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I. INTRODUCTION

The development of dental medicine and dental materials lead to
conceptual changes in each of the stages in the treatment of dental caries. In
their daily practice, dentists are mainly involved in the treatment of this
nosological entity. Innovations in dental materials science, physics, chemistry
and biotechnology offer a qualitatively new approach and opportunities in the
field of operative dentistry and endodontics. Particularly encouraging are the
results of the study of various types of lasers, which are successfully applied
in dentistry for numerous manipulations. Classic rotary instruments prepare
the hard dental tissues by their mechanical removal, and lasers interact with
water and hydroxylapatite and lead to their vaporization. The nature of work
of classic rotary instruments and dental lasers is different and, according to
numerous well-established studies, lead to changes in the surface of the
prepared dentin.

Nowadays, light cured composite materials are the main choice for
restoring the form and function of teeth, both in frontal and distal area, due to
their good aesthetic and mechanical properties. Adhesive systems in the past
only performed micromechanical retention with the hard dental tissues, but
today a chemical bond is also performed, thanks to the implementation of
bifunctional monomers. Such a time-proven monomer is 10-
methacryloyloxydecyl dihydrogen phosphate (10-MDP). It has a chemical
structure that allows better binding to the calcium (Ca) of hydroxylapatite, but
also forms MDP-Ca salts that protect collagen fibrils.

How any dentin changes caused by Er:YAG laser preparation affect its
interaction with adhesive systems and the formation of the adhesive layer has
not been well studied. Available research on the impact of hard dental tissue
preparation with the Er:YAG laser on dental adhesive systems is
contradictory. Of interest is the performance of self-etching adhesive systems
after preparation of hard dental tissues with an Er:YAG laser, when the acid
resistance is increased, there is no smear layer to interact with and the adhesive
systems reach directly to the tooth surface.

These questions raise the need for experimental and clinical studies to
further evaluate and analyze Er:YAG laser preparation and use of self-etching
adhesive systems containing 10-MDP.




I1. AIM AND SCIENTIFIC OBJECTIVES

Aim

The aim of the dissertation is to study the interaction between an

adhesive system containing 10-methacryloyloxydecyl dihydrogen phosphate
and hard dental tissues prepared with an Er:YAG laser.
Scientific objectives

To achieve the set aim, the following scientific objectives have been
formulated:

1.

To study the attitude of Bulgarian dentists towards the use of dental
lasers and adhesive systems.

To do a micromorphological assessment of the adhesive layer and
the penetration of a self-etching adhesive system in dentin prepared
with an Er:YAG laser using a confocal laser scanning microscope.

To perform elemental analysis of dentin and adhesive layer after
preparation with Er:YAG laser by energy dispersive spectrometer.

To perform a clinical evaluation of direct composite restorations in
Class | cavities of vital teeth prepared with Er:YAG laser or rotary
instruments and a self-etching adhesive system containing 10-MDP
and relation to the patient's caries risk.

To provide clinical recommendations for optimizing the application
of the Er:YAG laser in the preparation of hard dental tissues.




I1l. MATERIAL AND METHODS

Material and methods for task 1.
Study of the attitude of Bulgarian dentists towards the use of dental lasers
and adhesive systems

This task is partially supported by the national scientific program "Young
scientists and postdoctoral fellows" at the Ministry of Education, Medical
University - Plovdiv and the Faculty of Dental Medicine

e Object of observation

179 dentists from the region of Plovdiv, Sofia and Varna.

e Units of observation

Every dentist who filled out the questionnaire completely and correctly..

e Signs of observation

Gender, age, seniority, specialty, practice data; the materials, means and
technical support in the treatment of dental caries; choice and approach when
applying an adhesive system with or without 10-MDP, steps; etching - time
and structures, choice of etching method - acid or laser; replacement of
fillings, frequency..

e Place of observation

Survey data was collected through the website www.surveylegend.com.

e Monitoring bodies

To carry out the survey, the dissertation student engaged himself
personally and with the assistance of Assoc. Prof. Dr. Vesela Stefanova, PhD,
Department of Operative Dentistry and Endodontics, Faculty of Dental
Medicine, Medical University - Plovdiv, in collaboration with a specialist
statistician.

e Observation time

June 2020 — July 2020.

e Data registration

An original questionnaire was developed for the purposes of the study.

Scientific objective 1 methods used.
1. Sociological method
1.1. Creation and design of the survey card
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A questionnaire was created in Bulgarian, which contains 20 questions
with the possibility of one or more than one answer. They are divided into two
groups - the first 8 are socio-demographic, and the rest concern the specific
signs of observation.

1.2. Survey Administration

1.2.1. Distribution of the survey card: The questionnaire is
distributed among dentist as a unique link leading to the online
site www.surveylegend.com.

1.2.2. Returnability: The completed survey cards from the
electronic questionnaire are returned back to the sender. The
research panel receives the responses in an admin panel to the
site platform.

2. Statistical methods

The data from the conducted online survey with dentists in Bulgaria are
presented according to the distribution of responses in number and
percentage (%).

e Fisher's exact test was used to compare proportions;

e To establish an association between the responses and certain
demographic, social and professional factors, the Chi-square test
was used.

The statistical programs IBM SPSS, version 27 (2020) were used for data
analysis and graphical presentation.




Material and methods for scientific objective 2.

Micromorphological evaluation of adhesive layer and penetration of
self-etching adhesive system in dentin prepared with Er:YAG laser by
confocal laser scanning microscope

The experimental research on this task was financed under the intra-
university project "Doctoral and post-doctoral programs” DPDP N°12/2020
of the Medical University - Plovdiv with scientific supervisor Assoc. Prof. Dr.
V. Stefanova, PhD, Department of Operative Dentistry and Endodontics,
Faculty of Dental Medicine, Medical University - Plovdiv; leading researcher
Dr. N. Simeonov, Department of Operative Dentistry and Endodontics,
Faculty of Dental Medicine, Medical University - Plovdiv; researchers Assoc.
Prof. Y. Uzunova, PhD, Department of "Bioorganic Chemistry", Faculty of
Pharmacy, Medical University - Plovdiv; Assoc. Prof. M. Murdjeva, PhD,
Institute of Reproductive Biology and Immunology, Bulgarian Academy of
Sciences. The project was completed on 09/01/2021 with a good rating..

e Object of observation

45 cavities with an applied adhesive system

e Units of observation

Resin-tag length — measured 3 resin-tags by 90 observation areas, Total
270 measurements

e Signs of observation

Morphological characteristics of adhesive layer and length of resin-tags

e Observation time

October 2020 — April 2021

e Place of observation

Institute of Reproductive Biology and Immunology, Bulgarian Academy
of Sciences

e Monitoring bodies

To carry out the processing of the samples, the dissertation student
undertakes personally; the observation was carried out with the assistance of
Assoc. Prof. Dr. Vesela Stefanova, PhD, Department of Operative Dentistry
and Endodontics, Faculty of Dental Medicine, Medical University - Plovdiv,
Assoc. Prof. M. Murdjeva, Section "Molecular Immunology", Institute of
Biology and reproductive immunology at the Bulgarian Academy of Sciences;
statistical processing was carried out in collaboration with a specialist
statistician.




e Data registration

A protocol is kept during the research, and the received

images from CLSM (Leica TCS SPE DM 2500) research are provided
and stored on electronic media in the form of microscanograms.

Sample preparation method

The design of the Scientific objective 2 is presented in Fig. 1.

Extracted teeth
(n=15)

Rantomization

v \4

Preparation with bur I Preparation with Er:YAG
(n=15) Stiibution laser (n=30)

v \4 v

ClearfilSE Applying the ClearfilSE ClearfilSE
Bond 2 (20s) ppRiying Bond 2 (20s) Bond 2 (40s)
(n=15) adhesive system (n=15) (n=15)
Separating the extracted teeth
through the three cavities simultaneously
v v v
Observation of Observation of Observation of
bisected cavities bisected cavities bisected cavities
(n=30) (n=30) (n=30)
Measuring resin- Measuring Measuring resin-
tags length resin-tags tags length
(n=90) length (n=90)
(n=90)

——

Figure 1. Research design of the scientific objective 2

Freshly extracted human permanent teeth with preserved coronal part
(n=15) were pre-selected and stored in 0.2% aqueous-alcohol solution of
thymol at a temperature of 2-6°C. Teeth were extracted from patients aged
18-54 years for periodontal or orthodontic indications. Clearfil SE Bond 2
adhesive system containing 10-MDP with prior addition of Rhodamine B to
the primer and Fluorescein to the bond was used for the study - in both
solutions the dyes were at a concentration of 0.1%. The two dyes have a

10



different emission peak, allowing them to be observed simultaneously. The
mixing of the adhesive system with the fluorescent dyes is carried out with
the assistance of Assoc. Prof. Y. Uzunova, PhD, Department of Bioorganic
Chemistry, Faculty of Pharmacy, Medical University - Plovdiv.

On each extracted tooth, three cavities were made until reaching the
middle zone of the dentin: one on the occlusal surface, one on the mesial and
one on the distal surface (Fig. 2)..

Figure 2. Prepared cavities on all three tooth surfaces

All cavities are box-shaped with five-walls, reaching the mid-zone of the
dentin in the respective area, with one open surface. Randomly, two of the
cavities were prepared with an Er:YAG dental laser (LiteTouch, Syneron,
Israel) with the manufacturer's recommended sapphire tips (0.8-1.3 x 14/17
mm; Magnum) and a dentin removal program (250 mJ, 20 Hz, 300 us, water
cooling 7) and for enamel (300 mJ, 15 Hz, 300 ps water cooling 8). The third
cavity is prepared with classic rotary instruments — diamond round burs with
a diameter of 10-16 mm (801L according to ISO) for removing enamel and
round metal burs with a diameter of 08-16 mm for dentin removal.

The finished surfaces are thoroughly wiped with a cotton swab soaked in
3% oxygen water, then with a cotton swab soaked in 70% alcohol and finally
dried carefully with an air spray from the dental unit. Er:YAG dental laser
prepared cavities were randomly divided into two groups. Teeth in one group
were treated with Clearfil SE Bond 2 according to the manufacturer's
instructions (self-etch primer for 20 s, gently air-dried, bond), and those in the
second group were treated with Clearfil SE Bond 2 for twice the time
indicated by the manufacturer (self-etching primer for 40 s, gently air-dried,
bond). Cavities prepared with classic rotary instruments were coated with
Clearfil SE Bond 2 according to the manufacturer's instructions (self-etch
primer for 20 s, gently air-dried, bond) and a third group was identified. They
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are stored in a 0.2% aqueous-alcohol solution of thymol. All teeth were cut
with a diamond separator along the longitudinal axis in the mesio-distal
direction simultaneously through the three cavities (Fig. 3).

Figure 3. Specimen after cutting through the three cavities

The extracted teeth used in this experiment were stored no more than 6
months and were observed no later than 1 week after sample preparation. The
thus prepared samples are fixed horizontally on a slide using plasticine
(Fig. 4). The preparation of the samples was carried out in the Department of
Operative Dentistry and Endodontics, FDM, MU-Plovdiv.

Figure 4. Samples prepared for CLSM observation

Three group samples were distinguished (n = 90):
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e Group 1: samples prepared with an Er:YAG laser and Clearfil SE
Bond 2 adhesive system was applied according to the
manufacturer's instructions (n = 30)

e Group 2: samples prepared with an Er:YAG laser and primed
with Clearfil SE Bond 2 adhesive system for double the time
specified by the manufacturer (n = 30)

e Group 3: samples prepared with classic rotary instruments and
Clearfil SE Bond 2 adhesive system was applied according to the
manufacturer's instructions (n = 30).

The adhesive system and the prepared dentin in the shear area were
observed with a confocal laser scanning microscope (Leica TCS SPE
DM2500) with optical magnification x10 and the possibility of additional
digital magnification using specialized software Leica Microsystems LAS AF
— TCS SPE. The size of the field of view at x10 magnification is
11001100 wm with the ability to change the resolution. To measure more
precisely the resin-tags from their beginning to their end, digital magnification
was used after scanning our chosen field.

Each microscanogram is two-dimensional and is the result of scanning
and superimposing a large number of images (between 10 and 40) taken at a
depth of several um, each resulting from 2 or 3 image clearing scans. A
suitable imaging area was selected where measurements were made only of
those resint-tags that were visualized by the strip of adhesive layer on the
dentinal surface without interruption to their very end. The dentinal tubules
are not always located perpendicular to the cut surface, and therefore, in each
image, the lengths of three plastic processes were measured and their average
value was taken into account. Resin-tags that are apparently located in another
direction are not taken into account. For each of the samples, an observation
area, depth and penetration step of the laser beam were selected.

Statistical methods

The obtained digital data was entered into an Excel table (Version 2207)
and was subjected to statistical processing and analysis. For greater reliability,
the degree of penetration was calculated as the arithmetic mean of three
independent measurements on each individual specimen (total of 270
measurements, 90 for each group).

e Preparation methods were compared by one-way ANOVA and
post-hoc pairwise comparisons by Tukey's multiple comparison
test
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e The combined group of samples prepared with Er:YAG laser was
compared with the group of samples prepared with metal bur by
independent-samples t-test

The statistical programs IBM SPSS, version 27 (2020), Minitab version
19 (2020) and MedCalc, version 20.008 (2021) were used for data analysis
and graphical presentation.
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Material and methods for scientific objective 3.
Elemental analysis of dentin and adhesive layer after Er:YAG laser
preparation by energy dispersive spectrometer

The scientific objective is partially supported by the National Scientific
Program "Young Scientists and Postdoctoral Students” at the Ministry of
Education, Medical University - Plovdiv and the Faculty of Dental Medicine.

e Object of observation

Dentin surface of 10 teeth prepared with Er:YAG laser and adhesive
system applied

e Units of observation

Five randomly selected fields of 4 areas of interest per 10 teeth. Total 200
units per observation

e Signs of observation

Type and amount of chemical elements

e Observation time

March 2023

e Place of observation

Bulgarian Academy of Sciences

e Monitoring bodies

The PhD student was personally involved in the processing of the
samples, the observation was carried out with the assistance of specialists
from the Bulgarian Academy of Sciences; statistical processing was carried
out in collaboration with a specialist statistician.

e Data registration

During the research, a protocol is kept, and the obtained results of the
research are provided and stored on electronic media in the form of excel
tables.

Sample preparation method

The design of the scientific objective 3 study is presented in Fig. 5.
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Figure 5. Research design of scientific objective 3

Through an in vitro study, the elemental chemical composition of the
dentin surface and the adhesive layer of an adhesive system containing
10-methacryloyloxydecyl dihydrogen phosphate was investigated and
analyzed using an Er:YAG dental laser for preparation.

To carry out this experiment, a horizontal cut was made using a diamond
separator to remove the occlusal third of the dental crown without affecting
the pulp chamber. Ten freshly extracted orthodontically intact premolars and
molars of patients aged between 18 and 28 years were used. Dentinal surface
Is divided into four quadrants. The first and second quadrants were prepared
with an Er:YAG dental laser (LiteTouch, Syneron, Israel) with the
manufacturer's recommended sapphire tips (0.8-1.3 x 14/17 mm) and dentin
settings (250 mJ, 20 Hz, 300 ps, water cooling 6). Third and fourth quadrants
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are prepared with a round metal bur. All surfaces are thoroughly wiped with
a 3% oxygen water cotton swab and then with a 70% alcohol cotton swab and
gently air dried. Adhesive system Clearfil SE Bond 2 was applied to the
second and third quadrant surfaces according to the manufacturer's
instructions. Thus, four different quadrants are distinguished: Quadrant 1 —
dentine surface prepared with Er:YAG dental laser; Quadrant 2 — dentine
surface prepared with Er:YAG dental laser and Clearfil SE Bond 2 adhesive
system applied; Quadrant 3 — dentine surface prepared with a round metal bur
and Clearfil SE Bond 2 adhesive system applied; Quadrant 4 — dentin surface
prepared with a round metal bur.

The prepared samples are subject to metallization by sputtering and
coating with a 200-250 nm gold layer (Fig. 6)..

Figure 6. Metallized dental specimens

The metallized tooth specimens are placed on the working field, attached
with adhesive carbon tape, and placed in the microscope chamber. Vacuum is
created and is then subjected to an electron beam generated by an electron gun
and accelerated in an electric field. Along the path of the electron beam there
is a deflection system — deflection of the beam in the direction X-X and in
the direction perpendicular to it Y-Y. The electron beam is then moved to and
focused on the surface of the specimen. The reaction of the beam with the
observed sample results in the activation of electrons from its subsurface
region, which are then captured by the detector placed in the microscope
chamber. The samples were analyzed using secondary electron imaging,
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backscattered electron analysis and EDS analysis. Surface observation and
compositional measurements were made with a Jeol JSM-6390 field emission
scanning electron microscope (Jeol, Japan) equipped with an energy
dispersive X-ray microanalyzer (INCA Oxford, UK) and corresponding
software.

Elemental analysis was done at x200 magnification. The X-ray
microanalyzer allows to analyze the chemical composition of the sample in a
selected area of its surface.

In all quadrants, 5 random fields with dimensions of 150x150 um to 200-
200 um were selected on the field photographed at x200 magnification. A
gualitative and quantitative analysis of the chemical elements was made in 5
fields, in 4 quadrants, in 10 teeth or 5x4x10=200 units. The survey records the
type of chemical elements in the measurement field and their percentage ratio
In atomic percentages.

Four experimental groups were distinguished:.

e Group 1: 50 randomly selected areas measured on dentin surface

prepared with Er:YAG laser;

e Group 2: 50 randomly selected areas measured on dentin surface

prepared with Er:YAG laser and covered with adhesive system;

e Group 3: 50 randomly selected areas measured on dentin surface

prepared with metal bur and covered with adhesive system;

e Group 4: 50 randomly selected areas measured on dentin surface

prepared with metal bur.

The chemical element gold (Au) was also present in the results, but due
to the specificity of sample preparation was excluded as an element during the
study. Chemical elements such as rubidium (Rb), niobium (Nb), technetium
(Tc), hafnium (Hf), platinum (Pt) are also excluded from the study, as the
equipment detects them because they are close to Au, but are not actually
present. The chemical elements hydrogen (H), lithium (Li), beryllium (Be)
and boron (B) cannot be detected with the equipment we use.

The obtained data on the type and amount of detected chemical elements
in each measured zone are registered in the form of tables by the software and
are subjected to statistical processing and analysis.

Statistical methods

The dependent values for scientific objective 3 are presented as
% presence of chemical elements..
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The presence of each chemical element is represented by the mean
and standard deviation (SD).

The four groups (Er:YAG laser, metal bur, Er:YAG laser with
adhesive system and metal bur with adhesive system) were compared
by one-way ANOVA Welch and post hoc pairwise comparisons by
Tukey's test multiple comparison test). This analysis controls for
Type | error in multiple comparisons on related quantities.
Combined sample groups - Group 1 and Group 2 (Er:YAG laser) with
Group 3 and 4 (metal bur); Group 2 and Group 3 (with adhesive
system) with Group 1 and 4 (without adhesive system) - were
compared by independent-samples t-test. Homogeneity of variances
was checked with Levine's test. In the absence of homogeneity, the p
value was reported under the condition "equal variances not asumed.
Normal distribution of Ca/P ratio data was checked by Kolmogorov-
Smirnov test. For comparisons between groups, the Mann-Whitney
U test was used.

The statistical programs IBM SPSS, version 20, were used for data
analysis and graphical representation..

Materials and methods for scientific objective 4.

Clinical evaluation of direct composite restorations in Class I cavities of
vital teeth prepared with Er:YAG laser or rotary instruments and a self-
etching adhesive system containing 10-MDP and relation to patient
caries risk

Object of observation

The clinical study was conducted on 30 patients. The participants were
selected according to the following criteria:

Age — abote 18 years; Class | caries defect; Diagnosis — Caries media
/ Caries profunda chronica;

Criteria for diagnosing Caries profunda chronica:

Thermo odonto diagnostics — positive cold test;

Type of carious mass — dry, dark brown, excavates in flakes;

Pain — mild or no pain when removing caries lesion;

Front of the carious lesion — deep in the dentin near the pulp cavity.

Tooth type — premolars and molars from both tooth rows;
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Cavity size — maximum occlusal width of the cavity less than or equal to
Y of the intertubercular distance;

Occlusion — all restored teeth are in occlusion with a natural antagonist

and the obturations are in contact (both in centric and functional occlusion).

e Units of observation

- Patients with Class I caries lesion;

- A total of 64 composite restorations of Class | carious lesions
divided into 2 groups. In one group, an Er:YAG laser was used to
prepare the cavities, and in the other, classic rotary instruments. All
had Clearfil SE Bond 2 self-etching adhesive system applied and
restored with Clearfil Majesty Esthetic nanohybrid photopolymer
composite.

e Signs of observation

A caries risk score is reported for the patient observation unit: low,

medium and high risk. For the "Obturation™ unit, the following are recorded:
marginal staining, transition smoothness, hypersensitivity, secondary caries,
obturation fracture.
e Observation time
February 2021 — June 2023.
e Place of observation
Department of Operative Dentistry and Endodontics, FDM,
MU - Plovdiv, city of Plovdiv.

e Monitoring

To carry out the clinical research, the PhD student is personally involved
in the implementation of the tasks, in collaboration with a specialist
statistician.

e Data registration

The assessment of the patient's caries risk according to the American

Dental Association (ADA) assessment criteria was performed and recorded
on the same day, at 6 and 12 months. The data was recorded in a specially
developed clinical chart of the patient. Digital color photographs were taken
of the occlusal surface of the teeth before preparation and after they were
obturated directly with composite (on the same day, at 6 and 12 months). The
photographs after placement of the obturation were taken with an operating
microscope magnification x21. The design of the Task 4 study is presented in
Fig. 7.

20



Examined patients
(n=318)

Approved patients
(n=30)

Teeth with carious

lesions Class | (n=64)

Randomization

A4

Preparation with metal
burs (n=31)

y

Cavity obturation

!

A4

Without With operative
magnification microscope (x21)
(0,612 m) (0,6,12m.)

v v
Without With operative
magnification microscope (x21)
(0,6m12m.)) (0,612 m.)

\4

Unapproved patients
(n=288)

Distribution

Assessment and

follow-up

A

4

Preparation
laser (

with Er:YAG
n=33)

y

Cavity obturation

!

Without With operative
magnification microscope (x21)
(0,6m12m.)) (0,6,12 m.)

v v
Without With operative
magnification microscope (x21)
(0,612 m.)) (0,612 m.)

Figure 7. Research design of scientific objective 4
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Clinical protocol. Operative and restorative procedures.

Patient preparation. Professional cleaning of the teeth with a brush
and paste. Isolation of teeth during treatment.

Cavity preparation. Preparation of a Class | cavity - pits and
fissures on the occlusal surface of premolars and molars - using
rotary instruments or with an Er:YAG laser (LiteTouch, Syneron,
Israel). When preparing a cavity with rotary instruments, the carious
lesion was exposed and the carious enamel was removed with a
turbine, diamond burs and water-air cooling, and the carious dentin
was removed with a low-speed handpiece, round metal burs and air
cooling. Preparation with an Er:YAG laser (LiteTouch, Syneron,
Israel) was performed according to the steps described above, with
sapphire tips (0.8-1.3 x 14/17 mm; Magnum) and the corresponding
enamel program (300 pJ, 20 Hz, 300 ps, water cooling 6) and for
dentin (200 wJ, 20 Hz, water cooling 6).

Cavity medication. The prepared cavities are carefully wiped with
a cotton swab with 3% hydrogen peroxide and then with a cotton
swab with 70% alcohol. They are gently air-dried.

Applying an adhesive system. Clearfil SE Bond 2 was applied to
the cavities according to the manufacturer's instructions.

Cavity restoration. Direct cavity obturation is performed with a
light-curing composite material and an incremental technique
restoring the anatomy of the tooth.

Finishing, articulating, polishing. It was done using diamond burs and
polishing rubbers.
Two experimental groups were distinguished:

Group 1 — Class | composite restorations, prepared with classic
rotary instruments;

Group 2 — Class | composite restorations, prepared with Er:YAG
laser.

22



A clinical evaluation of the obturation was performed on the day of
obturation with the Cvar/Ryge criteria for evaluating direct restorations. For
the purpose of the study, the Cvar/Ryge criteria for the evaluation of
obturation were modified. For easier handling of the obtained data, the Alfa
grade is marked with A, Bravo grade with B, Charlie grade with C and Delta
grade with D. Marginal staining, smoothness of transition, hypersensitivity,
presence of secondary caries, obturation fracture were evaluated . Using an
operating microscope (Altion AM-3000) with maximum magnification (x21),
marginal staining, presence of secondary caries, obturation fracture were
evaluated. On the day of restoration placement, only hypersensitivity and
transition smoothness are assessed.

Follow up examination

On the 6th and 12th months, the obturation was evaluated according to
modified Cvar/Ryge criteria without and with the help of an operating
microscope and magnification (x21). The data are entered in the patient's
clinical record. An assessment of caries risk is made at each follow up
examination. Follow up examinations are carried out in a dental office.

Statistical methods for scientific objective 4
A comparison between Group 1 prepared with rotary instruments and

Group 2 prepared with the Er:YAG laser was made with the Chi-square test.
A t-test was also used to compare two relative proportions.
For analysis and graphical presentation of the data using the statistical

programs IBM SPSS, version 20.
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Material and methods for scientific objective 5

Clinical recommendations for optimizing the application of the Er:YAG

laser in the preparation of hard dental tissues

Based on the obtained and analyzed results of the author's research,
recommendations are developed and offered to improve the application of the
Er:YAG laser in the preparation of hard dental tissues.
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IV. RESULTS

Results for scientific objective 1.

Study of the attitude of Bulgarian dentists towards the use of dental lasers

and adhesive systems

e Characteristics of the examined persons according to socio-

demographic and professional characteristics

The survey was completed by 197 dentists, but data from 179 were
included in the current analysis because 18 of the completed surveys had more

than 30% missing information.

e Characteristics of the survey participants by socio-demographic

and professional characteristics.

Of the total of 179 dentists whose responses were included in the present
analysis, almost twice as many were women. The average age of the
respondents is 38.29+11.03 years. Most of the respondents are engaged in one

workplace (Table 1).

Table 1. Socio-demographic and professional data for survey participants

Characteristics

Count (%)

Sex count (%)

o Men 63 (35,20%)

o Women 116 (64,80%)
Age (years)

o X (xSD) 38,29+11,03

o Min — Max 24 — 67

o Median 37,00

o <30 years 64 (35,80%)

o 31 —40 years 47 (26,30%)

o 41 —50 years 42 (23,50%)

o 51 —60 years 18 (10,10%)

o > 60 years 8 (4,50%)
Experience (years)

o X (£SD) 13,26+11,30

o Min - Max 0-45

o Median 11,00
Experience in the specialty (n = 80) 80 (44,70%)

o X (xSD) 12,86+11,10
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o Min — Max
o Median

1-45
10,50

Educational institution from which dental education
was obtained

o Sofia 45 (25,10%)
o Plovdiv 116 (64,80%)
o Varna 12 (6,70%)

o Missing data

6 (3,40%)

Contract with NHIF

o Yes 138 (77,10%)
o No 35 (19,60%)
o Missing data 6 (3,40%)
Working place
o Individual practice 95 53,00%)
o Group practice 41 (23,00%)
o Faculty of Dental Medicine 8 (4,00%)
o Individual practice and Faculty of Dental 13 (7,00%)
Medicine
o Group practice and Faculty of Dental Medicine 11 (6,00%)
o Individual u rpynoBa npaktrka 7 (3,90%)
o Individual, Group, Faculty of Dental Medicine 1 (0,60%)
o Missing data 3 (1,60%)

X: mean value; SD: standard deviation

Results regarding the investigated signs for the application of

adhesive systems containing 10-MDP

The majority of respondents (74.7%) use an etch-and-rinse adhesive
system, with the remaining 24.3% stating that they use a self-etch adhesive

system, with more than 2/3 of respondents (69%) preferring two-step.
In fig. 8 shows the distribution of responses according to the applied

adhesive system and the number of steps
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Distribution according to the adhesive system and the number of steps

= Etch andrinse = Self-etch
100%
90% ¥ v
80% = 74.70% .
70% v v
" 58.60%

60%

50%

% OTIoBOpH

40%

30% 8 25.30%

20%
" 0
e " 9.80% " 9.80%

H N~
Two

Three
Number of steps

10% = 6.30%

Adhesive system One

0%

*** _ A significantly higher relative share at p<0,001.
Figure 8. Distribution of the respondents according to the applied adhesive system and
the number of steps

No statistically significant association was found between gender
(p=0.811), age (p=0.302) and university of education (p=0.766) and the
adhesive system they used. There are also no significant differences between
the individual groups by specialty (p>0.05 for all comparisons).

A large proportion of respondents (54%) indicated that they did not know
if the adhesive system they were using contained 10-MDP (Fig. 9).
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Are you using an adhesive system containing 10-MDP (10-
methacryloyloxydecyl dihydrogen phosphate)?

Yes

21.50% | BRSO

®l don’t know

Figure 9. Distribution of responses regarding the use of an adhesive system containing
10-MDP

The percentage (42%) of dentists with the specialty "Operative dentistry
and endodontics™ who use 10-MDP is the highest.

Regarding the methods used for etching hard dental surfaces, the
majority of respondents (95%) indicated acid etching.

Of those surveyed, 45% most often etch only the enamel surface, 54%
etch enamel and dentin, and 1% etch only dentin.

A significant association was found between the gender of dentists and
the most frequently etched surfaces, p=0.002. A significantly higher
proportion of females (54.6%) indicated that they most often etched only the
enamel surface compared to 29.50% of males. In contrast, 70.50% of males
most often etch enamel and dentin compared to 52.70% of females. The
specialty of the dentists did not show a significant influence on the choice of
HDTSs to be etched (p>0.05 for all specialties), but a significant association
was found.

Of the respondents, 80 (44.70%) stated that they strictly follow the
manufacturer's instructions for etching the relevant surfaces and 99 (55.30%)
responded negatively. The mean dentin etching time, based on the responses
of 78 respondents, was 15+£6.54 s, with a minimum time of 5 s and a maximum
of 45 s. The average enamel etching time found on the basis of 96 responses
showed 26.09£9.63 s, minimum time 10s and maximum 60 s.
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Regarding the use of a dental laser, the majority of dentists (65.30%) do
not use a dental laser in their practice, 29 (16.20%) of the respondents indicate
that they use it for processing soft tissues, 6 (3.40%) ) for hard tissues and 27
(15.10%) for physiotherapy purposes (Fig. 10).

Do you use a dental laser?

taonorase () - -7
e () - -+

soft tissues (((Mmmﬁmm 16.20%

'
physiotherapy = 15.10%

purposcs

P

3
hard tissues Sy * 340%

Figure 10. Distribution of responses by dental laser use
It was found that composite fillings with a compromised adhesive bond
are frequently diagnosed (Fig. 11-A) and often require replacement (Fig. 11-
B).

How often do you diagnose composite fillings with a
compromised adhesive bond with poor marginal

adaptation?

= every day

every week

= every month

® very rare

A)
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(B) Do you need replacement of composite fillings
due to impaired marginal adaptation?

mYes
= No

Figure 11. Frequency of diagnosis of composite obturation with impaired adhesive bond (A)
and need for replacement due to marginal adaptation (B)
In fig. 12 presents the reasons for a broken adhesive bond that the

respondents observed in their practice.

Causes of broken adhesive bond

Isolation - [ = 109

Obturation & O 98

Preparation b )
Bonding Q 31
Etching Q 18
Priming g) 13

Count dentists

Figure 12. Reasons for a broken adhesive bond given by the respondents based on their
observations

Problems

Conclusions:
1. The most preferred adhesive systems among dentists in our country are the

two-step etch-and-rins systems.
2. Dentists in our country are not aware if the adhesive system they use

contains MDP.
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3. Laser is not a preferred means of etching hard dental tissues.
4. Replacement of obturation due to impaired marginal adaptation is common

in dental practice.
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Results of scientific objective 2.

Micromorphological evaluation of adhesive layer and penetration of

self-etching adhesive system in dentin prepared with Er:YAG laser by

confocal laser scanning microscope
* Micromorphology and analysis of the dentine surface with an
applied adhesive system.

Thanks to the observation of the visualized line of adhesive layer, the
presence of a smoother dentin surface was indirectly judged in the samples
prepared with a bur, compared to that prepared with an Er:YAG laser. It is
noteworthy that the images from the fluorescent primer do not completely
match the areas from the fluorescent bond. This is very clearly visible in the
superimposed image (Fig. 13-16).

Figure 13. Microscanogram of Group 1 specimen.
Visualization of images from channel 1 (primer in red),
channel 2 (bond in green) and superimposed image between them (x10 magnification)

When analyzing the microscanograms made on Group 1, prepared with
an Er:YAG laser and an adhesive system applied according to the
manufacturer's instructions (Fig. 13), well-defined fine lines are detected,
respectively, on the primer and on the adhesive, and the superimposed image
shows high degree of overlap.
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Figure 14. Microscanogram of Group 2 specimen.
Visualization of images from channel 1 (primer in red),
channel 2 (bond in green) and superimposed image between them (x10 magnification)

When analyzing the morphology of the adhesive layer in samples from
Group 2, a visual comparison shows the greater width of the primer and bond
zones compared to the microscanograms from Group 1 (Fig. 14).

Figure 15. Microscanogram of Group 2 specimen.
Visualization of images from channel 1 (primer in red),
channel 2 (bond in green) and superimposed image between them (x10 magnification)

When increasing the application time of the self-etching primer, no
significant change was found in the adhesive layer compared to the samples
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where an adhesive system was applied according to the manufacturer's
instructions (Fig. 15).

Figure 16. Microscanogram of Group 3 specimen.
Visualization of images from channel 1 (primer in red),
channel 2 (bond in green) and superimposed image between them (x10 magnification)

In Group 3, both the primer and the adhesive produced a dense and
uniform layer (Fig. 16). When superimposed, the two images match each
other.

In Group 3 samples (at x10 magnification), the fluorescent line from the
adhesive system is very smooth and uniform. A narrow adhesive layer is
observed over the entire dentinal surface.

Some of the specimens prepared with Er:YAG laser (Group 1 and
Group 2) showed a more uneven surface and deep crater-like areas that were
filled with an adhesive (Fig. 17). In Fig. 18 and Fig. 19 microscanograms of
Group 3 are presented with a selected section at high digital magnification.
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Figure 17. Microscanogram of Group 1 specimen.
Visualization of images from channel 1 (primer in red),
channel 2 (bond in green) and superimposed image between them (x10 magnification).

Figure 18. Microscanogram of Group 3 specimen.
Visualization of superimposed image from channel 2 (bond in green) (x10
magnification); Resin-tags are indicated by arrows.

Figure 19. Microscanogram of Group 3 specimen.
Superimposed image from channel 2 (bond in green)
(x10 magnification and digital zoom).

Measuring the length of resin-tags
Using the CLSM software, three random resin-tags were selected and
measured on each microscanogram for all 90 specimens, a total of 270
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measurements. Already during the study it is noticeable that in the samples
from Group 3 the resin-tags are visibly shorter.

Below are superimposed microscanograms from both channels with
length measurements of three random resin-tags (Figs. 20-22). No digital
magnification was used for the microscanograms shown.

:

s

i

18 um‘/

15 um",

'.’ -
21 uym *

200 pm

Figure 20. Microscanogram of a specimen from Group 1. Visualization of a
superimposed image of channel 1 (primer in red) and channel 2 (bond in green) and
length measurements of three randomly selected resin-tags (x10 magnification)
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200 pm

Figure 21. Microscanogram of a Group 2 specimen. Visualization of a superimposed
image of channel 1 (primer in red) and channel 2 (bond in green) and length
measurements of three randomly selected resin-tags (x10 magnification)

10 m‘
11 pm —\2 p

200 pm

Figure 22. Microscanogram of a specimen from Group 3. Visualization of a
superimposed image of channel 1 (primer in red) and channel 2 (bond in green) and
length measurements of three randomly selected resin-tags (x10 magnification)

Our measurements of the length of the resin-tags entering the dentinal tubules
were based on the second-channel CLSM image and the penetration of the
fluorescein-labeled bond. A digital zoom was also used for more precise
measurement (Fig. 23 and Fig. 24).
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Figure 23. Microscanogram of specimen from Group 1. Visualization of superimposed
image from channel 2 (bond in green) and length measurements of three randomly
selected plastic resin-tags (x10 magnification and digital)

45 ym

40 pm

50 pm $

Figure 24. Microscanogram of a Group 2 specimen. Visualization of a superimposed
image from channel 2 (bond in green) and length measurements of three randomly
selected plastic resin-tags (x10 magnification and digital).
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According to the Kolmogorov-Smirnov test (Kolmogorov-Smirnov), the
length values of the resin-tags showed normally distributed in the three
groups.

The mean values of the length of the resin-tags in the dentin were
compared between the three groups.

Results of one-way analysis of variance (ANOVA)

The results of the one-factor analysis are summarized in Table. 2. A
statistically significant association was found between the length of the resin-
tags and the specificity of processing the samples, p<0.001.

Table 2. Results of univariate analysis of variance with dependent variable length of
resin-tags

Length of resin-tags in um ANOVA

Group X (+SD) Min.-Max. F(287) p

Clearfil SEBond 2 (20s) 31,51+10,40 16,67-60,00

Clearfil SE Bond 2 (40s) 34,82+13,65 10,00-60,67 9,66 <0,001

Group 3 21,02+13,74  0,00-43,67

X — Mean value; SD — standard deviation;
ANOVA — one-way analysis of variance

Results of pairwise analysis by Tukey's test (Table 3).

Table 3. Results of a pairwise comparison with Tukey's test with the dependent variable
length of resin-tags

95% ClI

- Length of resin- Difference Tukey
Matches in pairs tags In um Lower  Ubper
Difference+SE . _pp_ p
limit limit
Clearfil SE Bond 2 (20 s) 10,4943 27 267 18,30 0,005
—Group 3
Clearfil SE Bond 2 (40 s) 13,8043,27 5.98 2161 <0,001
— Group 3
Clearfil SE Bond 2 (40 s) 3314327 -4.50 11,12 0,573

—Clearfil SE Bond 2 (20 s)

SE — standard error; Cl — confidential interval
Results of a comparison of the specimens prepared with the Er:YAG
laser with specimens from Group 3 (Table 4).
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Table 4. Results of comparison of the samples prepared with Er:YAG laser with the control
group with a dependent value of length of resin-tags

Length of resin-tags in 95% CI of

m difference ttest
Groups N
X Difference Lower Upper
(xSD) (xSE) limit limit
C Er:YAG nazep
33,16
(Groups 1 u 2) 60
(x12,15) 12 44
C MmetaiHo Oopue 21,02 (£2,83) 6,50 17,78 <0,001
(Group 3) 30 (+13.74)

X — Mean value; SE — standard error;
SD — standard deviation; Cl — confidential interval;

ROC curve analysis showed 75% confidence in predicting the length of
resin-tags according to whether or not Er:YAG laser was used (AUC = 0.750;
95% CI: 0.646-0.834, p<0.001), with a borderline criterion value > 32.67 pum.
In practice, this means that in the majority of specimens prepared with the
Er:-YAG laser and Clearfil SE Bond 2 adhesive system applied, a plastic
resin-tags > 32.67 pum can be predicted, while in the majority of specimens
where metal bur are used, values < 32.67 um are predicted.

Conclusions:

1. Specimens prepared with an Er:YAG laser and Clearfil SE Bond 2
adhesive system applied showed significantly greater length of resin-tags
compared to specimens where Clearfil SE Bond 2 adhesive system was
applied but not used Er:YAG laser. This effect was observed regardless of the
duration, 20 s or twice as long (40 s).

2. For specimens prepared with an ErYAG laser and
Clearfil SE Bond 2 adhesive system applied, a resin-tags length greater than
32.67 pm can be predicted.

3. Specimens where the Clearfil SE Bond 2 adhesive system was applied
and a metal bur preparation was used predicted resin-tagslengths of less than
32.67 pm.
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Results in scientific objective 3.
Elemental analysis of dentin and adhesive layer during Er:YAG laser
preparation by energy dispersive spectrometer

Table 5 presents the detected elements in each of the groups.

Table 5. Chemical elements found in each of the groups

_ Group 1 Group 2 Group 3
NO Chemical ErYAG Er:YAG laser Metal bur and Group 4
elements laser and adhesive adhesive Metal bur
system system
% X (£SD) X (£SD) X (£SD) X (+SD)
1. C 29,44+£3,59 43,679,333 51,16+5,67 32,82+3,40
2. @) 49,59+3,50 43,376,113 38,23+2,99 47,52+3,09
3. Si - 2,54+1,35 2,05%0,94 -
4, P 8,13+1,09 4,72+£1,70 3,52+1,50 7,74%0,94
5. Ca 12,78+2,40  6,15+3,23 5,03+2,45 11,83+1,71

X — mean value; SD — standard deviation;
C ,,-,, the elements whose values are are indicated 0

Comparison of Group 1 (Er:YAG laser) with Group 2 (Er:YAG laser

with adhesive system) (Table 6).
Table 6. Results of the comparison of Group 1 with Group 2

Chemical Group 1 Group 2 _ _
° elements Er:-YAG ErYAG laser with  Chi-square test
laser adhesive system
% X (+SD) X (+SD) P

1. C 29,44+3,59 43,67+9,33 >0,001
2. O 49,59+3 50 43,37+6,13 >0,001
3. Si - 2,54+1,35

4. P 8,13+1,09 4,72+1,70 >0,001
S. Ca 12,78+2,40 6,15+3,23 >0,001

X — mean values: SD — standard deviation;
C ,,-,, the elements whose values are 0 are indicated

Comparison of Group 3 (metal bur with adhesive system) with Group 4
(metal bur) (Table 7).
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Table 7. Group 3 versus Group 4 comparison results

o Cheris Meg%lfﬁ \?vith Sl 4 Chi-square test
elements adhesive system Metal bur
% X (+SD) X (#SD) P

1. C 51,16+5,67 32,82+3,40 >0,001
2. O 38,23+2,99 47,52+3,09 >0,001
3. Si 2,05+0,94 -

4. P 3,52+1,50 7,74+0,94 >0,001
5. Ca 5,03+£2,45 11,83+1,71 >0,001

X — mean values; SD — standard deviation:
C ,.-,, the elements whose values are 0 are indicated

Comparison of Group 1 (Er:YAG laser) with Group 4 (metal bur)

(Table 8).
Table 8. Results of the comparison of Group 1 with Group 4

o Chemical Group 1 Group 4 Chi-square
elements Er:YAG laser Metal bur test
% X (£SD) X (£SD) p
1 C 29,44+3,59 32,82+3,40 <0,05
2. O 49,59+3,50 47,52+3,09 0,06
3 P 8,13%+1,09 7,74%£0,94 0,47
4, Ca 12,78+2,40 11,83+1,71 0,23

X — mean values; SD — standard deviation:;
bold — statistically significant differences p<0,05
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Comparison of Group 2 (Er:YAG laser with adhesive system) with Group

3 (metal drill with adhesive system) (Table 9).
Table 9. Group 2 versus Group 3 comparison results

Chemical Group 2 Group 3
° Er:YAG laser with Metal bur with Tukey
elements . :
adhesive system adhesive system
% X (#SD) X (#SD) p

1 C 43,67+9,33 51,1645,67 <0,001
2 O 43,37+6,13 38,23+2,99 <0,001
3. Si 2,54+1,35 2,05+0,94 <0,05
4 P 4,72+1,70 3,52+1,50 <0,001
S Ca 6,15+3,23 5,03%£2,45 0,12

X — mean values; SD — standard deviation;
bold — statistically significant differences p<0,05

Comparison between Group 1 and Group 2 (Er:YAG laser) with Group

3 and 4 (metal bur) (Table 10).
Table 10. Results of the comparison of Group 1 and Group 2 with Group 3 and Group 4

N© Chemical Group 1 m 2 Group 3 u 4 t-test
elements Er:YAG laser Metal bur
% X (xSD) X (xSD) P
1 C 36,56+10,03 41,99+10,32 <0,001
2 O 46,48+5,87 42,88+5,56 <0,001
3. Si 2,54+1,35 2,050,94 <0,05'
4 P 6,52+2,21 5,63+2,48 <0,01'
S. Ca 9,46+4,37 8,43+4,01 0,08

X — mean values: SD — standard deviation;

I — The p value was reported in the absence of homogenous variability in both groups (Equal
variances not assumed);

bold — statistically significant differences p<0,001

Comparison between Group 1 and Group 4 (without adhesive system)
with Group 2 and 3 (with adhesive system) (Table 11).

Table 11. Results of the comparison of Group 1 and 4 with Groups 2 and 3
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Chemical Group 1 u 4 Group2wu3
N©° Without adhesive With adhesive t-test

elements

system system
% X (£SD) X (¥SD) p

1. C 31,13+3,87 47.41+8,55 <0,001"
2. @) 48,55+3,45 40,80+5,45 <0,001'
3. Si - 2,30+1,18
4. P 7,94+1,03 4.09+1,72 <0,001'
S. Ca 12,30+2,13 5,59+2 91 <0,001"

X — mean value; SD — standard deviation:;
I — The p value was reported in the absence of homogenous variability in both groups (Equal

variances not assumed);

bold — statistically significant differences p<0,001

Comparison of Ca/P ratio (Table 12).
Table 12. Calculation of Ca/P ratio in individual groups

Groups N  Median IQR
Group 1 (Er:YAG laser) 50 1,53 0,17
Group 2 (Er:YAG laser with adhesive system) 45 1,41 0,19
Group 3 (metal bur with adhesive system) 50 1,43 0,21
Group 4 (metal bur) 50 1,51 0,10

IQR — interquartile range

44



Results of a comparison of the Ca/P ratio between Group 1 and Group 4
(Table 13) and between Group 2 and Group 3 (Table 14).

Table 13. Results of the comparison of Ca/P ratio between Group 1 and Group 4

i Eiele Er:c\;(t:gplalser I\(/Izer'gljﬁjr Mann \t/\e/?tlmey ;
Median Median p
1. |Ca/P ration 1,53 1,51 0,152
Table 14. Results of the comparison of Ca/P ratio between Group 2 and Group 3
Group 2 Group 3 Mann-
N° Group Er:YAG laser with Metal bur with Whitney U
adhesive system adhesive system test
Median Median p
1. |Ca/P ration 1,41 1,43 0,92

Conclusions:

1. The use of the Er:YAG laser for preparation leads to a reduction in the
amount of C on the dentin surface.

2. When applying an adhesive system with 10-MDP, the amount of C and Si
Increases.

3. After application of an adhesive system with 10-MDP, the chemical
element P was detected in greater amounts when the preparation was
performed with an Er:YAG laser.

4. The values of Ca/P ratio on the surface of dentin prepared with Er:YAG
laser or metal bur were not statistically different, both before and after
application of adhesive system.

5. When using a self-etching adhesive system with 10-MDP, inorganic
substances are found in smaller amounts compared to a prepared dentin
surface.

6. The difference in the type of preparation leads to differences in the chemical
composition on the dentin surface.
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Results in scientific objective 4.

Clinical evaluation of direct composite restorations in Class | cavities of
vital teeth prepared with Er:YAG laser or rotary instruments and applied a
self-etching adhesive system containing 10-MDP and relation to patient
caries risk

Out of a total of 30 patients (n=64), 28 (n=61) were evaluated at the 6th
month follow-up examinations and 27 (n=60) at 12" month. After placement
of the direct composite restorations, as well as at the 6" and 12" month,
intraoral photographs were taken with an operating microscope (Figs. 25 and
26).

Figure 25. Intraoral operating microscope imaging of direct composite restorations after
Er:YAG laser preparation. A/ immediately after placing B/ on the 12" month.

Figure 26. Intraoral operating microscope imaging of direct composite restorations after
Er:YAG laser preparation. A/ immediately after placing B/ on the 121" month.

After preparation with the Er:YAG laser, chalky white spots were
observed peripheral to the enamel cavity in some teeth (Fig. 27A). Due to the
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lack of tactile sensation and guiding light, especially in cases with limited
visibility, it is possible for the dentist to direct the laser beam outside the
cavity and cause ablation in healthy parts of the enamel. During follow-up
after the 12" month, these chalky white spots are absent and no surface defects
are detected (Fig. 27B).

-~

Figure 27. Intraoral operating microscope imaging of direct composite restorations after
Er:YAG laser preparation. A/ immediately after recovery B/ on the 12" month.

Using the modified USPHS criteria of Ryge and Cvar, restorations were
evaluated immediately after placement and at 6" and 12" months. Marginal
staining, secondary caries, and obturation fracture criteria were not applicable
for immediate postplacement evaluation of direct composite restorations and
were evaluated only at 6™ and 12" months. Hypersensitivity and transition
smoothness criteria were evaluated immediately after placement of the direct
composite restorations, at 6" and 12" months. All restorations were evaluated
both without magnification and with an operating microscope (x21), but both
research methods gave absolutely identical results, therefore in the presented
tables the data are without their division by research method - with or without
magnification. Regarding the criteria Secondary caries, Obturation fracture,
Smoothness of transition and Hypersensitivity, all scores were Alfa even at
follow-up after 12" months (Table 15).
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Table 15. Result of evaluation of restorations using the modified USPHS criteria of Ryge and Cvar

Period

Postobturation 6™ month 12 month

Method

Criteria

Rotary
instruments
(n=31)

Er:YAG
laser
(n=33)

Rotary
intruments
(n=29)

Er:YAG
Jasep
(n=32)

Rotary
intruments
(n=28)

Er:YAG
laser
(n=32)

1. Marginal discoloration

Alfa n
Bravo

Charlie

31

31

25
4

29
3

22
6

29
3

2. Obturation fracture

Alfa n
Bravo

Charlie

31

33

3. Secondary caries

Alfa n
Bravo

Charlie

31

33

4. Hypersensitivity

Alfa n
Bravo

Charlie

31

33

5. Smooth transition

Alfa n
Bravo

Charlie

31

33




Regarding the level of caries risk, none of the patients included in the
study fell into the Low risk group. The majority fell into the High-risk group,
with some changes in the habits of some of the patients moving from
Intermediate to High-risk and vice versa when examined at the 6" and 12"
month follow-up examinations (Fig. 48).

Caries risk

B 54

50 47 48
40

30

20

10 13 11
10
vo o B
0

Low Moderate High

® ()month ™6 month 12 month

Figure 48. Distribution of caries risk level of patients,
examined at 0, 6™ and 12" months.

Marginal staining was found in two of the patients (n=6). Both patients
were at high caries risk, and using the t-test, a statistically significant
difference was found for the association of high caries risk with the presence
of marginal staining (p<0.05). According to Cvar and Ryge, restorations rated
Alfa and Bravo are clinically acceptable, while those rated Charlie and Delta
are not and should be replaced. Studies covering a period of clinical
observation and evaluation over a period of 2-3 years are useful in that they
register materials and methods that produce early clinically unacceptable
results. Given the above and our results, we can state that Er:YAG laser
preparation of hard dental tissues and the use of a self-etching adhesive system
with 10-MDP do not show early clinically unacceptable results and can be
applied by dental practitioners in the dental practice.
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In our 12-month study, for the criterion of Marginal Staining, in the
rotary instrumented group, 6 of the restorations were rated Bravo, and in the
Er:YAG laser prepared group, 3 of the restorations were rated Bravo. No
statistically significant difference was found regarding the preparation method
(p>0.05). From everything described, it follows that the preparation of hard
dental tissues with the Er:YAG laser is suitable for clinical use in Class |
carious lesions,

The results obtained by us are in controlled conditions, performed by a
single dentist, only on primary carious lesions Class | of permanent vital teeth,
on patients without parafunctions and without periodontal diseases. Despite
the relatively short follow-up period of clinical cases, not a single case of
secondary caries, hypersensitivity or fracture of the restoration was found.
This indicates that the used self-etching adhesive system containing 10-MDP
Is suitable for use in combination with a light-curing composite material for
the restoration of cavities prepared with the Er:YAG laser.

Conclusions:

1. Preparation of hard dental tissues with the Er:YAG laser does not differ
from preparation with classic rotary instruments in terms of obturation of
Class I carious lesions after a follow-up of 1 year.

2. The preparation of hard dental tissues with the Er:YAG laser and the use of
a self-etching adhesive system with 10-MDP can be successfully applied in
dental practice.

3. The risk of caries reduces the clinical durability of direct composite
restorations, regardless of the preparation method used.
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Results of scientific objective 5.

Clinical recommendations for optimizing the application of the Er:YAG
laser in the preparation of hard dental tissues

Based on our experience, clinical recommendations have been made for

achieving an optimal treatment result when using the Er:YAG laser for the
preparation of hard dental tissues.
Practical guidelines for removing dental caries with the Er:YAG laser:

1.

2.

To apply the default settings for the removal of different types of
dentine for greater safety;

To point the sapphire tip of the handpiece perpendicular to the surface
to be prepared and then to activate the operation of the laser through the
pedal;

. Avoid staying in one field during preparation, as the laser beam will

take away tooth tissue in a deep, narrow area where it will be difficult
to apply the adhesive system and restorative material later;

To ensure wide enough access for direct guidance of the sapphire tip for
complete caries removal;

. Work with caution and control until sufficient practical experience with

the Er:YAG laser is obtained.

The laser beam is invisible and it is possible to direct it in the wrong
direction, excessive removal of healthy hard dental tissues and
traumatic exposure of the pulp.

The lack of objective findings such as tactile sensation and dentinal
scrapings, a clinical criterion for caries removal with rotary instruments,
make it difficult for the clinician to make an exact deep caries removal.

. In case of deep carious lesions, the preparation should be carried out

with increased attention and frequent breaks to evaluate the cavity
walls. Strong water spray impairs visibility in the operative field, and
the practice of reducing it carries the risk of pulpal damage and
postoperative pain.

51



V. CONCLUSIONS

The analysis of the results of the conducted research gives reason to draw
the following conclusions:

1. The most preferred adhesive systems among dentists in our country are
the two-step etching and rinsing systems.

2. Replacement of obturation due to impaired marginal adaptation is
common in dental practice.

3. Specimens prepared with an Er:YAG laser and Clearfil SE Bond 2
adhesive system applied showed significantly greater length of resin-
tags compared to specimens where Clearfil SE Bond 2 adhesive system
was applied but not used Er:YAG laser.

4. The use of the Er:YAG laser for preparation leads to changes in the
chemical composition of the dentin surface.

5.  The values of Ca/P ratio on the surface of dentin prepared with Er:YAG
laser or metal bur were not statistically different, both before and after
application of adhesive system.

6. Preparation of hard dental tissues with the Er:YAG laser does not differ
from preparation with classic rotary instruments in terms of obturation
of Class I carious lesions after a 1-year follow-up.

7.  The preparation of hard dental tissues with the Er:YAG laser and the
use of a self-etching adhesive system with 10-MDP can be successfully
applied in dental practice.

8. The risk of caries reduces the clinical durability of direct composite

restorations, regardless of the preparation method used.
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VI. KEY CONTRIBUTIONS

Contributions of original character.
1. For the first time in our country, the length of the resin-tags in the dentinal
tubules was measured with CLSM after preparation with an Er:YAG laser and
application of an adhesive system with 10-MDP.
2. Prognostic length of resin-tags in dentin after preparation with Er:YAG
laser and application of self-etching adhesive system with 10-MDP was
calculated.
3. For the first time in Bulgaria, an elemental analysis was performed on the
dentin surface after preparation with the Er;YAG laser.
4. For the first time in Bulgaria, Class | composite restorations after
preparation with the Er:YAG laser were follow-up and evaluated with the
criteria of Ryge and Cvar.

Contributions of a confirmatory nature.

1. The use of CLSM is a suitable method for evaluating the penetration of
an adhesive system into the dentinal tubules.

2. After dentin preparation with Er:YAG laser, longer resin-tags are
observed in the dentinal tubules.

3. It has been confirmed that the use of the Er:YAG laser for the
preparation of hard dental tissues leads to changes in the chemical
composition of the dentin surface.
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