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SUMMARY

Introduction/Objective After an orthodontic brackets debonding procedure it is necessary to remove
any residual adhesive from the tooth surface, as this is a common cause of enamel damage. The aim of
this study is to evaluate the enamel surface after the application of six different methods of adhesive
removal following brackets debonding, as well as to compare the duration of these procedures.
Methods For the purpose of this study, 245 human premolars were extracted as part of the orthodontic
treatment. Metal brackets were bonded to 210 human premolars with the Aspire adhesive system. After
the debonding of brackets, the samples were divided into six groups according to the adhesive removal
method applied: tapered fissure tungsten carbide bur, round tungsten carbide bur, composite bur, abra-
sive disc, adhesive removing pliers, and ultrasonic scaler. Out of 245 premolars, 35 served as a control
group. The duration of adhesive removal was recorded. Enamel damages were estimated according to
the enamel surface index on the scanning electron microscopy images.

Results Maximum preservation of the enamel surface was accomplished by using a composite bur (1.08).
The application of abrasive disc was significantly less time-consuming in comparison to the application
of a composite bur (p < 0.01) and an ultrasonic scaler (p < 0.01).

Conclusion The most harmful for the enamel surface was the use of an ultrasonic scaler as well as a round
tungsten carbide bur. Adhesive removal done by an abrasive disc thus proved one of the least damaging
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and the least time-consuming methods.

Keywords: adhesive removal; enamel damage; enamel surface index

INTRODUCTION

The main goal of orthodontic treatment in
general is to achieve stability of occlusion and
to improve dentofacial aesthetics. The primary
concern is to ensure that no permanent damage
on the tooth enamel surface has occurred after
the completion of multibracket appliance treat-
ment. The optimal method of brackets debond-
ing depends on the type of brackets used in
a therapy [1]. Following this procedure, it is
necessary to remove any remaining resin from
the teeth, which can often cause enamel surface
irregularities. The amount of enamel loss may
be determined by clinicians’ manual abilities
and instruments used in clean-up procedures
[2, 3]. Resin remnants on the tooth surface
could cause enamel discoloration and dental
plaque accumulation. Some studies show that
the type of adhesive systems and resin removal
procedures are responsible even for tooth color
changes [4]. Previous studies refer to a variety
of instruments that can be used for adhesive
removal after brackets debonding. Rotary in-
struments (diamond, carbide burs, and abrasive
discs), hand instruments (pliers and scalers),

and ultrasonic scalers are among the most
widely used [5-10]. An optimal procedure for
adhesive removal that leaves no damage to the
enamel surface has not been accepted yet [5].
Recently, in some studies, lasers and sandblast-
ing have been considered as alternative meth-
ods for removing the remaining adhesive [11,
12]. Several studies conclude that carbide burs
cause less damage to the enamel if compared to
fine diamond burs, while still causing greater
damage than the composite burs [13, 14]. The
visual assessment of the enamel surface is of-
ten performed to evaluate and define a type of
damage occurred during the adhesive removal
procedures [15-18].

Multi-step systems, including fine and su-
perfine tungsten carbide burs or abrasive disks,
are commonly applied as part of the adhesive
removal procedures followed by different types
of polishers for smoothing the enamel surface
[19]. These procedures leave no scratches on
the enamel surface, even if they have been
caused by tungsten carbide burs or abrasive
discs. The previous studies focused mostly on
different methods for adhesive removal, includ-
ing the polishers.
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The purpose of the in vitro study was to
examine the enamel surface, after the appli-
cation of six different methods for adhesive
removal following brackets debonding pro-
cedure, as well as to compare their effects
on enamel surface topography and the time
required for adhesive removal.

METHODS

This study has been approved by the local
Institutional Review Board (protocol num-
ber 01-2127-10/15). A total of 245 human
premolars were extracted for the purpose
of orthodontic treatment and consequently
appropriately prepared and stored in 0.9%
NaCl containing 0.1% thymol according
to ISO TS 11405:2015, for no longer than
three months [20]. All the teeth specimens
were examined with a 10 x magnifying lens
(Olympus, SZX 9, Tokyo, Japan) in order
to assess whether the collected samples ful-
filled the major criteria: an intact oral and
buccal surface without visible damages,
carious lesions and chemical exposures. Out
of the 245 specimens being surveyed, 35
served as an untreated control group [21].
Subsequently, the middle third of the buc-
cal surfaces of 210 premolars was etched for
20 seconds with 38% phosphoric acid (OC
Orthodontics, McMinnville, OR, USA).
After they had been rinsed with water for
30 seconds and air dried to frosty-white ap-
pearance, the buccal surfaces of the teeth
were treated with the Aspire primer 7GM
(OC Orthodontics) and light-cured for 10
seconds with a LED curing unit (Woodpecker, Guilin,
China). Mesh pads of metal brackets Ortho Organizer Elite
OptiMIM (Henry Schein® Orthodontics, Carlsbad, CA,
USA) were removed by a dull round end tapered multi-
fluted tungsten carbide bur at high speed to determine the
mode of bond failure at the bracket base-adhesive inter-
face, allowing the complete amount of resin to be left on
the enamel surface of all 210 teeth [22]. A small amount of
Aspire resin 5GM (OC Orthodontics) was put on the bases
of metal brackets. The brackets were then pressed firmly
onto the prepared enamel surface to extrude the excess of
composite material around them, which was removed with
a tip of the probe. A light curing procedure was performed
for 40 seconds according to the manufacturer’s instructions
[21]. All the samples were left in the artificial saliva for 48
hours, allowing complete polymerization of the adhesive
as reported in similar studies [3, 22]. The brackets were
debonded using debonding Ixion pliers (DB Orthodontics,
Silsden, UK). Furthermore, the teeth samples were divided
into six groups (35 teeth in each group), depending on the
method used for remaining adhesive removal: Group A - a
12-fluted round end tapered fissure tungsten carbide bur
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Figure 1. Methods for adhesive removal: a - tapered fissure tungsten carbide bur with
a round end; b - round tungsten carbide bur; c - composite bur; d - abrasive discs;
e — adhesive removing pliers; f — ultrasonic scaler

Figure 2. Scaning electron microscope images of enamel surface after residual adhe-
sive removal with a 12-fluted tapered fissure tungsten carbide bur with a round end:
a - 15 x magnification; b - 100 x magnification; ¢ - 500 x magnification; d — 1,500 x
magnification

(DB Orthodontics) at 32,000 rpm, Group B - a 12-fluted
round tungsten carbide bur (H1SE 204031, Komet Dental,
Lemgo, Germany) at 8,000 rpm, Group C - a compos-
ite bur (Stainbuster Jumbo, DB Orthodontics) at 40,000
rpm, Group D - an abrasive disc (sand medium abrasive
disc, E.C. Moore Co., Dearborn, MI, USA) at 16,000 rpm,
Group E - adhesive removing pliers (DB Orthodontics),
Group F - an ultrasonic scaler (Sirosonic L scaler, Sirona
Dental Systems, Long Island city, NY, USA) (Figure 1). All
bonding, debonding and clean-up procedures were carried
out by the same operator to eliminate differences among
operator’s techniques [23]. Adhesive removal from the
enamel surface after every third teeth in the study was per-
formed with a new bur for rotary instruments in Groups
A, B, C, and D, respectively [22]. The adhesive removal
procedure duration was measured in seconds. Residual
adhesive removal was fully verified under a dental chair
operating light by the operator. The sample was prepared
for scanning electron microscopy (JSM 6460 LV, JEOL
Ltd., Tokyo, Japan), including a control group. For each
specimen, four images were obtained (15 x, 100 x, 500 x,
1,500 x magnification) (Figure 2). The evaluation of
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enamel surface was performed by SEM, the enamel sur-
face index (ESI) system being used in the process. ESI was
introduced by Zachrison and Arthun, and estimated as in
the following [16]:

Score 0 - Regular enamel surface without scratches;
Visible intact perikymata;

Score 1 - Satisfactory enamel surface; Minor scratches
and some healthy enamel;

Score 2 — Acceptable enamel surface, several deep
scratches; Absent perikymata;

Score 3 - Defective enamel surface with several deep
and course scratches and no perikymata;

Score 4 — Unacceptable enamel surface with very coarse,
deep scratches, healthy enamel absent [16, 17].

It is fundamental to note that ESI evaluation was per-
formed by an examiner who had no previous knowledge of
the specific group the specimens belonged to, after one and
after two weeks for each specimen. In a case of any discrep-
ancy, the third assessment determined the final score [17].

Statistical analysis

The statistical package IBM SPSS Statistics for Windows,
Version 20.0. (IBM Corp. Armonk, NY, USA) and Microsoft
Excel 2010 (Windows, Redmond, WA, USA) were used for
data analysis. Descriptive results of ESI scores were cal-
culated and expressed as frequencies, percentages, mean
values, and standard deviations. The significant differences
of the mean values of ESI scores and the duration of all six
methods were determined by ANOVA with the F-value and
the Fisher’s test as well as by Tukey’s post hoc test.

Arbutina A.et al.

The lowest average value of ESI scores (1.08) was de-
termined in Group C (composite bur), while the highest
average value of ESI scores was determined in Group F
(ultrasonic scaler, 2.42). The one-way ANOVA test showed
statistically significant differences among the ESI scores of
all six methods (F (5.204) = 24.53, p < 0.01) (Table 1). A
post-hoc analysis (Tukey’s post-hoc test) established dif-
ferent levels of statistically significant differences of ESI
scores within the groups (Table 2). The mean values of
ESI scores in Groups C (composite bur) and D (abrasive
disc) showed a statistically significant difference compared
to Groups B (round tungsten carbide bur), E (adhesive
removing pliers), and F (ultrasonic scaler).

However, the most time-consuming method for adhe-
sive removal was the application of the composite bur. It
is significant to note that using the abrasive disc in the
adhesive removal procedure was proved the least time-
consuming method (Table 3 and 4).

DISCUSSION

From the results, it is clear that adhesive removal after
brackets debonding has a great influence on enamel surface
topography [24, 25]. Therefore, clinicians should apply an
appropriate adhesive removal procedure, accepting the fact
that minor damage to the enamel is inevitable.

Methods used in the process of adhesive removal co-
incide with the required protocol used in similar stud-
ies [26, 27]. The visual assessment of enamel surface

Table 1. Distribution of enamel surface index (ESI) scores for six different
adhesive removal methods

RESULTS Method for ESI score Mean + ANOVA
adhesive Standard

The results for ESI scores are shown in Table 1. For | removal 0 112]3 |4 peviation |df*|Ftest| p
Groups A (tapered fissure tungsten carbide bur), C Fissure TCB* ol22113/0l 0] 137+049
(composite bur) and D (abrasive disc), the ESI score Round TCB* olol10l24] 1] 194+093
1 was predominant. The highest incidence of ESI | Compositebur | 0 |32 3 |0 | 0| 1.08+0.28
score 2 was observed in Groups E (adhesive remov- | Abrasive disc 0(29/6|0|0]117+038 | 5 |24.53|0.001
ing pliers) and F (ultrasonic scaler). The ESI score 3 Pliers 0|71]26|1|1]|188+0.58
was the most frequent in Group B (round tungsten | Ultrasonicscaler| 0 | 4 | 15| 13| 3 | 2.42+0.81
carbide bur) and the ESI score 0 was found only in Controlgroup |35/ 00|00
35 premolars that served as a control group. *Tungsten carbide bur; **degrees of freedom
Table 2. Post-hoc analysis of significant differences in mean values of enamel surface index (ESI) scores for all six methods

. BT e . . . Adhesive Ultrasonic
Method for adhesive removal (J) tun_gsten tun.gsten Composite bur | Abrasive disc removing pliers scaler

carbide bur carbide bur

Method for adhesive removal (1) | M (I-J) p M (1-)) p M (1-)) p M (1-)) p M (1-)) p M (1-)) p
Fissure tungsten carbide bur . . -0.57* | 0.002 | 0.28 | 0.399 0.2 0.764 | -0.51* | 0.009 | -1.05* | 0.001
Round tungsten carbide bur 0.57* | 0.002 . . 0.85* | 0.001 0.77* | 0.001 0.05 0.999 | -0.48**| 0.017
Composite bur -0.28 | 0.399 | -0.85* | 0.001 -0.08 | 0.993 | -0.80* | 0.001 | -1.34* | 0.001
Abrasive disc -0.2 0.764 | -0.77* | 0.001 0.08 0.993 -0.71* | 0.001 | -1.24* | 0.001
Adhesive removing pliers 0.51* | 0.009 -0.1 0.999 | 0.80* | 0.001 0.71* | 0.001 . . -0.54* | 0.005
Ultrasonic scaler 1.05* | 0.001 | 0.48** | 0.017 | 1.34* | 0.001 1.25*% | 0.001 0.54* | 0.005

*significant at p < 0.01;
**significant at p < 0.05
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Table 3. Descriptive statistics for the duration of adhesive removal procedures in
seconds with the results of ANOVA with F value and Fisher test

*degrees of freedom

scaler and round tungsten carbide bur), the
other methods caused only minimal surface

Adhesive removal method N | r,\\/iarg gzs)iaition df* |Ftest| p irregularities (composite bur, abrasive disc).
Fissure tungsten carbide bur 35 29.17 +6.78 An abra.swe disc Was less damaglng to t.he
Round tungsten carbide bur | 35 2551 £ 6.2 enamel in comparison to a tungsten carbide
Composite bur 35 3093 +_ 6.33 bur, which is in accordance with the results
Abrasive disc 35 17620 4.13 10.001 obtained by Khatria et al. [30].

Adhesive removing pliers 35 2431+1049 One of the concerns in orthodontic prac-
Ultrasonic scaler 35 29.94 +10.99 tice is also enamel loss during pumice pro-

phylaxis, etching, debonding, and adhesive
removal procedures. Even though this study

Table 4. Post hoc analysis of significant differences in mean values of adhesive removal times for all six methods

] . AT Round tungsten . T Adhes'ive .

Time for adhesive removal (J) tungsten . Composite bur Abrasive disc removing Ultrasonic scaler
carbide bur EIEE; pliers

Time for adhesive removal (1) M p M p M p M p M p M p
(1-)) (1)) (1-)) (1-)) (1-)) (1-))

Fissure tungsten carbide bur . . 3.65 | 0912 -1.76 0.997 | 12.17* | 0.011 485 |0.757 | -0.77 1

Round tungsten carbide bur -3.65 | 091 . . -5.41 0.662 8.51 0.174 1.2 0999 | -4.42 0.822

Composite bur 1.76 1 5.41 0.662 . . 13.93** | 0.002 6.61 0.444 0.98 1

Abrasive disc -12.17* | 0.01 -8.51 0.174 | -13.93** | 0.002 . . -7.31 | 0.328 | -12.94** | 0.005

Adhesive removing pliers -4.85 | 0.76 -1.2 0.999 -6.61 0.444 7.31 0.328 . . -5.62 0.624

Ultrasonic scaler 0.77 1 442 0.822 -0.98 1 12.94** | 0.005 5.62 |0.624

*significant at p < 0.01;
**significant at p < 0.05

was performed by using ESI on SEM images, under four
different magnifications for each specimen. Significant
differences were found among different tested methods.
The tapered fissure tungsten carbide bur, abrasive disc and
composite bur caused less damage to the enamel in com-
parison to other three methods applied during the course
of the study.

The operator’s control and proficiency in the use of the
instruments for adhesive removal is another important
factor to be considered in enamel surface evaluation [6, 8,
27,28].1In the present study, two types of tungsten carbide
burs have been applied: a 12-fluted round end tapered fis-
sure tungsten carbide bur and a 12-fluted round tungsten
carbide bur with reduced vibrations. As it had been as-
sumed based on the study by Palmer et al. [22], the visual
assessment confirmed more enamel damage caused by a
round bur. However, using the SEM image evaluation in
their study, Pignatta et al. [9] concluded that a tungsten
carbide bur caused several scratches on the enamel surface,
which were not observable after polishing.

Nevertheless, the results demonstrated only small ir-
regularities on the enamel surface after removing adhesive
remnants with a composite bur. This result is in line with
those obtained by Karan et al. [13] and Erdur et al. [29]
who reported that a composite bur provided a smoother
enamel surface in comparison to a tungsten carbide bur,.
They emphasized that a composite bur decreased enamel
surface roughness. Similarly, Cardoso et al. [27] reported
that a composite bur and a Sof-Lex disc restored the enamel
closely to its pre-treatment condition. The results obtained
by the present study were based on the visual assessment
allowing a comparison of all six methods. While some of
the methods caused visible enamel damage (ultrasound

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):404-409

is based only on the visual evaluation of SEM images, our
results partly agree with the results reported by Hosein et
al. [10] who used a quantitative method for enamel loss
assessment. They concluded that significant enamel loss
was caused by the use of a high-speed tungsten carbide
bur and an ultrasonic scaler, while the use of a low-speed
tungsten carbide bur and adhesive removing pliers caused
only minor enamel loss.

Operating time for each method was measured in sec-
onds. The duration of adhesive removal procedures can be
influenced by different factors, including a method used
for adhesive removal, a type and amount of residual adhe-
sive and individual manual abilities of orthodontists [24].
The time required for residual adhesive removal with the
composite bur, ultrasonic scaler, and adhesive-removing
pliers was longer than time required for the application
of other three methods (Table 3). Similarly, Karan et al.
[13] and Erdur et al. [29] reported that the application of
composite bur for adhesive removal required more time
than the application of tungsten carbide bur. However,
Eminkahyagil et al. [28] concluded that a high-speed
tungsten carbide bur was the quickest method for adhesive
removal in comparison to a low-speed tungsten carbide
bur, a microetcher, and a Sof-Lex disc.

Although some methods were the most preserving to
the enamel surface, they were also the most time-consum-
ing. In clinical conditions, the use of polishing systems cre-
ates an aesthetically pleasant enamel surface after different
adhesive removal methods. These systems also extend the
duration of adhesive removal. Polishing systems were not
applied in this study in order to achieve a clear and precise
visual assessment of enamel surface after the use of all six
methods. In addition, the efficacy of methods and their
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influence on temperature changes of the pulp area and
enamel loss should be considered in further studies in or-
der to determine an optimal protocol for adhesive removal.

CONCLUSIONS

Significant enamel damage is found after the application
of all six methods examined for adhesive removal follow-
ing bracket debonding. Enamel surface examination con-
firms that minor enamel damage occurs after the use of a
composite bur, followed by an abrasive disc and a tapered
fissure tungsten carbide bur with a round end. The greatest
damage to the enamel is determined after the application of
an ultrasonic scaler followed by a round tungsten carbide
bur and adhesive removing pliers.
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Application of a composite bur, an ultrasonic scaler,
and a tapered fissure tungsten carbide bur with a round
end was more time-consuming than the application of
adhesive removing pliers, a round tungsten carbide bur,
or an abrasive disc.
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Ucnutusarbe nosplumnHe rehu nocse ykaatarwa 6pasuua u agxesnsa nomohy wecr

pPasnn4YnTUX metoaa

AnpviaHa Ap6yTuHa', MapujaHa Apanosuh-Casuh', MupjaHa Ymuhesuh-[asugosuh', MipeHa Kysmanosuh-Pagman?,

Henap HeperbkoBuh?, bpanucnas Muwinh?

'YHuBep3uTeT y barboj llyun, Meguumtckmn gaxyntet, Kateapa 3a optoneaujy Bunuua, bara Jlyka, Penybnunka Cpncka, bocHa 1 XepLerosuHa;
2YHneepauTeT y barboj Nlyuu, MegnumHckm dpakyntet, Katepa 3a 6onectn 3y6a, batba Jlyka, Peny6nuka Cpncka, bocHa 1 XepuerosuHa;
3YHueep3uTet y beorpaay, Cromatonowwku dakyntert, Kategpa 3a optoneaujy sunuua, beorpag, Cpbuja

CAMETAK

YBog/Uusb MNocne yknararba OPTOAOHTCKIX OpaBuLa Heor-
XOAHO je YKNOHWUTMN OCTaTaK afixe31Ba ca MoBpLUMHe 3y6a, WTo
yecTo y3pokyje owTehere rnehu.

Linb oBor papa je 6mo ncnutatyi noBpLvHy rnehu nocne npu-
MeHe LLeCT pasnnunUTUX METOAA 3a yKamatbe agxesrsa nocne
yKnarbara bpaBuLia Te ynopeauTtyi Tpajarbe OBUX NpoLieaypa.
Mertopa Y 0BOM UCTPaXKBatby NPUKYM/EHO je 245 fbyACKuxX npe-
Monapa, eKCTPaxoBaHNX y OPTOAOHTCKe cBpxe. MeTanHe 6pasui-
Lie Cy nocTaB/beHe Ha 210 sbyacKuX npemosiapa NpUMeHOM afxe-
31BHor crcTema Aspire. lMocne oanensbuBama 6pasuLa y3opakx je
nofesbeH Ha LIeCT rpyna npema MeToAu Koja ce NpumemBasa
3a YK/akbakbe afxe3nBa: GrCypHO TYHFCTEH-KapbuaHO CBPAO,
OKPYIJI0 TYHIrCTeH-KapOyaHO CBPAJI0, KOMMO3WUTHO CBPAIO, ab-
pa3nBHU JUCK, KNELLTa 3a YKatbatbe aaxe3nBa 1 yNTpas3sByyHu
nHCcTpymeHT. O yKynHo 245 npemonapa, 35 npemonapa je un-
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HWI0 KOHTPOJTHY rpyny. Bpeme yknarbar-a agxesuBa je MepeHo
3a cBaKy of Metopa. OwTehete rnehu je npouermeHo npema
VHAeKCy noBplunHe rnefy Ha mukporpadujama gobujeHrm
CKeHVpajyRom eneKTPOHCKOM MUKPOCKOMUjOM.

Pesyntat Komno3nTHO CBPANO je 4OBENO [0 HajMmarber
owrTehera rnehu (1,08). MpumeHa abpa3uBHOr gucka je 'y
Kpahem nepvioay foBena Ao NoTnyHOr yKnamarba agxesrBa y
OfHOCY Ha KOMMO3UTHO cBPANO (p < 0,01) 1 ynTpasByYHU WH-
CTpyMmeHT (p < 0,01).

3akibyuak Hajsehe owtehere nospLunHe rmehu je youeHo no-
/e NprIMeHe YNTpas3ByYHOr UHCTPYMEHTA U OKPYFIIOT TYHICTEH-
KapbuaHor cBpasia. YKnamatbe agxesvsa nomohy abpasvnsHor
JMCKa ce MoKa3aso Kao MeTofa Koja Hajopie yKknarba npeo-
CTanu apxesms ca 3y6a, a ja Npu Tome Hajmatbe owwTehyje rneh.
KrbyuHe peun: yknatbatbe agxesuBa; owteherba rehu; uHgexc
noBpLUVHe rnehn
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