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Abstract: Introduction: After completion of therapy with fixed orthodontic appliances, it is necessary
to remove the brackets and the remaining adhesive. The process of removing the brackets and adhesive
can lead to iatrogenic damage to the enamel surface. The aim of this research was to make a visual
assessment of the enamel surface after application of the Enamel Surface Rating System and Enamel
Damage Index after application of the green stone for the removal of the adhesive remnants, after
completion of therapy with fixed orthodontic appliances.

Material and Method: Within the research, 40 human premolars, extracted for orthodontic purposes,
were collected. The back surface of all premolars was treated with 37% orthophosphoric acid and then
the metal brackets were placed on 20 premolars. After the removal of the brackets, the residual adhesive
was removed with a green stone. A visual assessment of the damage to the enamel was performed by
the application of the Enamel Surface Rating System and the Enamel Damage Index.

Results: The most commonly estimated score with EDI at the overall level was 1 (52.5%), while the
most commonly estimated score by ESRS was 4 (35%). A statistically significant difference was
observed between the examined groups.

Conclusion: Using the ESRS index and the EDI index, significant enamel damage was determined after
the application of green pebbles to remove the remaining adhesive after the completion of therapy with
fixed orthodontic appliances. As part of the protocol for removing the rest of the adhesive after removing
the fixed orthodontic appliance, it is recommended that the green stone be used at the very beginning
of the removal of the adhesive, while the instrument is away from the viewing surface.
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1. INTRODUCTION

Therapy with fixed orthodontic appliances
has a wide application in modern orthodontics. The
treatment of orthodontic malocclusions with fixed
orthodontic appliances requires the preparation of
each tooth for placement of attachments (brackets)
on the labial or lingual surface, usually with appro-
priate light-curing or chemically-curing composite
material. The bracket placement requires etching of

the enamel surface to achieve a micromechanical
bond with the composite material. The preparation
of the tooth for the placement of the fixed
orthodontic appliance leads to the dissolution of the
enamel hydroxyapatite crystals and the formation
of a porosity area so that there is already a lack of
enamel in relation to the untreated part of the tooth
surface [1-3]. After the therapy, it is necessary to
remove the remaining resin from each tooth using
one of the methods. It is the process of removing

66

Contemporary Materials, XlII-1 (2022)



EVALUATION OF ENAMEL SURFACE USING EDI AND ESRS INDEX

pages: 66-73

brackets and resin that can cause iatrogenic damage
to enamel [4-7]. Resin is usually removed from the
tooth surface with rotating instruments, and often
with stones (grindstones). There are various
methods to remove the composite resin from the
tooth surface, such as the use of a tungsten carbide
drill, Sof-Lex disc, ultrasonic instrument, adhesive
removal pliers, Er: YAG or CO2 laser, composite
bur, stone, etc. Many authors have studied these
methods to determine the procedure by which the
adhesive resin can be removed in a minimum
operating time with maximum enamel preser-
vation. It is important that these damages are
minimal and do not endanger the vitality of the
teeth. Stones are rotating instruments which are
composed of the base and abrasive particles
(carborundum, quartz and diamond) [8-11]. They
are most often used for finishing ceramic prosthetic
works, and they can also be used for finishing
aesthetic fillings on enamel, depending on the size
of abrasive particles. Some studies have shown that
their use for adhesive removal from the tooth
surface has led to significantly greater damage
compared to the use of fissure tungsten-carbide
burs, abrasive discs and even an ultrasonic
instrument for the same purpose [12-15].

Methods for assessment of enamel damage
caused by adhesive removal after completed
orthodontic therapy can be divided into quantitative
and qualitative. Quantitative methods can accurately
show the surface roughness and the average depth of
enamel damage caused by bracket debonding and
adhesive removal from the tooth surface, using
three-dimensional scanning. Considering the quan-
titative methods, contact profilometry is most often
used for this purpose [16]. Semi quantitative
methods involve the application of appropriate
indices such as the Adhesive remnant index (ARI)
and the Composite remnant index (CRI) which can
be used to estimate the area of residual composite
material, after applying some of the methods for its
removal after removal of orthodontic brackets [17,
18]. Qualitative methods involve subjective obser-
vation of the enamel surface after brackets
debonding, during which stereomicroscopy or
electron microscopy can be used. The obtained
micrographs most often perform a visual assessment
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of the enamel surface, using indices made by some
authors for this purpose, such as the Enamel Damage
Index (EDI) and the Enamel Surface Rating System
(ESRS) [19,20].

The study aimed to use the ESRS index and
EDI index to perform a visual assessment of the
enamel surface after the application of green stone
to remove composite material, and after completion
of therapy with fixed orthodontic appliances.

2. MATERIAL AND METHOD

As part of the research, 40 human premolars
extracted for orthodontic purposes were collected,
which were kept in saline until the beginning of the
research. The saline was changed once a week to
slow down the growth of bacteria. Before storage,
the teeth were thoroughly cleaned with fluoride-
free toothpaste and a soft brush to avoid further
damage to the enamel surface. The middle third of
the labial surface of all 40 premolars was treated
with 37% orthophosphoric acid for 20 seconds,
according to the manufacturer's instructions. After
rinsing the acid with a water-air jet, the tooth
surface was dried for another 10 seconds. GC Ortho
Connect paste (GC Orthodontics, USA) was
applied to the base of the metal Forestadent Mini
Sprint brackets (Pforzheim, Germany), which were
placed on the middle third of the surface of 20 teeth
(Figure 1). The brackets were placed using counter-
tweezers, and the excess material around the base
of the bracket was removed using a probe.
Polymerization was performed for 40 seconds,
according to the manufacturer's instructions. The
middle third of twenty premolars were treated with
only 37% orthophosphoric acid, so they served as a
control group. The sample was left in Biotene gel
for 48 hours. After this period, the brackets were
separated from the tooth surface with pliers for
bracket removal [21]. The rest of the adhesive was
removed from the tooth surface using green stone,
with abrasive particles of carborundum (Kerr
Dental, USA) (Figure 2). The adhesive was
removed under the light of a dental chair reflector,
as long as there was no more visible resin on the
tooth surface.
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Figure 1. GC Ortho Connect paste Figure 2. Green stone
The samples were then prepared for scanning crown by a diamond disk. Four micrographs were
electron microscopy (SEM), and the buccal surface taken for each sample: 15x, 50x, 100x and 200x

of the tooth was separated from the rest of the magnifications (Figure 3).

Figure 3. Micrographs of the enamel surface after removal of the residual adhesive with green stone
magnified 15x, 50x, 100x and 200x.

68 Contemporary Materials, XllI-1 (2022)



EVALUATION OF ENAMEL SURFACE USING EDI AND ESRS INDEX

pages: 66-73

Micrographs were used to assess enamel
damage using the ESRS index and the EDI index.

The ESRS index (Enamel Surface Rating
System) was assessed using the following 6 ratings:

— grade 1 — large defects/roughness of the
entire enamel surface,

— grade 2 —large defects/roughness of certain
parts of the enamel surface,

— grade 3 — individual parts of enamel with
defects/roughness of individual parts of the enamel
surface,

— grade 4 — minimal enamel roughness
without visible defects,

— grade 5 — smooth enamel surface with
minimal defects and

— grade 6 — smooth enamel surface without
damage [19].

The EDI index was performed using grades
from 0 to 3:

— grade 0 — the smooth surface of enamel
without damage,

— grade 1 — the acceptable appearance of the
enamel surface with a few scratches,

— grade 2 — enamel surface with numerous
scratches and small indentations and

— grade 3 — enamel surface with wide
indentations and enamel damage visible to the
naked eye [20].

Table 1. EDI index scores/percentage
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The assessment was performed on micro-
graphs by one researcher, and the mean value from
the three assessments was taken as relevant.

3. STATISTICAL ANALYSIS

EDI and ESRS index scores are presented
through the number of occurrences and the
percentage. The parametric Student’s t-test was
used to compare the mean values of the EDI index
and the ESRS index. Values with p <0.05 were
taken as statistically significant.

4. RESEARCH RESULTS

The percentage of EDI index scores is shown
in Table 1. For teeth treated with only 37%
orthophosphoric acid, only grades 0 (9 teeth, 45%)
and 1 (11 teeth, 55%) were assigned, while for teeth
with grades 2 (2 teeth, 10%) and 3 (4 teeth, 20%)
were also determined with green stones. In 4 teeth,
a grade of 0 (20%) was assigned, and the largest
number of teeth from this group (50%) received a
grade of 1. Statistically significant differences were
found in the average values of EDI index between
the two examined groups of teeth (t (38) = 2.91,
p <.01) (Table 2).

EDI grades
0 1 2 3 Total
Green stone 4 (20%) 10 (50%) 2 (10%) 4 (20%) 20 (100%)
Control 9 (45%) 11 (55%) 0 (0%) 0 (0%) 20 (100%)
Table 2. Average EDI index values in the examined groups
N M SD t df p
Green stone 20 1.30 1.03
2.91 38 .006
Control 20 .55 Sl

The percentage of ESRS index scores is
shown in Table 3. Teeth treated with only 37%
orthophosphoric acid were assigned scores of 4
(20%) and 5 (40%) and 6 (40%). For teeth in
which the rest of the adhesive was removed with
green stones, grades from 2 to 5 were determined.
Grade 2 was given to 2 teeth (10%), grade 3 to 4

teeth (20%), grade 4 - 8 teeth (40%) and grade 5-
6 teeth (30%). None of the teeth from both
examined groups received a grade of O.
Statistically significant differences were found in
the average values of the ESRS index between
the examined groups (t (38) = - 4.71,
p <.01) (Table 4).
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Table 3. ESRS index scores/percentage
ESRS grades
1 2 3 4 5 6 Total
Green
. 0 (0%) 2 (10%) 4 (20%) 8 (40%) 6 (30%) 0 (0%) 20 (100%)
Control 0 (0%) 0 (0%) 0 (0%) 4 (20%) 8 (40%) 8 (40%) 20 (100%)
Table 4. Average values of the ESRS index depending on the method
N M SD t df p
Green stone 20 3.90 97
-4.71 38 .001
Control 20 5.20 7

5. DISCUSSION

The results of this study showed that the
damage caused by the use of green stones to
remove residual adhesive after completion of
therapy with fixed orthodontic appliances led to
enamel damage that was significantly higher than
the minimal demineralization caused by 37%
orthophosphoric acid. The application of the
ESRS and EDI index for visual assessment of the
enamel surface indicated that the green stone
nevertheless led to significant damage to the
enamel surface.

Using scanning electron microscopy,
Gwinnett and Gorelick examined the effect of
different methods of removing the residual
adhesive on the enamel surface after brackets
debonding. On the obtained micrographs, they
compared the appearance of the tooth enamel
surface from which the adhesive was removed
using five different procedures: adhesive remo-
ving pliers, ligature and wire cutting pliers, green
and white stones, abrasive discs, green rubber and
burs (tungsten carbide bur, fissure bur and acrylic
bur), with the application of polishing paste after
all applied methods. They found that the appe-
arance of the enamel surface differed after the
application of different adhesive removal meth-
ods. Minor enamel damage in the form of scratch-
hes was noticed after removing the adhesive with
white and green abrasive stones. This result is in
line with the result of this research. They also
pointed out that it is necessary to take into account
the number of rotations per minute used when

using rotating instruments to avoid major damage
to tooth enamel [22].

Albuquerque at all conducted research on
60 human premolars from which, after debonding
brackets, they removed adhesive residues using a
fissure tungsten-carbide bur with 32 blades at
lower and higher micromotor speed, then with
white stone at lower and higher micromotor rota-
tions per minute and using adhesive removal
pliers. The Tungsten carbide drill bit caused the
least damage to the enamel surface, then the pliers
to remove the adhesive, and the stones caused the
heaviest damage to the enamel. Since the
comparison of the application of stones with
another method was not performed in this study,
but a comparison concerning the enamel treated
with orthophosphoric acid, a significant difference
and damage caused by their application was obser-
ved. Damage to the green stone can also be
explained by the size of the abrasive particles
present [23].

In their study of 75 human premolars
extracted for orthodontic purposes, Ryf et al.
examined, among other things, the amount of
adhesive residue after applying five methods for
removing adhesives: tungsten carbide bur with
eight blades, tungsten carbide bur with eight
blades and stones Brownie and Shofu Greenie),
tungsten carbide bur with eight blades and
Astropol polishing system, tungsten carbide bur
with eight blades and Reniew system, and
tungsten carbide bur with eight blades, stones and
PoGo polisher. In all methods, a certain amount of
residual adhesive was observed on the micro-
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graphs, with a mean surface area of 200.2 um and
a mean volume value of 2.48 mm3. The residual
adhesive was observed on micrographs obtained
after the application of stone in this study as well,
which also suggests that the method itself is not
fully effective [24].

Hong and Lew researched 50 premolars
extracted for orthodontic purposes, from the labial
surface of which they removed the rest of the
adhesive bracket debonding using five methods:
tungsten-carbide bur at a higher speed, tungsten-
carbide bur at a lower speed, adhesive removal
pliers, ultra-fine diamond bur and white stone.
They concluded that the tooth surface was best
preserved when they applied a combined proce-
dure which first removes the adhesive with pliers,
and then completely removes the adhesive from
the enamel surface, first with a tungsten carbide
bur at a higher speed, then with the same bur at a
lower micromotor speed [18].

Burapavong et al. conducted a study on 26
human premolars extracted for orthodontic
purposes from which the adhesive, after bracket
debonding, was removed using a sickle instru-
ment, a green grindstone and an ultrasound instru-
ment. Observing the surface of the enamel with a
scanning electron microscope, they noticed that
all three methods damaged the enamel, the
greatest damage being caused using green abra-
sive stones [25].

Uma et al. conducted their research on 40
human premolars extracted for orthodontic
purposes. After bracket debonding, they removed
the adhesive resin using the following four
methods: an ultrasonic instrument, a probe, a
fissure tungsten-carbide bur with 12 blades and a
green stone. All four methods resulted in minimal
enamel damage, and adhesive residuals on the
tooth surface were visible after the application of
scanning electron microscopy. On the micro-
graphs of the teeth, it was observed that the
slightest damage to the enamel occurred during
the application of the fissure. On tooth micro-
graphs, it was found that the least damage to the
enamel occurred when using a fissure tungsten-
carbide drill with 12 blades, while the greatest
damage was found in the group of teeth from
which adhesive residues were removed with green
stone [26].

For the adhesive removal from the tooth
surface after the completion of the therapy with
fixed orthodontic appliances, several rotating
instruments with polishers are usually used to
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minimize the damage to the enamel. The
disadvantage of this study is that only one method
was used and that no comparison was made with
any other method. Also, the application of
semiquantitative methods (ARI, CRI index)
would be useful for further research to estimate
the amount of adhesive remaining after stone
application.

6. CONCLUSION

Using the ESRS index and the EDI index,
significant enamel damage was found after the
application of green stone to remove the
remaining adhesive after the completion of
therapy with fixed orthodontic appliances. Since
appropriate protocols are used to remove the
remaining adhesive from the tooth surface after
finishing the therapy with fixed orthodontic
appliances, which includes the use of several
methods to maximize the preservation of the
enamel integrity, green stone can be used as part
of the protocol in combination with other
methods rather than the only method for remo-
ving adhesive resin, due to major enamel damage
caused when using green stone. As part of the
protocol, it is recommended to use it at the very
beginning of adhesive resin removal, keeping the
instrument distant from the enamel surface.
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HNCIIMTUBAIBGE ITOBPIIUHE I'VIEBU IPUMJEHOM EDI M ESRS UHAEKCA
HAKOH YKIAIBAIbA PUKCHOI' OPTOAOHTCKOI' AITAPATA

Caxerak: YBoa: [1o 3aBpmieHoj Tepanuju GUKCHIM OPTOOHTCKHUM anapaTuMa, MOTpeOHO je ca CBaKkor
3y0a yKJIIOHUTH OpaBHIIE U MPEOCTAIIH JIHjenaK. YIPaBo MOCTyNaK yKiIamamka OpaBUIla 1 JINjerKa MOXKe
noBecTH 70 jarporenux omrehema riehu. [{uss uctpaxupama je 610 na ce npumjeaoM ESRS nnmekca
n EDI unzaekca u3BpIIN BU3YeNHA MPOLjeHa MOBPIINHE Iiehi HaKOH MpUMjeHe 3elieHor KaMeH4nha y
CBPXY YK/amama 0CTaTKa axe31Ba, M0 3aBpIIEHOj Tepanuju GUKCHUM OPTOJOHTCKUM arapaTuma.
Martepwujan u MeTO: Y CKIIOIY HCTPAKHBamka IPUKYIUBEHO je 40 XyMaHHX MpeMoJiapa, EKCTPaXOBaHUX
Yy OpTOIOHTCKe cBpxe. bykanHa moBpuimHa cBHX mpemoiapa tperupana je 37% oprodochopHom
KHCEITMHOM, a TIOTOM Cy MeTaliHe OpaBulle ocTaBibeHe Ha 20 mpemonapa. HakoH ykinamama OpaBuiia,
ocTaTak aaxe3uBa je YKIOmeH 3eleHnM kameHunheM. Buzyenna npoujena omrehema raehu nu3spiiena
je mpuMjenom Cucrema 3a oljjeruBame noppiune riehn u Mugexca omrehema rinehu.

Pesynratu ncrpaxkusama: Hajuemhe 3actymubena onjena Muaekca omrehema riiehu Ha ykynHom
HuBOy Omina je omjeHa 1 (52,5%), nok je Hajuemrhe 3actynsbeHa olrjeHa CucTeMa 3a OljjeHhHBabe
nospurHe riiehu ouna onjena 4 (35%). Msmehy ncnuruBanux rpyna youeHa je CTaTUCTHUKH 3HaYajHa

pasjiuka.

3axspyuak: [Ipumjenom ESRS napekca u EDI nanekca yrepleno je 3HagajHO omreheme riehn HakoH
MIpUMjeHe 3eJICHOT KaMeH4Ynha y InJby yKIIamama OCTaTKa aIXe3MBa Mo 3aBPIICHOj Tepanuju GUKCHUM
OPTOJOHTCKHM arapaTtuMa. Y CKIONY HPOTOKOJA 33 YKIAamame OCTAaTKa aIXe3WBa II0 YKIAmamy
(UKCHOT OPTOZOHTCTKOT alapata, Ipernopyka je a ce 3eJeHd KaMeHYnh KOPUCTH Ha CaMOM TIOYETKY
YKJIamkama aJIXxe31Ba, J0K je HHCTPYMEHT yIaJbeH O IiieljHe MOBpIIHE.

Kibyune pujeun: GUKCHU OPTOJIOHTCKH amnapar, 3eJeHH KaMeH4Yrh, yKiiamarme aJxe31Ba.
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