance Finishing System then Prisma 
Gloss Polishing Cups and Paste). D) Group D 
(Bisco Ortho bracket paste polished with High 
Shine Enamel Polisher and Astropol green 
polishing cups). 

 

Discussion 
 Results showed significantly lower 
surface roughness parameters when teeth were 
bonded with Bisco Ortho bracket paste LC and 
polished with Enhance Finishing tips then Prisma 
Gloss Polishing Cups with Prisma Gloss 
Polishing Paste in comparison with teeth that 
were bonded with Resilience LC Orthodontic 
Adhesive  and polished with the same protocol of 
group A, this could be attributed to the difference 
in adhesive materials properties like the shear 
bond strength which when increased can cause 
failure at the interface between bracket base and 
adhesive that results in  large amounts of firmly 
attached adhesive remnants on enamel surface 
that when removed can damage  enamel surface 
24 25 26.  

Results also showed a significant 
difference between group C and group B which 
was bonded with Resilience LC Orthodontic 
Adhesive and polished with High Shine Enamel 
Polisher and Astropol green polishing cups. This 
difference could also be related to the difference 
in adhesive material properties used in addition 
to the polishing protocol especially the use of 
enhance finishing tips which was supported by 
the findings of many studies as these molded tips 
contain aluminum oxide and glycerin and used in 
removal of gross scaring and found to be useful 
in developmental grooves 5 13 27. 
The smoothest surfaces obtained with Enhance 
polishing system could be attributed to many 
factors such as Aluminum oxide impregnated 
polishing points, prisma gloss, aluminum oxide 
pastes. The aluminum oxide paste causes finer 
abrasion in comparison to impregnated disks or 
points used alone additionally polishing with 
aspropol cups could results in higher RA values 
due to the presence of coarser abrasive particles 
27 28. 

The results of this study came in 
disagreement with Campbell 5 who found that the 
green polishing cups provide high polishing 
clinically, and porcelain polishing paste was also 
effective clinically but shows some scratches 
microscopically due to the presence of 
diatomaceous earth particles. Additionally, the 
study results were in disagreement with Zarrinnia 
et al 29 who found higher surface roughness when 
adhesive remnants were removed with Enhance 
tips. These differences could be attributed to the 
difference in sample preparation and the 
techniques used to measure enamel roughness 
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like light microscope and magnification in 
Zarrinnia et al 29 or SEM in Campbell 5. 

  
Conclusions 

 
Enamel surface bonded with Bisco Ortho 

bracket paste LC could be smoother than those 
bonded with Resilience LC Orthodontic Adhesive 
when polished with Pre-mounted, aluminum 
oxide impregnated, cured urethane 
dimethacrylate resin finishers tips (Enhance 
finishing tips) followed by a fine-grit aluminum-
oxide polishing paste (Prisma Gloss Polishing 
Paste). 

Enamel surface bonded with Bisco Ortho 
bracket paste LC then polished with Enhance 
finishing tips followed by Prisma Gloss Polishing 
Paste could be smoother than those bonded with 
Resilience LC Orthodontic Adhesive when 
polished with 5 micron diamond grit suspended in 
resilient silicone tip (high shine enamel polisher) 
followed by Multiple-use polishing cups consist of 
silicone rubber and silicon carbide particles 
(Astropol green polishing cups). 
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