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Objective: To quantify, by means of profilometry, the removal of dental enamel during the use of a microabrasion tech-
nique involving the use of hydrochloric acid and manual abrasion with a plastic spatula. Method: Thirty six specimens
obtained from human third molars were polished to obtain flat surfaces and divided into 3 groups (n = 12) according to
the different treatments received: A placebo treatment with deionized water as a negative control (CG); microabrasion
with 6.6% hydrochloric acid, Opalustre™ (G1); and microabrasion with 6% hydrochloric acid, Whiteness RM™ (G2).
The microabrasion was performed in a standardized manner by submitting the specimens to 4 cycles of 10 seconds
each and manual abrasion using a plastic spatula (200 g load). The loss of enamel surface was measured after each
cycle of treatment by contact profilometry. Results: Enamel loss was already observed after the first 10 seconds of abra-
sion with hydrochloric acid in both treated groups (G1 and G2). After 4 abrasions of 10 seconds each, the average final
enamel losses in the treated groups were 46.04 um (G1) and 54.65 um (G2). In the G1 and G2 groups, a significant in-
crease in enamel wear was detected in each cycle in comparison to the control group (p < 0.05). A significant difference
in enamel loss between G1 and G2 was found after 30 and 40 seconds of microabrasion. Relevance: The results of this
study provide objective data for safely performing the microabrasion technique on dental enamel using hydrochloric
acid and manual abrasion using a plastic spatula.

Dental Enamel; Hydrochloric Acid; Enamel Microabrasion.

Analise quantitativa da remocao de esmalte dental durante a técnica de microabrasao ¢ Objetivo: Quantificar, por meio de
perfilometria, a profundidade de esmalte dental removido durante o emprego de uma técnica de microabraséo utilizando-se acido clo-
ridrico e abrasdo manual com espatula plastica. Método: Trinta e seis espécimes obtidos de terceiros molares humanos foram polidos,
para obtencao de superficies planas, e divididos em 3 grupos (n = 12) de acordo com os diferentes tratamentos recebidos: tratamento
placebo com 4gua deionizada, como controle negativo (CG); microabrasio com 4cido cloridrico a 6.6%, Opalustre™ (G1); e acido clo-
ridrico a 6%, Whiteness RM™ (G2). A microabrasio foi realizada, de forma padronizada, submetendo os espécimes a 4 ciclos de 10
segundos cada e abrasdo manual utilizando-se uma espéatula plastica com carga de 200 g. A perda da superficie de esmalte foi medida
apods cada um dos ciclos de tratamento por meio de perfilometro de contato. Resultados: Apés os primeiros 10 segundos de abrasao, ja
foi encontrada perda de esmalte em ambos os grupos tratados (G1 e G2). Nos grupos G1 e G2, a cada ciclo de 10 segundos, foi observado
um aumento significativo na perda de esmalte (p < 0.05). Apos 4 abrasdes de 10 segundos cada, as médias de perda de esmalte nos
grupos tratados foram 46.04 um (G1) e 54.65 um (G2). Foi encontrada uma diferenca significativa entre G1 e G2 com relagao a perda de
esmalte ap6s 30 e 40 segundos de microabrasdo. Relevdncia: Os resultados deste estudo fornecem referéncias para a realizagdo do pro-
cedimento de microabrasdo em esmalte dental com seguranca, utilizando-se acido cloridrico e abrasdo manual com espétula plastica.
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INTRODUCTION

Enamel microabrasion is a conservative tech-
nique that uses strong acids in association with
abrasive agents to remove an outer layer of enam-
el.'s It is indicated to correct surface irregulari-
ties and for the removal of superficial stains on the
dental enamel due to imperfect amelogenesis, fluo-
rosis, hyperplasia, or other conditions.+® The use
of acids to remove stains on enamel was first de-
scribed in 1916.° A correct diagnosis is the first step
to a successful approach, since different levels of
compromised dental structure require different de-
cisions to avoid sub- or over-treatment.”® Initially,
the enamel microabrasion technique used a finish-
ing and polishing bur at high speed on the altered
surface with a highly concentrated acid solution
(18% hydrochloric acid).”" Later on, weaker acids
were used with smaller abrasive particles, which
were soluble in water and easy to apply, without the
use of a finishing bur.5 2

Today, microabrasion techniques typically use
hydrochloric acid at concentrations in the order of
6%, mixed with an abrasive agent containing small
particles of silicon carbide. According to Chandra
and Chawla (1975), the use of an abrasive substance
increases the speed of stain removal by mechanical
action.'s

Although microabrasion is a conservative proce-
dure, knowledge of the technique is fundamental to
perform it correctly. Since there is a structural loss
of enamel, prolonged enamel microabrasion may
lead to marked enamel structure wear and cause
excessive tooth color alteration.* When a tooth
surface is microabraded, the thickness of enamel is
reduced and the color of the dentin becomes more
pronounced. Some authors have reported a darker
or yellowish color on teeth subjected to enamel mi-
croabrasion.' According to Lynch and McConnell
(2003),? based on laboratory studies,’> enamel re-
moval varying from 45.5 um to more than 100 um
is not clinically significant. On the other hand, ac-
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cording to Shillingburg et al. (1973), the removal
of more than 0.13 mm (130 um) may be clinically
significant, especially in repeated treatments.*® So,
based on the information above, we may assume
that enamel removal below 100 wm is not clinically
significant,? and, above 130 um, it may be clinically
significant.

Data can be found in the literature on the
amount of enamel removal after microabra-
sion with hydrochloric acid (6%—18%) in asso-
ciation with application of a low speed handpiece
and rubber cups at several rotations per min-
ute.310111719 The microabrasion technique can
also be performed with manual abrasion, using a
plastic spatula, with satisfactory results.2> Among
some of the positive points supporting the appli-
cation of manual abrasion using a plastic spatula
during microabrasion are the ability to control
the scattering of HCl over the enamel surface,
to manage the exact stained enamel areas to be
abraded, and to control the intensity of the pro-
cedure by the operator. There is little informa-
tion in the literature about the amount of enamel
loss after microabrasion when hydrochloric acid
(6%) is used and abrasion is performed manu-
ally with a plastic spatula. Additionally, to the
best of our knowledge, the profilometry method
has not yet been used to precisely measure hard
tissue loss and to identify the limits to a micro
invasive clinical application. Since manual abra-
sion is a possible alternative in the microabrasion
technique, and since the amount of enamel wear
when the technique is performed combining 6%
HCI with manual abrasion is not known, the aim
of the present study was to investigate through
profilometry the amount of enamel surface loss
after a microabrasive treatment using two com-
mercially available gels and manual abrasion us-
ing a plastic spatula.

The hypothesis of the study was that enamel mi-
croabrasion using 6%—6.6% HCI, at a 200 g load,



Ramalho KM < Aranha ACC ¢ Eduardo CP ¢ Rocha RG ¢ Bello-Silva VIS * Lampert F ¢ Esteves-Oliveira VI ¢

manually rubbed using a plastic spatula, during 4
cycles of 10 seconds each, would remove an amount
of enamel that is clinically acceptable.

MATERIAL AND METHODS
Sample Preparation

After receiving the approval of the ethics com-
mittee of the School of Dentistry, University of Sdo
Paulo, Brazil (#08044212.8.0000.0075), eighteen
extracted human third molar crowns were selected
for this study. Each crown was cut in the buccolin-
gual direction into two halves (Isomet, Buehler, IL,
USA). The samples were glued onto a plastic plate
measuring 50 x 100 X 2 mm (Exakt GmbH, Norder-
stedt, Germany) using transparent adhesive (Tech-
novit 7230VLC, HeraeusKulzer GmbH, Wehrheim,
Germany) keeping the enamel facing up. The speci-
mens were then serially polished using silicon car-
bide paper (grit 800, 1200 and 4000; Buehler, IL,
USA) under water refrigeration and, subsequently,
using a 1 um diamond paste (Buehler, IL, USA) and
felt disk (Buehler, IL, USA). Between each series of
polishing, samples were washed in deionized water
for 3 minutes. The blocks were cleaned properly and

Figure 1 I Sample preparation (A-C).
A: Polished area (arrow); B: Adhesive
disk in position; C: Area covered with

acid-resistant varnish. Sample after
microabrasion procedure (D). D: After
microabrasion and removal of acid-
resistant varnish, enamel loss in the
area submitted to microabrasion can
be observed (arrow).

observed through a stereomicroscope to ensure the
absence of structural defects and then stored in de-
ionized water. A disk of adhesive tape (Scotch Rub-
ber Tape 2242, 3M, St Paul, MN, USA) with a di-
ameter of 2.5 mm was attached to the center of the
enamel surface, and the rest of the block was covered
with an acid-resistant varnish (Figures 1 A, B and C).
After drying, the tape was removed and the surface
was cleaned with cotton, soaked with deionized wa-
ter to remove any remaining adhesive. Samples were
stored in deionized water at 4°C and randomly al-
located into the study groups, according to Table 1.

Table 1 | Group distribution and treatment applied.

Composition of microabrasion products

G applied according to manufacturer

Control
(CG;n=12)

6.6% hydrochloric acid and microparticles of
water-soluble silicon carbide paste
(granulation: 20-160 um), pH < 1.

Opalustre™, Ultradent, South Jordan, UT, USA

Experiment 1
(G1;n=12)

6% hydrochloric acid and silicon carbide
(granulation: 82 um). Propylene glycol USP,
thickener and deionized water, pH < 1.
Whiteness RM™, FGM, Joinville, SC, Brasil

Experiment 2
(G2; n=12)
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The steps of sample preparation and treatments are
illustrated in Figure 2.

Microabrasion

The enamel surfaces were dried with absorbent
paper and the exposed enamel in the experimen-
tal groups (G1 and G2) was covered with micro-
abrasion gel. Immediately after that, the gel was
rubbed onto the enamel surface for 10 seconds with
a plastic spatula and under a standardized 200 g

load (controlled using a 200 g metal piece attached
to the spatula). The operator made only horizontal
movements to promote microabrasion, moving the
spatula as illustrated in Figure 2. One movement
back and forth was performed per second, for a to-
tal of 10 movements each 10 seconds.

After the first application, samples were washed
in deionized water and dried. The varnish was re-
moved and the surface loss was measured through
profilometry. After the first cycle, another three cy-

Figure 2 | Methodology applied
in the study.

18 third molar crowns
sectioned into 2 halves
in the buccolingual direction
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Figure 3 | Illustration of depth measurements made using profilometry of enamel after microabrasion. Twelve depth measurements were
made over the extension of a perpendicular line from the surface to the bottom of the enamel lesion formed.

Table 2 I Average (um) and standard

L o Duration
deviation of enamel removal quantified
using profilometry. 10s
20s
30s
40s

Control group Group 1 Group 2

0.10 + 0.05° 12.23 £2.38° 11.11£2.73°
0.12 +0.10° 23.09 £4.00° 22.77 £4.97°
0.22+£0.12° 35.95+3.36° 42.69 +6.31°
0.18 +0.11° 46.04 £ 5.29° 54.65 £ 9.15°

Statistically significant difference between treatments at each microabrasion cycle is indicated by different

letters (p < 0.05).

cles of microabrasion were repeated, and, between
each one, new measurements of enamel loss were
made. In the control group (CG), the same proce-
dures were performed; however, deionized water
was used instead of hydrochloric acid.

Profilometry analysis

The enamel surface loss was analyzed using a
contact digital profilometer (Konturenmessgerat -
MarSurf XC2, Hersteller Firma Mahr GmbH, Mahr
GmbH, Goéttingen, Germany) with the aid of soft-
ware (Konturenmessgerit - MarSurf XC2, Herstell-
er Firma Mahr GmbH, Mahr - GmbH, Goéttingen,
Germany). The surface scanning was conducted
under a 0.7 mN load with a tungsten carbide tip
and a 25 um radius. The scanning line started at the
reference surface on the left side of the treated area
and continued through the whole treated surface,
ending at the next reference enamel surface on the
right side of the sample, as previously described.>2
Under each scanning line, twelve measurements of

depth were made as illustrated in Figure 3.

Statistical analysis

The mean values obtained of the depth of enam-
el surface loss for each sample at each experimental
time were used for the statistical analysis. Since the
data of all groups showed homoscedasticity, they
were statistically analyzed using ASSISTAT (ver-
sion 7.7) software by means of 2-way RM ANOVA
and post-hoc Tukey tests at a 5% significance level.

RESULTS

The removal of enamel was already detected af-
ter the first 10 seconds of hydrochloric acid contact
with the enamel in association with manual abra-
sion in the G1 and G2 groups (Table 2, Figure 4). In
all treated groups, after every 10 seconds of treat-
ment, a significant increase in removal of enamel
was observed (p < 0.05; Table 2). After the third
and fourth cycle of microabrasion, enamel surface
loss was also observed for both treated groups (G1
and G2, p < 0.05; Figure 4). The G2 group showed
greater enamel loss in comparison to the G1 group
(p £ 0.05). After 4 cycles of abrasion, the high-

Clin Lab Res Den 2014;20(3):181-9 o 185



e Quantitative analysis of dental enamel removal during a microabrasion technique

Figure 4 | Graph showing enamel 60
surface loss (um) over time (s). The R2= 0.9885/.
increase in surface loss appeared to 'g 50
have a linear trend for both groups = -//‘
(R? =0.998 and 0.9885 respectively g 40
forGland G2). o / R? = 0.998 . Gl
g 30
£ / G2
?
FE) 20 / —— Linear (G1)
T 10 —— Linear (G1)
L
O T T T T 1

est average loss of enamel was found to be 46.04
(£ 0.29) um in the G1 group and 54.65 (+ 9.15) um
in the G2 group (Table 2).

DISCUSSION

Microabrasion is a well-defined technique to re-
move superficial enamel stains caused by several
etiologies, such as fluorosis, amelogenesis imper-
fecta and decalcification defects.>2023-25 The lit-
erature presents some clinical assessment,2¢-820,24,26
microscopic surface evaluations,>” and hard-
ness measurements of the enamel surface,? as
well as enamel wear after microabrasion tech-
niques,>>"718 which provide references for tech-
nique development. However, although micro-
abrasion should be considered a micro-invasive
method, clinical application should be used with
caution to avoid excessive substance removal.3 Ex-
cessive enamel removal can lead to esthetic dam-
age and increase dentin sensitivity.”®

Many factors are reported that can interfere
with enamel surface wear after microabrasion,
such as manual or mechanical techniques, amount
of application, interval between applications, me-
chanical speed and pressure.”® Different enamel
loss values have been reported in the literature fol-
lowing microabrasion with different hydrochloric
acid concentrations, using manual abrasion or a

186 o Clin Lab Res Den 2014;20(3):181-9

20 30 40 50
Time (s)

low-speed torpedo-shaped silicone rubber cup for
abrasion.310111718:2028  However, results seem dif-
ficult to compare, since different methodologies,
acid concentrations and acid types were tested. Ad-
ditionally, most studies that have quantified struc-
tural loss after microabrasion used hydrochloric
acid at a higher concentration than that currently
recommended.'*#928 Currently, the hydrochloric
acid concentration applied for enamel microabra-
sion is approximately 6%. Additionally, most of the
studies that evaluated enamel removal after micro-
abrasion with 6% hydrochloric acid used low-speed
rubber cup abrasion.3'>7 Manual abrasion with
a plastic spatula, for example, seems to be a good
alternative in microabrasion technique.?® Since
enamel thickness varies in different regions of the
crown, removal of the same amount of enamel in
different regions of the crown could lead to dif-
ferent treatment outcomes.®® In gingival regions,
deeper removal of enamel may cause a problem of
dentinal sensitivity.!® A clinical study by Kilpatrick
and Welbury (1993) reported that, after 2.7 years,
10% of patients submitted to enamel microabra-
sion reported sensitivity to cold.?* Additionally,
stains on the enamel surface, due to fluorosis, am-
elogenesis imperfecta, hyperplasia, or other condi-
tions, can appear in localized areas of the enamel.
Therefore, dentists should perform microabrasion
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only in compromised regions of the enamel. The
precision of the abrasion is an important factor to
be considered when performing the enamel micro-
abrasion technique. In some clinical conditions,
manual abrasion could be an alternative method in
performing microabrasion.

Regarding enamel removal using microabra-
sion with high concentrations of hydrochloric acid
(18%) in association with abrasion performed us-
ing a low-speed handpiece and a silicone rub-
ber cup, values of 7—22 um, 160 um, 36—62 pum,
156 um and 360 um of enamel removal were ob-
tained after abrasion during 5, 10, 25, 50 and 100
seconds, respectively.'+#3°¢ When manual abrasion
was applied by Dalzell et al. (1995)2® with 18% HCI
after 100 seconds, a 250 um enamel loss was ob-
tained. So, despite the differences in methodol-
ogy applied, the use of manual abrasion seemed to
remove less enamel structure after 100 seconds?®
than abrasion using a low-speed handpiece and a
silicone rubber cup® when performing enamel mi-
croabrasion.

Concerning enamel loss during microabrasion
with around 6% hydrochloric acid and slight manu-
al abrasion using a plastic spatula, a clinical report
by Ramalho et al. (2010)2° observed 40 um of enam-
el loss after 50 seconds of abrasion. The final result
was considered esthetically successful.? The images
of the initial and final enamel profiles showed no
alteration in the original anatomy of the tooth.2° In
laboratory studies, Paic et al. (2008)? performed
microabrasion for 40 seconds under standardized
conditions (300 rpm) using 6.6% hydrochloric acid
and an application force of 100 g. Enamel loss was
calculated to be 53.1 um.3 In a study by Schmid-
lin et al. (2003),” surface loss was 134.8 um after
20 seconds of microabrasion with 6.6% HCI, per-
formed using a 1,000 rpm low-speed contra-angle
hand piece and an application force of 200 g.7 A
study by Schmidlin et al. (2003)" applied another
important variable by using previously demineral-

ized enamel, not applied by other studies,%28:3
nor by the present study. A comparison of the pub-
lished data3*7 and the results of the present study
suggests that some of the technical variables, such
as application force, type of abrasion (mechanical
or manual) and duration of procedure, can directly
affect the amount of tissue removed.

A significant difference in enamel loss between
groups G1 and G2 was found after 30 and 40 sec-
onds of microabrasion. According to manufactur-
ers’ instructions, both products tested have similar
hydrochloric acid concentrations; however, the G1
group uses hydrochloric acid at a concentration of
6.6% and the G2 group, 6%. Nevertheless, despite
the minor hydrochloric acid concentration differ-
ence, group G2 had significantly higher enamel
loss. It should be pointed out that this difference
may not be clinically significant, since the mean
difference between both groups was only 8.61 um
at the end of the microabrasion cycles. It can be
speculated that this difference occurred due to dif-
ferent granulation sizes of the silicon carbide mic-
roparticles of the two products tested. The manu-
facturer of the gel used in the G1 group indicates
a greater variation of silicon carbide granulation
(20—160 um) than indicated for the product used
in the G2 group (82 wm). The variation in silicon
carbide granulation and the presence of larger par-
ticles in the G1 group may have been responsible
for the difference in enamel removal found. De-
spite this, the results found in both treated groups
seemed to be appropriate with regard to maximum
enamel removal.’ The average enamel loss in both
treated groups after 40 seconds of microabrasion
can be considered safe and clinically acceptable.>3

Enamel microabrasion is a procedure that has
precise indications and several advantages, but it
requires caution and special care by both the pro-
fessional and patient. According to Shillingburg et
al. (1973), given that enamel thickness is approxi-
mately 1 mm, removal of 0.13 mm may be clinically
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significant, especially in repeated treatments.'
Therefore, clinicians must be aware of the remain-
ing enamel thickness when treating discolored ar-
eas.? The removal of excessive enamel can lead to
color alteration, esthetic damage and high tooth
sensitivity. The results of this study showed that
during microabrasion treatment approximately
12 to 14 um were lost during each 10 second rub-
bing cycle when gels containing approximately 6%
of hydrochloric acid were used, and the increase of
enamel surface loss appears to have a linear trend
(r2= 0.9, Figure 4).

It should be pointed out that in the cases where
microabrasion is indicated (fluorosis staining, hy-
perplasia, hypomineralized defects in enamel), the
mineralized structure of the enamel is compro-
mised and hypomineralization is found. In these
specific cases of hypomineralized enamel, a differ-
ent effect of microabrasion in comparison to sound
enamel could be expected. Most studies in the lit-
erature used sound enamel to assess enamel wear
during microabrasion.3***+ The study by Schmid-
lin et al. (2003)V performed enamel microabrasion
of previously demineralized enamel with 6.6% hy-
drochloric acid for 20 seconds and under a 200 g
load, resulting in 134.8 um of enamel wear. Nev-
ertheless, the authors used mechanical abrasion
at 1,000 rpm and, therefore, results seem difficult
to compare to those of the present study, that used
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