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Effects of adhesive flash-free brackets on debonding pain and time: A

randomized split-mouth clinical trial

Serpil Çokakoğlua; Ayten Tanb

ABSTRACT
Objectives: To evaluate the effects of adhesive precoated (APC) flash-free brackets on the level of
pain, amount of remnant adhesive, and removal time during the debonding procedure.
Materials and Methods: Thirty patients (20 female, 10 male) aged 12 to 18 years undergoing
nonextraction fixed orthodontic treatment were included in this study. APC flash-free and
conventional ceramic brackets were bonded with a split-mouth study design. Bracket types were
randomly allocated to quadrants. During the removal of the brackets, the visual analogue scale
(VAS) was used to assess the level of pain for each tooth. The adhesive remnant index (ARI) was
used to determine the amount of adhesive remaining on the tooth surface. Adhesive removal times
were calculated per quadrant. The data were analyzed using the Wilcoxon test for comparisons
between groups.
Results: Pain scores were generally higher for the conventional group than for the flash-free group.
There were no differences in VAS scores across most tooth types during debonding. Overall, ARI
results showed more adhesive remnants in the conventional bracket group (P , .001). Except for
the right maxillary quadrant, the times required to remove the adhesive were significantly longer for
the flash-free brackets than the conventional brackets (P � .005).
Conclusions: Although removal time was slightly longer for the flash-free adhesive than for the
conventional adhesive, lower pain scores were generally observed for the flash-free adhesive
brackets during the debonding procedure. Both time and pain differences could be considered
clinically insignificant. (Angle Orthod. 2020;90:758–765.)
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INTRODUCTION

Fixed orthodontic treatment is considered effectively

performed by a clinician when the patient remains

comfortable from the beginning to the end of treatment.

In practice, the use of flash-free brackets not only

reduces the application time but also provides suffi-

cient retention during treatment.1 In addition, the

smooth interface between the bracket and enamel

with flash-free adhesive can protect the enamel against

demineralization.2–4 A recent clinical study concluded

that flash-free brackets shortened the debonding time

by allowing the adhesive remnant material on the

enamel surface to be cleaned more easily at the end of

the treatment.5 However, a limited number of studies

on this topic have been carried out.5–7

Another issue of concern to orthodontic patients is

the amount of pain experienced during the debonding

procedure. Many previous studies evaluated pain

during debonding, but they were frequently focused

on a specific technique or method.8–14 All studies were

performed on metallic brackets regardless of whether

they were conventional or adhesive precoated (APC)

brackets. Additionally, an assessment of the published

literature demonstrated that there was limited informa-

tion about the level of discomfort patients experienced

during ceramic bracket removal using a specially

designed debonding instrument.15

No previous studies evaluated the level of pain

experienced during the debonding phase for APC

flash-free brackets. Only a few studies evaluated the
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process of adhesive removal with flash-free brackets.5,6

Grünheid and Larson5 reported a shorter debonding
duration for flash-free brackets due to the lower
material density of flash-free adhesive, despite there
being more remnant adhesive on the tooth surface.
However, the debonding time was evaluated on
maxillary teeth. In addition, the effects of flash-free
brackets on the level of pain, amount of remnant
adhesive, and removal time for the full mouth have not
been investigated in orthodontic patients during the
debonding procedure. Therefore, the purpose of this
study was to evaluate all parameters related to patient
discomfort, including pain, the amount of adhesive
remnant, and removal time at the phase of debonding.
To that end, the null hypothesis was that flash-free
brackets had no effects on these parameters.

MATERIALS AND METHODS

Trial Design and Ethical Approval

This split-mouth randomized clinical study was
approved by the Ethics Committee of Pamukkale
University (25.12.2018/24). Informed consent was
obtained from all participants.

Participants, Eligibility, and Setting

The study population was composed of 30 patients
(20 female, 10 male) between 12 and 18 years old who
were included based on the following criteria: (1) no
systemic problems requiring medication; (2) Class I or
Class II malocclusion with mild-to-moderate crowding
with indications for nonextraction fixed orthodontic
treatment; (3) permanent dentition with no missing
teeth; (4) no history of previous orthodontic treatment;
and (5) all brackets were bonded in place prior to
starting the debonding procedure. Patients with end-
odontic treatment, large restorations, and buccal
restorations were excluded from the study.

Interventions

APC flash-free and conventional ceramic brackets
(Clarity Advanced, 3M Unitek, Monrovia, Calif, USA)
were bonded with a split-mouth study design by the
same researcher (A.T.). During the bonding procedure,
37% phosphoric acid (Pulpdent Etch Royale, Pulpdent
Corporation Watertown, Mass, USA) was used for 30
seconds during enamel etching, Transbond XT Primer
(3M Unitek) was applied to the etched enamel, and
Transbond XT Light Cure Adhesive (3M Unitek) was
used to bond the adhesive-free ceramic brackets. The
excess adhesive was removed carefully with a scaler
for the conventional ceramic brackets and resin was
polymerized for 20 seconds. Additionally, patients were
instructed to visit the clinic immediately in case of bond

failure. In cases of failure, new brackets were bonded
according to the same procedure.

Patients were advised to not take painkillers or
corticosteroids within 24 hours prior to the debonding
session. A bracket debonding instrument (3M-804-170,
3M Unitek) was used to debond the conventional and
flash-free ceramic brackets. First, the archwires were
removed, and debonding of the ceramic brackets was
performed according to the manufacturers’ recommen-
dations. The ledges of the debonding instrument were
positioned symmetrically against the labial surfaces of
the bracket. Finally, the brackets were gently squeezed
until the bracket collapsed and then rocked in the
mesial or distal directions until they completely
separated from the teeth.

The teeth were randomly selected during the
debonding. The visual analogue scale (VAS) was used
to rate the level of pain experienced, with a score of 0
indicating ‘‘no pain,’’ and a score of 100 indicating
‘‘maximum pain.’’ Patients were instructed to record the
VAS score on the scale after each bracket was
debonded. Additionally, overall and segmental mean
VAS scores were calculated. The upper and lower
posterior segments included the first and second
premolars, while the anterior segments included the
central incisor, lateral incisor, and canine teeth.

After debonding, the adhesive remnant index (ARI)16

was used to assess the adhesive remaining on the
tooth surfaces. Then, the adhesive remnants were
removed from the surfaces using a new tungsten
carbide finishing bur in a low-speed handpiece starting
from the upper right quadrant to the lower right
quadrant. Adhesive removal was approved with visual
inspection under a dental operating light. The time
required for adhesive removal per quadrant was
calculated in seconds by a digital timer.

Outcomes

Primary outcome measure. The primary outcome
measure was the level of pain between the bracket
groups during debonding, taking into account the tooth
type and region.

Secondary outcome measures. The secondary
outcome measures were the amount of remnant
adhesive and required removal time after debonding.

Sample Size

Power analysis (SPSS version 24.0, IBM Corp,
Armonk, NY, USA) showed that, for a power of 0.80, an
effect size of 0.50, and a significance level of a¼ 0.05,
27 patients were required for each group. To account
for any missing data, the study sample size was
adjusted to 30.

Angle Orthodontist, Vol 90, No 6, 2020

FLASH-FREE BRACKETS DURING DEBONDING 759

D
ow

nloaded from
 http://m

eridian.allenpress.com
/angle-orthodontist/article-pdf/90/6/758/2693321/i0003-3219-90-6-758.pdf by guest on 26 July 2021



Randomization

Simple quadrant randomization was performed by
coin flipping to determine the assignment of study
groups.

Blinding

At the end of orthodontic treatment, the pain scores,
amount of remnant adhesive, and time required for the
removal of the adhesive were recorded by the same
researcher (S.C.), who was blinded to the bonding
procedure.

Statistical Analysis

The data were statistically analyzed using SPSS
version 23.0. The Mann-Whitney U test was used to
compare the median age values according to the sex
of the patient. The parameters were analyzed using the
Wilcoxon nonparametric test. All tests were performed
with a significance level of P , .05.

RESULTS

Participant Flow

At baseline, thirty patients were included in this trial.
Later, two patients were excluded due to lack of
cooperation (Figure 1).

Baseline Characteristics

Descriptive statistics are given in Table 1. There was
no statistically significant age difference between
sexes. For the study population, the duration of
treatment ranged from 10–20 months, with a mean
duration of 13.96 months.

Pain Measurements

The pain scores were generally higher in the
conventional group than in the flash-free group (Table
2). During the removal of flash-free brackets, the
highest scores in the upper jaw were found for the left
canine and central and lateral incisor teeth. In the same
group, the highest scores were recorded for the
mandibular right central and lateral incisors. For
conventional brackets, the same tooth types showed
the highest VAS pain scores on the opposite side of the
upper jaw. Additionally, the lower left first premolar and
lateral incisor had two of the highest scores.

There were no significant differences in the VAS
scores across most tooth types. Removal of the upper
left flash-free canine bracket caused significantly more
pain than the removal of the conventional bracket (P¼
.014). In contrast, the lower left lateral incisor (P¼ .044)
and first premolar (P¼ .006), and lower posterior region

(P ¼ .017) showed significantly higher VAS scores for
conventional brackets than flash-free brackets.

In both groups, the pain scores were higher for the
maxillary and mandibular anterior regions than for the
posterior region. Regardless of the tooth type, there
were statistically significantly higher VAS pain scores
in the conventional group overall (P ¼ .004).

Remnant Adhesive and Debonding Time
Measurements

More adhesive remnants were observed in the
conventional bracket group than in the flash-free group
(Table 3). The upper right lateral incisor (P¼ .003), left
central incisor (P ¼ .007) and left premolars (P ¼ .025
and P¼ .008, respectively), lower left lateral incisor (P
¼ .008), canine (P ¼ .013) and second premolar (P ¼
.022), and the lower right central incisor (P ¼ .008)
teeth had significantly more remnant adhesive in the
conventional group than in the flash-free group. In
addition, the adhesive remnants of the conventional
bracket group were significantly higher than those in
the flash-free group in the right and left quadrants of
the upper and lower jaws (P � .001).

The times required for the removal of the adhesive
are shown in Table 4. Except for the right maxillary
quadrant, removal time was significantly longer for the
flash-free bracket group than for the conventional
group (P � .005). In terms of average difference, the
removal of the flash-free adhesive took significantly
more time than the removal of the conventional
adhesive by 9 seconds per quadrant (P , .001).

DISCUSSION

Pain Measurements

The findings of this study revealed that pain scores
showed variability among different tooth types. These
differences can be related to the debonding force,
which could not be standardized during this study. No
standardized method reflects actual clinical conditions.
Bishara et al.17 noted that the debonding force during
the removal of ceramic brackets was influenced by the
bracket retention mechanism, debonding technique,
composition of the adhesive, and enamel conditioning
procedure.

Although the teeth were randomly selected during
the removal of the brackets, reported pain was
significantly greater on the left side, in the upper and
lower jaws. Due to the convenience of access, the
brackets in the right quadrants were debonded more
easily and with acceptable removal forces. Therefore,
no significant differences were found between the
groups on the right side. On the other hand, it was
difficult to explain the significant differences between
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tooth types based solely on the difficulty of access.

These differences could be related to non-standard-
ized debonding force and thickness of composite
material. For the upper left canine, the higher pain

scores with flash-free brackets were difficult to explain.
The thickness of the adhesive layer may be considered
more uniform due to lower filler content with the flash-

free adhesives. Accordingly, a significant difference in
favor of the conventional brackets would be expected,
as was present in other teeth. Consistent with the

findings of Hama et al.,18 it would be expected that

Figure 1. Consort flowchart.

Table 1. Demographic Variables of the Study Samplea,*

n, % Age, Mean 6 SD

Female/percentage 19 (68) 16.00 6 2.16

Male/percentage 9 (32) 17.44 6 3.78

Total 28 (100) 16.46 6 2.80

a SD indicates standard deviation.
* No statistically significant age difference between sexes (Mann-

Whitney rank-sum test, P ¼ .345).
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decreasing the thickness of orthodontic adhesive
would reduce the required removal strength and lead
to less severe pain due to the light load applied to the
teeth. However, it should be kept in mind that these
researchers evaluated the relationship between re-
moval force and the thickness of orthodontic adhesives
in bovine teeth without using brackets.

During the debonding procedure, it was observed
that fractured parts of the ceramic brackets remained
on the tooth surfaces. Because blinding was used in
this study, the type of brackets was not recorded. As
suggested in the literature, the ceramic brackets
remnants were removed with the use of a bur in a
high-speed handpiece before the removal time was
recorded.19,20

According to the anatomic locations, the pain scores
were significantly different only in the lower posterior
region. Among all the teeth, the lower left premolar had
the highest VAS scores, and these values resulted in
significant differences between this region and other
regions. Regarding the VAS scores, higher scores
were recorded for the conventional brackets than for
the flash-free brackets for most tooth types, which
caused differences between the groups overall. Before
debonding of conventional ceramic brackets, many

researchers suggested that the flash-adhesive materi-
als around the ceramic brackets should be removed
first to make removal easier.20 However, the flash-
adhesive materials were not removed first in this study
because excess adhesive was removed during the
bonding stage of the conventional brackets. This
process may have led to higher levels of pain
perceived for the conventional brackets.

In this study, higher VAS scores were observed in
the anterior regions regardless of the tooth type. These
findings were in agreement with previous studies
evaluating the effects of different debonding tech-
niques and adjunctive procedures.8,9,12,13 This can be
explained by the gradually increasing tactile sensory
threshold from the anterior to the posterior region, as
stated previously.9

Remnant Adhesive and Removal Time

Because the filler content of the flash-free adhesive
is less than that in conventional adhesive, there was a
significant difference in ARI scores between groups. In
agreement with previous findings,21 the adhesive with
lesser filler content displayed lower ARI scores for the
flash-free group. On the other hand, debonding
occurred at the bracket-adhesive interface and led to
higher ARI scores in the conventional group. There
was more excess resin protecting the enamel from its
detachment when removing the adhesive. None of the
teeth in this investigation showed any enamel damage
or had an ARI of 0.

In one of the first clinical studies, Foersh et al.3

reported that the average ARI for flash-free brackets
was 2. This value was close to the current result, which
was calculated as 2.3 for flash-free brackets, while the
mean ARI was 2.8 for the conventional group. On the
other hand, Vig et al.20 demonstrated that the majority
of the ARI scores were 3 for flash-free brackets and
that bracket type had no significant effect on the ARIs
during the clinical part of their trial. These differences
could be caused by different non-standardized removal
forces related to the study design and fractured parts of
the ceramic brackets. Because a bur was used to
remove the parts of the brackets remaining on the tooth
surface, the ARI scores may also have been affected.

According to the findings, 60% of the teeth in the left
maxillary and mandibular region had significantly more
adhesive in the conventional group. Significant differ-
ences were recorded across the different tooth types.
In the right region, the upper lateral and lower central
incisor teeth had pronounced remnant adhesive after
the removal of the conventional brackets. The differ-
ences may be due to the adhesive thickness being
affected by the adhesive composition and buccal
surface morphology of the teeth.

Table 2. Comparison of VAS Scores Between Bracket Groupsa,b,*

Tooth-Region

VAS Pain Score

Flash-free Brackets Conventional Brackets

PMean (Range) Mean (Range)

UR-1 8 (1–38) 21.5 (0–79) ns

UR-2 9.5 (0–86) 20 (1–72) ns

UR-3 6 (0–56) 27.5 (0–67) ns

UR-4 6 (0–73) 10.5 (0–72) ns

UR-5 8 (0–45) 12 (0–78) ns

UL-1 15 (0–57) 8 (2–52) ns

UL-2 12 (0–80) 12.5 (2–74) ns

UL-3 21.5 (4–67) 10 (2–42) .014*

UL-4 3.5 (0–50) 6.5 (1–63) ns

UL-5 5 (0–51) 5.5 (2–39) ns

LL-1 16 (2–83) 17 (0–80) ns

LL-2 5 (0–45) 20 (3–47) .044*

LL-3 7 (0–54) 15.5 (2–100) ns

LL-4 3 (0–60) 32.5 (2–76) .006*

LL-5 4.5 (0–91) 9.5 (0–52) ns

LR-1 19 (0–100) 11.5 (0–75) ns

LR-2 13.5 (0–100) 11.5 (2–71) ns

LR-3 13 (0–59) 16.5 (1–97) ns

LR-4 8.5 (0–57) 7 (2–64) ns

LR-5 6 (0–43) 4 (0–88) ns

Upper posterior 5 (0–73) 8 (0–78) ns

Upper anterior 12 (0–86) 12 (0–79) ns

Lower posterior 5.5 (0–91) 9.5 (0–88) .017*

Lower anterior 12 (0–1009 16.5 (0–100) ns

Overall 8 (0–100) 12 (0–100) .004*

a U indicates upper; L, lower; R, right; L, left; NS, non-significant.
b Number indicates tooth type 1, central; 2, lateral; 3, canine; 4,

first premolar; 5, second premolar.
* P , .05.
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The findings of Hama et al.18 indicated that a
decreased thickness of adhesive reduces the removal
strength and, if the load applied by debonding pliers
can be reduced, most of the remaining adhesive may
be removed without pain. Thus, knowledge about the
thickness of the adhesives used under the flash-free
and conventional brackets is important.

Contrary to previous findings,5,6 the removal of the
flash-free adhesive took longer by approximately 10
seconds per quadrant, except in the upper right
quadrant, during this study. It should be noted that
the adhesive removal process began in the upper right
quadrant and continued around the arch to the lower

right segment. For the upper right quadrant, the

debonding times were very similar between the two

groups, although twice as many teeth had an ARI of 3

in the conventional bracket group than in the flash-free

group. This result can be explained by the fact that this

quadrant was selected as the first region and the

examiner applied relatively more finger pressure at the

beginning to remove the conventional adhesive.

Another possible explanation for the adhesive removal

times being similar in the upper right quadrant was that

a new, sharp bur could remove both adhesives at a

similar speed. As it dulls, it may have affected the

Table 3. Distribution of ARI Scores Among the Bracket Groups and Comparisons of Groupsa,b,*

Tooth/Region

Flash-free Brackets Conventional Brackets

P

ARI 0

n (%)

ARI 1

n (%)

ARI 2

n (%)

ARI 3

n (%)

ARI 0

n (%)

ARI 1

n (%)

ARI 2

n (%)

ARI 3

n (%)

UR-5 0 (0) 4 (29) 6 (43) 4 (29) 0 (0) 3 (21) 5 (36) 6 (43) ns

UR-4 0 (0) 2 (14) 5 (36) 7 (50) 0 (0) 0 (0) 2 (14) 12 (86) ns

UR-3 0 (0) 1 (7) 10 (71) 3 (21) 0 (0) 2 (14) 2 (14) 10 (71) ns

UR-2 0 (0) 0 (0) 10 (71) 4 (29) 0 (0) 0 (0) 1 (7) 13 (93) .003*

UR-1 0 (0) 0 (0) 6 (43) 8 (57) 0 (0) 1 (7) 2 (14) 11 (79) ns

UL-1 0 (0) 1 (7) 7 (50) 6 (43) 0 (0) 0 (0) 0 (0) 14 (100) .007*

UL-2 0 (0) 0 (0) 4 (29) 10 (71) 0 (0) 0 (0) 3 (21) 11 (79) ns

UL-3 0 (0) 1 (7) 8 (57) 5 (36) 0 (0) 1 (7) 1 (7) 12 (86) ns

UL-4 0 (0) 1 (7) 5 (36) 8 (57) 0 (0) 1 (7) 0 (0) 13 (93) .025*

UL-5 0 (0) 6 (43) 5 (36) 3 (21) 0 (0) 1 (7) 2 (14) 11 (79) .008*

LL-5 0 (0) 4 (29) 6 (43) 4 (29) 0 (0) 1 (7) 1 (7) 12 (86) .022*

LL-4 0 (0) 1 (7) 6 (43) 7 (50) 0 (0) 1 (7) 3 (21) 10 (71) ns

LL-3 0 (0) 3 (21) 9 (64) 2 (14) 0 (0) 1 (7) 3 (21) 10 (71) .013*

LL-2 0 (0) 4 (29) 7 (50) 3 (21) 0 (0) 0 (0) 3 (21) 11 (79) .008*

LL-1 0 (0) 1 (7) 8 (57) 5 (36) 0 (0) 1 (7) 2 (14) 11 (79) ns

LR-1 0 (0) 2 (14) 6 (43) 6 (43) 0 (0) 0 (0) 0 (0) 14 (100) .008*

LR-2 0 (0) 1 (7) 5 (36) 8 (57) 0 (0) 0 (0) 1 (7) 13 (93) ns

LR-3 0 (0) 1 (7) 7 (50) 6 (43) 0 (0) 2 (14) 1 (7) 11 (79) ns

LR-4 0 (0) 1 (7) 8 (57) 5 (36) 0 (0) 1 (7) 1 (7) 12 (86) ns

LR-5 0 (0) 0 (0) 8 (57) 6 (43) 0 (0) 0 (0) 4 (29) 10 (71) ns

Upper right 0 (0) 7 (10) 37 (53) 26 (37) 0 (0) 6 (9) 12 (17) 52 (74) .001*

Upper left 0 (0) 9 (13) 29 (41) 32 (46) 0 (0) 3 (4) 6 (9) 61 (87) ,.001*

Lower left 0 (0) 13 (19) 36 (51) 21 (30) 0 (0) 4 (6) 12 (17) 54 (77) ,.001*

Lower right 0 (0) 5 (7) 34 (49) 31 (44) 0 (0) 3 (4) 7 (10) 60 (86) ,.001*

Overall 0 (0) 34 (12) 136 (49) 110 (39) 0 (0) 16 (6) 37 (13) 227 (81) ,.001*

a ARI 0 indicates no adhesive left on the tooth; ARI 1, less than half of the adhesive left on the tooth; ARI 2, more than half of the adhesive left
on the tooth; ARI 3, all adhesive left on the tooth; U, upper; L, lower; R, right; L, left.

b Number indicates tooth type; 1, central; 2, lateral; 3, canine; 4, first premolar; 5, second premolar; NS, non-significant.
* P , .05.

Table 4. Adhesive Removal Times Per Quadrant Between the Groups and Comparisons of Groupsa,*

Region

Debonding Time

P

Flash-Free Brackets Conventional Brackets

Mean 6 SD Median (Range) Mean 6 SD Median (Range)

Upper right 49.6 6 15.6 47.5 (31–91) 50.8 6 10 48.5 (38–77) ns

Upper left 62.6 6 22.1 57.5 (37–106) 52.7 6 16 51 (29–84) .005*

Lower left 67.1 6 14.5 63.5 (48–95) 57 6 17.8 49 (36–96) .005*

Lower right 78.4 6 17.9 78.5 (50–107) 69.3 6 21.4 69.3 (36–120) .004*

Overall 64.4 6 20.5 62.5 (31–107) 57.4 6 18.2 53.5 (29–120) ,.001*

a SD indicates standard deviation; ns, non-significant.
* P , .05.
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flash-free adhesive removal more than the convention-
al.

Conflicting results were found in terms of the
removal time because the use of flash-free adhesive
in the lower arch led to a longer removal process.
There was an exception that the removal time for the
lower left region was almost the same as that for the
upper right region for the conventional brackets. In this
case, some adhesive was removed from the enamel
surfaces during the cleaning process of the fractured
parts of the conventional brackets before the required
removal time was recorded. Generally, the time to
remove the adhesive was greater in the flash-free
group in which less adhesive was adhered to the
enamel. For the full mouth, a small removal time
difference was recorded between the bracket groups.
This difference can be neglected considering the other
advantages of flash-free brackets in clinical practice.

Limitations and Generalizability

This study had some limitations: the lack of gender
differences between groups, and right and left upper
and lower jaw VAS score comparisons. Another
limitation was that findings could not be discussed in
detail due to the lack of previous studies regarding
flash-free brackets and the level of pain perceived
during debonding. Hence, it is obvious that additional
studies need to be conducted to gain a better
understanding of this clinical situation.

According to the results, the null hypothesis that
there were no significant differences between flash-
free and conventional brackets in terms of patient
discomfort was rejected. The removal of flash-free
brackets resulted in less pain and a lesser amount of
remnant adhesive but a slightly longer removal time.

CONCLUSIONS

� The highest pain scores were observed with the
conventional brackets compared to the flash-free
brackets.

� There was less adhesive remnants left on the teeth
with the flash-free brackets, though removal time was
slightly but statistically significantly longer.

� Both the differences in pain and the removal time
could be considered clinically insignificant.
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