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Effects of Color-change Adhesive and Handpiece Speed
after Bracket Debonding: A 3-dimensional Study
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Abstract

Objective: To assess and compare adhesive
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remnants, enamel loss of color-change adhesive
to conventional light-cured adhesive after bracket
debonding and adhesive removal with low and
high speed handpiece.

Materials and Methods: Eighty extracted
maxillary premolars were scanned with a 3D
optical scanner. 40 were bracket-bonded with color-
change adhesive (CCA type) while 40 with conven-
tional light-cured adhesive (CLA type). Brackets
were debonded 24 hours after bonding. All teeth
were scanned (after-debonding scan). Samples of

CCA type were divided into 2 groups randomly:
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CCL and CCH groups consisted of 21 and 19
samples, respectively. Samples of CLA type were
divided into 2 groups randomly: CLL and CLH
groups consisted of 20 samples each. Adhesive
remnants of CCL and CLL groups were ground
by carbide burs with low speed handpiece, while
those of CCH and CLH groups were ground by the
same bur with high speed handpiece. Grinding time
was recorded. Teeth were finally scanned (after-
adhesive removal scan). After-debonding and after-
adhesive removal scans were superimposed
on the initial scan to quantify surface changes.
The results were statistically analyzed with
Kruskal-Wallis test (o =0.05).

Results: After debonding, the areas and
volumes of adhesive remnants bulks for CCA type
were lesser than those of CLA type with significant
differences. After-adhesive removal, CCA type had
enamel loss in depth and volume lesser than those
of CLA type but the differences were insignificant.
Low speed handpiece significantly reduced enamel
loss in depth compared to high speed handpiece but
the reduction in volume loss was not significant.
After-adhesive removal, CCA type left lower resid-
ual adhesive than CLA type with significant differ-
ences except for CCH and CLH groups which did
not show significant differences. Adhesive removal
with low speed handpiece significantly left more
residual adhesive thickness and volume on enamel
surface than those of high speed handpiece in CLA
type. Debonding procedures for CCH group was
least time consuming followed by those of CLH,
CCL and CLL groups respectively with significant
differences.

Conclusion: The color-change adhesive
showed lower residual adhesive remnant and lesser

time consumption in removing residual adhe-
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Introduction

Orthodontic adhesive has been continuously
developed to improve physical properties, reduce
polymerization shrinkage and simplify bonding
procedure. The substantial advancement of
orthodontic adhesive bond is a mixed blessing. The
stronger the bond to enamel, the harder it is to debond
and remove the resin. Color-change adhesive has
been introduced lately and offered the advantage of
high adhesive visibility during bracket placement
and adhesive removal. A color-change adhesive
Gréngloo™ (Ormco Corp., California, USA) was
claimed to have higher traumatic impact resistance
and could change color into green with water spray
from high speed handpiece or low speed handpiece
during grinding process. Another color-change
adhesive Transbond™ Plus Color Change (3M
Unitek , California, USA) was found to completely
fade away its pink color during curing. Armstrong
et al also reported that this material was effective on
typodont but clinically disadvantageous. However,
no method of visualization was used during adhesive
removal in the study.("

Bond strength of orthodontic brackets to the
enamel should be high enough to maintain the brackets
in place during treatment period and to resist
occlusal loads as well. The bonding performance
of Gréngloo™ and Bliigloo™ (Ormco Corp.,
California, USA) was preferable to Transbond™

Plus Color Change.®) Moreover, Delavarian report-
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sive than conventional light-cured adhesive. Low
speed handpiece reduced enamel loss in depth but
consumed more time in adhesive removal than

those of high speed handpiece.

Keywords: enamel loss, bracket debonding,

color-change adhesive, 3-dimensional study

ed that the shear bond strengths of Gréngloo was
higher than that of Transbond™ XT (3M Unitek,
California, USA), the conventional light-cured
adhesive used in this study. However, the adhesive
remnant after-adhesive removal of Gréngloo™ and
Transbond™ XT was not different.(®)

After orthodontic treatment, brackets are
debonded with mechanical instruments and the
remaining adhesives are usually removed with
rotary instruments which can cause iatrogenic enamel
damage.*® Moreover, insufficient removal of
adhesive remnants could lead to morphological
changes of enamel surface, resulting in changes in
tooth color and increase plaque accumulation.(”

The commonly used burs for adhesive-removal
are carbide burs which are found to be more effective
and less time consuming than Sof-Lex™ discs, ultra-
sonic tools, hand instruments, rubbers or composite
burs. Even though, carbide burs could cause enamel
damage and surface roughness, they are preferable
to Arkansas stones, green stones, diamond burs, steel
burs, and lasers.® Different protocols have been
recommended for removal of adhesive remnants,
such as using carbide burs at low speed®!?, carbide
burs at high speed with adequate air cooling, while
other studies suggested using water spray instead of
air cooling.(!113)

Even though there are several studies on proto-
cols for adhesive removal after bracket debonding,

no ideal protocol has been developed.”) In fact, most
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studies have evaluated enamel surface roughness
after adhesive removal. %1413 A systematic review
could not conclude either an effective method to
measure enamel surface roughness or residual
adhesive on enamel surface after debonding. The
study concluded that new techniques should be
developed for effective removal of residual adhesive
and minimization of surface enamel wear during
debonding.(”” Moreover, no study has compared the
effects of color-change adhesive and conventional
adhesive after orthodontic debonding.

The development in 3D technology allowed
quantitative measurement in minor changes on
enamel surfaces after bracket debonding.(6:16-1%)
A 3D scanner can be used to precisely quantify in
vitro enamel loss following bracket debonding.
Pre and post debonding enamel loss can also be
compared by measuring volume and depth loss with
3D scanner.'”) Post-debonding of metal brackets
reveal adhesive remnants along with 20 to 50
micrometres enamel wear after-cleanup.(!®)

The aims of this study were to assess and
compare the adhesive remnants and enamel loss of
color-change adhesive to conventional light-cured
adhesive after bracket debonding and adhesive
removal with low and high speed handpiece. A
three-dimensional optical scanner was used to
precisely quantify the enamel surface changes
before bracket bonding, after-debonding and

after-adhesive removal.

Materials and Methods

This study was reviewed and approved by
the ethics committee (N0.031/2018) of Rajavithi
Hospital, Department of Medical Services, Ministry
of Public Health, Bangkok, Thailand.

1. Tooth specimen preparation

Specimens of 80 human maxillary premolars,
extracted for orthodontic purposes, were carefully

cleaned and stored in an aqueous solution of 0.1%
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thymol at room temperature to prevent dehydration.
Teeth with visible caries, cracks, decalcification or
discoloration on buccal surface were excluded.
Before the experiment, teeth were rinsed and
randomly divided into 4 groups presented in Table 1.
The teeth were placed centrally in the mould with
root embedded in self-cured acrylic resin 3 mm
below cervical line. The buccal surfaces were parallel
to one side of the mould for operating convenience.
For superimposition purpose, reference points were
pitted on all teeth by a high speed handpiece with
round diamond bur of 0.5 mm diameter in 8 posi-
tions, 1 mm below marginal ridge and 1 mm above
cervical line on the mesio-buccal, mesio-lingual,
disto-lingual and disto-buccal line angle. The
specimens were kept in distilled water at room
temperature except during bonding and testing
procedures.

2. Bonding and debonding

A baseline scan (initial scan) of all teeth was
obtained using a 3D optical intraoral scanner
(TRIOS® Pod, 3-Shape, Copenhagen, Denmark).
The scanner has an accuracy of 22.17 micron.?
The teeth were polished with nonfluoridated pumice
for 10 seconds, then rinsed and dried. The enamel
surfaces were treated with 37% phosphoric acid
etching gel for 30 seconds, rinsed, and completely

dried until frosty enamel surfaces were gained.

M3 1 @19dndauasA1unsesua: 2 viauysnungu
4 aguildsrsdadnuazdiunsonuann1iulu
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Table 1 Two type of adhesive and two type of handpiece and
Jfour groups with different adhesives and devices for
cleanup process.

Adhesive Type Handpiece Type Group
Color-change adhesive | Low-speed handpiece CCL
(CCA) High-speed handpiece CCH
Conventional light- Low-speed handpiece CLL
cured adhesive (CLA) | High-speed handpiece CLH
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Stainless steel brackets for maxillary first premolar
(Gemini, 0.022-inch twin, 3M Unitek, Monrovia,
California, USA) were bonded on the enamel of the
teeth according to the manufacturer’s instructions
with 2 orthodontic adhesives; color-change adhesive,
Gréngloo™ (Ormco Corp., California, USA) and
conventional light-cured adhesive, Transbond™
XT (3M Unitek, California, USA). The brackets
were placed in the center of buccal surface, 4 mm
below buccal cusp tip. Hand instrument with mod-
erate pressure was used to completely seat brackets
to tooth surface. All excess adhesive was carefully
removed with an explorer probe. The teeth were
light-cured with a visible light curing unit at 1,470
mW/cm? (Elipar™ DeepCure-S LED Curing Light,
3M, USA) for 20 seconds (10 seconds from the me-
sial edge and 10 seconds from the distal edge of
bracket). In order to achieve complete polymeriza-
tion of the adhesive, teeth were stored in distilled
water for 24 hours. Later, all brackets were debonded
by bracket-removing pliers (3M Unitek, California,
USA) with gentle squeezing, leaving adhesive bulk
on buccal surface. The post- debond scans were then
obtained for all teeth (after-debonding scan).

3. Adhesive-removal

40 samples of color-change adhesive (CCA
type) were divided into 2 groups randomly: CCL
and CCH groups consisted of 21 and 19 samples,
respectively. Another 40 samples of conventional
light-cured adhesive (CLA type) were divided into
2 groups randomly: CLL and CLH groups consisted
of 20 samples each. Adhesive remnants of CCL and
CLL groups were ground by carbide burs with low
speed friction-grip handpiece (WE-57T air low speed
handpiece, W&H Dentalwerk Biirmoos GmbH,
Biirmoos, Austria), while those of CCH and CLH
groups were ground by the same bur with high
speed handpiece (Pana max plus model PAP-SU
M4, NSK, Japan). These 2 types of handpiece

used the same friction grip 12 fluted carbide bur
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(Adhesive Removal Bur #118L, Reliance Ortho-
dontic Products Inc., Illinois, USA). During adhesive
remnant removal, water spray was used for clearance
and heat reduction for all teeth. In CCL and CCH
groups, water spray reduced tooth surface tempera-
ture turning adhesive color into green (Figure 1).
The adhesive was removed until the enamel surface
seemed smooth and clean to the naked eye under the
light from operatory lamp. To reduce variability, all
procedures were performed by the single operator.
Grinding time of each teeth was recorded and all
teeth were scanned (after-adhesive removal scan).

4. Adhesive remnants and enamel change
evaluation

All scans were saved in standard tessellation
language (STL) format and exported to Geomagic
Studio software (3D System Inc., South Carolina,
USA). Initial (Figure 2A), after-debonding, and
after-adhesive removal (Figure 2D) scans were
superimposed on 8 reference points and use the
best fit alignment function to evaluate the changes
on enamel surface where bracket had been placed
(Figure 2B, E). The superimposition was fitted at least

90% of the unchanged surface areas (not affected

Jun 1 ANUEINIIANTIINUEIYDIA IUATOATINLTIATURE
Arnsagoinlissdnaauuueudnaiodui@ide)
Figure 1 Image of a tooth with adhesive remnant after bracket

debonding. A color-change adhesive turned green
when cooled by water spray from low speed or high

speed handpiece.
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by the bracket placement) within 25 micron.®? If
the superimposition did not meet this requirement,
that samples were excluded from the study. After
superimposition, changes were evaluated with linear
color scale. The outlines of the area where brackets
had been bonded were traced and surface changes
within those areas were calculated using Geomagic
Studio software. Areas that showed adhesive bulk,
adhesive remnant areas and volume were analyzed
(Figure 2C). Ground adhesive remnant and enamel
loss were calculated separately to avoid loss and
gain canceling each other out (Figure 2F, G and H).
The grinding time, volume and area of adhesive

bulk, volume and depth of enamel loss, thickness
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and volume of adhesive remnants were compared

among the 4 groups.

Statistical Analysis
Results from this study did not pass Shapiro-
Wilk normality test, therefore, Kruskal-Wallis and

Dunn'’s tests were used (a at 0.05).

Results

Of the 4 samples, 2 from CCL group and 1 each
from CCH and CLH groups were excluded from the
study due to incomplete scans and improper fit of
the superimposition (less than 90% fit of the

unchanged surface within 25 micron). The remaining

(4) amauauusn (B) Amaunuusn (i) dowrivduamaununasaeauusainalaeldqngivbe 8 9a daudimesuiy

s13dnAaTiAweY (C) §198AAATIAIDEAKENDDANUNBATNIIINUNLRZUTLIAT (D) ATWAKAUNEONTOFITENAR (E)

AmauAuuIATUUAUA NS UAUAIATF138AAR (F11) (F) ansBiadnanAs (f11) gausnssnsimaiouiliidsly

(@nGu) mensonansesisfnda (G) a138adAANAgARAINIMMIAINANUAzUSAT (H) 1adeuduiigaudelign

ATIMIATIUR AR LTIIAT

Figure 2

(4) The initial scan (B) The initial scan, light blue color, was fitted with the after-debonding scan. The superimposition

using 8 reference pits showed adhesive bulk, light gray color. (C) The adhesive bulk after bracket debonding was sub-

tracted and calculated for adhesive area and volume. (D) The after-adhesive removal scan. (E) The initial scan was

fitted with the after-adhesive removal scan, gray color. (F) After-adhesive removal process, adhesive residual (gray

color) and enamel loss (blue color) were subtracted. (G) Enamel loss was calculated separately for depth and volume

loss. (H) Residual adhesive after-adhesive removal was calculated for adhesive thickness and volume.
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sample sizes were 19, 18, 20 and 19 teeth for CCL,
CCH, CLL and CLH groups, respectively.

The results from 3D scans showed that all
teeth had adhesive bulks left on the tooth surfaces
after-debonding (Figure 3). There were only 2
samples that presented enamel lost in this process,
one for CCL group and one for CLL group. The
area of enamel loss was less than 5%. The areas and
volumes of adhesive bulks after-debonding for CCL
and CCH groups (CCA type) were less than those of
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CLL and CLH groups (CLA type) with significant
differences (P = 0.00013 for area and P = 0.00010
for volume). However, no significant difference was
found within CCL and CCH groups (P = 0.54336
for area and P = 0.87924 for volume) and within
CLL and CLH groups (P = 1.00000 for area and
P =10.24932 for volume).

Concerning loss of the tooth structure, adhesive
removal process also removed a small amount of

enamel. The median of enamel loss depths were
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Figure 3  Box plot showing areas (mm?) and volume (mm>) of adhesive bulks on the tooth surface after-debonding.
*Different letters indicate statistical differences between groups; p < 0.05.
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Table 2 An average enamel loss depth and volume after-adhesive removal
*Different letters indicate statistical differences between groups; p < 0.05.
Groups n Median 25" percentiles 75" percentiles Min Max
Enamel loss Depth (micron)
CCL 19 30.2 23.5 34.5 10.1 39.4 A
CLL 20 30.9 23.6 40.6 16.2 55.1 A
CCH 18 45.0 34.2 54.3 19.0 87.5 B
CLH 19 48.0 18.4 71.8 5.8 116.5 B
Enamel loss Volume (mm3)
CCL 19 0.0819 0.0520 0.1739 0.0024 0.2384 A
CLL 20 0.1074 0.0748 0.1616 0.0188 0.2411 A
CCH 18 0.1566 0.0741 0.2184 0.0298 0.3313 A
CLH 19 0.1762 0.0529 0.2745 0.0003 0.3811 A
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30.2, 30.9, 45.0 and 48.0 micron while the enamel
loss volumes were 0.0819, 0.1074, 0.1566 and
0.1762 mm3 for CCL, CLL, CCH and CLH groups
respectively (Table 2 and Figure 4). In view of
adhesive type, CCA type with low and high speed
handpiece had enamel loss depths less than those of
CLA type after-adhesive removal with no significant
difference. Considering speed of handpiece, cleanup

with low speed handpiece reduced enamel loss
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in terms of depth and volume in comparison with
high speed handpiece with significant differences
(P =10.000967 for CCA type and P = 0.016875 for
CLA type). However, the difference of enamel loss
volume was not significant among 4 groups.
After-adhesive removal, CCA type left lesser
residual adhesive than CLA type with significant
difference except the comparison of thickness
between CCH and CLH groups (Figure 5). CCL
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SenpImIANuTATITIAIILARI TR IIEAR (p < 0.05)
Figure 4  Box plot showed enamel loss depth (micron) and enamel loss volume (mm3) after-adhesive removal.
*Different letters indicate statistical differences between groups (p < 0.05).
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Figure 5 Box plot showing residual adhesive thickness (micron) and residual adhesive volume (mm3) after-adhesive removal.

*Different letters indicate statistical differences between groups (p< 0.05).
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group had less adhesive residual thickness than CLL
group with significant difference (P = 0.002219).
CCL and CCH groups also left lesser residual
adhesive volume than CLL and CLH groups with
significant differences (P = 0.001008 and
P =0.026664, respectively). Regarding handpiece
type, cleanup with low speed handpiece likely left
more residual adhesive thickness on enamel surface
than cleanup with high speed handpiece for both
CCA type (insignificant difference) and CLA
type (significant difference P = 0.014377). The
difference of residual adhesive volume was not
significant among CCA and CLA type.

Debonding procedure for CCH group was
least time consuming followed by those for CLH,
CCL and CLL groups with significant differences
(P=0.00198 ) (Table 3).

Discussion

Several studies have evaluated the accuracy of
intraoral scanners. Tomita, er al.*” reported that
Trios pod had an accuracy of 22.17 micron. Nedelcu,

21 studied 7 intraoral scanners and found

et al.
the topographic variation of Trios pod. The devia-
tion can be analyzed from the histogram showing
an even distribution of most deviations within the
nominal area = 25 pm. Therefore, at least 90% of the
unchanged surface areas within 25 micron will meet

the selection criteria. Using the benefit of 3D scans,

CM Dent J Vol. 41 No. 3 September-December 2020

we are able to quantify and compare enamel loss and
residual adhesive among the initial, after-debonding
and after-adhesive removal steps using Geomagic
Studio software.

Alencar, et al.*® reported that the aid of head-
light magnifying glass was unable to help decrease
the remnant areas of Transbond™ Plus Color Change
(3M Unitek, California, USA) in comparison with
those of conventional light-cured adhesive. With the
same point of comparison, this study found fewer
remnant areas and volume of Gréngloo™ without
any seeing aids. The result may come from a strong
contrast between Gréngloo™ and tooth that help
operator better remove excess adhesive flash.

Superimposition of the initial and after-debond-
ing scan showed the adhesive bulk after bracket
debonding. Most of them had composite resin
remained on the tooth surface. There were only 2
tooth that presented enamel lost in this process, one
in Gréngloo™ group and the other in Transbond™
XT group. However, the area of enamel loss was less
than 5%. This finding complies with those of Pont,

et al.®

which showed that enamel can be present
on debonded brackets. But the amount of enamel
found on the metal bracket was small, with only 2%
of the brackets having more than 5% of their bracket
area covered in enamel. Enamel loss after-adhe-
sive removal was the result from grinding while the
amount of enamel loss from bracket debonding was

not significant.

m3wA 3 a1 (3u9) Aldlumenseansdnin
A TNATIAULTAIIITAUUAAMID AL SIANINAR (p< 0.05)
Table 3 Time required (seconds) for adhesive removal.

*Different letters indicate statistical differences between groups; p < 0.05.

Groups n Median 25" percentiles 75" percentiles Min Max
CCL 19 37.39 30.43 40.44 25.83 47.91 A
CLL 20 50.28 43.54 59.20 39.47 61.37 B
CCH 18 17.31 14.46 20.48 13.11 24.77 C
CLH 19 27.11 23.81 30.86 21.56 36.60 D
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The earlier study reported that the mean value
of resin tags observed by confocal microscopy
was 8.7 micron®®, which may be explained by the
high viscosity of the adhesive employed and the
cross-striations and craters of intact enamel.*® To
completely clean the adhesive remnant, the resin
tags, etched enamel and enamel surface must be
removed inevitably.

Regarding adhesive type, color-change adhe-
sive group had less depth and volume of enamel
loss than those of conventional light-cured adhesive
after-adhesive removal with insignificant difference
for both low and high speed handpiece groups. The
result may derive from the sharp difference between
enamel surface and color-change adhesive that helps
facilitate the elimination of adhesive remnants.
However, the distinction is gradually decreased and
entirely unnoticeable at the end of process. There-
fore, adhesive remnant should be carefully ground
when all of the adhesive is nearly removed.

Considering bur speed, there were significant
differences in the enamel loss depth and insignificant
differences in the enamel loss volume. Low speed
group has less enamel loss than high speed handpiece
group. These findings were exactly the same as the
other report.(”) To recap the benefit of color-change
adhesive, grinding adhesive remnants by carbide bur
with low speed, coupled with water spray, has led
to the distinction between Gréngloo and the teeth.
Cooling the temperature down from water spray also
help save the pulp vitality.

In this study, the mean of enamel loss depth
after-adhesive removal with a low speed handpiece
was 30.9 micron less than those of studies done by
Ryf, et al. " and Al Shamsi, et al.('® which showed
the mean depths of 44.9 micron and 50.5 micron
respectively. The dissimilar results were derived
from the differences in materials used (brackets
and adhesive), different experiment conditions and

different methods of measurements or calculation.

CM Dent J Vol. 41 No. 3 September-December 2020

The findings of this study revealed that scarring
of enamel after-debonding procedures was inevitable
but could be reduced by choosing the right protocol.
Using low speed tungsten carbide bur appeared to
be the most efficient method of removing adhesive
residue after-debonding, producing lesser amount of
enamel loss and scars.

To avoid the consequence of leaving the un-
noticeable adhesive on enamel surface at the end
of cleanup process, polishing burs, such as PoGo®
and One Gloss™, must be employed to remove all
unseen remnants, smooth enamel surface and prevent
white spot and staining(!%-29),

Debonding procedure of color-change adhesive
group was less time-consuming for both low speed
and high speed handpiece groups with significant
differences. Strong contrast between color-change
adhesive remnant and enamel surface acting as a
dividing line helps orthodontist notice the boundary
of color-change adhesive and enable faster and easier
way to get rid of the adhesive remnants. Moreover,
smaller area and volume of color-change adhesive
bulk need lesser time to cleanup. Time required
for resin removal by high speed handpiece groups
was less than that of low speed groups, even though
cleanup with high speed handpiece proves to be
unsuitable for the cause of enamel loss. It is recom-
mended that adhesive remnants should be ground
with low speed to preserve enamel. If necessary,
carbide bur with high speed handpiece should be

employed with caution.

Conclusion

The advanced 3D measurement technology
enables the quantitative research on enamel surface
change. The color-change adhesive showed lower
residual adhesive remnant and lesser time consump-
tion in removing residual adhesive than conventional
light-cured adhesive. Low speed handpiece reduced

enamel loss in depth but consumed more time in
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adhesive removal than those of high speed hand-

piece. Yet, further studies are necessary to draw more

definite conclusions concerning the advantages of

this type of adhesive.
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