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Abstract

Background: Adhesion of braces to dental enamel is critical for orthodontic treatments, for that purpose,
phosphoric acid has been used successfully to prepare dental enamel surface before bonding braces. ER:YAG
laser has proved ability to do the same over buccal surfaces of dental enamel, but the increasing interest for lingual
orthodontics leaded to the question whether ER:YAG laser can prepare equally palatal and buccal surfaces for
bonding lingual braces.

Material and methods: 15 teeth that were extracted for clinical purposes were microscopic electronic scanned
(MES) before treatment, after phosphoric acid 37%, and after ER:YAG laser irradiated, images of buccal and palatal
faces after each treatment were analyzed by image J software.

Results: After all treatments enamel surfaces were mostly type 1, no statistically significant differences were
found between groups.

Conclusion: phosphoric acid 37% and the used dose of Er:YAG laser can successfully prepare dental enamel

surface before bonding braces over buccal and palatal faces of teeth.

Keywords: Orthodontics; Orthodontic braces; Braces bonding-
methods; Lasers, Dental enamel - Irradiation effects; Biophotonics

Introduction

Adhesion of composite to teeth increased significantly in the last
decades, mostly of that is because of enamel conditioning [1] that
increased bond strength and raised dentistry to a higher level of quality,
moreover, increasing of bonding forces (5,8 MPa to 7,8 MPa) [2] also
changed orthodontic treatments.

Many orthodontic therapies have been developed since Angle
proposed Orthodontics as the first dental specialty, the majority of them
bonds braces to the buccal faces of teeth, but for aesthetic purposes,
braces have been bonded to lingual faces also, that raised the question
whether it is possible to produce similar conditioning of buccal and
palatal enamel surfaces.

The bond strength increasing is due partially to the action of
phosphoric acid 37% that decalcifies enamel surface, exposing tags and
creating mechanic retention to composite [3], but bond strength is also
influenced by physical and mechanical properties of bonding materials,
by mouth humidity, and design of the bracket base [4] Silverstone et
al. (1987) [5], using microscopic electronic scanning (MES), described
three different patterns for conditioned enamel, 1-the most frequent,
decalcification in the center of the enamel prisms, 2-decalcification in
the neighborhood of the prisms, and 3- combination of both of them.

Erbium: yttrium aluminum garnet (Er:YAG) laser has been used
for surgical purposes to cut soft and hard tissues in medicine and
dentistry [6].

During irradiation, Er:YAG laser energy is absorbed by water
molecules, evaporating organic components in a photo thermal
reaction that increases pressure inside hard tissues, causing micro
explosions [3], enamel conditioning using laser also exposes tags,
inducing thermal changes to enamel surface like fusion and tags
crystallization [3], changing enamel morphology that create craters
and cracks [7].

In dentistry Er:YAG laser has been used to cut dental hard tissues,
dentin and enamel, removing cavities and, just like phosphoric acid
37%, to prepare dental surfaces before bonding composite to increase
bonding forces [8].

In orthodontics it has been used to prepare enamel surface before
bonding braces to buccal faces of teeth.

Objective

This work presents Er:YAG laser as an alternative to the mostly
used phosphoric acid 37% to prepare palatal dental enamel surfaces
before bonding braces, for that we compared SEM of buccal and palatal
faces of teeth conditioned by phosphoric acid 37% and Er:YAG laser.

Material and Methods

This work was approved by the Ethics committee of Cruzeiro do
Sul University, protocol number 040-2015, and respected all ethical
concerns related to studies using organs donated by living people.

Methods

Sample collection: Teeth were collected by the surgeon, cleaned
using a rubber cup and pumice (SS White Sao Paulo, Brazil), and stored
in a box covered by PBS 0.9% until use.
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Immediately before use, teeth were numbered from 1 to 15 and at
palatal and buccal faces were drawn squares on the left and on the right
sides of the crowns (Figure 1 and Table 1).

Scanning electron microscopy (SEM) assay

Scanning device: Microscope FEI, model Quanta 600, software
Inca-Wave Oxford. Images were obtained and analyzed at MAHLE
Metal Leve S.A., RDMLM-Metallurgy and Mechanical Properties
Laboratory, Jundiai, Brazil.

Untreated control protocol: Before treatment, teeth were fixed
upon a holder and buccal and palatal faces were scanned at 75x, 500x,
1.000x e 1.500x (Figure 2).

Enamel etching protocol: After first scanning, teeth (left squares)
were conditioned using Phosphoric acid 37%, for 45 seconds and
scanned [9,10].

Laser device: High level Er:YAG laser, laser Kavo, Model Kavokey,
Joinville, Brazil, infrared wavelenght 2.94 um, pulse 60 to 500 m],
frequency 1 to 15 Hz, pulse duration 250 to 500 ms spot area 0.63 mm?>

Irradiation protocol: After phosphoric acid conditioning, teeth
(right squares) were Er:YAG laser irradiated with 80 m] pulse, 4 Hz
frequency, for 250-500 ps pulse time exposure, 250 ms pulse pause, 12
mm distant from irradiated surface, and water refrigerated [11] (Table 2).

Figure 1: A-buccal face of the tooth, B-squares drawn at the buccal face of
dental crown, right square will receive Er:YAG laser, left square will receive
phosphoric acid 37%, C-palatal face of the tooth, D-squares drawn at the

palatal face of dental crown, right square will receive Er:YAG laser, left square
will receive phosphoric acid 37%.

Group Face Treatment N
Group 1 A (Vestibular) | Phosphoric acid 37% 15
(Left side of tooth)

Group 2 B (Palatal) Phosphoric acid 37% 15
(Left side of tooth)

Group 3 A (Vestibular) Laser de Er:-YAG 15
(Right side of tooth)

Group 4 B (Palatal) Laser de Er:YAG 15
(Right side of tooth)

Table 1: Study design.

Figure 2: A-square drawn at buccal face of the tooth before treatment 75x, B-
square drawn at palatal face of the tooth before treatment 75x, C-buccal face
of the tooth before treatment 500x, D-palatal face of the tooth before treatment
500x, E-buccal face of the tooth before treatment 1000x, F-palatal face of the
tooth before treatment 1000x, G-buccal face of the tooth before treatment
1500x, H-palatal face of the tooth before treatment 1500x.

Wavelength Power Pulse Pulse Pulse Pulse = Energy
density or = energy | frequency time pause | density
irradiance exposure or dose

2.94 ym 3650 W/ 80 mJ 4 HZ 250-500 250 ms| 23 KJ
mm? us

Table 2: Irradiation parameters.

Image analysis: Images of all treated groups were analyzed using
image ] program.

Statistical analysis: Test t Student p<0.05% was used to compare:

1. Buccal and palatal images after enamel etching,

2. Buccal and palatal images after laser irradiation,

3. Buccal images after enamel etching and after laser irradiation,

4

Palatal images after enamel etching and after laser irradiation.

Results

All treatments produced a very similar conditioning of the
enamel surface after Image ] software analyze. (Figures 3-5) There
were no statistically significant differences neither while variant was
the treatment (phosphoric acid 37% and Er:YAG laser) nor while the
variant was the tooth face (buccal and palatal) for the same treatment,
(Table 3 and Figure 6A) moreover, compared to untreated control all
of them were statistically significant (Figure 6B).

The majority of the buccal faces presented enamel surface pattern
[5] type 1 after treatment, phosphoric acid 37% did not present any
type 2 but presented 26.6% of type 3 and Er:YAG laser presented 6.6%
of type 2 but did not present any type 3 (Figure 6C and 6D).

Over palatal faces, the majority of treatments also presented surface
pattern type 1, but phosphoric acid 37% presented 20% of type 2 and
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Figure 3: Comparison of buccal and palatal faces of teeth treated using
phosphoric acid 37%. A-left square drawn at buccal face of the tooth that
received phosphoric acid 37%, 75X, B-left square drawn at palatal face of
the tooth that received phosphoric acid 37%, 75X, C-left square, buccal face,
after treatment, 500X, D-left square, palatal face, after treatment, 500X, E-left
square, buccal face, after treatment, 1000X, F-left square, palatal face, after
treatment, 1000X, G-left square, buccal face, after treatment, 1500X, H-left
square, palatal face, after treatment, 1500X.

Figure 5: Comparison of palatal faces of teeth treated using phosphoric acid
37% and Er:YAG laser. A-left square drawn at palatal face of the tooth that
received phosphoric acid 37%, 75X, B-right square drawn at palatal face of
the tooth that received Er:-YAG laser, 75X, C-left square, palatal face, after
phosphoric acid 37%, 500X, D-right square, palatal face, after Er:YAG laser,
500X, E-right square, buccal face, after phosphoric acid 37%, 1000X, F-right
square, palatal face, after Er:YAG laser, 1000X, G-right square, buccal face,
after phosphoric acid 37%, 1500X, H-right square, palatal face, after Er:YAG
laser, 1500X.

Figure 4: Comparison of buccal and palatal faces of teeth treated using Er:YAG
laser. A-right square drawn at buccal face of the tooth that received Er:YAG
laser, 75X, B-right square drawn at palatal face of the tooth that received Er:
YAG laser, 75X, C-right square, buccal face, after treatment, 500X, D-right
square, palatal face, after treatment, 500X, E-right square, buccal face, after
treatment, 1000X, F-right square, palatal face, after treatment, 1000X, G-right
square, buccal face, after treatment, 1500X, H-right square, palatal face, after
treatment, 1500X.

Comparison of Treatments n=15 n=15 P
Vestibular etching x Vestibular Laser | 196.99 + 37.71  186.45 +£43.39  0.246
Palatal etching x Palatal Laser 200.98 £ 38.47 | 202.19 +38.84 | 0.466
Vestibular etching x Palatal etching | 196.99 + 37.71 1 200.98 + 38.47 ' 0.390
Vestibular Laser x Palatal Laser 186.45 +43.39  202.19+38.84 0.152

n: sample size; p: significance; Test t Student;
Table 3: Comparison of treatments (phosphoric acid 37% and Er:YAG laser).

13% of type 3 and Er:YAG laser presented 6.6% of type 2 and 6.6% of
type 3 (Figure 6E and 6F).

Discussion

Nowadays mostly of the orthodontic braces are bonded to the
enamel surface, so that to orthodontic treatment success, this adhesion
should remain strong until the treatment has finished, resisting to
occlusal and to orthodontic forces, without causing damage to the
tooth during braces removal.

Enamel etching was initially described by Buonocore [1], this
procedure increased adhesion of braces to enamel and improved
significantly orthodontic practice.

Phosphoric acid 37% applied to the buccal surface of enamel can
produce micro retentions, promoting a well prepared surface for
bonding braces, so that it is considered the “state of the art” material
used for this purpose [5,12,13], but as duration of enamel exposition
to phosphoric acid 37% can produce different results, enamel surface
morphology was studied after exposition for 15 to 60 seconds, leading
to the clinically accepted etching protocol of 45 seconds [9,10].

Despite DE JESUS TAVAREZ, 2017 [14] stated that bond strength
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Figure 6: (A) Results shows no statistically significant differences among all treated groups. (p>0.05); (B) Compared to untreated control all groups presented results
statistically significant. (p>0.05); (C) Buccal face after phosphoric acid 37%, type 1 pattern predominant, axis X tooth number, axis Y surface pattern; (D) Buccal face
after Er:YAG laser, type 1 pattern predominant, axis X tooth number, axis Y surface pattern; (E) Palatal face after phosphoric acid 37%, type 1 pattern predominant,
axis X tooth number, axis Y surface pattern; (F) Palatal face after Er:YAG laser, type 1 pattern predominant, axis X tooth number, axis Y surface pattern.

is higher after phosphoric acid 37%, Er:YAG laser can promote enough
ablation without enamel fractures [15], without signs of thermal
injuries [16-18] producing enamel conditioning over buccal faces of
teeth similar to phosphoric acid 37% [8,19-21].

Our work answers the question raised by lingual orthodontic
therapies whether phosphoric acid 37% and Er:YAG laser could
produce similar results conditioning buccal and palatal faces of dental
enamel.

The majority of the buccal and palatal faces presented surface type
1 after treatment, despite our results showed micro cracks, they were
already present before treatment, in the control group, what infers
that this dose of Er:YAG laser did not increase the amount of cracks,
moreover, no statistically significant differences were present among
all treated groups, but laser irradiated teeth presented different levels
of irregularities over the surface, increasing the contact surface and the
mechanical bonding that can lead to increasing bond strength.

Conclusion

Comparing dental enamel surface microscopy scanning’s (SEM)
after phosphoric acid 37% etching for 45 seconds and after irradiation
the dose of infrared (2.94 um) laser ER:YAG, 12 mm distant from irradiated
surface, water refrigerated, it is possible to affirm that both treatments can
produce similar patterns of micro retentions, moreover, phosphoric acid
37% and Er:YAG laser can successfully prepare dental enamel surface
before bonding braces over buccal and palatal faces of teeth.
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