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Enamel surface roughness after debonding

Comparison of two different burs

Sevinc Karana; Beyza Hancioglu Kircellib; Bahar Tasdelenc

ABSTRACT
Objective: To test the hypotheses that (1) there is no significant difference between the effects of
two burs on the surface roughness of enamel after orthodontic debonding, and (2) there is no
difference between resin removal times of the two burs.
Materials and Methods: The crowns of 20 premolars were embedded in acrylic blocks, and the
buccal surfaces were subjected to atomic force microscopy (AFM), with measurement of initial
roughness values. The brackets were bonded with a light-cured adhesive and were debonded with
a debonding plier. In half of samples, adhesive remnants were removed with a tungsten carbide
bur, whereas a fiber-reinforced composite bur was used in the other half. The second AFM
measurements were made after resin removal. Duration of removal procedures was also recorded.
Results of roughness and duration measurements were analyzed with the use of repeated
measurements analysis of variance and independent t-tests, respectively.
Results: The two resin removal instruments had significantly different effects on enamel
roughness; higher average roughness (Sa) (P , .001), root mean square roughness (Sq) (P 5

.046), and maximum roughness depth (Smax) (P , .001) values were obtained with use of the
tungsten carbide bur. Time required for resin removal with the composite bur was significantly
greater than time required with the carbide bur (P , .001).
Conclusion: The hypothesis is rejected. The composite bur used for resin removal creates
smoother surfaces after orthodontic bonding; however, the process takes longer than it does when
the tungsten carbide bur is used. (Angle Orthod. 2010;80:1081–1088.)
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INTRODUCTION

Direct bonding of orthodontic attachments on etched
enamel surfaces has been commonly considered and
accepted to be clinically successful. Removal of
attachments and all resin remnants from tooth surfac-
es is the final procedure required to return the enamel

surface as closely as possible to the original pretreat-
ment condition.1 Therefore, many researchers have
introduced different techniques for resin removal and
subsequent enamel polishing without causing iatro-
genic damage; these include scraping with a scaler or
a band-removing plier and removal with a tungsten
carbide bur in a contra-angle handpiece, as well as the
use of Sof-Lex discs (3M ESPE, St Paul, Minn).1–4

Ultrasonic applications and air abrasion techniques
with aluminum oxide particles have been investigated
as alternative methods for removing adhesive rem-
nants.5,6 In addition, studies have demonstrated that
laser energy degrades the bonding resin, and that
lower force is used for bracket removal, suggesting
that it could be used for resin removal as well.7

The commonly preferred method is to use a suitable
bur in conjunction with a polishing disc and subse-
quently a polishing paste.8 If the normal enamel
surface is seen after all adhesive has been removed,
polishing with pumice or prophylaxis paste may be
optional. Zachrisson and Büyükyılmaz9 indicated that
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about 30,000 rpm is optimal speed for resin removal
without enamel damage. Clinical and laboratory
studies have revealed that rotary instruments may
alter the enamel surface irreversibly by causing deep
scratches or lost enamel. Frequently, adhesive rem-
nant has been found on the enamel surface, even after
cleaning and polishing with rotary instruments.9

Along with the development of conventional instru-
ments, new burs that are more conservative have
been designed for the enamel surface. A new
composite bur, reinforced by zircon-rich glass fiber,
was initially designed to gently remove cement, stains,
and colored coatings from the surface of the enamel; it
has also been advocated for use in orthodontics for
clean-up procedures after debonding. The manufac-
turer defines the special characteristic of this instru-
ment as comprising fiber sections with abrasive power,
which cover the entire working surface and split up into
small fragments when they act on a hard surface,
thereby offering cutting sections of zircon/glass fibers
in a resin matrix. Eventually, nonabrasiveness toward
dental enamel was suggested; however, a rather slight
abrasive effect on the filling and on bonding compos-
ites is attained in dentistry today.10

After resin removal, evaluation of the smoothness of
enamel surfaces via scanning electron microscopy
(SEM) photomicrographs is unreliable and subjective.
Because the surfaces cannot be quantitatively evalu-
ated with SEM, this method cannot be used for
comparative assessment of enamel roughness.11

Atomic force microscopy (AFM) analysis is an alter-
native method that uses multiple mechanical scans in
high resolution and is especially recommended for
analysis of such surfaces with nanoscale irregulari-
ties.12,13 Furthermore, this method offers several
advantages, such as minimal sample preparation,
two-dimensional (2D) and three-dimensional (3D)
images obtained at the same time, and the possibility
of reexamination of the sample.14,15

Enamel roughness may change according to the
resin removal method used, thus the two hypotheses
investigated in this in vitro study are as follows: (1)
there is no significant difference between the effects of
two burs on the surface roughness of enamel
evaluated by means of AFM, after orthodontic debond-
ing, and (2) there is no difference between resin
removal times of the two burs.

MATERIALS AND METHODS

Twenty maxillary premolars, freshly extracted for
orthodontic reasons, were used in this study. Teeth
were selected on the basis of visual observation of the
solidity of labial surfaces, that is, no caries, no cracks on
the coronal portion, and no exposure to chemicals. The

teeth were stored in distilled water before preparation
and testing. The roots of the teeth were removed, and
the crowns were embedded in self-cured acrylic resin,
with labial surfaces uppermost. The teeth were cleaned
and polished with nonfluoridated pumice, rinsed with
water, and dried with oil-free compressed air. All
samples were sent to the laboratory in plastic zipper
bags to prevent surface contamination. Then, the
surface roughness of the samples was evaluated using
a surface probe/atomic force microscope (SPM/AFM)
for initial measurement. The AFM (Digital Instruments
MMAFM-2/1700EXL, Santa Barbara, Calif) was oper-
ated in the contact mode first to obtain topographic
images over selected areas on the surface. This
instrument was supported with a scanner with maxi-
mum range of 125 mm 3 125 mm 3 5 mm in x, y, and z
directions, respectively. To measure roughness values,
the tip was moved across the surface, and three
different points were measured on the same surface
located in the center of the samples. For statistical
analysis, the average of these three measurements was
used. Images were acquired with a scan rate of 2.03 Hz
and 5-mm scan sizes. A no platform (NP) type silicon
nitride probe at 12 to 40 kHz with a normal bending
constant of 0.06 to 0.58 N/m was used. The force
applied to the surface was 1026 N. Each measurement
consisted of 512 scans. These measurements involved
three roughness parameters expressed in nanometers:

N Average roughness (Sa) value: the arithmetic mean
of the height of peaks and depth of valleys from a
mean line.

N Root mean square roughness (Sq): the height
distribution relative to the mean line.

N Maximum roughness depth (Smax): value that
represents isolated profile features.

After initial measurements were taken, the teeth were
etched for 30 seconds with a 37% phosphoric acid gel
(Etching Agent, Reliance Orthodontic Products, Itasca,
Ill) and were thoroughly rinsed with water and air dried.
Adhesive resin (Light Bond, Reliance Orthodontic
Products) was placed on the bracket bases, the
brackets were bonded to the prepared enamel, excess
adhesive was removed, and the resin was light cured
for 40 seconds. All samples were stored in water at
room temperature for 24 hours, and brackets were
debonded with a debonding plier.

The teeth were randomly assigned to two equal
groups. In the first group, removal of resin remnants
was performed with an eight-bladed tungsten carbide
bur (Komet, Gebr Brasseler, Lemgo, Germany) and a
low-speed handpiece (Figure 1). In the second group,
a fiber-reinforced composite bur (Stainbuster, Abrasive
Technology Inc, Lewis Center, Ohio) was used for
resin removal; this bur was operated with a low-speed
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handpiece and water cooling according to the manu-
facturer’s instructions (Figure 2). All bonding, debond-
ing, and resin removal procedures were applied to the
samples by the same operator, and a new bur was
used for each tooth (Figure 3). Complete removal of
the resin remnants was verified clinically by visual
inspection under a dental operating light. The time
required to remove the entire adhesive resin com-
pletely from the enamel surface was recorded in
seconds. After clean-up procedures were completed,
final roughness parameters were registered.

The distributions of the measurements were investi-
gated with the Kolmogorov Smirnov normality test, then
parametric tests were used. Data for roughness values
were statistically evaluated by repeated measurements
analysis of variance (ANOVA) for each resin removal
method. The independent t-test was used for the
duration of removal procedures. Significance was
determined at a probability value of P , .05 for all tests.

RESULTS

Results of surface roughness measurements (nm)
for each group are summarized in Table 1. ANOVA for
Sa values revealed significant differences between

groups (P , .001). Multiple comparisons showed that
the tungsten carbide bur group had significantly
greater irregularities when compared with the com-
posite bur group (Figure 4). According to the Sq
values, the two resin removal methods produced
significantly different results; use of the composite
bur for resin removal improved the surface profile (P 5

.046) (Figure 5). Figure 6 shows the findings for Smax,
which revealed a statistically significant difference
between the two methods, with the carbide bur
producing higher Smax values (P , .001).

Differences between prebond and debond surface
roughness of the samples are in accordance with
views obtained by AFM scans; significantly rougher
surfaces were visible on 3D views of the finished
surfaces with a tungsten carbide bur (Figures 7 and 8).

The duration of resin removal methods is presented
in Table 2; results demonstrate that use of the
composite bur is more time consuming than use of
the tungsten carbide bur (P 5 .092).

DISCUSSION

The influence of the enamel surface after orthodon-
tic treatment is inevitable. Regardless of the methods

Figure 1. Tungsten carbide bur. Figure 2. Composite bur.
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Figure 3. Samples and applications of the burs.

Table 1. Results of Surface Roughness Measurement for Each Group

Composite Bur (n 5 10) Carbide Bur (n 5 10)

P ValueMean 6 Standard Deviation Mean 6 Standard Deviation

Ra

Prebond 55.97 6 31.45 37.56 6 21.30 .143

After resin removal 29.91 6 12.20 64.28 6 17.29 ,.001

P value .041 .011

Rq

Prebond 70.72 6 40.45 48.86 6 28.37 .179

After resin removal 38.78 6 15.71 83.26 6 21.69 ,.001

P value .046 .010

Rmax

Prebond 394.38 6 149.97 324.40 6 115.87 .258

After resin removal 297.23 6 124.72 587.37 6 143.46 ,.001

P value .083 .001

Figure 4. Results of average roughness (Sa).
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used, some scarring occurs after bracket debonding
and removal of resin remnants.1 Enamel surface
alterations after bracket removal are important with
regard to the outer layer of enamel, which includes a
higher mineral content and more fluoride in compari-
son with deeper layers. Damage to the enamel surface

may lead to decreased enamel resistance and
increased risk of decalcification.16

Before any enamel treatment was provided, no
statistically significant difference in surface roughness
was noted between the groups. On the other hand,
finishing instruments affected the surface roughness

Figure 5. Results of root mean square roughness (Sq).

Figure 6. Results of maximum roughness depth (Smax).
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parameters, that is, higher Sa values were obtained
with use of the carbide bur than the composite bur (P
, .001). This difference between surface roughness in
the two groups was in accordance with views obtained
by AFM scans (Figures 7 and 8). According to these
results, our first hypothesis in the introduction section
is rejected; the composite bur provided a smoother
enamel surface than was produced by the carbide bur
after orthodontic debonding. Furthermore, in the
composite bur group, roughness values obtained after
finishing procedures were completed were lower than
initial values. Similarly Trakyali et al.17 reported that
Stainbuster may eliminate surface roughness and
improve the light reflection of enamel.

In this study, AFM was used to assess surface
configurations. AFM is accepted as a suitable method
for analysis of hard surfaces that exhibit microirregular-
ities.13,18 This method involves a noninvasive approach
with minimal sample preparation. Furthermore, AFM
provides 2D and 3D images at the same time, and it
allows reexamination of the sample.13–15 SEM images

can be taken to evaluate surface smoothness;
however, this method cannot provide a quantitative
assessment—only subjective information.19,20 There-
fore, SEM analyses may be used only as a supportive
tool for quantitative evaluation methods. In our study,
quantitative measurements with AFM provided a
comparative assessment between groups.

Some studies of surface configuration have mea-
sured the surface in two dimensions and have used
only Sa values as a roughness parameter.21,22 White-
head et al.23 reported that Sa was insufficient for
registration of the surface profile. The same Sa values
may indicate different roughness features because Sa
cannot differentiate projections or depressions. To
determine profile shape, additional roughness vari-
ables such as Smax or Sz (the average maximum
peak to valley height) may be recommended. Even in
these conditions, results must be interpreted carefully
because of the features of the stylus mode used for
measuring depending on the features of the stylus, the
limitations of surface profilometry should be identi-

Figure 7. AFM scans of a tungsten carbide bur sample—prebond.

AFM scans of a tungsten carbide bur sample—after resin removal.

Figure 8. AFM scans of a composite bur sample—prebond. AFM

scans of a composite bur sample—after resin removal.
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fied.23 Similarly, Wennerberg et al.24 emphasized that
2D measurements were not sufficient, and that a
proper surface description should contain parameters
from height and horizontal measurements. In this
study, we used Sa, Sq, and Smax as indicators of
surface roughness; the results of these parameters
were similar. Generally, the carbide bur increased
enamel roughness, whereas the composite bur had a
roughness-reducing effect.

The second hypothesis in this study was rejected
also; the time required for resin removal with the
composite bur was longer than time required with the
tungsten carbide bur. The reason for this may involve
aggressive cutting with the sharp blades of carbide
burs. Composite burs have no blade; they act by
grinding layer after layer. During abrasion, their fibers
divide into fragments and the resin matrix is ruined,
revealing a new section of glass fibers. This action
provides a self-sharpening feature. According to the
manufacturer’s instructions, Stainbuster does not heat
up while it is used with or without water spray, and the
use of water is helpful for cleaning up the grinding
remnants.10

Clinical Considerations

In the oral cavity, bacterial plaque can easily adhere
to hard surfaces (tooth, prosthesis, filling material, or
implant) if they are rough. According to the literature,
reduction in surface roughness will lead to a remark-
able decrease in plaque formation and maturation.25,26

With respect to this study, finishing with the composite
bur creates a much smoother surface than is seen in
the initial condition and thereby may reduce the
occurrence of bacterial colonization.

Time-consuming procedures could be unappealing
to the clinician, although the instrument provides better
results. Thus, to reduce the duration of resin removal,
first, adhesive remnants can be abraded with a
tungsten carbide bur, then the composite bur can be
used for removal of the last adhesive layer.

CONCLUSIONS

N After orthodontic bonding, the composite bur used
for resin removal creates smoother surfaces com-
pared with the carbide bur—even smoother than
original surfaces.

N Application of a composite bur is more time
consuming than use of a carbide bur.
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