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Abbreviations:

—

. FRC — Fiber-reinforced composites

. D - Dentists

. CAD/CAM - Computer Aided Design / Computer Aided Manifacturing
. ZrO; - Ceramics based on zirconium dioxide

. PEEK - Polyether ether ketone

. AFM - Atomic force microscope

. A,O3 - Aluminum oxide

. Sa - arithmetic mean value
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. Sm - average-significant value
10. Sq - root mean square value
11. Sv - depression

12. Sp - protrusion

13. BioHPP (Bio High Performance Polymer) - thermoplastic high-tech polymer based on
PEEK.

14. pTBS - micro-tension test

15. uSBS - micro-shear test



Introduction

Pathological mobility of the teeth, difficulty in chewing, bleeding gums, poor
blood supply to the periodontal complex, loss of bone density are typical symptoms of

periodontitis. In addition, manifestations of concomitant pathology are also common.

Pathological mobility of the teeth can be eliminated by splinting them. The active
development of dental materials in the late 20th century led to the development of new methods
for immobilizing teeth. Composite splints reinforced with glass or polyethylene fibers are
widely used. These splints are durable, do not cause discomfort and meet the aesthetic
requirements of patients, which have recently increased sharply. However, when they are used,
retention areas are created, which favor the growth of microorganisms and impair oral hygiene,

which in turn reduces the service life of the splinting structure.

Currently, CAD/CAM technologies are widely used in dentistry, allowing to obtain
accurate and at the same time aesthetic designs, reproducing all planned parameters, such as
shape, thickness of the fixing layer, distance to the gum edge and the cutting edge of the tooth.
The use of CAD/CAM technology minimizes the human factor influencing the accuracy of

structures.

Problems with milling accuracy, the choice of materials for these purposes and fixing
materials remain unresolved. The ways to solve them lie in the study of the physical and
mechanical properties of structural materials, the study of polishability and adhesive properties

of fixing materials.



Aim and tasks of the dissertation

Objective: To study the advantages of fibrous composites for the
manufacture of splinting structures by CAD / CAM technology.

To achieve this goal, we set ourselves the following tasks:
Task Nel. Investigation of the bond strength between materials designed for CAD/CAM

technology and adhesive cement in different surface treatments.

1.1. Production of test specimens according to the international standard (ISO 29022).
Evaluation and comparison of the roughness parameters during different surface treatment with

an atomic force microscope.
1.2. Investigation of the bond strength with a universal testing machine.

Task Ne2. Application of an atomic force microscope in the study of the possibilities for

polishing and glazing of materials intended for CAD/CAM technology.

Task Ne3. Offering our own laboratory protocol for planning and production of innovative
design of extracoronary splints made by CAD/CAM technology and deriving recommendations

to dental technicians.

Task Ne4. Clinical evaluation of fibrous composite extracoronary splints made by CAD/CAM

technology and derivation of a clinical protocol and recommendations for the practice of D.



Materials and methods

Materials and methods for task 1

1.1. - Production of test specimens according to the international standard (ISO 29022).
Materials:
The materials we used in the study are presented in Table 1.

Table 1. Materials used in the study.

Material Composition Manufacturer

Fiber-reinforced composite Composite material reinforced | Trilor; Bioloren S.l.r.;

with divergently oriented glass | Italy

fibers
Thermoplastic high-tech polymer It contains ceramic BioHPP; Bredent;
based on PEEK microparticles with a size of | Germany

0.3-0.5 microns, occupying

20% of the total volume

Hybrid ceramics Ceramic mesh structure (86%) | Vita  Enamic; VITA
infiltrated with polymer mesh | Zahnfabrik, Germany
structure (14%).

Ceramics based on zirconium ZrO, + HfO; + Y203: >99% Ceraman; Dentstore SRL
Y203: 4.5% - 6%
HfO»: <5%
AlO3: <0.5%

dioxide

A
Fig. 1. A / Composite material reinforced with glass fibers Trilor (Bioloren S.1.r ;
Italy).
B / BioHPP (Bredent; Germany).
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Fig. 2. A/ Ceramics based on zirconium dioxide (Ceraman).

B / Hybrid ceramics (Vita Enamic).

Methods:
On a computer program (Free CAD version 0.18) a STL file with a disk shape with

dimensions of 10 mm in diameter and 5 mm in height was created (Fig. 3).
Specimens cut from the created file - 40 pieces of each material (total number -160).

The finished disk-shaped specimens were placed on a flat work surface in the center of plastic
rings with a diameter of 20 mm and a height of 5 mm (Fig. 4) and were covered in them using

Duracryl Plus quick-curing plastic (manufacturer: Spofa Dental ).

Fig. 4. Specimens. Fig. 3 STL file on a prototype.

For the thus prepared prototypes it was planned (Fig. 5) by a computer program (Free CAD
version 0.18) and printed (Fig. 6) from a polypropylene, transparent matrix, necessary for
injection molding and polymerization of the second element of composite cement (Panavia
V5; Kuraray , Japan) in the form of a cylindrical column with a diameter of 2.38 mm and a
height of 3 mm (according to ISO 29022 Dentistry - Adhesion - Notched - edge shear bond
strength test).



Fig. 5. STL file of the matrix. Fig. 6. Printed matrix.

1.1. - Evaluation and comparison of the roughness parameters in different surface

treatment with an atomic force microscope.

Materials:

For the purpose of the study, the samples of each material were divided into 4 groups presented
in Table 2.

Table 2. Groups with different surface treatment.

Group Surface treatment Number of samples

First No treatment 10 6p. Trilor
10 6p. BioHPP
10 6p. Vita Enamic

10 6p. ZrO>
Second Erbium YAG treatment (200 10 6p. Trilor
mJ, 10 Hz, 2.00 W, pulse 10 6p. BioHPP
mode) 10 6p. Vita Enamic
10 6p. ZrO>
Third Processing with a diamond 10 6p. Trilor
file with a green coding ring, 10 6p. BioHPP
under water cooling (Komet; 10 6p. Vita Enamic
Germany, No 10 6p. ZrO>

ZR6881.314.016)




Fourth Sandblasting with Renfert 10 6p. Trilor

Basic Classic - sandblasting 10 6p. BioHPP
machine (Fig. 15) (Renfert 10 6p. Vita Enamic
Gmbh & Co - Hilzingen, 10 6p. ZrO2

Germany) with 110 uym
particle size (aluminum
oxide); 2 bar pressure from

1.5 cm distance

After treatment, all samples were carefully cleaned in an ultrasonic bath with ethanol for 480

seconds.

Fig.7. Diamond bur (Komet, Germany). Fig. 8. Erbium YAG Sineron.
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Fig. 9. Sandblasting machine Fig. 10. Atomic force microscope.

(Renfert Gmbh & Co - Hilzingen, ['epmanus).
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Description of hardware layout and monitoring mode:

The observations were conducted with an "Easyscan 2" device of the company
"Nanosurf" - Switzerland. The device is equipped with a working tip TAP 190-Al G made in
the company "Budgetsensors" (Bulgaria) (Fig. 10).

Methods:

The study was performed in the laboratory "LAMAR" at the University of Chemical
Technology and Metallurgy - Sofia.

The following operating modes were used:
Operating modes for atomic force microscopy:

- Static mode: based on the sliding of the working tip (needle) on the surface of the

sample.

- Dynamic mode: based on the touch of the working tip at individual points on the test

surface, located at specific distances.
The images were taken under the following conditions:
- Image working area - square area with a linear size of 49.5 um

- Resolution - The area is divided into 256 points per line on 256 lines. Recording

speed - from 5 to 10 s/ line.

- Scan mode - dynamic mode with a frequency of 17 kHz. And amplitude 600 to 1200
mV continuous mode from top to bottom and from bottom to top, when recording data from

left to right and from right to left

The analysis and evaluation of the surface profile of the samples included the

following roughness parameters:
Sa - arithmetic mean (6):

It is determined as the arithmetic mean of the moduli of the lengths of all vectors from

one line (N), along all lines (M).
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Sm - mean value:

It is defined as the arithmetic mean of the lengths (taking into account their positive or

negative sign) of all vectors of one line (N), of all lines (M).

M-1 N-1

AR & 20 )

k'ﬂ I=0

Sq - root mean square value:

M-1 N-1

> >zl y

ktﬂ =0

Sv - Depression: This is the value of the deepest point relative to the baseline (ie the

longest negative vector).

Sp - protrusion: This is the value of the highest point relative to the baseline (ie the

longest positive vector).
Sy - this is the total distance between the deepest and highest point.

Sy =Sp - Sv

1.2. Investigation of the strength of the connection with a universal testing

machine.
Materials:

The materials we used in the study are presented in Table 1.
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For the purpose of the study, the samples of each material were divided into 4 groups

presented in Table 2.

Methods:

The test was performed on a universal test machine Instron 3384. The machine has equipment
for testing tension and pressure with a force of up to 150 kN, as well as a test chamber for low
and high temperatures in the range of -190 ° C to +350 ° C. The machine is controlled by a
personal computer and software product Bluehill 3. It has been used to develop a test method
for determining the bond strength of materials Trilor, BioHPP, Vita Enamic and ZrO,.

Fig. 11. Instron 3384 universal testing machine.

The requirements of the standard ISO 29022 / 2013-06-01 are set in the development of
the test methodology, ie. load speed 1.0 mm / min, maximum force recording in (N), glued
column diameter @ 2.38 £+ 0.03 mm, column height 5 mm, ambient temperature 23 °C+2°C
and relative humidity 50 + 10%, as well as staying of the samples 24 hours before testing in the
air-conditioning laboratory.

For each material are prepared four variants of processing Control (K), Laser processing
(E), Diamond drill (B) and Sandblasting (P). For each processing mode, 10 samples were tested
for more correct analysis and subsequent decision-making for the strength of adhesion (gluing)
as well as for subsequent statistical analysis. The total number of samples for one material is
40 pcs. Therefore, when conducting the experiments in the methodology it was set to enter the
name of the sample with the letter (K, E, B and P), serial number, measured real diameter before
the experiment on each glued pole for subsequent correct reading of the maximum force in N

and calculation of the bond strength (bond strength) in (MPa) by the formula:c =F / A
(D
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where:

o - Bond strength (MPa)

F - Maximum applied force (N)

A - The connecting area (mm?2)
The applied maximum force F is set to be kept in a table, and the calculation of the maximum
strength is taken from the measured and entered diameter of the sample. The calculation of

the connecting area is determined by the formula:
A=(mxd2)/4(2)

where:

A - the actual reported area of the experiment (mm?2)
d - actual measured diameter of the test body (mm)

.

Fig. 12. Control specimens (a) before the test, (b) numbered in the order of the test.

6)

The tendency of the connection to plasticity of test specimens can be determined as
an indicator of plasticity, taking the value of the absolute displacement for deformation until
the moment of failure:

€ =(d-h)/d) x 100%, (3)

where:

d - actual measured diameter of the test body (mm)

h - absolute displacement to failure (mm)

The initial moment of destruction of the test specimens is determined by the noise
from the cracking and from the change in the load force.

14



The test specimens are made with overall dimensions @ 25 X 5 mm, having been
processed on both sides by different methods and marked with the respective letter for

processing before testing (Fig. 14 a) and serial number inscribed according to the test order
(Fig. 14 b)

Fig. 14. Location of the developed device for Instron 3384 with the ability to adjust back and
forth.

15



Fig. 15. Position of the test piece before the test.

Materials and methods for task 2

Materials:

The polishing of the materials used in the research was performed in a dental laboratory

at the Department of Prosthetic Dentistry of FDM Plovdiv.

For the purpose of the study, the materials presented in Table 1 were used. The samples

were divided into the following groups presented in Table 3.

Table 3. Materials used in the study and methods for polishing and glazing.

Material Polishing Glazing No treatment
Trilor Rubber polishing Application of No treatment
(Komet; Germany, nanophilic light-

Ne 9523UF.204.030) curing protective
coating for

laboratory use
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(Optiglaze; GC

America)
BioHPP Polishing with the Application of No treatment
company's polishing nanophilic light-

set (BioHPP) curing protective

finishing and coating for
polishing set) and laboratory use

polishing paste (Optiglaze; GC
(Acrypol polishing America)
paste)
Vita Enamic Polishing with Application of No treatment

company polishing nanophilic light-

set (Vita Enamic

curing protective

Polishing set coating for
technical; VITA laboratory use
Zahnfabrik, (Optiglaze; GC
Germany) America)
V4(0)} Polishing with Glazing with low- No treatment
polishing set (NTI melting ceramics
CeraGlaze; Dentaurum;
Germany) Germany

17




Fig. 16. Company polishing set (BioHPP finishing and polishing set) and polishing paste
(Acrypol polishing paste).

—

A b

Fig. 17. A / Rubber for polishing composite materials (Komet; Germany). B / Polishing set
(NTI, Germany).

WVITA ENAMIC* Polishing Set technical

A

Fig. 18. A/ Company polishing set (VITA ENAMIC Polishing set technical; VITA Zahnfabrik,
Germany). B / Nanophilic light-curing protective coating for laboratory use (Optiglaze; GC

America).
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All samples after treatment were carefully cleaned in an ultrasonic bath with ethanol for 480

seconds.

Materials and methods for task 3

Materials:

We used an intraoral scanner (TRIOS; 3Shape) (Fig. 19) ina CAD / CAM center at FDM

Plovdiv to scan the operative field.

Fig. 19. Intraoral scanner Trios; 3Shape.

The digital fingerprint was redirected to a CAD (computer simulation) program (Sirona
InLAB). The resulting 3D model was used to simulate the design of the future splint, taking
into account the relief of the lingual surface of the teeth. The splint is located at least 1 mm
from the marginal edge and just as much from the cutting edge of the teeth. The thickness of
the structure can also be set, as we chose it to be no more than 0.5 mm. The program also
determines the thickness of the cementing layer. The recommended distance of 50 um was

set.
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Fig. 20. Imported file in Sirona InLab software.

Fig. 21. The design of the splint with setting the defined parameters.
Methods:

The CAM module (cutter) cut an exact copy of the virtual 3D model of the splint.

2 - L JT RS 2F 4 -
e S R
g D B

Fig. 22. Splinting construction in the process of cutting.

Its surface was treated with a sandblasting machine Renfert Basic Classic (Renfert Gmbh &
Co - Hilzingen, Germany) with Al1203 particles with a size of 110 um at a pressure of 2 bar

from a distance of 1.5 cm.

The surface of the splint located to the tongue is polished with special polishing agents
(depending on the selected material). Here, from the results obtained from Problem 2 for the

different materials, we chose the following treatment for polishing and glazing:
Trilor - nanophilic coating (GC Optiglaze; GC America)

Vita Enamic - nanophilic coating (GC Optiglaze; GC America)

BioHPP - polishing with polishing set (BioHPP finishing and polishing set)
Zr02 - Glazing with low-melting ceramics (Ceramotion; Dentaurum)

The virtual model of the lower jaw was printed on a 3D printer (FormLabs 2, USA) in the
CAD / CAM center of FDM Plovdiv, so that finishing procedures on the splinting structure

20



could be performed on it (adjustment of the edges of the splint to obtain a smooth transition

between it and the lingual surface of the teeth), necessary for maintaining good oral hygiene.

Fig. 23. Printed model of the lower jaw.

Materials and methods for task 4
Materials:

Object of observation

Of the 24 patients examined in advance, 16 patients aged 55 to 65 years were approved for
participation in the clinical trial, in good general condition, with satisfactory oral hygiene, with
second-degree mobility of the teeth. Each patient is thoroughly acquainted with the forthcoming
procedure, possible complications and expected results and has written a voluntary informed

consent. (Application 1)
Observation units:
* Teeth with second degree mobility (according to Miller).

¢ Indirect splinting structures made of fibrous composite made by CAD / CAM technology -

evaluation of structures.

Signs of observation - Three signs of observation are considered: patient, tooth and splinting

structure;
* - At the sign "patient" attention is paid to age, sex, oral hygiene, general health, bite;

* - The sign "tooth" pays attention to the degree of mobility;
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The 'splinting structure' attribute draws attention to criteria established as the United Public
Health Service Ryge Criteria for the clinical assessment of restorations, which include:
appropriate color, marginal staining, secondary caries, contour, marginal adaptation, relief. For
the purposes of the specific clinical study, we modify the criteria, reducing them to a change in
the color of the splint, staining of the splint-tooth border, survival (how many of the splints
fulfill their purpose after 1 year in the oral cavity). Here, splint fractures are reported that require
rework. Success - debonding the splint without the need to make a new one or breaking off a

part of it that does not interfere with the splinting and does not require rework. (Table 4)

Table 4. Modified USPHS criteria for clinical evaluation.

Criteria Method of observation Result
Change in splint color Visual observation A/b
Staining of the splint-tooth | Visual observation A/b
border

Survival Visual observation A/b
Success Visual observation A/b

Research design:

CONSORT Statement sets the global standard for conducting clinical trials. Accordingly, in
Fig. 24 presents the design of the study.




Fig. 24. Design of a randomized clinical trial.

Methods:
All splint constructions were made in strict compliance with the following clinical protocol:
1. Pre-prosthetic preparation:

- Preoperative intraoral photographs to document the condition of the dentition

in the frontal area of the lower jaw.

- Cleaning and smoothing of the root surface.

Fig. 25. Initial situation.
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1. Scan the lower jaw with an intraoral scanner (Trios; 3Shape).

Fig. 26. Scanned lower jaw (Trios; 3Shape).

2. Digital modeling of the splinting structure in a CAD system - the taken digital
impression is imported in a software program (Sirona InLAB), through which the
future splint is modeled to stand 2 mm from the marginal periodontium and the
same from the cutting edge of the teeth. A splint thickness of 0.5 mm and a cement

layer thickness of 50 pm are set.

FOlES)

Fig. 27. Digital modeling of a splinting structure.

3. Cutting the fiber composite splint (Trilor; Bioloren S.r.1.) using the CAM module
(Sirona Cerec MC XL).

4. Printing of the digital model of the lower jaw on a 3D printer (FormLabs 2) -

necessary for adjusting the edges of the splint to obtain a smooth transition between it

and the lingual surface of the teeth.
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Fig. 28. Adjusted on a printed model splint.

5. Glazing of the splinting structure with a protective, nanophilic, photopolymerizing coating

(GC Optiglaze; GC America) in order to create a smooth surface.

6. Treatment of the inner surface of the rail with a sandblasting machine Renfert Basic Classic
(Renfert Gmbh & Co - Hilzingen, Germany) with aluminum particles with a size of 110 um at

a pressure of 2 bar from a distance of 1.5 cm.
7. Check the adaptation of the splint intraorally.
8. Isolation of the operative field with Optradam (Ivoclar Vivadent; Liechtenstein).

9. Cementing of the rail - each rail is carefully cleaned in an ultrasonic bath with ethanol for
480 sec (CD-3800 (A), Cody, China), dried and prepared for cementation with the Panavia V5

system (Kurraray Noritake Dental Inc., Japan)
The splint cementing protocol included:

- total acid etching of the lingual tooth surface with orthophosphoric acid (K-etchant Syringe

Kurraray Noritake Dental Inc., Japan) for 10 seconds;

Fig. 29. Etching of the lingual surface of the teeth.
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- rinsing with water-air jet for 30 seconds;

- application of Panavia V5 Tooth Primer (Kurraray Noritake Dental Inc., Japan) for 20
seconds; slight drying;

- application of a ceramic primer containing the monomer MDP Clearfil Ceramic Primer Plus

(Kurraray Noritake Dental Inc., Japan) on the inner surface of the rail and drying;

- applying an even layer of double-polymerizing cement Panavia V5 (Kurraray Noritake Dental

Inc., Japan) on the inner surface of the splint and adapting to the teeth;

- removal of excess cement with a brush before polymerization;

Fig. 30. Cleaning excess cement with a brush.

- polymerization with a photopolymerization lamp (iLED 1000-1200 mW / cm2,
Woodpecker) for 40 seconds on each tooth;

11. Direct clinical evaluation - All patients' recoveries were evaluated using a modified
USPHS Ryge and Cvar criterion for direct clinical evaluation. They are applied as a standard
for monitoring and assessing the status of refunds. Three degrees of success are envisaged, as
follows: grade A (Alpha) - high level of clinical success; B (Bravo) - declining level of

clinical success; C (Charlie) - low level of clinical success (Appendix 3).

12. Postoperative photography - all patients underwent postoperative photographs to

document and analyze the results.
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Fig. 32. Photo of a splint after 1 year.

13. Monitoring the results at 6 months and 1 year.

All splints were evaluated using modified Ryge and Cvar USPHS criteria for direct clinical
evaluation. This criterion evaluates the following parameters: appropriate color, marginal
staining, marginal adaptation, anatomical shape, secondary caries, proximal contacts,
postoperative sensitivity and fracture, and loss of part or all of indirect recovery. The
characteristics of each of these parameters are set by choosing between: - Alpha (A) - excellent
performance - Bravo (B) - satisfactory performance - Charlie (C) - poor / unsatisfactory

performance.
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Results and discussion

Results and discussion on task Nel

1.1. Production of prototypes according to the international standard (ISO 29022)

Following the protocol of work from the international standard ISO 29022 (Dentistry -
Adhesion - Notched-edge shear bond strength test), we realized the task set by us, as the results

are photo-documented and presented by the following figures:

Fig. 33. Prototypes A / Fibrous composite B / BioHPP C / Hybrid ceramics.
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Fig. 34. Prototype covered by a plastic ring with fast-curing plastic.

Fig. 35. Printed matrix required for injection molding and polymerization of a second element

(column).

Fig. 36. Injection of a second element of Panavia V5 in the form of a cylinder to the

prototype.
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Fig. 37. The completed prototype, which standardizes the adhesive bond between the

splinting material and the composite cement.

The advantage of the disk-shaped shape of the prototypes we have chosen is that both

sides (front and back) can be examined.

When comparing the bonding strength of 4 cements in the micro-shear and micro-torsion test,
Schreiner et al. reported that the shear test did not result in a significant difference between the
cements, while torsion did.1.1. OueHka u cpaBHEHHE Ha MapaMeTPUTE HA IPANaBOCT MpPHU

pasiinyHa MOBLPXHOCTHA 00Pa0OTKA C aTOMHO-CHIIOB MHUKPOCKOTI.

After measuring the relief and surveying the surfaces of 16 samples divided into 4 groups of
Trilor (Bioloren; Italy); BioHPP (Bredent; Germany); Ceramics based on zirconium dioxide
(Ceraman); Hybrid ceramics (Vita Enamic) with atomic force microscope, which were treated

as follows:
1 g - control (without processing);
2 g - Erbium laser treatment (200 mJ, 10 Hz, 2.00 W pulse mode);

3 g - treatment with a cylindrical diamond file with a green coding ring, under water cooling

(Komet; Germany, Ne ZR6881.314.016);

4 g - sandblasting machine Renfert Basic Classic - sandblasting machine (Renfert Gmbh & Co
- Hilzingen, Germany) with 110 pm particle size of A1203; 2 bar pressure of 1.5 cm distance
The imaged surfaces in the study of the experimental samples with an atomic force microscope

are shown in tables: 5, 6, 7, 8.
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Table 5. Topographic and three-dimensional images of Trilor material.

Topographic image Method of
processing

Sample Trilor 1 Without treatment
£
3
:
g
g
&

Sample Trilor 2 Sandblasting
=
g
E
z
g

Sample Trilor 3 Diamond bur
=
3
E
£
£
i
2

Sample Trilor 4 Er:-YAG
£
2
£
>
2
5
8
g
8

Three-dimensional image Method of
processing
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Sample Trilor 1 Namosurf Lavyscan 2 - [GROUP-3-SAMPLE- 1 - TRILOR-REFERINCE] With()ut treatment

Line fit 8um

¥ 43 5m
Sample Trilor 2 Nanosurf Easyscan 2 - [GROUP-2-SAMPLE-1-TRILOR-SAND BLASTING] Sandblastlng
326
-3.74p
X* 49.5pm

Sample Trilor 3 Diamond bur
£
=5
.
h=
()
£
=

X* 49.5pm
Er:-YAG

Sample Trilor 4

Line fit 8um

455

s —— ) e — )
Line fit 7um

-3.45y
X* 49 5pm

Table 6. Topographic and three-dimensional images of Vita Enamic material.
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| Topographic image Method of processing
Sample Vita Enamic | S==sSantiautiienisii Without treatment
1

Line it 2.33um

~ Topogrephy range

Sample Vita Enamic Sandblasting
2
g
3
&
g
!
L&
=
Sample Vita Enamic Diamond bur

3

Line fit 4.43pm

Tﬁpéamnhv. tangé
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Sample Vita Enamic Er:-YAG
4
g
&
2
=
Ll
Z
&
g
Method of processing
Sample Vita Enamic Nanosurl Easyscan 2 - [GROUP-3-SAMPLE-2-VITA ENAMIC-REFERENCE] Without treatment
1
=
&
:
Sample Vita Enamic Sandblasting
2
=
=
=
(i)
£
—
3.51p
3494
X* 49 5pm
Sample Vita Enamic Nanosurf Easyscan 2 - [GROUP-2-SAMPLE-2-VITA ENAMIC-BORER] Diamond bur
3
=
=
~
b=
()
£
|

329

371y

X 49.5um
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Sample Vita Enamic Nanosurf Easyscan 2 - [GROUP-3-SAMPLE-2-VITA ENAMIC-LASER] Er:YAG
4

Line fit 8um

X* 49 5pm

Table 7. Topographic and three-dimensional images of ZrO> material.

Topographic image Method of processing

Sample ZrO: 1 R Without treatment
g_
:
5
Hs
g
£
| g‘
L

Sample ZrO:2 2 Sandblasting

[T I
Line fit 2.66um

1
Topography range
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Sample ZrO: 3 Diamond bur
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Sample Zr0O: 4 Er:-YAG
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Three-dimensional image Method of processing
Sample Zl,.()2 1 asyscan 2 - [GROUP-3-SAMPLE-3-ZIRKON-REFERENCE] Without treatment
£
&
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404y
39y
X* 49 5ym
Sample Zr0O: 2 Sandblasting
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X* 49.5ym

Sample ZI'OZ 3 Nanosurf Easyscan 2 - [GROUP-2-SAMPLE-3-ZIRKON-BORER] Diamond bur
=
=
~
E
()
=
=i
351y
349y
X" 49.5pm
Sample Zr02 4 Nanosurf Easyscan 2 - [GROUP-3-SAMPLE-3-ZIRKON-LASER] Er:YAG
=
=5
o)
&
)
=
g |

Table 8. Topographic and three-dimensional images of BioHPP material.

Sample BioHPP 1

Sample BioHPP 2

Topographic image

Method of processing

Line fit 2.51pum

Topography range

Without treatment

Line fit5.32um

Topography range

Sandblasting
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Sample BioHPP 3 Diamond bur
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.
2
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%
Sample BioHPP 4 Er:YAG
E
2
&
=
b |
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| §
Method of processing
Sample BioHPP 1 Without treatment
£
3
&
2
=
Sample BioHPP 2 Sandblasting
£
S5
2
=

3064

-3.94

X 49 5um
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Sample BioHPP 3 Nanosurf Easyscan 2 - [GROUP-2-SAMPLE-4-8i0-HPP-BORER] Dlamond bur
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353
347y
X" 49 5pm
Sample BiOHPP 4 Nanosur f Easyscan 2 - [GROUP-3-SAMPLE-4-Bio-HPP-LASER] EI‘:YAG
=
=5
0
h=
()
£
k=1
3.96p
-4.04p
X* 49.5um

Sandblasting is a technique for creating a rough surface on materials that will be
adhesively cemented. However, it can be argued that the sandblasting of the surface leads to

abrasive wear of the material and does not increase micromechanical retention.

Kern and Thompson have found that sandblasting can damage the surface of the samples
and cause a large loss of volume of the material. This result is consistent with another study
revealing that sandblasting can damage the surface of the material, partially destroy the matrix

and expose the filler particles in the material.

The surface treatment with Er: YAG (erbium: yttrium-aluminum garnet) laser is
considered as an alternative for roughing materials in adhesive cementation. The laser system
has the ability to remove particles from the surfaces of materials through micro-explosion and
evaporation, a process called ablation. In this way, the micromechanical retention is increased.
The wavelength of Er: YAG is 2940 nm. Kamel et al. uses 2 W laser roughing, 2780 nm
wavelength, 20 Hz repetition rate for 20 seconds at a distance of 1 mm from the surface of
hybrid ceramic samples to compare the roughing effect of Er, Cr: YSGG and HF acid.
According to the results of this study, it is observed that the action of Er, Cr: YSGG on the
surfaces of ceramic materials for CAD / CAM technology varies and this difference is related

to the crystal structure of the materials used.
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1.2. Investigation of the bond strength with a universal testing machine.

The obtained indicator diagrams from the test of the connection strength of the machine
are presented in basic unit of load N and displacement in mm by applying shear pressure. The
diagrams were further processed and divided into groups and recalculated according to equation
(1) to determine the strength in MPa, taking into account the actual area of the sample A and

recalculated to a diameter of @ 2.4 mm.

Comparative analysis of the influence of pre-surface treatment on different groups of
materials - Trilor, BioHPP, Vita Enamic and ZrO:.

OTrilor

@ BioHPP
Vita Enamic
= 7rO:

SAxoct Ha Bpbekara (MPa)

Kounrpoaa

Fig. 38. Change of the mechanical strength without preliminary processing on the tested
materials.
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Fig. 39. Change in strength after laser treatment of the tested materials.
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Fig. 40. Change in strength after treatment with diamond drill of the investigated materials.
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Fig. 41. Change in strength after sandblasting of the investigated materials.
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Fig. 42. Change in strength according to the method of processing.

In the case of fibrous composite material (156) after laser treatment the bond strength is
142.66% (1.4 times) higher than that without treatment. When machining with a diamond drill,
the improvement in bond strength is weaker - about 26.9% higher than the untreated surface.
The largest change in bond strength occurs during sandblasting - 203.26%, ie. more than twice

(164).

In the case of BioHPP, the bond strengths have the lowest values, but there is still an
improvement in the bond strength compared to the untreated control surface. After laser
treatment, the strength bond increased by 123.53% (twice), and during treatment with diamond
drill 470.59% (five times). The highest change in the strength bond occurs during sandblasting
- 6.31 MPa, which value exceeds by 1137.25% (twelve times) the value of the untreated surface.

The improvement of the connection in Vita Enamic after laser treatment is 33.81%. In
the diamond drill, the bond strength reaches the highest value of 13.06 MPa for Vita Enamic,
which is 57.16% higher than the untreated surface. The change in sandblasting is weaker - about
7.67%. Despite the high values of the bond strength with pre-treatment compared to without

treatment, it does not exceed 60%.

ZrOx-based ceramics have a good mechanical bond without pretreatment (5.39 MPa)
and also improve after post-treatment. After laser treatment the bond strength increases by
47.57% compared to that without treatment, when machined with diamond drill it reaches its

maximum value of 13.88 MPa, which is an increase of 157.51% (more than twice) and is the
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highest mechanical strength for the studied materials . There is an increase in the strength of
the bond in the case of sandblasting by 45.27% compared to the untreated control sample, which

increase is lower by 2.3% and close to that of the laser treatment.

Results and discussion on task Ne2.

After measuring the relief and surveying the surfaces of 12 samples divided into 4 groups of
Trilor, BioHPP, Ceramics based on zirconia ZrO2, Hybrid ceramics with an atomic force

microscope, the laboratory obtained the following results.

The imaged surfaces in the study of the prototypes with an atomic force microscope are shown

in Tables: 9, 10, 11, 12, 13, 14, 15, 16.

Table 9. Topographic images of Trilor material.

Topographic image Method of processing
Sample Trilor 1 Without treatment
5
=
Sample Trilor 2 Polished
£
é:
5
H
e
1|2
Sample Trilor 3 Glazed
£
E|
g
§
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Table 10. Three-dimensional images of Trilor material.

Three-dimensional image Method of processing
Sample Trilor 1 —_— Without treatment
3
$
5
Sample Trilor 2 Polished
=
£
Sample Trilor 3 Glazed
=
Method of processing
Sample Vita Enamic 1 Without treatment
H
=
:
£
H
Sample Vita Enamic 2 Polished

Line fit 770nm

Topography range
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Sample Vita Enamic 3 Glazed
Ii
iz
I E
|
Table 12. Three-dimensional images of Vita Enamic material.
Three-dimensional image Method of processing

Sample Vita Enamic 1

Nanosurl Easyscan 2

[GROUP-3-SAMPLE-2-VITA ENAMIC-REFERENCE )

Without treatment

E
2
X 49.5um
Samp]e Vita Enamic 2 Nanosur f Easyscan 2 - [SAMPLE 2-VITA ENAMIC-POLISHED] Polished
£
[t}
2
°
5
Sample Vita Enamic 3 Glazed
£
o
2
2
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Table 13. Topographic images of BioHPP material.

Topographic image

Method of processing

Sample BioHPP 1

Line fit 2 51pm

Topography range

be3 ob6paboTka

Sample BioHPP 2 H Polished
i
8
{4
Sample BioHPP 3 Glazed
&
g
-
8
Table 14. Three-dimensional images of BioHPP material.
Three-dimensional image Method of
processing
Sample BioHPP 1 Without treatment
=
3
h
5
45y
Sample BioHPP 2 Polished
£
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Sample BioHPP 3 Glazed
g
5
Table 15. Topographic images of ZrO; ceramic material.
Topographic image Method of processing
Sample ZrO: 1 ; Without treatment
z
g
2
Sample ZrO: 2 Polished
§
s
%
T2
-
$
Sample ZrO2 3 Glazed
g
b
Table 16. Three-dimensional images of ZrO2 ceramic material.
Three-dimensional image Method of
processing
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Sample ZrOZ 1 Nanosurf Easyscan 2 - [GROUP-3-SAMPLE-3-ZIRKON-REFERENCE] Without treatment
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X 49 5pm
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X* 49 5pm
Sample ZI.O2 3 Nanosurf Easyscan 2 - [SAMPLE 4-Zirkon-GLAZED] Glazed
=
=
0
N
(=
[
=
=1
1.26p
-1.24p
X* 49.5pm

One of the main goals of polishing is to limit the formation of biofilm and to create aesthetic
restorations that harmonize both in function and appearance with the surrounding natural
structure of the teeth. Highly effective and efficient polishing procedures achieve this goal,
resulting in restorations with a smooth surface and light-reflecting ability similar to the natural
structure of the teeth. This study provides a useful, results-supported discussion of existing and
well-known products, and also provides an insight into new and emerging concepts for optimal

surface polishing.

The atomic force microscope measures a small area, which is representative because it
goes point by point. The roughness depends on the scale and increases when a larger area is
examined. The AFM has a scan size of 2,472 nm2. Areas studied with AFM can be visualized
in three dimensions. The present study confirms the results of the findings published by Tholt

that by combining the profilometer and the atomic force microscope, the results are more
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reliable and accurate. New protocols should be established to study surface roughness in AFM

ceramics.

In addition to the polishing process, glazing of the surface of structures is used as a finishing
procedure as a form of coating. Glazing is a procedure that reduces the porosity, reduces the
surface roughness of the material and improves the aesthetic appearance in the form of aesthetic
luster (118, 143, 142, 186, 147). The obtained results from the roughness parameters for glazed
surface (presented in Table 3) can be considered better, as the roughness values are slightly

higher compared to the polished surface.

Results and discussion on Task Ne3.

Following the protocol for working with the materials we used and the supporting
results of our research, we realized our task 3, and the results are photo-documented and

presented through the following figures: 43, 44, 45, 46, 47.

Fig. 43. Finished and adjusted on a printed model of plastic splinting structure (material Trilor

- Lingual view)
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Fig. 44. Adjusted on a printed model of plastic splinting structure (material Trilor - occlusal

view)

O O umrey

Fig. 45. Finished and glazed fibers of fibrous composite.

Fig. 46. Cut splints from Trilor, BioHPP, Vita Enamic.

Fig. 47. Cut ceramic rail of ZrO».

Of the four materials we used, we did not encounter any difficulties in their laboratory

processing, with the exception of ceramics based on zirconium dioxide and hybrid ceramics.
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ZrO; ceramics need sintering in an oven for 3 hours. After this process, the structure reduces
its volume by 20 percent, which in turn leads to some inaccuracies and deformations. In order
to prevent inaccuracies and deformations during sintering, it is necessary to construct an
additional element to the structure (beam) in advance. The fact that the ceramic materials are
brittle and hard (with a high modulus of elasticity) further complicates the finishing (adjusting,
glazing and polishing) of the ceramic structure of ZrO, with the presence of fractures.
Disadvantages of this material include the difficulty of finishing cut extremely fine shapes and

the complicated process of working with it.

Trilor, BioHPP and Vita Enamic materials, on the other hand, have much better handling
properties due to the relatively simple protocol of working with them compared to ZrO-
ceramics (no need to sinter and construct an additional element to them - a beam). Their
modulus of elasticity, which is close to that of dentin and bone, greatly facilitates finishing

processes such as adjustment and polishing.

Hybrid ceramics are available in the form of blocks, the largest size of which is 12/14/18 mm.
This makes it impossible to use them in cases where the distance from tooth 33 to 43 (lingually)

is greater.

The manufacturer also offers blanks in the form of discs (98.4 mm in diameter), which are not

currently available on the Bulgarian market due to their extremely high price.

Results and discussion on Task Ne4.

After the digital process of scanning, modeling and milling, the finished indirect splints
were cemented and intraoral photographs were taken (Figs. 48, 49, 50, 51, 52). Using modified
USPHS criteria from Ryge and Cvar for direct clinical evaluation, indirect splint constructs
were evaluated immediately after cementation, at 6 and 12 months postoperatively (Tables 17,

18, 19, 20, 21).
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Fig. 48. Intraoral photography of teeth 31, 32, 33, 41, 42, 43
A / Immediately after cementation
B / After 6 months stay
C/ After 1 year
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Fig. 49. Intraoral photography of teeth 31, 32, 33, 41, 42, 43
A / Immediately after cementation
B / After 6 months stay
C/ After 1 year

Fig. 50. Intraoral photography of teeth 31, 32, 33, 41, 42, 43
A / Immediately after cementing B / After 1 year




r
Fig. 51. Intraoral photography of teeth 11,12, 13, 14, 21, 22, 23, 24.

A / Immediately after cementing B /, C / After 6 months stay
D/ After 1 year
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B
Fig. 52. Intraoral photography of teeth 11, 12, 13, 21, 22, 23
A / Immediately after cementing B / After 6 months stay
C/ After 1 year
Table 17. Result of evaluation of splints using the modified USPHS criteria of Ryge and Cvar
per patient 1.

Criteria Immediately after | After 6 months After 1 year
cementation

Change in splint color | A A A

Staining of the splint- | A A A

tooth border

Survival A b b

Success A A A

Table 18. Result of splint evaluation using the modified USPHS criteria of Ryge and Cvar per
patient 2.

Criteria Immediately after | After 6 months After 1 year

cementation
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Change in splint color | A A A
Staining of the splint- | A A A
tooth border

Survival A A A
Success A A A

Table 19. Result of evaluation of splints using the modified USPHS criteria of Ryge and Cvar
per patient 3.

Criteria Immediately after | After 6 months After 1 year
cementation

Change in splint color | A A A

Staining of the splint- | A A A

tooth border

Survival A b b

Success A A A

Table 20. Result of evaluation of splints using the modified USPHS criteria of Ryge and Cvar

per patient 4.
Criteria Immediately after | After 6 months After 1 year
cementation
Change in splint color | A A A
Staining of the splint- | A A A
tooth border
Survival A b b
Success A A A

Table 21. Result of splint evaluation using the modified USPHS criteria of Ryge and Cvar per

patient 5
Criteria Immediately after | After 6 months After 1 year
cementation
Change in splint color | A A A
Staining of the splint- | A A A
tooth border
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Survival A b b

Success A

All splints made by CAD / CAM technology showed excellent characteristics in terms of
criteria - change in splint color, splint-tooth border color, survival, success (Alpha score).

Panavia V5 double-polymer cement (Kuraray; Japan) is used for cementing the rails.

In our 1-year follow-up of clinical cases, no fractured or cracked splint was found. Although
the period is relatively short, this indicates that the adhesive system used in the presence of
MDP primer and the application of double-polymer cement is a suitable method for permanent

fixation of indirect splinting structures.

In a single case, splint dissection was found, which we attribute to the fact that bruxism

was reported in the patient's history.

Another interesting evaluation criterion that we have applied is the staining of the splint-
tooth border. It is most often due to the aging of the double-polymer cement at the boundaries
of the structures and its coloring due to the presence of tertiary amines and benzoyl peroxide.
Taking into account the late results in our clinical study, the staining of the splint-tooth border
was assessed with Alpha (A) in all cases. This fact can be explained by the chemical
composition of the Panavia V5 cement we use, which has high color stability due to the lack

of amines in the catalyst.

A clinical study shows that CAD / CAM systems are an effective way to make splints,
which coincides with the conclusion of other similar studies. There is still insufficient data
from in vivo tests on whether it is time for conventional splinting methods to give way to a
fully digital work protocol. For this reason, the work on a strictly defined clinical protocol is
of particular importance for the successful passage through all stages - clinical and laboratory
and obtaining a predictable and aesthetically satisfactory result. The only available articles
presenting the performance tracking of tires made by CAD / CAM technology show an
acceptable functional result for a period of six months, which coincides with our results. If we
can summarize the results of the 1-year follow-up of the clinical cases developed by us, then

they can be qualified as excellent aesthetically and functionally.
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Recommendations for dentists and dental technicians.

Based on our own laboratory and clinical research, we could give some specific clinical and
laboratory recommendations for achieving optimal treatment results in splinting teeth with

fibrous composite structures made by CAD / CAM technology.
1. Recommendations to dentist:
* Analysis of the clinical case

- Determining the indications and contraindications for splinting teeth;
- Selection of a suitable material with which to splint the teeth;

- Preoperative intraoral photography;
* Digital fingerprinting with an intraoral scanner

- Scanner calibration;

- Drying of the tooth surfaces, which will be gradually scanned;

- Scanning of the prepared teeth and the adjacent ones of the same jaw on all sides
- vestibular, occlusal, palatal;

- Scanning of antagonists and adjacent teeth of the other jaw on all sides;

- Determination of the occlusion, as the patient is invited to bite and stand until
the end of the scan;

- Analysis of the data obtained from the scan and control over the quality of the
captured image. If necessary, the scan is repeated only in areas with poor image
quality, or the entire scanning procedure with the intraoral scanner is repeated.

- In the absence of an intraoral scanner, a traditional impression can be taken from
the dentition with flowable impression material, which will be used to cast a

model of hard plaster and its subsequent scanning in a laboratory scanner;
* Check the adaptation and select the appropriate color of cement

- Try-in pastes specially designed for this purpose are used;
* Cementation of the splint

- Isolation of the operative field with Optradam;
- Medication and etching of the tooth surface with orthophosphoric acid;
- Application of Panavia V5 Tooth Primer (Kurraray Noritake Dental Inc., Japan)

on the entire surface in the range of the splint for 20 seconds and light drying;
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- Application of a ceramic primer containing the monomer MDP Clearfil Ceramic
Primer Plus (Kurraray Noritake Dental Inc., Japan) on the inner surface of the rail
and drying;

- Applying an even layer of double polymerizing cement Panavia V5 (Kurraray
Noritake Dental Inc., Japan) on the inner surface of the splint and adapting it to
the tooth surface;

- Polymerization with a photopolymerization lamp (1000 - 1200 mW / cm?,
Woodpecker) for 5 seconds and removal of excess cement outside the rail with
the help of a dental probe;

- Re-polymerization in 60 seconds on all sides;

- Polishing the boundaries of the bar with polishing discs (Sof Lex, 3M ESPE).
* Photographing after cementing the splint
2. Recommendations for dental technicians:
* Digital design of the splint

- The data obtained from the intraoral scan are transferred to a program for digital
design of future restorations (Computer-Aided Design);

- Marking of the teeth that will be worked on and the material from which it will
be made;

- Outlining the boundaries of the splint and direction of installation (if any);

- Set the desired thickness of the cementing layer and the thickness of the splint;

- Forming the final size;
» Computer-Aided Manufacturing
- Positioning of the place for milling the splint;
* Printing of a working model for adjustment and glazing

- Thinning of the edges of the splint in order to create a smooth transition between
the splint and the tooth surface;
- Glazing of the splint with GC Optiglaze;

* Roughing of the inner surface of the splint

- By sandblasting the inner surface of the splint with alumina with a particle size

of 110 um; 2 bar pressure of 1.5 cm distance
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Conclusion

Periodontal disease is one of the key problems of modern dentistry. One of the leading
symptoms of periodontitis is the pathological mobility of the teeth, which can be
eliminated by splinting them.

Despite the development of dental materials and CAD / CAM technologies, the
development of new methods and constructions for splinting teeth with pathological
mobility as well as cutting problems, the choice of suitable material and cement for
fixation remains unresolved.

To solve this set of problems it is necessary to study the physical and mechanical
properties of materials for CAD / CAM technology that will be used for the manufacture
of rails, their polishing capabilities and the characteristics of modern adhesive cements.

The use of CAD / CAM technology made it possible to plan and manufacture splint
structures made of fibrous composite, ceramics based on zirconia, BioHPP and hybrid
ceramics with certain parameters.

Early clinical results show excellent results, but a longer-term and more in-depth

clinical and laboratory study is needed.
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Inferences

Task Nel:
1.1.

From the tested samples, representing four materials, subjected to treatment with
diamond drill, sandblasting and laser treatment, a different behavior was observed for each
sample compared to the control group. The same roughness was observed after treatment with
a diamond file and sandblasting for the Trilor sample, while in the other samples, the treatment
with a diamond file resulted in smoother surfaces. The largest difference in roughness after
these two treatments was observed in BioHPP, where after sandblasting, the sample was three
times rougher than the treatment with a diamond file. In general, after both types of treatments,

the Trilor material shows the highest roughness, while ZrO; ceramics look the smoothest.

When comparing the four materials after the last type of processing, the largest
difference between the respective types of materials is observed. For the Trilor model, the laser
treatment resulted in twice the roughness, and the Vita Enamic showed surface smoothing. In
the other two samples, comparable values of the surface were observed when comparing the
control with the laser treatment. The images show that there is no significant change after laser

treatment.
1.2.

The treatment affects the mechanical strength of the connection by improving it. The
nature of the destruction, the roughness, the possibility of sticking between the pin and the base
must be taken into account, ie. creating good adhesion between the two materials. This is clearly
seen in the control group without treatment with Vita Enamic material. In addition, the positive
effect of the additional processing is evident in all materials. The best strength bond (13.88
MPa) is realized in ZrO2 ceramics treated with diamond burr, and the largest increase in the
bond strength to the untreated surface is found in BioHPP material after sandblasting - over

twelve times despite its lower values compared to the others. materials.

In the case of fibrous composite material after laser treatment, the bond strength is
142.66% (1.4 times) higher than that without treatment. When machining with a diamond drill,
the improvement in bond strength is weaker - about 26.9% higher than the untreated surface.

The largest change in bond strength occurs during sandblasting - 203.26%, ie. more than twice.
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In the case of BioHPP material, the bond strengths have the lowest values, but there is
still an improvement in the bond strength relative to the untreated control surface. After laser
treatment, the strength bond increased by 123.53% (twice), and during treatment with diamond
drill 470.59% (five times). The highest change in the strength bond occurs during sandblasting
- 6.31 MPa, which value exceeds by 1137.25% (twelve times) the value of the untreated surface.

The improvement of the connection in Vita Enamic after laser treatment is 33.81%. In
the diamond drill, the bond strength reaches the highest value of 13.06 MPa for Vita Enamic,
which is 57.16% higher than the untreated surface. The change in sandblasting is weaker - about
7.67%. Despite the high values of the bond strength with pre-treatment compared to without

treatment, it does not exceed 60%.

ZrO» ceramics have a good mechanical bond without pretreatment (5.39 MPa) and also
improve after pretreatment. After laser treatment the bond strength increases by 47.57%
compared to that without treatment, when machined with diamond drill it reaches its maximum
value of 13.88 MPa, which is an increase of 157.51% (more than twice) and is the highest
mechanical strength for the studied materials . There is an increase in the strength of the bond
in the case of sandblasting by 45.27% compared to the untreated control sample, which increase

is lower by 2.3% and close to that of the laser treatment.

Task Ne2.

From the tested samples, representing four materials subjected to polishing, glazing and

nanophilic coating, different behavior was observed for each sample:

In the case of nanophilic coating, leveling of the surface was observed due to the application of
an additional layer on the polished surface. Thus, compared to the parameter Sa, for Trilor the
value is more than three orders of magnitude higher after polishing, compared to the glazed
sample of the same material. This trend is maintained for all other samples, with the exception
of ZrO; ceramics, where no significant differences are observed. In the three-dimensional
images, almost mirror surfaces are observed in the glazing and coating of all samples, while in
the polishing significant differences are observed. In the Trilor specimen, a completely uneven
surface was observed, while in the Vita Enamic and BioHPP laminar topographies (ie parallel

elongated stripes of protrusions and depressions) were observed. In the case of a sample of ZrO»
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ceramics, the smoothest surface after polishing is observed. Comparison of the Sa values of the
roughness parameter for Trilor and ZrO; ceramics shows that polishing leads to differences
from 0.28 um for Trilor to 0.01 um for ZrO> ceramics. After glazing, all samples show

relatively identical values.
Task Ne3:

The cut splints (Figs. 25, 26, 27, 28) are characterized by high accuracy of fitting to the
hard tooth tissues. Their design creates conditions for the application of full hygiene measures
and they are produced with a minimum number of stages compared to traditional methods.
CAD / CAM technology thus allows for accurate reproduction of all planned parameters of the
future splint: thickness, shape, distance to the marginal edge of the gum and the cutting edge of
the tooth, thus minimizing the human factor, which negatively affects the accuracy of
construction. The manufacturing technology in our study allows the use of materials that could

not be used in traditional clinical methods.
Task Ne4:

The structuring of a modern digital and fully adhesive protocol facilitated the process
and arranged in sequence the obligatory highly error-sensitive clinical and laboratory
stages. As a result of strict adherence to this protocol, we can draw several conclusions:
- eliminates the need for a conventional impression and all the resulting problems such
as: the possibility of transmission of infection, errors of plastic and volumetric changes
in the impression material, displacement of the teeth when taking an impression, etc .;
- shortened clinical and technological time is observed for both the patient and the
clinician;

- facilitates the process of communication between doctor and patient;

- the process of digital modeling is facilitated,

- predictable results.
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Contributions

Contributions of a confirmatory nature

1. It has been established that there is no universal method for unraveling materials for CAD /

CAM technology that will be adhesively cemented.

2. The roughing of the Trilor and BioHPP materials showed the best results when treated with

a sandblasting machine. Other rake methods can be used as an alternative to sandblasting.

3. The use of Er: YAG laser to create a retention surface can be used as an alternative to

sandblasting in Trilor and Vita Enamic fibrous composite material.

4. The use of a diamond file for roughing gives the best results in ZrO2 ceramics and Vita

Enamic hybrid ceramics.

5. Chemical glazing of the materials used in the study shows better results compared to

polishing except for ZrO2 ceramics where similar results are observed.

6. It was found that from the materials used in the study for CAD / CAM technology it is

possible to make extracoronary splints.

7. Clinical follow-up examinations at 6 months and 1 year show fibrous composite material as

suitable for splinting periodontally damaged teeth.
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Contributions of scientific and applied nature

1. For the first time, a load element of a universal testing machine is modified in order to
conduct a connection strength test according to an international standard.

2. Prototypes have been developed which allow two-way testing of the bond strength.

3. For the first time a laboratory protocol for planning and manufacturing of extracoronary
splints using CAD / CAM technology has been developed and recommended.

4. For the first time a clinical protocol for cementation of extracoronary splints made with
CAD / CAM technology has been developed and recommended, based on laboratory results
and tested in clinical conditions.

5. BioHPP was first used to make coronary splints.

6. For the first time, fibrous composite material for CAD / CAM technology is used to make

extracoronary splints.
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