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Abstract

Background: The purpose of this study was to analyze and compare the enamel surface roughness before bonding
and after debonding, to find correlation between the adhesive remnant index and its effect on enamel surface rough-
ness and to evaluate which clean-up method is most efficient to provide a smoother enamel surface.

Material and Methods: 135 premolars were divided into 3 groups containing 45 premolars in each group. Group I
was bonded by using moisture insensitive primer, Group II by using conventional orthodontic adhesive and Group
III by using self-etching primer. Each group was divided into 3 sub-groups on the basis of type of clean-up method
applied i,e scaling followed by polishing, tungsten carbide bur and Sof-Lex disc. Enamel surface roughness was
measured and compared before bonding and after clean-up.

Results: Evaluation of pre bonding and post clean-up enamel surface roughness (Ra value) with the t test showed
that Post clean-up Ra values were greater than Pre bonding Ra values in all the groups except in teeth bonded with
self-etching primer cleaned with Sof-Lex disc. Reliability of ARI score taken at different time interval tested with
Kruskal Wallis test suggested that all the readings were reliable.

Conclusions: No clean-up procedure was able to restore the enamel to its original smoothness. Self-etching primer
and Sof-Lex disc clean-up method combination restored the enamel surface roughness (Ra value) closest to its
pre-treatment value.

Key words: Enamel surface roughness, clean-up method, adhesive remnant index.
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Introduction

At completion of fixed appliance therapy, one of the
orthodontist’s primary concerns is to return the enamel
surface to its original state as far as possible. The ideal
would be minimal enamel loss at each stage of the bon-
ding, debonding, and enamel clean-up process and the
production of an enamel surface with the same degree of
roughness or smoothness as the original, untreated tooth
(1). During bracket removal, bond failure can occur at
the adhesive-enamel interface or at the adhesive-bracket
interface (adhesive failure), or within the adhesive (co-
hesive failure). Generally, bracket failure is a combina-
tion of adhesive and cohesive failures, the latter resul-
ting in retention of material on the enamel and bracket
surfaces (mixed failure) (2).

A certain amount of enamel loss is almost inevitable be-
cause of the failure of micromechanical bond between
the composite resin bonding agent and the acid-etched
enamel (3-5). At present, no universally approved pro-
tocol has been established for the removal of adhesive
resin after debracketing, and no instrument can achieve
complete composite removal without affecting the ena-
mel surface (6,7).

The exploration of an efficient and safe method of adhe-
sive resin removal following debonding has attracted the
interest of many investigators, resulting in the introduc-
tion of a wide range of instruments and procedures. Resi-
dual adhesive on the enamel surface after debonding can
be removed in various ways, including hand instruments
(pliers and scalers), various burs, Sof-lex discs, ultraso-
nic devices, air abrasion units and lasers but studies have
shown that some recommended modalities damage ena-
mel surfaces (6,7). It has been reported that significant
amount of enamel loss and irreversible damage to ena-
mel can occur due to mechanical removal of remaining
composite after debonding procedure (8,9).

Assessment of the effectiveness of rotary instruments
was limited to inspecting the surface under scanning
electron microscopy (SEM) to see the morphology of
the enamel surface (7). However, such investigations
are subjective and cannot be used alone to judge the re-
liability of a clean-up protocol. Alternative techniques
should be used, such as profilometry (surface roughness
parameters). The roughness parameters measured via
profilometry include: Average roughness, Root mean
square roughness, Maximum roughness depth and Mean
roughness depth (7). Profilometry provides quantitative
results, whereas SEM affords a more subjective inspec-
tion (10,11).

The hypothesis tested in this study is that the method
of clean up may affect enamel roughness. Therefore,
the purpose of this study was to analyze enamel surface
roughness before bonding with various adhesives and
after debonding followed by various clean-up methods,
and to provide a quantitative data on which clean-up me-

¢609

Enamel surface roughness evaluation

thod is most efficient to provide a smoother enamel sur-
face and to correlate between the adhesive remnant after
debonding and its effect on surface roughness.

Material and Methods

-Study sample

Before the start of the study ethical approvals were sought
from the institutional review board for conducting the
study. A total of 135 extracted premolars were selected,
cleaned and stored in distilled water at room temperatu-
re. The inclusion criteria included: teeth extracted within
45 days, teeth with no caries or restorations on the buc-
cal surface, teeth having no enamel defects, hypocalcifi-
cations or fluorosis on the buccal surface and teeth with
no visible cracks on the buccal surface. The extracted
premolars were mounted in acrylic custom made blocks
which were colour coded and were divided into three
different groups on the basis of the type of adhesive used

(Fig. 1).
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Fig. 1: ]éxtraéted premolars mounted
in coloured acrylic custom made
blocks.

-Group Division

Group 1 = Blue (Moisture insensitive primer) (Trans-
bond MIP, 3M Unitek)

Group 2= Yellow (Conventional orthodontic adhesi-
ve) (Transbond XT, 3M Unitek)

Group 3= Red (Selfetching primer) (Transbond SEP,
3M Unitek)

-Estimation of surface roughness

After mounting, the buccal enamel surfaces were pu-
miced, washed thoroughly and dried with moisture free
spray to remove the organic layer. On the buccal surface
of all the teeth two layers of nail varnish were applied
keeping a circular area of 3 mm in diameter on the middle
part exposed to provide the same area of measurement in
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different treatment stages and to avoid contamination of
the prospective bonding buccal surface. Before bonding
the labial enamel surface of all the samples were sub-
jected to Mitutoyo Surface Roughness Tester (SJ-210)
(Fig. 2) for evaluation of surface roughness, which was
indicated by Ra value for each particular tooth. Ra value
is a commonly used parameter for characterizing surfa-
ce roughness of a tooth. It describes the overall surface
roughness, and the unit for measuring the Ra value is
um.

Fig. 2: Mitutoyo Surface Roughness Tester.

-Application of adhesive materials

All the selected teeth were cleaned with tap water prior to
bonding. Groups 1 and 2 were subjected to acid etching
with 37% orthophosphric acid gel (Ultradent Product,
Inc., South Jordan, UT, USA) for 30 seconds, rinsed and
dried. A chalky appearance of the enamel surface veri-
fied successful etching. Then group 1 was bonded using
moisture insensitive primer, group 2 by using conven-
tional orthodontic adhesive and group 3 by using self-et-
ching primer using a micro-brush and lightly dried with
compressed air. In all the groups, the primer was cured
for 10 seconds using mini LED black (Satelec Aceteon)
curing light. Stainless steel Pre Adjusted Edgewise pre-
molar brackets (Gemini Twin brackets, 3M Unitek) with
slot size of 0.022” x 0.028” were bonded on each speci-
men using light cure adhesive paste (Transbond XT, 3M
Unitek). The brackets were placed in the middle of the
tooth in occlusal-gingival and mesial-distal directions,
and seated with firm pressure. Excess adhesive resin was
carefully removed with an explorer. The curing time was
40 seconds from occlusal, gingival, mesial and dis-tal
directions (10 seconds each) as per the manufacturer’s
instruction.

-Debonding and evaluation of remaining adhesive

All the cured specimens were kept for 24 hrs before de-
bonding. Debonding was carried out by debonding plier
by applying a gentle squeezing force on the outer wings
of the bracket. After debonding, Adhesive Remnant In-
dex (ARI) (12) was evaluated by visual observation of
the specimen with naked eye at different time intervals
so as to minimize the error. The ARI score was taken at
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the time of debonding, after 24 hrs of debonding and
after 48 hrs of debonding.

Score 0,- 0% of adhesive remaining on the tooth;

Score 1, - <50% of adhesive remaining on the tooth;
Score 2, - > 50% of adhesive remaining on the tooth;
Score 3, - 100% of adhesive remaining on the tooth.
Each group was further subdivided into 3 sub groups on
the basis of the type of clean-up method applied for the
removal of remaining adhesive resin left after debon-
ding, which are as follow:

Group A: Ultra sonic piezo scaling followed by pumice
application

Group B: 12 fluted Tungsten carbide bur

Group C: Sof-Lex disc (3M ESPE)

The Sof-Lex discs (3M ESPE) were used in decreasing
order of coarseness starting initially with coarse disc
followed by medium, fine and finally super fine disc.
Final polishing was carried out using rubber cup and
zirconium silicate paste (Astek Innovations Ltd, Altrin-
cham, United Kingdom). After complete removal of the
remaining composite resin from the enamel surface of
all the teeth, which was verified by visual inspection of
the teeth under a dental operating light under wet and
dry condition, all the samples were once again subjected
to Mitutoyo Surface Roughness Tester (SJ-210) for eva-
luation of surface roughness for each particular tooth.
To assess the quality of the enamel surface after the de-
bonding procedures and to find any correlation between
the ARI score and post clean-up enamel surface rough-
ness (Ra value), the sub-groups under each group were
combined and treated as one group.

-Statistical Analysis

The data obtained was subjected to statistical analysis
which was performed using SPSS (Statistical Package
for Social Science) version 16.0 for Windows. One-way
Analysis of Variance (ANOVA), Kruskal Wallis test,
Post hoc Tukey test Honestly Significant Difference
(HSD) tests, t-test and Pearson‘s correlation test were
used for statistical analysis to compare the enamel sur-
face roughness of teeth before bonding and after debon-
ding and clean-up with various adhesives, which clean-
up method produced a smoother enamel, reliability of
the ARI score and to correlate between the ARI & post
clean-up enamel surface roughness. The level of statisti-
cal significance was set at 95% (p=0.05).

Results

Post clean-up enamel surface roughness (Ra value) was
greater than Pre bonding enamel surface roughness (Ra
value) in all the groups. This difference in Ra was found
to be highly statistically significant (p=0.000) except in
teeth bonded with self-etching primer cleaned with Sof-
Lex disc (p=0.098) (Table 1). Enamel surface roughness
was found to be different when same adhesive was re-
moved with different clean-up methods and this diffe-



J Clin Exp Dent. 2017;9(5):¢608-16.

rence in enamel surface roughness (Ra value) was found
to be statistically significant (p=0.000) (Table 2). Ena-
mel surface roughness (Ra value) was different for three
different adhesives after clean-up but this difference was
statistically significant only in the group cleaned with
Sof-Lex disc (Sub-group C, p=0.030). This difference in
other clean-up methods was inconclusive (Sub-groups
A&B).

Table 3 and Table 4 show multiple comparisons between
three individual clean-up methods and between three
individual adhesives respectively. It reveals that self-et-
ching primer and Sof-Lex disc clean-up method combi-
nation restored the enamel surface roughness (Ra value)
closer to its pre-treatment value. Second best combina-
tion was that of the self-etching primer and tungsten car-
bide bur.

Enamel surface roughness evaluation

Table 5 shows the reliability of ARI score taken on diffe-
rent time interval tested with Kruskal Wallis test and the
results suggest that there was no significant difference
between the different readings of ARI score. Hence, all
the readings were considered reliable.

Table 6 shows correlation between the ARI score and post
clean-up enamel surface roughness (Ra value) compared
by Pearson’s correlation test. ARI score showed positive
correlation with the post clean-up enamel surface rough-
ness (Ra value) of teeth when bonded with self-etching
primer and subjected to any types of clean-up method
but still it was statistically non significant (»>0.05) whe-
reas teeth bonded with moisture insensitive primer or
conventional orthodontic adhesive and cleaned by any
type of clean-up method showed negative correlation
which was also statistically non-significant (p>0.05).

Table 1: Comparison of enamel surface roughness (Ra value) of individual adhesives pre bonding and after 3 different types of clean-

up procedures.

Type of Adhesive Type of clean-up method Bonding Mean=S.D. (Ra value) t -test P-Value
(main group) (sub group)
Pre 0.24+0.03 31.639 0.000 (S)
A Post 0.52+0.02
Blue Pre 0.28+0.03 10.169 0.000 (S)
B Post 0.44+0.05
Pre 0.23+0.02 7.158 0.000 (S)
C Post 0.29+0.03
Pre 0.21+0.03 26.92 0.000 (S)
A Post 0.55+0.04
Pre 0.20+0.02 23.157 0.000 (S)
Yellow B Post 0.41£0.03
Pre 0.22+0.02 13.319 0.000 (S)
C Post 0.33+0.03
Pre 0.25+0.07 10.004 0.000 (S)
A Post 0.52+0.07
Pre 0.26+0.12 3.289 0.003 (S)
Red B Post 0.41+0.12
Pre 0.28+0.11 1.71 0.098 (NS)
C Post 0.35+0.11

*No. of teeth in each sub-group, N=45, Independent t-test, *p < 0.05 (S, Significant), p>0.05 (NS, Non significant).
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Table 2: Shows analysis of variance of enamel surface roughness (Ra value) post clean-up of individual adhe-

sives when subjected to 3 different types of clean-up methods.

Type of Adhesive (main group) Type of clean-up Mean+S.D.(Ra Value) F-value P-value
method (subgroup)

A 0.52+0.02

Blue B 0.44+0.05 166.410 0.000*
C 0.29+0.03
A 0.55+0.04

Yellow B 0.41+0.04 201.844 0.000*
C 0.33+0.04
A 0.52+0.07

Red B 0.41£0.12 10.068 0.000*
C 0.35+0.11

No. of teeth in each sub-group, N=15, One way Anova, *p<0.05 (Significant).

Table 3: Shows multiple comparisons of enamel surface roughness (Ra
value) between 3 different types of clean-up methods subjected on indi-

vidual adhesives system.

Type of Adhesive Type of clean-up method P-Value
(main group) (sub group)
A Vs B 0.000 (S)
Blue A Vs C 0.000 (S)
B Vs C 0.000 (S)
A Vs B 0.000 (S)
Yellow A Vs C 0.000 (S)
B Vs C 0.000 (S)
A Vs B 0.014 (S)
Red A Vs C 0.000 (S)
B Vs C 0.329 (NS)

Post Hoc Tukey HSD, p <0.05 (S), P>0.05 (NS).

Discussion

Clinical orthodontic treatment has been revolutionized
during the past decades with the advent of direct bonding.
Placement of orthodontic attachments on the surface of
teeth can be accomplished by using bonding materials.
However, unlike when used for restorative dentistry,
these materials must be removed from the surface of
enamel at the completion of orthodontic treatment. The

concern over debonding-induced enamel surface altera-
tions derives from the importance of the uppermost layer
of enamel attributed to its hardness, higher mineral con-
tent and more fluoride relative to deeper zones (7).

Extracted human teeth are very difficult to collect, sto-
re, and standardize. The teeth used in this study were
premolar teeth previously extracted for orthodontic pur-
poses. Since the enamel surface was the focus of this
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Table 4: Shows multiple comparisons of enamel surface roughness (Ra value)
between the 3 different types of adhesives subjected with individual clean-up

methods.
Type of clean-up Type of adhesive P-Value
method (sub group) (main group)
Blue Vs Red 0.993 (NS)
A Blue Vs Yellow 0.232 (NS)
Red Vs Yellow 0.191 (NS)
Blue Vs Red 0.379 (NS)
B Blue Vs Yellow 0.391 (NS)
Red Vs Yellow 1.000 (NS)
Blue Vs Red 0.028 (S)
C Blue Vs Yellow 0.144 (NS)
Red Vs Yellow 0.042 (S)

Post Hoc Tukey HSD, p <0.05 (S, Significant), p>0.05 (NS, Non-Significant).

investigation, great care was taken to select the surfaces
with the least amount of pre-existing damage and defect
which was the basis for the inclusion criteria.
Debonding and cleanup are operator-dependent proce-
dures, so the results might vary between operators. In
order to minimize this error, only one operator carried
out all the clinical procedures in the present study. Re-
sults of the present study revealed that post clean-up
enamel surface roughness (Ra value) was more than the
pre bonding enamel surface roughness (Ra value) in all
the groups. This means that no clean-up method was
able to fully restore the enamel surface roughness to its
original state.

Only in case of self-etching primer cleaned with Sof-Lex
disc group, the difference in pre bonding and post clean-
up enamel surface roughness (Ra value) was non-signi-
ficant i,e. Sof-Lex disc was able to restore the enamel
surface roughness close to its original state. This finding
is similar to the finding of some other study conducted
by Ozer et al. (6). This may be because Sof-lex discs
are used by planar motion where the axis of rotation of
the abrasive is perpendicular to the surfaces being smoo-
thed. This type of motion produces smoother surfaces
than rotary motion because, discs tend to sand the surfa-
ces without gouging into the material (13). On the other
hand, diamond and carbide burs grind into the surface
because they are used by rotary motion where the axis of
rotation is parallel to the surfaces being smoothed (14).
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However, contrasting results were obtained in a study
where Sof-Lex disc followed by pumice slurry resulted
in the roughest enamel surface (15).

Clean-up method efficiency was also checked in our stu-
dy and we found that scaling was least efficient followed
by tungsten carbide bur and then Sof-Lex disc. This fin-
ding was evaluated by keeping the other factors constant
eg. type of adhesive, types of brackets, etc. Our finding
was in contrast with the findings of Krell ez al. (16) who
reported that ultrasonic scaler produces less enamel
loss than the high speed tungsten carbide bur. On the
contrary, reports of some studies revealed that scaling
produces irreversible damage to the enamel surface and
greater enamel loss was seen with the ultrasonic scaler
than the tungsten carbide bur (1,17). However, findings
of another study revealed that the specimens that were
cleaned with tungsten carbide bur showed no significant
difference in surface irregularity between the different
treatment stages (p>0.05). Surface roughness increased
significantly after clean-up with the diamond bur and the
Er:YAG laser (p<0.01) (9).

It was reported by some authors that Sof-Lex disc was
able to restore the enamel to its original smoothness as
compared to tungsten carbide bur used alone or followed
with polishing (6). Inter group comparison in the pre-
sent study also revealed that combination of self-etching
primer and Sof-Lex disc clean-up method restored the
enamel surface roughness (Ra value) closer to its pre-
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Table 5: Shows the reliability of ARI score taken on different time intervals when bonded with 3 different types of adhesives.

Type of Adhesive Type of clean-up | ARI index at | Mean Median Chi-Square | P-Value
method (sub group) | debonding Rank
(main group)
A Debonding 23.40 2 0.097 0.953*
24 Hours 22.20 2
48 Hours 23.40 2
B Debonding 22.33 2 0.276 0.871*
24 Hours 22.33 2
Blue 48 Hours 2433 2
C Debonding 21.73 2 0.449 0.799*
24 Hours 22.80 2
48 Hours 24.47 2
A Debonding 23.37 2 0.081 0.96*
24 Hours 22.27 2
48 Hours 23.37 2
Yellow B Debonding 23.30 2 0.054 0.973*
24 Hours 23.30 2
48 Hours 22.40 2
C Debonding 22.60 2 0.099 0.952%
24 Hours 23.80 2
48 Hours 22.60 2
A Debonding 22.63 2 0.04 0.98*
24 Hours 23.50 2
48 Hours 22.87 2
Red B Debonding 23.70 2 0.085 0.958*
24 Hours 22.87 2
48 Hours 22.43 2
C Debonding 23.07 2 0.003 0.999*
24 Hours 22.87 2
48 Hours 23.07 2

No. of teeth in each sub-group, N=15, Kruskal Wallis Test, *p>0.05, Non-significant.

treatment value. Second best combination was that of
the self-etching primer and tungsten carbide bur. This
is because tungsten carbide bur left deep scares on the
enamel during clean-up. This finding is analogous to
our study. Zarrinia et al. (18) stated that carbide burs at
high speed proved to be efficient in residual resin remo-
val but failed to produce a satisfactory enamel surface.
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Moreover using carbide bur is time-consuming and in-
efficient, and can damage tooth enamel (19). After the
removal of residual resin, graded medium, fine, and su-
perfine Sof-Lex finishing disks produced surfaces that
could be readily restored satisfactorily after receiving a
final polish with a rubber cup and zircate paste (zirco-
nium silicate paste). Scaling gave the same result when
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Table 6: Shows correlation between the ARI score and post clean-up
enamel surface roughness (Ra value) of individual adhesives when sub-
jected to 3 different types of clean-up methods.

Type of Adhesive Type Correlation P-value
(main group) ARI & Post
A&A -0.076 0.787*
Blue B&B -0.088 0.756*
C&C -0.152 0.588*
A&A -0.327 0.234*
Yellow B&B -0.309 0.262%*
C&C -0.421 0.118*
A&A 0.284 0.305*
Red B&B 0.091 0.748*
C&C 0.143 0.611*

No. of teeth in each sub-group, N=15, Paired Samples Correlations, *

p>0.05, Non-Significant

used in combination with any adhesives and is found to
be the most inefficient method of restoring the enamel
surface to its original state.

Teeth bonded with moisture insensitive primer and con-
ventional orthodontic adhesive showed negative corre-
lation with the post clean-up enamel surface roughness.
It means that the more the residual adhesive remains on
the teeth, less is the post clean-up enamel surface rough-
ness. Only Self etching primer showed positive corre-
lation with the post clean-up enamel surface roughness
(Ra value), although the result was inconclusive for all
the groups. This may be because the bond failure oc-
curred at the bracket adhesive interface (adhesive fa-
ilure) or between the adhesive itself (cohesive failure)
(2). These have less damaging effect on enamel than the
failure occurring at enamel adhesive interface (adhesive
failure). Further studies are required to investigate the
cause and find the applicable correlation and proper rea-
soning behind it.

Conclusions

It can be concluded from the study that-

a) No clean-up procedure was able to restore the enamel
to its original smoothness.

b) Sof-Lex disc was the only clean-up method to be able
to restore the enamel surface closest to its original state.
c¢) Self-etching primer and Sof-Lex disc clean-up me-
thod combination restored the enamel surface closest to
its pre-treatment value.
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d) Correlation between ARI score and post clean-up enamel
surface roughness (Ra value) shows non-significant result.
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