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ABSTRACT: The search for an efficient and safe resin removal method after debonding has 
resulted in the introduction of a wide array of instruments and techniques. Previously, safety of 
rotary instruments was limited to inspecting the surface under a scanning electron microscope 
that lacks a quantitative scale. In this study, comparative assessment of the enamel roughness 
was done quantitavely using surface profilometer. Objectives: To evaluate quantitatively the 
enamel surface roughness following debonding using three different resin removal methods 
(composite removing pliers, ultrasonic scaler and low speed Tungsten Carbide bur). Study 
Design: Prospective study. Setting: Orthodontic clinic of Ihsan Mumtaz Hospital Lahore and 
PCSIR (Lahore). Period: 6 months from June 2018 to December 2018. Material and Methods: 
Ninety, healthy extracted maxillary premolars were taken and subjected to profilometric analysis 
to register four roughness parameters. Brackets were bonded and all specimens were immersed 
in distilled water for one week. After debonding, teeth were randomly divided into three groups 
and subjected to different resin removal methods. A second roughness recording was taken 
and compared with roughness at baseline interval. Enamel surface roughness with three resin 
removal methods were also compared with one other. Data Analysis: SPSS Version 20.0 was 
used. Paired t test was applied within three groups separately to establish the comparison 
between the enamel surface roughnesses at baseline. One way ANOVA was used to establish 
the comparison of increase in enamel surface roughness among three study groups compared 
using different resin removal methods (slow speed tungsten carbide bur, ultrasonic scaler 
and composite removing pliers). Results: Slow speed tungsten carbide bur created the least 
increase in enamel surface roughness while ultra-sonic scaler had the most elevated values. 
Conclusion: Enamel surface roughness following debonding can be minimized with the use of 
tungsten carbide bur for resin removal in a slow speed hand piece.
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INTRODUCTION
At the consummation of orthodontic treatment, 
one of the clinician`s main goal is to bring the 
enamel surface close to its initial state as possible. 
While putting on brace, taking them off and during 
adhesive removal, minimal enamel damage 
should be the goal.1 Enamel is cleaned by rubber 
cups or brushes by some doctors before etching, 
etchant also demineralizes the enamel and 
when brackets are pulled off of the tooth surface 
at debonding, especially ceramic brackets, 
there’s a certain risk of enamel fracture; these all 
procedures are linked to enamel damage.2

The outer most layer of enamel contains high 
Fluoride and mineral content that leads to its 
hardness. Damaging this layer, makes enamel 
prone and less resistant to dissolution by acid 
by-products of plaque and more chances of 
decalcification. These enamel surface changes 
may occur during pre-etching cleaning, during 
phosphoric acid etching and mainly during 
debonding and surface clean up especially with 
rotary instruments.3,4

Researchers have been looking for competent 
and proficient methods for removing adhesive 
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resin after debonding. This has led to prolusion 
of different sorts and types of instruments and 
methods for resin removal. The protracted list 
of procedures and instruments are available 
now. Including manual methods with the use 
of debonding pliers or scalers, different shapes 
of Tungsten Carbide burs installed in high or 
low speed hand pieces and polishing pastes 
containing Zirconia or slurry pumice.3-6 Recent 
ways involve laser methods like that of Carbon 
dioxide and Nd: YAG lasers which looking 
expensive but promising for adhesive removal 
over the enamel and not damaging it much.7 It 
was concluded that oral hygiene procedures 
have a mild to insignificant effect during active 
orthodontic treatment.8

There are plethoras of techniques at one’s disposal 
to remove resin from the enamel s surface after 
the brackets have been pulled off. But to appraise 
the enamel surface changes after these different 
debonding methods have not progressed at the 
same speed and stride. To check the efficacy 
and safeness of rotary instruments over enamel, 
SEM (scanning electron microscope) has been 
most effective to declare the conformation and 
topography of enamel surface.9-11 That is why; 
standard microscopes are not very effective in 
analyzing the enamel surface topography for 
enamel surface amendments. Therefore in this 
study, comparative assessment of the enamel 
roughness on the quantitative scale using surface 
profilometer has been done.
METHODOLOGY
The prospective study was conducted at 
Orthodontic clinic of Ihsan Mumtaz Hospital 
Lahore and PCSIR (Lahore). Duration of the study 
was 6 months from June 2018 to December 2018.

Ninety (90) human maxillary premolars extracted 
for orthodontic purpose were used for this study. 
A verbal consent was taken from the patients 
about usage of the teeth in the study. Teeth were 
indexed and then randomized to three groups 
of 30 each. Sampling Technique was Non-
probability purposive sampling 

Inclusion Criteria
Was extracted healthy human premolar teeth 

without surface enamel defects, devoid of carious 
lesion, no evidence of enamel cracking and 
restorations. 

Exclusion Criteria
Was fractured teeth, hypoplastic teeth, teeth 
previously bonded with brackets, teeth pre-
treated with chemicals such as Hydrogen per 
oxide.

Data Collection Procedure
Ninety premolars were used in the study, which 
were extracted for orthodontic reasons. Their 
extraction was not related to this investigation, so 
there were no ethical issues.

The teeth were cleaned and with the help of saw, 
roots were removed. Teeth were placed in plaster 
cylinders with labial/buccal surfaces exposing for 
the procedure to be worked upon. Rectangular 
pieces of black adhesive tape were placed over 
tooth’s middle third part of the buccal surface. For 
standardization, opening of 3mm (round in shape) 
was left on the tape, so teeth can be analyzed 
for bonding, profilometric checkup and analysis. 
Teeth were coded for identification reasons, and 
exposed enamel parts were analyzed by the 
profilometer. Four roughness parameters were 
noted and registered before any procedure 
(baseline interval).The average roughness (Ra), 
which described the overall surface roughness, 
and can be defined as the arithmetic mean of all 
absolute distances of the roughness profile from 
the centre line within the measuring length. The 
root mean square roughness (Rq), representing 
the height distribution relative to the mean line. 
The maximum roughness depth (Rt), which 
registered isolated profile features on the surface. 
Rz, which described the average maximum peak-
to-valley height of five consecutive sampling 
depths.

All the teeth used in the study were etched with 
Phosphoric acid (37%) and were washed and 
dried. Metal premolar brackets (3M/Unitek, 
Monrovia, California, USA) were adhered with 
composite adhesive. After complete sample 
preparation, teeth were kept in distilled water 
for 1 week and then the brackets were pulled off 
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with the help of a debonding plier. Three groups 
were made by randomly dividing the specimen. 
In Group 1, composite removing pliers were used 
for removing remnants of adhesive resin. In Group 
2; the adhesive remnants were removed with an 
ultrasonic scaler and in Group 3, Tungsten Carbide 
bur was used in a slow speed hand piece and the 
bur changed on each specimen. (Resin removal 
interval) a second recording was noted after 
removal of the resin. The depth of resin removal 
was seen satisfactorily by visual inspection under 
dental unit’s light. Enamel surface roughness 
in microns, at baseline interval and post resin 
removal interval was compared and also the 
enamel surface roughness at post resin removal 
interval, using three different methods for resin 
removal was compared with one another.

DATA ANALYSIS
SPSS Version 20.0 was used to analyze the data. 
Paired t test was applied within three groups 
separately to establish the comparison between 
the enamel surface roughnesses at baseline. One 
way ANOVA was used to establish the comparison 
of increase in enamel surface roughness among 
three study groups compared using different 
resin removal methods (composite removing 
pliers, ultra sonic scaler and Tungsten Carbide 
bur in a slow speed hand piece).

RESULTS
In Figure-1 (Table-I), with composite removing 
pliers as resin removal method, all the roughness 
variables showed elevated values after resin 
removal. Baseline value of mean average 
roughness (Ra) was 3.4µm with a standard 
deviation of 0.62µm. After resin removal, mean 
average roughness increased to 4.64µm with a 
standard deviation of 0.88µm. Which is clearly 
a significant difference (p<0.001). At baseline 
interval, average maximum height of the profile 
(Rz) was 15.10µm with a standard deviation 
of 1.11µm and it increased to 16.53µm with a 
standard deviation of 1.37µm after resin removal 
which showed a significant difference (p<0.001). 
Mean root square roughness (Rq) at baseline 
interval also differed having mean of 4.2µm with 
a standard deviation of 0.58µm from the after 
resin removal values having mean of 5.46µm with 

a standard deviation of 0.97µm (p<0.001). The 
mean maximum roughness depth significantly 
increased from 14.35µm to 15.59µm after resin 
removal (p<0.0001).

In Figure-2 (Table-II), when resin was removed 
with ultrasonic scaler, the mean average 
roughness increased from 3.74µm to 6.32µm 
(p<0.001). The mean average maximum height 
of the profile increased from 15.27µm to 17.78µm 
after resin removal (p<0.001). The root mean 
square roughness increased from 4.39µm to 
6.84µm (p<0.001), while the mean maximum 
roughness depth increased from 14.31µm to 
17.05µm (p<0.001) after resin removal.

In Figure-3 (Table-III), mean and standard 
deviation of roughness variables before and 
after resin removal when slow speed tungsten 
carbide bur was used for resin removal. The 
average roughness increased from 3.28µm to 
3.85µm (p<0.001). The average maximum height 
of profile increased from 14.81µm to 15.73µm 
(p<0.001). The root mean square roughness 
increased from 4.47µm to 5.38µm (p<0.001). The 
mean maximum roughness depth increased from 
13.10µm to 14.48µm (p<0.001).

As can be seen from Tables-I,II and III, there is 
a significant difference between roughness at 
baseline interval and at post resin removal interval 
within three groups with p-value <0.001.

One way ANOVA was used to establish the 
comparison of increase in enamel surface 
roughness among three study groups compared 
using different resin removal methods (slow 
speed tungsten carbide bur, ultrasonic scaler 
and composite removing pliers). As can be seen 
from Table-IV and Figure-4, there is a significant 
difference among the three groups compared 
with p-value <0.001.

DISCUSSION
The results of this investigation showed that all 
Roughness variables presented higher values 
at the adhesive removal interval, with the use 
of three resin removal methods. The ultrasonic 
scaler created the highest values.12 
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Manual removal with composite removing plier 
create less enamel roughness13 while least values 
of roughness variables with slow speed tungsten 
carbide bur at post resin removal support its use 
as preferable method.14

The result was in accordance with the previous 
study conducted by Theodore Eliades et al in 
2004.15 They used 30 human premolar teeth 
and the best method of adhesive removal was 

Tungsten Carbide bur as it produced less enamel 
roughness than diamond bur.

Ingrid Hosein et al16 in their study of enamel loss 
during bonding, debonding and clean up with 
use of a self etching primer also concluded that 
least enamel loss occurred with the use of slow-
speed tungsten carbide bur.

4

Roughness 
Variables(µm)

At base line interval
n=30

After resin removal
n=30 t P-Value

Mean±SD Mean±SD
Ra 3.40±0.62 4.64±0.88 16.32 <0.001
Rz 15.10±1.11 16.53±1.37 13.60 <0.001
Rq 4.20±0.58 5.46±0.97 12.69 <0.001
Rt 14.35±0.95 15.59±1.01 12.98 <0.001
Table-I. Roughness of enamel surface at base line interval and after resin removal using composite removing plier 

as resin removal method

Roughness 
Variables(µm)

At base line interval
n=30

After resin removal
n=30 t P-Value

Mean±SD Mean±SD
Ra 3.74±0.48 6.32±0.92 21.28 <0.001
Rz 15.27±1.38 17.78±1.47 29.17 <0.001
Rq 4.39±0.53 6.84±1.02 18.04 <0.001
Rt 14.31±1.35 17.05±1.48 29.12 <0.001
Table-II. Roughness of enamel surface at base line interval and after resin removal using ultra-sonic scaler as resin 

removal method:

Roughness 
Variables(µm)

At base line interval
n=30

After resin removal
n=30 t P-Value

Mean±SD Mean±SD
Ra 3.28±0.45 3.85±0.57 9.44 <0.001
Rz 14.81±1.38 15.73±1.47 8.66 <0.001
Rq 4.47±0.49 5.38±0.66 10.68 <0.001
Rt 13.10±1.25 14.48±1.33 10.40 <0.001
Table-III. Roughness of enamel surface at base line interval and after resin removal using tungsten carbide bur as 

resin removal method

Increase in Roughness variables
Mean ± Std. dev. P-Value

Group I
n=30

Group II
n=30

Group III
n=30

nRa 1.24 ± 0.41 2.58 ± 0.66 0.57± 0.33 < 0.001
nRz 1.42 ± 0.57 2.50 ± 0.47 0.92 ± 0.58 < 0.001
nRq 1.26 ± 0.54 2.45 ± 0.74 0.91 ± 0.47 < 0.001
nRt 1.24 ± 0.52 2.74 ± 0.51 1.38 ± 0.73 < 0.001

Table-IV. One way analysis of variance by groups
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In 2003, Martina Miksic et al17 in their study did the 
quantitative analysis of Enamel surface after resin 
removal. The study was carried out on 30 human 
premolars. The best enamel surface appearance 
was determined after using the tungsten carbide 
bar, which is considered the method which 
causes the least damage to the enamel surface.

The amount of enamel removed during bonding 
and debonding is related to several factors, 
including the instruments used for prophylaxis 
and debonding and the type of adhesive resin 
used.18,3-5

During prophylaxis initially, more enamel gets 
abraded away with a bristle brush as compared 

5

Figure-1

Figure-3

Figure-2

Figure-4

Profilometer at PCSIR for measuring surface 
roughness
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to a rubber cup.19 Browny and Way20 discovered 
that highly filled resins caused more enamel loss 
than unfilled resins when the resin is removed as 
their adequate removal generally requires rotary 
instrumentation.

CONCLUSION
The results of our in-vitro investigation show that 
residual composite on the tooth surface can 
be removed with lesser enamel alteration with 
meticulous use of a tungsten-carbide bur in slow 
speed hand piece.

Limitations of the Study
It should be kept in mind that profilometry does 
not tell us about the composition of the material 
being scrutinized. Thus this subject should be 
further investigated.
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