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INTRODUCTION

Relevance of the research topic

The success of orthodontic treatment with brackets depends on the strength of the
bond between the bracket and the tooth surface [65, 69, 74, 142].

Occasional bracket debonding can significantly increase treatment time, cost and
patient discomfort. One of the reasons for bracket debonding may be the insufficient
bonding strength of the adhesive used with enamel and/or with the orthodontic bracket
structure (its base) [51, 91].

The perfect bracket bonding technique involves creating a bond that is strong
enough to withstand the force loads of orthodontic treatment and chewing [156]. At the
same time, the bracket bonding procedure should be safe enough to avoid damage to the
enamel surface both during orthodontic treatment and also at the final stage of treatment
when the appliances are removed [31, 36, 63, 99].

Compliance with the manufacturer's instructions and the basic principles of
adhesive preparation in most cases guarantees long-term success of orthodontic
appliances fixation and avoids complications [5, 14, 139].

The range of traditional foreign adhesive systems for brackets bonding on the
Russian Federation market has decreased and new solutions for the use of alternative
adhesives are required. A new Russian adhesive «Compofix-ortho» (Vladmiva, Russia)
has appeared. This situation requires practicing orthodontists to become familiar with the
new adhesive from a Russian manufacturer, to conduct a comparative analysis of the
chemical, physical, and mechanical properties of adhesives, as well as to analyze the use
of adhesives in conjunction with the chosen bracket system, and to study the potential
changes in the properties of modern adhesive systems under the influence of the oral
environment.

There is currently a lack of research on the clinical and clinical-economic
effectiveness of the use of the «Compofix-ortho» adhesive for bracket fixation in the

scientific literature.
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Extent of research topic development

A large number of studies have been devoted to bonding in dentistry, but most of
them cover the field of restorative and prosthetic dentistry [8, 30, 32].

Orthodontic treatment with brackets is impossible without the use of reliable
adhesive materials with proven effectiveness [1, 10].

The range of available adhesives for bracket fixation is limited [137]. Currently,
the export of most of them is complicated, and the information about the comparative
effectiveness of the materials remaining on the market of the Russian Federation is poorly
described. There is no unified protocol for the study of adhesive bond strength in
orthodontics in the National Standards of the Russian Federation, and recommendations
for determining adhesive bond strength from expert organizations are contradictory.
There is insufficient information about the new Russian adhesive «Compofix-orthoy,
presented on the market in 2023, its physical properties and efficiency of use. The clinical
and clinical-economical effectiveness of the use of foreign and Russian adhesives for
bracket fixation in a comparative aspect is poorly studied. These factors indicate the
relevance of the study.

The aim of this study: To improve the clinical effectiveness of orthodontic

treatment with modern adhesive systems.

Research objectives:

1 Characterize the adhesives used in orthodontic practice based on the literature
review.

2 Determine the ultimate shear bond strength of orthodontic adhesives «Compofix-
ortho», «Enlight» with the most widely used in clinical practice base structures of modern
brackets «Damon Q», «Orthos» and the influence of adhesive bond strength on enamel

structure at debonding in experiment and clinic.



6

3 Study the characteristics of domestic adhesive «Compofix-ortho» and foreign
adhesive «Enlighty for brackets fixation in comparative aspect with the subsequent
evaluation of debonding frequency during the first 26 weeks of orthodontic treatment.

4 Determine the relative viscosity of «Compofix-ortho» adhesive in comparative
aspect with foreign adhesive «Enlighty, its influence on the performance characteristics
of these adhesives.

5 Determine the comparative clinical and clinical-economical effectiveness of
«Compofix-ortho» and «Enlight» adhesives for bracket fixation.

6 Develop clinical recommendations for the selection of orthodontic adhesive,

taking into account its physical and chemical properties and working characteristics.

Scientific novelty

For the first time the shear bond strength of the adhesive bond of the Russian
adhesive material «Compofix-ortho» was determined in a comparative aspect with the
foreign orthodontic adhesive «Enlight» in combination with the use of different bracket
designs: self-ligating «Damon Q» and ligature «Orthos». First time the influence of
adhesive bond strength using domestic adhesive «Compofix-ortho» on the structure of
enamel at debonding was evaluated. The first time in a comparative aspect the frequency
of debonding with the use of domestic adhesive «Compofix-ortho» and foreign adhesive
«Enlight» observed during the clinical study during the first 26 weeks of orthodontic
treatment was determined. The relative viscosity and consistency-dependent
manipulation characteristics of the domestic adhesive «Compofix-ortho» in a
comparative aspect with the imported adhesive «Enlight» were studied for the first time.
For the first time the clinical and clinical-economical efficiency of the use of adhesives
«Compofix-ortho», «Enlighty for bracket fixation is indicated. For the first time a
comparative analysis of the working characteristics of orthodontic adhesives «Compofix-

ortho» and «Enlight» has been performed.
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Practical significance

Based on the data obtained in the experiment and in the clinic, the Russian adhesive
«Compofix-orthoy is recommended for wide application in the practice of an orthodontist
for bonding both self-ligating and ligature braces. It can be a full-fledged substitute for
its foreign analog adhesive «Enlight». Having a strength limit in the safe range, low
viscosity and improved performance characteristics, the adhesive can be used both on
teeth with healthy enamel as well as with atypical enamel. Comparative clinical and
clinical - economical evaluation of the results of using two adhesives for brackets fixation
determines the universal and economically feasible to use the adhesive material

«Compofix-ortho.

The following are submitted for defense

1 As a result of the experimental study, the shear strength of adhesive materials
«Compofix-ortho» and «Enlight» was determined; in the clinical study, the frequency of
debonding of these materials during the first 26 weeks of orthodontic treatment was
determined. The average shear strength of the adhesive material «Compofix-ortho» was
11.98-12.17 MPa and «Enlight» was 22.51-22.79 MPa. The average debonding rate was
almost the same: «Compofix-ortho» - 2.188%, «Enlight» - 2.143%.

2 The relative viscosity and consistency-dependent manipulation characteristics of
the Russian adhesive «Compofix-ortho» were determined in comparison with the
imported adhesive «Enlight». Low viscosity of these adhesives determined the
convenience and speed of work for the orthodontist, as well as the ease of penetration into
the mesh base of the bracket and good adaptation to the enamel surface.

3 The effect of adhesive bond strength on enamel structure during debonding in
experiment and clinic for both adhesives was evaluated. In the clinical study, after
debonding occurred, adhesive residues were detected on the bracket, while they were

practically absent on the enamel surface. In the experimental conditions, the situation was
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the opposite. After debonding with the test machine indenter, adhesive residues were
detected to a greater extent on the enamel surface.

4 The values of clinical effectiveness of the Russian adhesive «Compofix-ortho»
are lower than those of the imported adhesive «Enlight» by 0.045%, which is
insignificant. The greatest clinical and economical efficiency according to the CER and
ICER criteria has the adhesive «Compofix-ortho». The use of «Enlight» adhesive requires

high inexpedient economic costs with practically similar clinical efficacy.

Approbation of the results of the dissertation and implementation in practice

The research results have been implemented in the work of the Dentistry
Department of the Federal State Budgetary Educational Institution “The Saint-Petersburg
State University” and “OMEGADENTAL” Ltd. dental clinic.

Publications

Four scientific papers have been published on the subject of the dissertation: three
in the journals indexed by VAK, one in the proceedings of the scientific-practical

conference.

Personal author's contribution

The author analysed scientific literature sources on the subject of the study,
prepared the programme of the dissertation work, selected the study group of patients and
bracket bonding for the study group of patients with subsequent dynamic observation
during the first 26 weeks of orthodontic treatment, selected extracted teeth to perform the
tasks of the experimental study, prepared samples for testing in the laboratory, carried out
studies in the clinic, clinical and economic calculations, statistical processing and analysis
of collected information. The thesis work is summarized with conclusions and practical

recommendations.
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Scope and structure of the work

The dissertation consists of 3 chapters, contains 152 pages, accompanied by 31

figures and 23 explanatory tables, supplemented with 4 appendices.

Main scientific results

1 «History of the development of adhesive techniques in orthodontics Part I: from
the advent of Bowen resin to the concept of photopolymerisationy» [26]. A study of the
evolution of adhesive materials in the field of orthodontics was carried out, taking into
account the transformation and emergence of new orthodontic structures used for tooth
movement. The author selected 90% of scientific publications from printed editions and
electronic scientific information databases PubMed, eLibrary, ScienceDirect, Springer,
Wiley Library; studied the available knowledge and summarised in chronological order;
carried out a comparative analysis of theories and practices (90%); noted the
interconnectedness of the emergence of new medical techniques and technologies and the
development of the chemical-pharmaceutical industry; formulated conclusions, identified
the feasibility of research work in the chosen scientific field (85%).

2 «History of development of adhesive techniques in orthodontics. Part II.
Emergence of improved adhesives, current status of adhesive systemsy [27]. Knowledge
about new adhesive techniques and their modifications, about the influence of adhesion
forces on tooth enamel, about fixation of orthodontic structures to atypical enamel and
restorative surfaces is integrated, the need of orthodontic practitioners to reduce the stages
of adhesive techniques while maintaining its effectiveness and quality of treatment results
Is assessed. The author searched for existing research in the subject area, selected 85% of
scientific publications from printed editions and electronic scientific information
databases PubMed, eLibrary, ScienceDirect, Springer, Wiley Library; synthesised,
analysed, compared and summarised the results of scientific research, graphically

presented an updated chronology of the development of adhesive techniques in
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orthodontics, formulated conclusions and recommendations, and confirmed the relevance
of the research topic (85%).

3 «Indirect method of bracket bonding using a new Russian adhesive» [4]. The
study in the context of the actual problem of medical activity of a practicing orthodontist
in the choice of new domestic materials, methods and technologies that provide
simultaneously with optimal expenditure of time and economic resources high quality of
orthodontic care that meets modern standards of its provision in the current conditions of
limiting imports of high-tech products and reducing its availability. The author conducted
a clinical study (previously unpublished) of the application of a new Russian adhesive
with indirect bracket bonding for orthodontic treatment of 20 patients in compliance with
the clinical protocols of diagnosis and treatment in order to master the new Russian
adhesive and inform the professional community about its functional properties observed
in the clinic. The author developed the study design (85%); defined the criteria for
selection of patients participating in the study (70%); carried out the laboratory stage of
bracket bonding on working models, manufactured mouth guards, bonded brackets by the
indirect method, monitored patients during the first 26 weeks of orthodontic treatment
(100%); cases of bracket debonding were documented and the frequency of debonding
was quantified (95%), debonded brackets were examined and the modified Adhesive
Remnant Index was assessed (95%), the results were analysed and summarised (80%);

conclusions were drawn (80%).

Additional results provided by the author on a poster presentation «History of
development of adhesive techniques in orthodontics» at the All-Russian Scientific and
Practical Conference «Theoretical and practical issues of clinical dentistry» [25]. A
systematic review of the evolution of adhesive techniques and materials for fixation of
orthodontic appliances has been prepared with the aim of transferring the world scientific
and practical knowledge presented in numerous publications. A large amount of
synthesised and analysed scientific information on the subject is briefly, meaningfully
and clearly reflected, summarised and concluded. This poster presentation is significant

not only for orthodontists, but also for researchers-chemists, physicists, domestic
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manufacturers, working together on scientific problems in the interdisciplinary space to
create innovative domestic products in the field of medicine, so necessary in the objective

conditions of limited imports.
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CHAPTER 1. LITERATURE REVIEW

1.1 Adhesion in orthodontics

Adhesion is the bonding of two dissimilar substances in liquid and/or solid phase,
which is caused by intermolecular interaction in the surface layer. The intermolecular
interaction can be mechanical, chemical or diffusive [13, 84].

The substrate in orthodontics is the surface of the tooth enamel/restorative
material to which the bracket base with pre-applied adhesive is bonded.

Adhesive system when working with fixed orthodontic appliances (brackets) -
a set of complex materials (etching agent, primer, adhesive) in various combinations,
which is able to achieve micromechanical and chemical bonding of the bracket with the
hard tissues of the tooth.

Adhesive technique when working with fixed orthodontic appliances
(brackets) is the process of modifying the tooth enamel/restorative surface in the planned
area of bracket/attachment fixation in order to ensure a strong bond between the
bracket/attachment and the tooth enamel/restorative surface. As a common practice, the
sequential steps include etching, priming, bonding of the bracket/attachment to the
prepared surface with an adhesive.

A total-etch adhesive system is a type of adhesive system in which the tooth
enamel or restorative surface is treated with 37% orthophosphoric acid gel to create a
micromechanical bond to the composite material. The etchant is washed off after the
substrate surface treatment.

A self-etching adhesive system is a type of adhesive system that does not require
the etching agent to be washed off the tooth enamel or restorative surface.

Etching agent - orthophosphoric acid in liquid state at a concentration of 37%,
which is necessary for the formation of microroughness on the tooth enamel/restorative
surface, which facilitates the penetration of adhesive components into the tooth

enamel/restorative surface.
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Hybrid layer is an artificial structure that is formed on the enamel/restorative
surface after treatment with an etching agent and infiltration with the following adhesive
system components [17].

Primer is a component of an adhesive system designed to impregnate the structures
of the etched tooth enamel/restorative surface and form a hybrid layer, which enables the
bond between the brackets with the adhesive applied on their base and the tooth
enamel/restorative surface. It is a complex chemical complex with hydrophilic monomers
and a solvent as its main components.

Hydrophilic monomers are low molecular weight methacrylates (4-META,;
HEMA; BPDM; PENTA; GPDM; PMDM; PMGDM), which are polar organic molecules
with low aqueous pH and pronounced hydrophilic properties. These properties in
combination with the solvent promote the formation of ionic bonds with hydroxyapatites.

The solvent is a complex chemical substance that is capable of providing a liquid
homogeneous consistency to the primer. The liquid/semigel form of the primer facilitates
the penetration of the adhesive system components into the tooth tissue. Acetone, alcohol
or water, or combinations thereof, may be used as a solvent for primers. The solvent is
volatile, and upon evaporation of the solvent, the components of the adhesive system are
converted from a liquid phase to a viscous semigel phase. The volatility of the solvent
requires that the primer container be tightly sealed immediately after use.

Adhesive is a component of an adhesive system designed to impregnate the
structures of etched enamel and form a hybrid layer in it. Hydrophobic monomers, fillers,
initiators, polymerization stabilizers are the key ingredients of the adhesive. Serves for
adhesion of the bracket to the pre-treated tooth enamel.

The hydrophobic monomer is high molecular weight high viscosity
methacrylates (Bis-GMA; UDMA; TEGDMA; PEG-DMA). During polymerization,
these molecules cross-link to form an organic matrix.

Filler - in the adhesive system consists of inorganic particles of inhomogeneous
size (silicon dioxide, acrosil), which give strength and stability to the hybrid layer.

An initiator is a chemical substance which, under certain conditions, causes the

formation of free radicals. Free radicals, in turn, promote the formation of bonds between
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low- and high-molecular-weight methacrylates, which leads to the formation of a single
organic matrix. Camphorquinone, lusterin, phenylpropanedione are used in light-
activated materials, while tertiary amines and benzoyl peroxide are used in
chemoactivated materials.

Stabilizer is a chemical substance that prevents spontaneous interaction of
monomers in adhesive system components and their premature polymerization. The
stabilizer determines the shelf life of the material [3, 20, 28, 52].

Bracket debonding is the breakdown of the adhesive bond between the bracket
and the tooth enamel/restorative tooth surface, causing the bracket to come off.

Bracket debonding rate for unknown cause is the ratio of the number of brackets
debonded for an unknown reason during a given time period to the total number of
brackets fixed, expressed as a percentage.

The known and unknown debonding rate is the ratio of the number of brackets
coming off for known (e.g., hard food) and unknown reasons during a given time period

to the total number of brackets fixed, expressed as a percentage.

1.2 Requirements for adhesives in orthodontics

Prior the launch of a new adhesive on the market and its entry into widespread use
by orthodontists in the clinic, researchers conduct both preclinical and clinical trials. Each
phase of testing evaluates the properties of the adhesive to ensure that it meets accepted
standards. At the preclinical stage, cytotoxicity, teratogenicity, allergenic effects are
assessed in experiments on cell cultures and animals, tests are conducted to determine the
ultimate strength characteristics, tensile strength, solubility and other tests [68, 71, 134,
159].

Provided the adhesive successfully passes preclinical trials, researchers have the
opportunity to start clinical trials in various expert organizations, where the following

science-based requirements are imposed on adhesives used in orthodontic practice:

—  be versatile and compatible with most bracket designs on the market;
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— provide an immediate, load-resistant, strong bond in the bracket-adhesive-
primer-enamel system;

— compensate for stresses resulting from polymerization shrinkage of the
adhesive;

— withstand the stresses developed by brackets and archwires during orthodontic
treatment;

— to provide an optimal strength level of fixation. Braces are fixed to the tooth
enamel for an average of 1,5-2 years, unlike a filling material, which is designed for a
longer period of time. After completion of orthodontic treatment, the brackets should be
removed together with the adhesive without damaging the tooth enamel;

- should have a more fluid consistency than restorative materials. The adhesive
for bracket retention should be easily and evenly distributed between the base of the
bracket and the tooth enamel, while flowing into the subcavities of the metal mesh of the
bracket base;

— prevent the development of enamel demineralization around the base of the
bracket;

— be biocompatible;

— be insoluble in contact with oral fluid;

— be comfortable and easy to use;

— have a long shelf life;

— be non-sensitizing to the patient and clinician [17, 19, 97].

1.3 History of the development of adhesive techniques in orthodontics

Since the advent of fixed orthodontic appliances, braces have traditionally been
soldered to gold or steel rings. The band ring encompassed the tooth, which required the
creation of an interproximal space. Initially, metal wire ligatures were used for separation,
which were replaced by elastomeric ligatures. Separation required additional visits to the
orthodontist. This procedure was uncomfortable for the patient, as the banding rings often

caused trauma to the gums during placement and decalcification of the enamel underneath
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them during the long period of orthodontic treatment. At the end of treatment, the
interproximal spaces had to be closed. The obvious solution to these problems was to
bond the brackets directly to the tooth.

In 1955, Buonocore M. demonstrated increased adhesion of attachments to enamel
when its surface was exposed to 85% phosphoric acid solution for 30 seconds. He
suggested that the increased adhesion to enamel may be due to an increased surface area
amenable to mechanical adhesion, as well as increased wettability of the adhesive surface,
which allows for closer contact with the adhesive. This is how the technique of acid
etching of enamel was substantiated [59].

In 1962, Dr. Bowen R. patented a new type of composite filling material that
contained aromatic Bis-GMA dimethacrylates and an inorganic filler. This material
became known as Bowen resin and initiated the development of the wide range of
composite restorative materials used in dentistry today [56].

In the early 1970s, based on Bowen's research, the composite restorative systems
«Concise» (3M Unitek) and «Adaptic» (Johnson & Johnson) with interlocking adhesives
with minimal polymerisation shrinkage were developed and became popular. Both
systems required acid etching of the enamel with a 40% phosphoric acid solution.
Unfilled resin was then applied to the enamel as a wetting agent, and metal brackets were
fixed to the conditioned enamel with a chemically curing paste.

Dr Newman G., an orthodontist from Orange, New York, Jersey and Professor
Miura F. Head of the Department of Orthodontics at Tokyo Medical and Dental
University, Japan, were the first to fix brackets to tooth enamel [169]. In the mid-1960s
they began their experiments to develop an adhesive to bond plastic brackets to tooth
enamel. In their opinion, the orthodontic adhesive had to: resist the forces of occlusion
and arch tension during orthodontic treatment; allow the removal of brackets without
damaging the enamel; be hydrophilic, taking into account the fact that the fixation process
is performed in a humid environment; and be stable during a long period of orthodontic

treatment, while maintaining the necessary bond strength.
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Newman G. published «Epoxy adhesives for orthodontic attachments: progress
report» (1965), where he described an epoxy resin adhesive for fixing plastic brackets to
enamel [169].

Among the advantages of epoxy resins Newman G. attributed insignificant
polymerization shrinkage during curing, the same coefficient of thermal expansion with
enamel, minimal water absorption. These properties provided the necessary bond strength
when fixing the plastic bracket to the enamel, made it possible to resist the occlusal forces
and stress of the orthodontic arch arising during chewing and tooth movement. He used
a 40% phosphoric acid solution to etch the enamel. His article has been characterized as
innovative and the concept of bracket bonding as more aesthetic and hygienic. In 1980,
Newman G. introduced an epoxy resin-based adhesive in the form of a paste called
«Contactoy, the feature of which was that it did not polymerize until the paste was in
contact with the primer on the bracket and tooth [121].

Miura F. developed a technique for bonding polycarbonate plastic brackets to
enamel pre-etched with phosphoric acid using «Orthomite» adhesive, which was
developed by Masuhura E. at the Medical and Dental University of Tokyo. The
«Orthomite» adhesive consisted of methyl methacrylate and polymethyl methacrylate.
The role of chemical reaction gas pedal was played by tri-n-butylborane. Miura F. found
that the bond strength of the bracket to enamel decreased over time as a result of exposure
to oral fluids. In addition, chewing and the use of metal arches caused the ligature wings
of plastic brackets to break, deforming their slot [117]. However, at the time, the system
became quite popular as an alternative to banded rings. The disadvantages of this bonding
technique stimulated research on the development of adhesives resistant to oral fluid, the
selection of a more durable polycarbonate for plastic brackets, and the introduction of
metal brackets into orthodontic practice. New methyl and polymethyl methacrylate
adhesive systems such as GAC International and TP Orthodontics, which had the same
properties, appeared on the market.

In the mid-1970s, a new polycarbonate called Lexan (General Electric, Fairfield,
Conn) began to be used for plastic braces. This improved polycarbonate was harder, less

prone to wear and fracture of the wings; however, it was not as strong and reliable as
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stainless steel. Continued patient demand for improved aesthetics led to the development
of ceramic materials for clear braces. Ceramics withstands stress, does not break, does
not discolor, and is still the material of choice for aesthetic braces.

In 1974, Dentsply/Caulk introduced the first ultraviolet (UV) light-curable
adhesive for braces in the form of a single Nuva Tach paste. This system utilized a UV
unfilled bonding resin (Nuva Seal) per enamel and a single UV-curable paste (Nuva
Tach). The paste and unfilled resin were cured with light-emitting energy in the 280 nm
range. These UV-light curable composites, like their chemically curable predecessors,
were initially introduced as restorative materials from restorative dentistry with little
change in paste viscosity. However, unlike chemically curing systems, UV-light-cured
systems had no working time limitations. This characteristic gave the clinician unlimited
working time to place the bracket, clean the peripheral area around the bracket of excess
material, and, if necessary, reposition the bracket prior to photopolymerization. However,
the use of these UV-curing systems was discontinued when it was discovered that they
were harmful to exposed skin and eyes and sometimes even caused soft tissue burns.

In 1975, Lee Pharmaceuticals (South El Monte, CA) developed a chemically curing
system for direct brackets bonding that required the orthodontist to apply a liquid activator
to the etched enamel and to the metal (or plastic) base of the brackets. A single paste was
applied to the activator-treated bracket base. The bracket base was then placed on the
tooth and the bracket was fixed in position. Liquid enamel activator and paste applied to
the base of the bracket were mixed, resulting polymerization reaction to start.

In 1983, Reliance Orthodontic Products developed «Excel» adhesive in the form
of a strong liquid paste for fixation of large acrylic expansion appliances, proposed in the
very early 1980s by McNamara JA. for the treatment of mesial bite [116].

The «Excel» material adhered well to the plastic, would not wash out of the
appliance, and was successfully removed with no signs of decalcification after treatment.

In 1979, Ormco developed and patented a method of soldering the mesh to the
metal foil base of the bracket. This design allowed the adhesive to penetrate between the

mesh and the foil base of the bracket, thereby increasing mechanical retention.
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In the first half of the eighties, Tavas J. and Watts M. introduced the concept of
light-cured composites. By bonding brackets using photopolymerization, they proved that
the bond strength of brackets to enamel when activated by light is comparable to the bond
strength achieved with two chemically curing adhesives [151]. Unlike adhesives cured
by UV light, the catalyst in this case is camphorquinone. The material is cured under the
influence of rays of the visible part of the spectrum of halogen polymerizer in the range
from 400 to 500 nm, which makes them safe for eyes and skin. When the adhesive is
exposed to visible light, the photoinitiator camphorquinone enters an activated state. In
this state, it is able to react with amines to form free radicals. The free radicals interact
with the monomer molecules, attaching them to themselves. This results in the formation
of chains of monomer links that increase in length. As the chains grow further, they
activate the interaction, which triggers the formation of a cross-linked mesh. The
described reaction generates a modification of the physical properties of the adhesive - its
curing. To start and continue polymerization, a sufficient intensity of light flux is
required, which provides excitation of photoinitiator [151].

In 1985, Suh E. produced the adhesive «Enhance» (Reliance Orthodontic
Products), which was designed for teeth with fluorosis and atypical enamel surfaces and
use with any chemical or light-curing system. «Enhance» was applied to the etched
enamel prior to the application of unfilled resin. The monomer in «Enhance» (biphenyl
dimethacrylate) chemically bonded to the composite and metal. From this point on,
clinicians were able to bond to any metal surface without using a metal primer or to a
composite restoration without a plastic conditioner.

The «Crypsis» adhesive, which changes color after polymerization, was introduced
in 1986 by Orec (Beaverton, Oregon). This adhesive consisted of two pastes, was yellow
after mixing and during the gelation period, and after polymerization acquired the color
of the tooth. This color characteristic allowed the orthodontist to see excess composite
around the bracket and remove it before polymerization. The mechanism of color change
was a function of the photocuring catalyst.

In 2004, Reliance Orthodontic Products, 3M Unitek and Ormco introduced several

light-curing adhesives that changed color during polymerization. The color change



20

mechanism in the adhesive from Ormco was caused by temperature. In order to identify
the adhesive residue left after debonding the bracket, it was necessary to moisten the tooth
in with cold water.

In 1995, Silverman B. and other researchers developed a technique for fixation of
metal brackets to wet enamel without acid etching using «Fuji Ortho LC» (GC, Japan), a
dual-curing glass ionomer cement. This two-component system consists of a powder
(fluoroaluminosilicate glass) and a liquid (polyacrylic acid, water, hydroxyethyl
methacrylate, and camphorquinone light activator). The patient's enamel is cleansed,
rinsed and dried. The powder and liquid are mixed together and applied to the metal base
of the bracket, then the bracket is fixed to the enamel. The paste under the base of the
bracket is cured by light for 20 seconds with a polymerization lamp, 5 minutes after
polymerization, the clinician can set the active archwire [144].

In 1996, 3M Unitek introduced a metal bracket system with a light-curing adhesive
pre-applied to the base of the bracket. The orthodontist would etch the tooth enamel, treat
with a primer, and place the bracket. The advantage of this system was that there was no
need to pre-apply material to the base of the brackets [49].

In 1998, several hydrophilic primers were introduced such as «Ortho Solo»
(Ormco, USA), «Assure» (Reliance Orthodontic Products, USA) and «Transbond MIP»
(3M Unitek, USA). These primers adhere well to both wet and dry enamel. Due to the
biphenyl dimethacrylate content in the «Assure» primer, bracket bonding was possible
on teeth with fluorosis, hypoplasia, atypical enamel surface, as well as on various surfaces
(gold, amalgam, zirconia, ceramic, stainless steel and composite) without the use of
special metal, ceramic or plastic primers.

In the early 1990s, microetching (sandblasting) became a mechanical preparation
for fixation of fixed orthodontic appliances in the area of teeth with restorations [175].
Aluminum oxide, an abrasive powder for intraoral microetching, created a fine roughness
and significantly increased mechanical retention to the artificial surfaces. This
mechanical preparation prior to bracket fixation showed an increase in adhesion of
almost 100%. After microetching, the surface of the ceramic crown was chemically

etched with 8% hydrofluoric acid to further increase the adhesion strength.
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In 2000, self-etching primers «Transbond Plus» (3M Unitek, USA) and "SEP"
(Reliance Orthodontic Product, USA) became effective in conditioning enamel in
orthodontic treatment. These primers are two-liquid systems of water and methacrylic
ester of phosphoric or nitric acid. The advantage of self-etching primers is that there are
no rinse and drying steps after application, which are necessary with traditional
phosphoric acid etchings. Self-etching primers are hydrophilic, which means they can be
applied to a slightly moisture surface. However, as with any bonding procedure, there is
a sensitivity to the primer application technique that determines success or failure.
Enamel is first cleaned with a prophylactic pumice stone and then rinsed and dried. The
two liquids must be mixed. Next, the enamel is coated with the active solution, which is
rubbed in for 5 seconds. The self-etching primer works similarly to the phosphoric acid
calcium is released from the hydroxyapatite. The difference is that there is no rinsing after
application of the self-etching primer, the released calcium is not removed but forms a
bond with the phosphate group during polymerization. The self-etching primer penetrates
to the full depth of the etchant and, due to this process, achieves its adhesive strength with
the enamel [48].

Studies of a new organically modified ceramic restorative material ormoker
«Admira» as an adhesive for brackets fixation showed its high biocompatibility and wear
resistance [38].

Moving away from the use of band rings and bonding the brackets directly to the
enamel meant that less enamel surface would be protected during treatment and a more
responsible patient attitude to oral hygiene would be required. Unfortunately, disciplined
patient cooperation is not always found. As a result, 23% of all orthodontic patients have
enamel decalcification at the end of treatment [89]. Orthodontic adhesive manufacturing
firms have begun to offer solutions to reduce decalcification during treatment. In 2003,
«Pro Seal» (Reliance Orthodontics, USA) was introduced in the market as a light-curing,
fluoride filled sealant that remains intact on exposed enamel for 2-3 years with regular
brushing. This sealant was more durable and more effective than its predecessors due to
the modification of the catalyst trimethylbenzoyldiphenylphosphinoxide (TPO), whereby

the resin was fully cured. Complete curing of the resin eliminated the dispersion layer and
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the resulting porosity. Acids, bacteria from oral fluid could not penetrate the sealant
structure without porosity and damage it.

In 2010, «Select Defense» (ClassOne Orthodontics, California) was introduced as
a selenium-containing enamel sealant. Tran P. et al. reported that organoselenium
compounds covalently attach to various biomaterials, thus inhibiting bacterial biofilms.

In 2013, 3M introduced Flash-Free technology to protect tooth enamel during
orthodontic treatment by allowing a new clear adhesive to spread out while the bracket is
attached, adhering perfectly to the tooth surface. The orthodontist does not need to remove
excess material around the contour when the braces are fixed on the teeth. Braces bonded
with this technology fit over the surface of the teeth without gaps or cavities, creating a
rim of «armory» around the perimeter that prevents the entry of food and saliva. Flash-
Free technology is available on 3M Clarity Advanced, Clarity SL and Smart Clip
braces [82].

In 2014, universal hydrophilic primers containing biphenyl dimethacrylate were
introduced. These primers allowed orthodontists to bond brackets to gold, ceramic and
steel crowns, composite and amalgam restorations without the need for special primers
for ceramic, metal or plastics.

Between 2017 and 2022, the development of nanobiotechnology has led to the
creation of several novel antimicrobial nanomaterials for dental applications. Various
studies have evaluated the antimicrobial and mechanical properties of orthodontic
adhesives containing nanoparticles [129].

Thus, the addition of divalent copper oxide nanoparticles to the «Transbond XT»
composite at concentrations of 0,01; 0,50 and 1,00% showed a significant antimicrobial
effect compared to the control group. The antimicrobial effect tended to increase with
increasing concentration of nanoparticles. The shear strength was not affected by the
addition of nanoparticles compared to the control group [155].

Studies on including silver nanoparticles in the adhesive also showed a good
antibacterial effect and did not affect the shear strength compared to the control

group [39].
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Experiments in the laboratory on adding zirconium dioxide and titanium
nanoparticles to orthodontic adhesive increased compressive, tensile, and shear
strength [80].

There was an improvement in the mechanical properties of «Heliosit» adhesive
when calcium hydroxyapatite nanoparticles were incorporated at a concentration of 2%
[92].

A chronicle of events in the field of materials science and new technologies for
orthodontics for the period 1955-2022 is presented in Appendix A [25-27].

1.4 Classification of adhesive systems in orthodontics

Adhesive systems in orthodontics are categorized according to the following
criteria [124].

According to the polymerization method of the adhesive system:

— chemical polymerization (self-curing);
— light polymerization (photopolymerizable, light-cured);
- hybrid;

— thermo-cured.
Based on operating principle:

— self-etching systems;

— systems with total etching of tooth tissues.
By fluoride content:

— fluoride-containing;

— fluoride-free.
In relation to the presence of moisture during polymerization:

— moisture-resistant;

— moisture-active.
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Classification according to the method of polymerization of the adhesive system

and according to the presence of moisture during polymerization is presented in Table 1.
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Chemical polymerization adhesives

These adhesive systems have been used since the advent of bonding in the modern
history of orthodontics, since the 1970s [169].

Chemical polymerization adhesives are available in two-phase and single-phase.
The polymerization initiator is benzoyl peroxide, which is activated by a tertiary amine
(dimethyl-p-toluidine, dihydroxyethyl-p-toluidine). Initiation occurs as a result of mixing
of the two components of the adhesive system, resulting in the formation of free radicals,
which ensure polymerization.

Two-phase adhesive systems are a type of adhesive system that require mixing of
a paste and a liquid component. This is a labor-intensive manipulation that can lead to
surface porosity and air voids due to trapped air bubbles (Figure 1). Due to these
disadvantages, biphasic adhesive systems have been gradually eliminated from

orthodontic practice.

Figure 1 Porosity of biphasic chemically cured orthodontic resin
(initial magnification x150) [76]
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Single-phase adhesive systems

Single-phase adhesive systems are a type of adhesive system that do not require
mixing of two components. They were developed to eliminate a major disadvantage of
two-phase systems, such as air bubble formation and porosity. In single-phase systems,
the catalyst diffuses from the tooth enamel surface to the brackets, resulting in the
formation of a hybrid layer. The thickness of the adhesive layer varies from 120 to
230 um and depends on several factors, including tooth enamel morphology, bracket base

design, and adhesive viscosity.

Light-curing adhesive systems

In these monomer systems, light source is used to initiate polymerization. The
degree of polymerization depends on several factors: exposure time; photoinitiator
concentration; light intensity emitted by the photopolymerization lamp; and filler volume
fraction [123].

The spectral distribution of the light source significantly affects the polymerization
of the material [34].

The light intensity at the maximum absorption wavelength of the photoinitiator (1)
as well as the duration of light exposure have a great influence on the degree of
polymerization of the adhesive. Light scattering on the surface of the filled composite can
reduce the intensity of incident light reaching the bulk material, resulting in a significant
decrease in the degree of polymerization in the thickness of the sample. The filler size is
a crucial factor for the degree of scattering, and the optimum particle size is \/A/2.

The light emission frequency of the photopolymerization lamp is also relevant. In
dental lamps, the wavelength of the light source varies from 400 to 500 nm. Under steady-
state or pulsed polymerization conditions with high light source flash rates, the

concentration of free radicals is proportional to the square root of the light intensity in the
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range of the maximum absorption wavelength. At lower light source emission
frequencies, the concentration of free radicals decreases by a factor of (v2) [64].

Under clinical conditions, light-cured composites provide superior mechanical
properties and better peripheral sealing of brackets compared to chemically cured
systems. This is due to the fact that increased polymerization time and light intensity leads
to increased composite strength and that the rapid curing reaction of relatively thin
adhesive layers significantly reduces the time required for oxygen diffusion into the
composite volume and deactivation of free radicals [45, 166].

Light-cured adhesives have excellent surface curing characteristics because the
adhesive layer has a very high surface-to-volume ratio. This means that per unit volume

of adhesive there is more surface area that can be cured by light [42].

Hybrid adhesive materials

This group of materials combines the advantages of rapid initiation of
photopolymerization of the adhesive and high rate of conversion of chemically curing
resins into bulk material [150]. In these systems, polymerization activation occurs by
exposing the surface of the material to a visible light source, and polymerization in the
thickness of the material occurs as a result of the chemical curing process and the
initiation of the terminal methacrylate groups of polycarboxylic acids by the catalyst. In
addition to chemically bonding to the enamel surface, the composite resin monomers
penetrate the irregularities in the enamel surface, creating a micromechanical bond after
polymerization. Light-activated polymerization proceeds much faster than the acid-base
cross-linking reaction of polyacid macromolecules with metal ions, resulting in improved
early physical properties, especially fracture resistance. Photocuring allows the
orthodontist to utilize as much time as required for precision bracket positioning [79].
Sustained release and replenishment of fluoride ions, caries inhibition, and the ability to
perform bonding in the presence of moisture are similar to classical glass ionomer

cements [33].
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In the orthodontic market, the hybrid adhesive material for bracket retention is
marketed as «Fuji Ortho LC» [165].

«Fuji Ortho LC» hybrid adhesive consists of a powder (aluminofluorosilicate glass,
pigments, catalyst system) and a liquid (acrylic and maleic acid copolymers,
hydroxyethyl methacrylate, water, camphorquinone, sodium toluene sulfate).

When fixing braces with «Fuji Ortho LC» there is no need to etch/dry the tooth
enamel surface. «Fuji Ortho LC» is mixed in a ratio of three quarters of a scoop of powder
to two drops of liquid. The base portion of the material is applied to the base of the bracket
without creating voids. After positioning the bracket, excess material is removed from the
enamel surface around the periphery of the bracket. The material is illuminated with a
dental photopolymerization lamp for 30-60 seconds.

Wide variations in the adhesive bond shear strength of hybrid materials, ranging
from 5,4 to 18,9 MPa, have been reported in the orthodontic literature.

A study by Fricker J. (1998) comparing the shear adhesive bond strength between
hybrid and composite material showed that the incidence of bracket debonding was 5%
for hybrid and 8,3% for composite adhesives [85].

In a randomized controlled clinical trial conducted by Gorthon J., Featherstone D.
(2003), a qualitative tooth microhardness test showed that tooth enamel to which braces
were fixed with «Fuji Ortho LC» hybrid adhesive had significantly less mineral loss
compared to tooth enamel to which braces were bonded with «Transbond XT» light-cured
composite adhesive [89].

Hybrid adhesives are the preferred materials for fixation of orthodontic
components in situations of extreme wetness, such as in the area of second molars.

Koyal S., Valiathan A. (2003) compared the frequency of adhesive bond breakage
in clinic between «Fuji Ortho LC» and «Transbond XT» using oral segmentation
technique over a period of 6 months. The study showed that «Transbond XT» and «Fuji
Ortho LC» had comparable incidence of adhesive bond disruption. The study reported no
significant differences in plaque index as well as periodontal condition in both groups.
The authors concluded that «Fuji Ortho LC» is an alternative material to composite

adhesive for brackets in orthodontics [107].
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Pithon M. et al. (2006) evaluated the shear bond strength of metal brackets using
hybrid adhesives «Fuji Ortho LC» and «Ortho Glass LC». The researchers fixed the
brackets to the enamel without etching, with enamel etching with 37% phosphoric acid
gel, and by pretreating the enamel with a self-etching primer called «Transbond Plusy.
The authors concluded that «Fuji Ortho LC» provided higher shear bond strengths than
«Ortho Glass LCy regardless of enamel treatment [128].

Hegarty D. and Macfarlane T. (2002) in a randomized clinical trial determined the
incidence of adhesive bond failure between brackets fixed with hybrid adhesive and
composite adhesive and compared their clinical effectiveness over 12 months in
61 patients. The incidence of bracket debonding was 10% for hybrid adhesive and 4% for
composite adhesive. Compared to the composite adhesive, the hybrid adhesive
demonstrated no loss of enamel surface during debonding, less enamel demineralization,
and easy removal of adhesive residue from the enamel surface. However, the hybrid
adhesive had a 2,6 times higher rate of bracket debonding than the composite
adhesive [93].

Ali H. and Marali S. (2012) concluded that «Fuji Ortho LC» can be used as an
orthodontic adhesive under the condition of enamel etching. Composite adhesives are
superior to hybrid adhesives in terms of adhesive bond shear strength. The advantages of
hybrid adhesives are fluoride release, adhesion to both enamel and the metal base of the
bracket. The presence of these qualities of hybrid adhesives determines their use in the

clinical practice of orthodontists [41].

Moisture-resistant adhesive systems

Bracket fixation to etched enamel with composite adhesives is technique sensitive.
Moisturization of enamel is the most common cause of adhesive bond failure [86]. When
the etched enamel is moistened, most of the pores on the enamel surface become clogged
and the penetration of the composite resin is impaired. Hormati A. et al. in their study
found that the shear strength of the adhesive bond is reduced by 50% in the presence of

moisture [96]. Saliva drying is not enough to increase the strength of the adhesive bond.
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In scanning electron micrographs, the researchers demonstrated an etched enamel pattern
with moisture-filled pores. The depth of the composite tubules was insufficient for
adequate retention of the adhesive material. Composite adhesives have hydrophobic
properties and require dry etched enamel to realize mechanical adhesion to the enamel
surface. To avoid the difficulties associated with the sensitivity of this technique, moisture
resistant primers have been developed. This primer is available on the market as
«Compofix-ortho» (VIadmiva, Russia), «Ortho Solo Universal Bond Enhancer» (Ormco,
USA), «Transbond MIP» (3M Unitek, USA), «Assure» (Reliance Orthodontics, USA).
Manufacturers recommend using moisture-resistant primer on dry or wet enamel in
combination with chemically and photo-cured composite adhesive. The moisture resistant
primer is identical in chemical composition to the ethanol-containing dentin primer. A
copolymer of polyalkenoic acid with methacrylate functional groups is an important
reactive component of the moisture resistant primer [124].

Littlewood S. et al. (2001) conducted a study of the adhesive bond strength of
braces under experimental conditions. Using the standard technique of bracket fixation,
the adhesive bond strength of brackets fixed with a hydrophilic primer was compared to
the adhesive bond strength of brackets fixed with a traditional hydrophobic primer. The
experiment was conducted under dry field conditions. The average adhesive bond
strength with the hydrophilic primer was 6.43 MPa and was significantly lower than that
of the conventional primer (8.71 MPa) [114].

Grandhi R. et al. (2001) conducted a pilot study on bull enamel to evaluate the
shear adhesive bond strength of stainless steel brackets fixed in a dry and wet working
field using the moisture resistant primer «Transbond MIP», and to evaluate the
effectiveness of «Transbond MIP» in combination with the chemically curable adhesive
«Concise» and the photo-curable composite adhesive «Transbond XT». The results of
this study showed that «Transbond MIP» should only be used with light-curing adhesives,
as this combination provides higher adhesive bond strength. The researchers suggested
that «Transbond MIP» should be used in clinical situations where moisture control is
difficult to achieve [90].
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Rajagopal R. (2004) compared the adhesive bond strength using three adhesive
primers: traditional «Transbond XT», moisture resistant «Transbond MIP» and self-
etching «Transbond plus». The adhesive bond strength was determined in laboratory
conditions on brackets fixed both on dry enamel and on enamel contaminated with natural
saliva. The self-etching primer showed maximum adhesive bond strength under both dry
and wet conditions. The conventional primer was comparable to the moisture resistant
primer in dry conditions, but did not provide clinically adequate adhesive bond strength
when contaminated with moisture. Both the self-etching primer «Transbond plus» and
the moisture-resistant primer «Transbond MIP» showed adequate adhesive bond strength,
superior to that of the traditional primer «Transbond XT» in the case of moisture
contamination [130].

Valiathan A. and Ashil A. (2006) studied the efficacy of moisture resistant primer
«Transbond MIP» under experimental conditions in wet and dry field and also compared
the adhesive bond strength of brackets fixed with «Transbond MIPy» primer with
traditional «Transbond XT». It was found that in the presence of saliva contamination,
brackets fixed with «Transbond MIP» had a significantly higher shear bond strength
(14,53 MPa) compared to brackets fixed with traditional «Transbond XT» primer
(9,36 MPa) [108].

Madhu S. et al. (2014) concluded that «Transbond MIP» showed acceptable
average adhesive bond strength values on dry, wet and blood-contaminated enamel
surfaces, therefore it is suitable for bracket fixation in settings where there is a high risk

of enamel surface contamination [75].

Moisture-active adhesives

Unlike moisture resistant primers, these require the presence of moisture for proper
curing [62]. These adhesives are available as pastes, have a characteristic chemical
cyanoacrylate composition and polymerization mode, do not require etching of enamel

and subsequent coating of the enamel surface with primer.
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A unique property of cyanoacrylates is the ability to polymerize at room
temperature without the addition of a catalyst when the cyanoacrylate paste is pressed
into a thin film between two surfaces to be bonded. The adhesion between the two
surfaces to be bonded is the result of anionic polymerization. Small submicroscopic
amounts of water or alcohol initiate the polymerization reaction, whereas acidic
substances render the adhesive inactive. Adhesion occurs partly due to mechanical
adhesion between the polymer and the surface and partly due to strong secondary bonding
forces. The isocyanate group of cyanoacrylate reacts with water to form an unstable
carbamic acid component. This unstable component further dissociates into carbon
dioxide and amine. The amine then reacts with the residual isocyanate groups to crosslink
the adhesive through substituted urea groups.

Munajed M. et al (2000) evaluated the tensile adhesive bond strength of
cyanoacrylate orthodontic adhesive and the site of adhesive bond failure in comparison
to composite orthodontic adhesive for fixation of metal and ceramic brackets. The mean
shear bond strength of the adhesive bond of cyanoacrylate adhesive was significantly
lower than that of brackets fixed with composite adhesive. This study showed that
cyanoacrylate adhesives are unsuitable for use as an adhesive material in the practice of
an orthodontist [43].

Bishara S. et al. (2001) conducted a comparative study of the shear strength of
adhesive bond for cyanoacrylate «SmartBond» and composite «Transbond XT»
adhesives and determined the nature of adhesive bond failure in the «enamel-adhesive-
bracket» system in both groups of adhesives. In the experimental study, brackets were
fixed to extracted human teeth using one of two protocols. In the first group, the teeth
were etched with 37% phosphoric acid, and after primer application, the brackets were
fixed with «Transbond XT» and cured with light for 20 seconds. In the second group, the
teeth were etched with 35% phosphoric acid, after which the brackets were fixed with
«SmartBond». The shear adhesive bond strength results obtained showed that the use of
cyanoacrylate adhesive to fix the brackets to the enamel surface did not significantly
change the shear adhesive bond strength (mean 5,8+2,4 MPa) compared to the first group

(mean 5,2+2,9 MPa). After debonding was performed, comparison of the Adhesive
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Remnant Index scores showed that significantly less adhesive residue remained on the
teeth with the cyanoacrylate adhesive compared to the teeth where the composite adhesive
was used. In conclusion, it was noted that the new adhesive «SmartBond» can be used for
bracket fixation, while reducing the overall bonding time of brackets [55].

Karamouzos A. et al. (2002) compared the incidence of debonding in the clinic
between braces fixed with cyanoacrylate adhesive and braces fixed with composite
adhesive over a 9-month period. Cyanoacrylate adhesive showed a high rate of bracket
debonding (22,4%) compared to composite adhesive (5,1%). Bracket debonding was
reported less frequently in incisors and canines than in premolars. The researchers
concluded that further studies aimed at improving the physical and mechanical properties
of cyanoacrylate adhesive are needed [101].

Sunny J., Valiathan A. (2003) conducted a comparative experimental study of the
shear bond strength of brackets bonded with «SmartBond» cyanoacrylate adhesive and
Right-On composite adhesive. Shear adhesive bond strength measurements were
performed after one hour in a dry working field, 24 hours and 48 hours in artificial saliva.
The composite adhesive showed higher shear bond strength than the cyanoacrylate
material in all time intervals. «<SmartBond» achieved a maximum adhesive bond strength
of 5,07 MPa after 24 hours, which then decreased after 48 hours. The authors concluded
that «SmartBond» was inferior in strength characteristics to the traditional composite
orthodontic adhesive «Right-Ony [157].

Le P. et al. (2003) in a comparative clinical study determined the incidence of
adhesive bond failure and the incidence of enamel decalcification for the cyanoacrylate
adhesive «SmartBondy» and the composite adhesive «Light Bond». A total of 327 teeth
were examined between 12 and 14 months from the start of orthodontic treatment:
brackets on 163 experimental teeth were bonded with cyanoacrylate adhesive, and
brackets on 164 control teeth were bonded with light-cured composite adhesive. The
cyanoacrylate adhesive showed a high rate of bracket debonding (55,6%) compared to
the composite adhesive (11,3%). The enamel of all maxillary incisors was evaluated for
decalcification using a step scale. The frequency of enamel decalcification between the

two adhesives after one year of orthodontic treatment was similar. The frequency of
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debonding of the cyanoacrylate adhesive was reported in the researchers studies to be
4 times more frequent than the frequency of debonding of the composite adhesive. The
rate of enamel decalcification for the «SmartBond» cyanoacrylate adhesive was the same
as for the traditional «Light Bond» composite adhesive. The authors concluded that
«SmartBond» cyanoacrylate adhesive is not a suitable material for use as a retention
material for brackets [110].

1.5 Adhesive preparation of enamel. Hybrid layer

Enamel is the hard, wear-resistant mineralized tissue of the human body [2].

The thickness of tooth enamel is not uniform: it reaches 2,3-3,5 mm on the chewing
cusps of permanent teeth, 1,1-1,3 mm on the lateral surfaces, and only 0,01 mm on the
tooth neck [9]. The main structural and functional units of enamel are enamel prisms
(Figure 2), which run in bundles through its entire thickness radially and are somewhat
curved in the form of the letter «S». Enamel prisms are absent in the area of dentin-enamel
border, as well as in the outermost layer of enamel [15]. The chemical composition of
tooth enamel includes mineral substances (95%), organic substances (1,2%) and water
(3,8%). Mineral compounds are represented mainly by hydroxyapatite, carbonatapatite,
fluorapatite and others. The organic substances of tooth enamel contain proteins, lipids
and carbohydrates. Water is bound to crystals and organic components, and is also found
in a free state. The chemical composition of the enamel, the thickness of the enamel layer,
and the course of the enamel prisms should be taken into account when implementing the

adhesive protocol [29].
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Figure 2 Enamel prisms stroke [153]

1.5.1 Total enamel etching technique

The enamel preparation in this technique begins with treating the enamel surface
with a concentrated solution of orthophosphoric acid. Dissolution of inorganic substances
in the surface layer of the enamel leads to the formation of micro-roughness including
pores, grooves and furrows and, as a consequence, to an increase in the contact area of
adhesion of the enamel with the adhesive [11, 12].

Scientific studies have established that the most effective for etching enamel is 37%
orthophosphoric acid gel with pH 0,5-0,8 units. The concentration of etching agent more
than 40% leads to complete dissolution of the surface layer of enamel without formation
of micro-roughness, and the concentration less than 20% is insufficient to create micro-
roughness of enamel. In both cases, the contact area and bonding strength of the adhesive
system to the enamel will be much smaller, which can affect the strength of the brackets-
enamel bond. To obtain micro-roughness of the enamel, the enamel must be etched for
15-30 seconds. After washing off the etching agent, the enamel is dried, it should be matte
[18].

The hydrophobic monomers of the adhesive readily penetrate into the microspaces
of the enamel. Subsequent polymerization of the adhesive leads to the formation of a

hybrid layer on the enamel surface (Figure 3).
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Bracket base

Enamel Adhesive

Figure 3 Hybrid layer formation in enamel

1.5.2 Self-etching enamel technique

When using a self-etching primer, demineralization of the enamel takes place

without the step of washing off the etching gel and subsequent dryi

acidic monomers in their composition serve to create micro-roughness of the enamel. The

key factor for adhesion is the pH value of the etchant component,

degree of demineralization of the enamel surface layer. A hydrogen value of less than

1,5 units is favorable for the performance of the self-etching adhesive. The required

curing time of self-etching adhesive systems is 15-30 seconds [24]

ng of the enamel. The

which determines the
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In the adhesive system, the neutralization reaction occurs between the molecules
of the acidic component of the primer and calcium ions released from the enamel
hydroxyapatite crystals [70].

Using a scanning electron microscope (SEM), the researchers found that enamel
surfaces treated with the total-etch system had a clearer etch pattern than enamel surfaces
treated with the self-etch system. Figure 4 presents SEM micrographs of the enamel

surface taken at 2000x magnification after application of the total-etch adhesive system

and the self-etch system.

Figure 4 Enamel surface after application
a - adhesive system of total etching,

b - self-etching adhesive system [127]

A unique characteristic of self-etch bonding systems in operative dentistry is that
they combine conditioning and priming agents in a single product. The combination of
conditioning and priming saves the clinician time and is more comfortable for the
patient [120].

In addition to saving time, fewer steps in the adhesive bonding process can lead to

fewer procedural errors, minimizing the sensitivity of the method.
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Representatives of self-etching primers: «Ex-First Step» (Reliance Orthodontics,
USA), «Transbond Plus» (3M Unitek, USA), «ldeal 1» (GAC Orthodontic products,
USA), «Prompt L-Pop» (3M ESPE, Germany).

The active ingredient of self-etching primers is a methacrylate ester of phosphoric
or nitric acid, which releases calcium from hydroxyapatite. The released calcium ions are
not rinsed away after application of the self-etching primer, but are incorporated into the
monomer mesh during polymerization. Etching and primer penetration occur
simultaneously, resulting in identical etching and primer penetration depths [163].

Three mechanisms stop the etching process in this technique:

1 Acid groups attached to the monomer are neutralized by forming a complex
with calcium from hydroxyapatite.

2 As the solvent is displaced from the primer during the air-blowing step, the
viscosity is reduced, slowing the transport of acid groups to the enamel interface.

3 As the primer cures with light and the primer monomers polymerize, the

transport of acidic groups to the interface stops.

Clinical sequence of actions when using the self-etching primer «Transbond
Plus» [58].

1 Dry the tooth surface.

2  Apply «Transbond Plus», which consists of three compartments:

The first compartment contains methacrylate esters of phosphoric acid,
photosensitizers and stabilizers.

The second compartment contains water and soluble fluoride.

The third compartment contains the microbrush applicator.

Compressing and folding the ingredients of the first compartment into the second
compartment activates the system.

The mixed ingredient is then ejected into the third compartment to wet the tip of

the applicator.
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3 Bond the bracket with «Transbond XT» adhesive and light cure.
The main ingredients of «Transbond Plus» are:

water;

— methacrylate esters of phosphoric acid;
— phosphine oxide;

- stabilizer;

— fluoride complex;

— parabens.

The chemical composition of «Transbond Plus» self-etching primer is similar to
the chemical composition of phosphoric acid with two primer chains that form a solid
matrix when cured. The liquid begins etching the enamel immediately after application,
but turns into a primer when the two hydroxide chains are converted and hydrogen is
released. Since no etching agent remains on the enamel, there is no need to rinse it off.

The reactive components of self-etching primers are formed by polymerizable acid
monomers containing an acid with a mono- or bi-ester as a functional group. Thus, one
of the two hydrogen atoms of the phosphoric acid is substituted with at least one
methacrylate group.

When the self-etching primer is activated and the monomer is rubbed into the tooth,
hydrogen cations are released from the phosphate group of the monomer and etch the
tooth structure. In response, calcium hydroxide ions are released from the hydroxyapatite
crystals, which react with the monomer, which enters into a polymerization reaction. This
monomer further reacts with the composite resin used for bracket retention to form a
complex.

Due to its own acidity, the self-etching primer dissolves the enamel surface and
thereby creates a three-dimensional micro-retention pattern on the surface, while at the
same time facilitating the penetration of the monomer. Thus, the depth of
demineralization of the enamel and the depth of penetration of the bonding agent are

identical, as both processes run in parallel. As a result, the light-curing of these
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interpenetrating monomers and copolymerization with the coating binder and composite
resin form a continuous bond to the enamel surface [66].

Since the etch-inducing monomers are also responsible for binding, the penetration
depth of the polymerizable monomers is exactly the same as the demineralization depth,

resulting in a complete hybrid layer.

1.6 Orthodontic adhesive viscosity

The concept of viscosity in the medical literature is interpreted as the resistance to
sliding of liquid layers due to intermolecular interaction forces. The weaker the
interaction forces between molecules, the higher the fluidity and lower the viscosity [16].

For composite orthodontic adhesives, the overall viscosity of the unpolymerized
paste depends on the viscosity of the dimethacrylate and the amount of filler. The
viscosity of the composite increases with increasing filler concentration. Parameters such
as level of cure and manipulation properties depend on the viscosity of the unpolymerized
composite. In addition, the viscosity of the dimethacrylate component will affect the
amount of filler that is added to the composite. There is an upper limit to the
unpolymerized viscosity, so the dimethacrylate component will affect the amount of filler
that can be included in the composite formulation. In the polymer matrix of the composite,
Bis-GMA produces a strong and rigid polymer mesh, has a high viscosity and when fillers
are added can result in a paste that is impossible to manipulate in the clinical setting.
TEGDMA monomer is used to achieve optimal composite viscosity [40, 168, 173].

The viscosity of composite orthodontic adhesive is one of the most important
properties that directly affects the expression of such factors as polymerization stress,
monomer conversion rate during polymerization, material hardness, and elastic modulus.
The viscosity of the adhesive also determines the manipulation characteristics of the
material during the clinical appointment of the orthodontist. Stickiness of the material,
the possibility of qualitative adaptation to the surface of the mesh base of the bracket,
adaptation of the material at the time of fixation directly to the enamel of the tooth

indirectly affects the working time of the adhesive [170].
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Orthodontic adhesive with optimal viscosity is able to prevent marginal adhesion
failure in the system «enamel-adhesive-bracket», which serves as a prevention of
microleakage, reducing the risk of bacterial invasion, thereby preventing postoperative

enamel sensitivity, caries formation and its complications [7, 50, 174].

1.7 Adhesive bond strength. Determination methods

Since the advent of direct fixation of brackets, the reliability of bonding to tooth
enamel has been the subject of close attention of researchers. This is due to the fact that
the stable position of the bracket on the tooth enamel surface is important in orthodontic
treatment, which usually lasts several years. The emergence of new adhesives has
stimulated the development of research in this area, which has led to an increased number
of publications in the scientific literature [141, 143].

Although research on adhesive bond strength has been conducted since the 1970s,
there is still no consensus on its clinical significance. A uniform protocol for the
experimental determination of adhesive bond strength in orthodontics has not been
developed.

In most case studies, adhesive bond strength is understood as a physical quantity
that characterizes the force required to break the adhesive bond that causes the adhesive
bond to fail at or near the interface of two surfaces.

All existing studies on adhesive bond strength in orthodontics can be classified

according to:
A) on the testing environment:

1 Laboratory tests are studies that determine the adhesive bond strength by
mechanical impact with a testing machine or by simulating a bracket removal procedure.
The type of adhesive bond failure is visualized using a microscope.

2 Determining the incidence of bracket debonding in the clinic. These studies
focus on the type of bracket and the group affiliation of the tooth in which debonding

occurred.
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3 Studies using finite element analysis allow the modeling of stress distribution

in the «enamel-adhesive-brackety system.
B) from the load application method:

— shear bond strength of the adhesive bond,;
— shear tensile strength of the adhesive bond,;

- torsional strength of the adhesive bond.

Determination of adhesive bond shear strength is popular because of the relative
simplicity of the experiment and fairly high reliability in modeling the debonding process
that occurs during orthodontic treatment. Tensile and torsional adhesive bond strengths
are of much less interest to researchers due to the difficulty of reproduction and therefore

become less relevant.
C) from the surface to which the bracket is bonded:

- enamel;
— composite fillings;
— ceramic fillings;

— amalgam fillings.

These studies are becoming increasingly relevant due to the growing need for
orthodontic treatment in adult patients and the necessity to fix braces to restorative

surfaces.

Main steps in determining the adhesive bond strength in orthodontics in an

experiment

1 Tooth selection

The use of different teeth (incisors, premolars) in adhesive bond strength tests made
it impossible to correctly compare the results of tests performed in different laboratories.

When orthodontic treatment is indicated, premolars may be extracted, and in such cases
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the collection of teeth from this accessory group for testing is easier. However, it has been
observed that the variability of the surface contour of the crown surface of premolars can
create difficulties in standardizing the procedure of fixation of brackets to these
teeth [152].

The upper and lower incisors are mainly removed in patients with periodontal
disease. Generally, this is a group of elderly patients. The use of teeth from this group is
not suitable for the experiment. Studies have shown that with age, changes occur in the
tooth enamel that lead to a decrease in its permeability. These changes are that the enamel
crystal lattice becomes more dense and the microspaces between crystals decrease. As a
result, the amount of water between the crystals decreases. The concentration of calcium,
phosphorus, zinc and fluorine in enamel increases with aging [146, 160].

In addition, various factors such as adsorption of inorganic or proteinaceous saliva
particles, the effects of various therapeutic procedures and the pharmaceuticals used, may
alter the reactivity of the surface layers of enamel, which may affect the strength of the
adhesive bond [161].

2 Samples storage

In tests on adhesive bond strength, the effect of storage time of specimens from
24 hours to five years in different storage solutions: thymol, physiological solution,
aqueous chloramine and formalin was studied [162].

The combinations of different solutions and exposure times of specimens in them
do not allow for objective conclusions to be drawn, and the results obtained for adhesive
bond strength in orthodontics cannot be compared.

The differences in adhesive bond strength results prompted researchers to conduct
tests determining the effect of specimen storage time and storage medium on adhesive
bond strength within a laboratory setting [57, 158].

When the samples were stored for more than 20 minutes, no significant effect on

the adhesive bond strength was observed [148].
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Another study reported that the adhesive bond strength values of teeth stored in
formalin were twice as high as those of similar specimens stored in physiologic
solution [104].

In an article entitled « Storage medium and enamel hardness» Muhlemann H. found
that enamel specimens stored in physiological solution were softer than corresponding
specimens stored in water [119].

Linden L. when examining the enamel structure of extracted teeth, observing
different storage conditions, found only slight differences in coloration [113].

Silverstone L. in his study recommends avoiding formaldehyde as a sample storage
medium due to its strong acidity and subsequent oxidation to formic acid can change the
pH of the storage medium [145].

A study of the adhesive bond strength between enamel and glass ionomer cement
showed that the bond strength values in laboratory conditions are twice as high as in
clinical conditions, all other conditions being equal [100].

Recent studies on adhesion in dental practice have primarily focused on the
strength of the adhesive bond to dentin. This bond is crucial for ensuring the longevity of
dental restorations and preventing long-term adverse effects. It is important to note that
the bond strength between adhesive and dentin cannot be extrapolated to enamel due to
the differences in the chemical composition of these tissues. lonic and enzymatic storage
environments can damage dentin, which contains a high amount of organic matter.
Enamel, however, is more resistant to such effects due to its high inorganic content [132].

Thus, it is likely that storage time and environment have little or no effect on the
adhesive strength of the bond to enamel.

Some researchers believe that a six-month storage period for specimens can be used
to standardize various experimental protocols [132].

Often the preparation of tooth samples requires smoothing the enamel surface
through grinding [77]. This is to standardize the surface topography because the
vestibular enamel surface of teeth, especially premolars, may have different contours and

convexity. The different contour and convexity of the vestibular surface of teeth can lead
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to uneven adaptation of the adhesive to the tooth surface and cause variation in adhesive
thickness during bracket bonding.

Obviously, this procedure cannot be applied in the clinic, as its main disadvantage
Is that it significantly alters the substrate. The outer surface of the enamel is more
abundantly saturated with fluoride, which distinguishes it from the deeper layers of
enamel. Grinding tooth enamel with grinding stones and diamond disks is a subjective
manipulation because the degree of roughness of the enamel surface is determined
visually [136]. The change in the structure of the tooth enamel surface after this
manipulation makes it difficult to compare the results of different laboratory tests.

Rueggeberg F. in his article drew attention to an interesting aspect of storing
samples in alcohol, formalin and other disinfectants [109]. He found that sample storage
solutions can contain pathogens (Staphylococci, Pseudomonas, Shigella, Enterobacter,
Klebsiella, Proteus) that can spread as aerosol and colonize the laboratory
environment [133]. The bacterial colonies obtained from the dental specimens varied
considerably in species composition. This resulted in cross-contamination of the
specimens when they were stored in solution. Since the extracted teeth contained
pathogenic bacteria, they needed to be autoclaved to destroy them.

The use of autoclaving to prepare teeth for testing necessitated a study of the effect
of sterilization on adhesive bond strength and enamel structure. Autoclaving teeth at
127°C for 20 minutes followed by storage in 1% sodium hypochlorite solution was found

to have an effect on adhesive bond strength but did not alter enamel structure [140].
3 Bonding
Bracket bonding to tooth enamel includes:

— penetration of the liquid material into the etched enamel and formation of resin
loops after polymerization;
- formation of firmly bound surface precipitates that serve as the substance for

mechanical and chemical bonding of the adhesive [60];
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— chemical binding of the adhesive to calcium ions of enamel

hydroxyapatite [147].

The process of applying adhesive to the bracket base and applying force to bracket
bonding to tooth enamel raises two questions for researchers: how much adhesive is
needed to securely bond the bracket and how much force is required to ensure strong
adhesion.

One study suggests two approaches to quantifying adhesive application. The first
approach is to apply a standard amount of adhesive and the second approach is to use an
arbitrary amount of adhesive. The standard amount of adhesive makes the application
process more predictable. This allows the properties of the material under investigation
such as the degree of conversion and leaching of the monomer to be evaluated. However,
it is practically impossible to simulate this situation at a clinical appointment, so it is
proposed to standardize the basic amount of adhesive.

The research proposes to overcome the shortcomings of current methods by
standardizing the application of a basic amount of adhesive to the bracket base. This may
be achievable by conducting trials in which the adhesive is applied by a specially trained
orthodontist.

In most trials, the bracket bonding force was not controlled, which could lead to
subjective assessment of adhesive bond strength. A fixed force applied during bracket
bonding can result in stable adhesion, but too much force can result in thin layers of
adhesive that can reduce its retention properties [73].

Simulation of the clinical environment in laboratory studies cannot fully recreate
oral conditions. In particular, it is not possible to recreate the stresses caused by an
activated arch in combination with occlusal loads, extreme fluctuations in pH and
temperature, and the presence of oral microflora. Microbial flora can significantly alter
the structure and properties of adhesive materials, arches and brackets [125].

Matasa C., who investigated debonded brackets, found that microbial colonization

during orthodontic treatment can lead to poor adhesion [115].
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4 Trials

The load application method and the use of a universal testing machine to perform
adhesive bond strength tests were investigated by Katona T. and colleagues [103].

Finite element analysis found that the stress distribution within the adhesive layer
and the resulting stresses in the brackets and enamel during testing were not uniform,
contradicting the uniform stress assumption that prevailed in most experimental
studies [102]. Studies have shown that the maximum stresses produced by tensile strain
loading in the «enamel-adhesive-bracket» system can be up to five times greater than the
average stress values obtained in studies using other loading methods (shear, torsion).
This suggests that the results of studies using different loading methods are not directly
comparable. Conventional adhesive bond strength studies do not take into account the
maximum stresses generated by the tensile loading of the «enamel-adhesive-brackety
system, which is the reason for the significant underestimation of the probability of
brackets debonding.

Analyzing the causes of bracket debonding based on the assumption of uniform
stress distribution may lead to misleading conclusions about the strength of individual
adhesive components. This is due to the fact that localized adhesive bond failure may be
caused by higher stresses in certain areas.

Fox N. found that the experimental test configuration can affect the results of
adhesive bond strength studies [83]. This is due to the fact that the applied force may
produce force moments of varying magnitude depending on the distance from the point
of force application to the brace base surface. This can make it difficult to extrapolate
conclusions about the probability of debonding.

Thus, the results of adhesive bond strength tests in orthodontics may be influenced

by the following factors:

1 The standard load plate traverse speed for shear testing is 0,5 mm/min, but this
is not clinically appropriate [77]. Under clinical conditions, the adhesive bond can break
at much higher loading rates. In this case, the viscoelastic properties of the adhesive,

which may be important at low speeds, are practically unimportant.
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2 When the brace is removed with a wire loop, the loop may deform and cause
friction, which can make interpretation of the results difficult. Katona T., Chen J.
suggested using a long and thin wire in order to reduce these effects [103].

3 Bracket design can lead to uneven load distribution, which can lead to failure
of the «enamel-adhesive-bracket» system. The variability of bracket design with the same
prescription from different manufacturers makes it difficult to compare adhesive bond
strength studies [102].

Fatigue failure is another factor affecting the strength of the adhesive bond. It

occurs in the «enamel-bracket» adhesive component and involves five main stages [149]:

microstructural changes that initiate the nucleation of irreversible damage;
microscopic cracks formation;
growth of defects with the formation of macroscopic cracks;

stable propagation of macrocracks;

aa B~ W N -

structural instability leading to adhesive bond breakage.

The rate of crack propagation and progression of adhesive bond failure depends on
a number of variables including environmental conditions, mechanical properties and
structural configuration of the adhesive. Research in this area utilizes two basic

approaches to the study of fatigue [149]:

1 The whole lifespan approach determines the range of cyclic stresses or strains
required to propagate a crack in an initially uncracked specimen before the adhesive bond
breaks.

2 The sustainable defect approach, which assumes that all engineering
components inherently contain defects. In this approach, fatigue life is determined by the
number of fatigue cycles or the time for a crack to propagate from its original size to a

critical size.

To understand the fatigue of orthodontic adhesive systems, post-mortem analysis

IS necessary to provide evidence of complex interactions between system components.
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The lack of such evidence can be attributed to the diversity of materials, complex
mechanical behavior, and microscopic nature of fatigue.

Fatigue failure of adhesive systems depends on the testing environment, the
molecular structure of the polymers, the nature of cycling, loading conditions and the type
of deformation (elastic, linear or nonlinear viscoelastic). Because detailed fatigue stages
are difficult to detect in the laboratory, localization and characterization of defects may
be limited to the site of final failure.

The clinical implications of fatigue failure of adhesives in orthodontics are
unknown, and sensitive methods to investigate them are not expected to be developed in

the near future.

1.8 Systematic review of studies on the ultimate shear strength of adhesive systems

under experimental conditions

Experimental studies allow the use of standardized procedures to test a particular
fixation system. However, the different test conditions that are used make it difficult to
compare their results [72, 83, 98].

Some of the main test conditions affecting adhesive bond strength are the origin of
enamel (bovine, human), substrate storage (physiologic solution or water), and
pretreatment of the enamel surface (grinding, use of cleaning agents) [95, 112, 126, 154].
Therefore, the varying results of adhesive bond strength studies can be attributed to the
fact that bond strength cannot be isolated. The combination of mechanical properties and
test-related factors can distort the actual estimate of the adhesive bond strength value.
Currently, there is no standardized protocol for determining adhesive bond strength in
orthodontics, which makes it difficult to draw general conclusions. The increasing
number of published experimental studies can only be evaluated individually due to the
lack of standardization.

In this regard, an attempt was made by Finnema K. to draw the attention of
researchers to the test conditions that can significantly affect the resulting values of

ultimate adhesive bond strengths.
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A total of 121 studies were selected to evaluate the conditions of adhesive bond
strength tests in detail. A list of 27 (Table 2) items was selected that reflected the
conditions affecting the results of adhesive bond strength tests in the experiment [81].

The 121 studies reported using an average of about 20 test conditions in
experiments, with a minimum of 12 conditions [138] and a maximum of
26 conditions [61, 173]. The condition of the magnitude of force application during brace
placement was the worst covered, being reported in 18 of the 121 studies. The most
common experimental adhesive bond strength determination test conditions were
reported in the following order: adhesive type — 98%, traverse speed — 97% [105], enamel
cleaning method — 93% [112], etchant type — 92% [67], etchant time — 90% [87], sample
storage time — 90% [164], tooth storage solution before bonding — 89% [154], bracket
type — 78% [54], total polymerization time — 69%, bracket force application — 69% [105],
photopolymerization lamp type — 62% [122], tip design — 60% [118].

Table 2 Experimental conditions described in 121 studies

Experimental condition Number (%0) of studies that
reported on the experimental
conditions
Substrate origin 121 (100)
Tooth type 121 (100)
Storage time before bonding 38 (31)
Storage temperature before bonding 38 (31)
Storage solution before bonding 108 (89)
Sample purification 113 (93)
Brace material 121 (100)
Brace type 94 (78)
Type of processing, dressing 111 (92)
Etching time 109 (90)
Adhesive type 119 (98)
The amount of force when a brace is placed 18 (15)
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Continuation of Table 2

Curing lamp type 75 (62)
Photopolymerization time 84 (69)
Light direction 65 (54)
Sample storage time 109 (90)
Sample storage solution 103 (85)
Sample storage temperature 97(80)
Thermal cycling 26 (22)
Testing machine 119 (98)
Shear strength test 121 (100)
Crosshead speed 117 (97)
Force applied to the bracket 83 (69)
Indenter (tip) design 73 (60)
Adhesive Remnant Index (ARI) 93 (77)
Magnification used in determining the ARI 70 (58)
Adhesive strength in megapascals, MPa 121 (100)

The results of the meta-analysis showed that the experimental conditions of sample
storage, photopolymerization time, and traverse speed had a significant effect on the shear
bond adhesive strength values in the experiment [111].

The ability of the samples to accumulate water decreased the shear adhesive bond
strength by an average of 10,7 MPa. This observation was influenced by the large sample
size for which artificial saliva was used as a storage medium [61]. Distilled water was
used for sample storage in the majority of experimental studies on adhesive bond strength.
However, in 11% of the studies, the sample storage medium was not reported.

The second experimental condition that significantly affected the adhesive bond
strength was the photopolymerization time. An increase of 0,077 MPa in adhesive bond
strength was observed for each additional second of photopolymerization. The meta-
analysis revealed significant variation in photopolymerization time, ranging from 2 to

50 seconds. Additionally, 31% of the studies did not report polymerization times. In the
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majority of studies, adhesive polymerization was completed within 40 seconds, which
aligns with the typical clinical standard.

The traverse speed of the testing machine was identified as the third experimental
condition that significantly impacted adhesive bond strength. An increase in traverse
speed of 1 mm per minute led to a rise in average bond strength of 1,3 MPa. Two
experimental studies demonstrated the opposite effect when the traverse speed was
increased from 0,5 to 5,0 mm per minute and from 1 to 200 mm per minute, respectively,
resulting in a significant decrease in adhesive bond strength [53].

It was hypothesized that the impact of the test machine crosshead causes induction
of the rigid body response and elimination of the viscoelastic characteristics of the
adhesive. In another study, no effect on adhesive bond strength was observed when the
speed of the test machine traverse was varied from 0,1 to 5 mm per minute.

The adhesive bond strength values reported in the studies in this meta-analysis
ranged from 3,5 to 27,8 MPa.

There is controversy in the orthodontic literature as to what minimum adhesive
bond strength is required to ensure successful orthodontic treatment. Most studies refer
to the article by Reynolds I. (1975) in which he suggested a value of 6-8 MPa based on
the stresses occurring during the adaptation of the archwire in the bracket slot [131].

This value has been taken as a reference and has been cited in the literature more
than 150 times.

The adhesive bond strength value proposed by Reynolds I. (6-8 MPa) is outdated
and does not take into account many factors that affect adhesive strength in clinical
practice (stresses developed during mastication and associated loads, cyclic fatigue of
adhesive materials in the oral cavity, extreme fluctuations in pH, temperature, and
microbial colonization of the oral cavity).

This value is based on mechanics and materials of relevance more than 30 years
ago, as well as on uncertain assumptions about loads occurring during orthodontic
treatment. In addition, adhesives are subject to aging, which can lead to a decrease in
bond strength. The Reynolds I. study lacks data on the comparability of loads in the clinic

and experiment.
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A systematic review and meta-analysis by Finnema K. provides a summary of
factors that may affect adhesive bond strength in an experiment [81]. The conditions
outlined in Table 2 can be considered mandatory to standardize the conditions of adhesive

bond strength studies in an experiment.
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CHAPTER 2. MATERIALS AND METHODS

2.1 Study design and stages of research

The study has eight phases and the design is shown in Figure 5.

The study contains of two parts. The first part of the study consisted in the
experimental study of relative viscosity and shear strength of the adhesive bond in the
laboratory on the basis of the Science Park of St. Petersburg State University; the Centre
for Diagnostics of Functional Materials for Medicine, Pharmacology and
Nanoelectronics; the Centre for Extreme States of Materials and Structures; the Centre
for Microscopy and Microanalysis; the Institute of Chemistry of St. Petersburg State
University. The second part of the study consisted in studying the strength of adhesive
bonding in the clinic, was conducted at the educational and clinical base of the Faculty of
Dentistry and Medical Technologies of the Federal State Budgetary Institution of Higher
Education «St. Petersburg State University» Omegadental LLC (St. Petersburg).

For a systemic approach to the research problem at the initial stage, a lot of work
with sources of information on the studied area was carried out, the problem was
considered in historical development, the scientific experience of domestic and foreign
scientists was analysed and presented in publications, the state of the problem of adhesive
bond strength during orthodontic treatment with brackets was assessed, unsolved issues

were identified and the relevance of the research topic was confirmed.
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The second stage of the study involved the selection of experimental conditions for
determining the relative viscosity of the compared adhesives and the shear strength of the
adhesive bond on the basis of the world experience in conducting studies on this subject,
as well as in accordance with the available protocols in dentistry. The relative viscosity
of adhesives was determined in accordance with the American Dental Association
recommendation for assessing the fluidity of endodontic restorative materials. The
ultimate shear strength of the adhesive bond was determined taking into account the
requirements of GOST R 59423 - 2021 (ISO 29022 : 2013). National Standard of the
Russian Federation. Stomatology. Restorative materials. Shear test methods for
determining the strength of adhesive bonds. M., 2021. The conditions outlined in the
recommendations, protocols and standardization normative document were recorded. The
laboratory test to determine the ultimate shear strength of the adhesive bond was guided

by the 25 experimental conditions shown in Table 3.

Table 3 List of experimental conditions for laboratory tests of the ultimate shear strength

of adhesive bonding

Experimental condition Justification
Substrate origin Extracted intact human teeth
Type of tooth Vestibular surface of third permanent molar
Storage time before bonding 3 months

Storage temperature before bonding | 4 +4°C

Storage solution before bonding Distilled water

Sample purification After extraction, teeth are thoroughly rinsed
under running water, all blood residues and
adhering tissues are removed. Before bonding,
the teeth are cleaned with a rubber cup using a
fluoride-free preventive paste «Polident No. 2»

Orthos, Damon Q braces material Stainless steel

Orthos, Damon Q bracket type Ligature, self-ligating
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Experimental condition

Justification

Type of processing, etching

Travex-37 Gel (OmegaDent, Russia)

Etching time

25-30 seconds

Type of adhesive

Composite

Type of curing lamp

LED lamp (wavelength 440-480 nm, luminous
flux power 1000-1200 mW/cm?)

Photopolymerisation time of
Enlight, Compofix-ortho adhesive

30 seconds

Light direction

Directional polymerisation on medial, distal,
occlusal, gingival sides

Samples storage time

24 hours

Sample storage solution

Distilled water

Sample storage temperature

37°C

Thermal cycling of samples

500 cycles in water at 5°C and 55°C with a time
exposure at each temperature of at least
20 seconds and a transfer time from one
temperature to the other of 5-10 seconds

Testing machine

Schimadzu AG-50kNXD

Traverse speed

0,1 mm/min

Force applied to the bracket

Directly perpendicular, occlusal side

Indenter (tip) design

In the form of a sickle knife

ARI

It was determined using a Leica M205
stereomicroscope with image display on a
personal computer and evaluation of the
Adhesive Remnant Index on the bracket and
tooth using the LAS v4.10 programme.

Magnification used in determining
the ARI

10x magnification
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Continuation of table 3

Experimental condition Justification
Shear strength of the Determined according to the formula:
adhesive bond, MPa F

ocadg = 5

where F is the maximum force at which the sample
fracture occurs, H;
S — surface area of the fracture surface, mm?

During the clinical study, the same orthodontist applied a standard amount of
adhesive using a consistent technique in carefully selected groups of patients and
observed them over a period of time.

We measured the relative viscosity in the third step by placing a portion of adhesive
on a slide and covering it with three more slides. The area of composite discs made of
two adhesives was evaluated using FIJI software.

The ultimate shear strength of the adhesive bond was directly investigated in the
fourth step.

For the experimental study, 100 extracted third permanent molars with healthy
enamel and no signs of carious or non-carious damage were thoroughly washed under
running water, and all blood residues and adhering tissues were removed from their
surface. Prior to bracket bonding, the teeth were cleaned using a rubber polishing cup
with fluoride-free paste called «Polident No. 2» (Vladmiva, Russia). The teeth were then
randomly divided into four groups, each containing 25 teeth. Group 1 utilized a direct
bracket bonding technique with the light-curing orthodontic adhesive «Enlight» and the
light-curing adhesive primer «Orthosolo». A traditional ligature bracket for the upper
right second premolar, «Orthosy, was used in this group. Group 2 used a direct bonding
technique with «Enlight» light-curing orthodontic adhesive and «Orthosolo» light-curing
adhesive primer, along with a «Damon Q» self-ligating bracket for the upper right second
premolar. Group 3 used the direct fixation technique with «Compofix-ortho» light-curing

orthodontic adhesive and «Compofix-ortho» light-curing adhesive primer, along with a
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traditional «Orthos» ligature bracket for the upper right second premolar. Group 4 utilised
a direct fixation technique, using light-curing orthodontic adhesive «Compofix-ortho» in
conjunction with a light-curing adhesive primer of the same name. They employed a

«Damon Q» self-ligating bracket for the upper right second premolar (Table 4, 5).

Table 4 Groups of selected teeth for the pilot study

Tooth group Number of Brace design
teeth
1 Orthosolo, Enlight 25 Orthos
2 Orthosolo, Enlight 25 Damon Q
3 Compofix-ortho 25 Orthos
4 Compofix-ortho 25 Damon Q
Table 5 Adhesives and primers used in the research
Material | Manufa | Curing |Mechanism | Fluoride | Expiry Average
cturer method |of adhesion | release | date and market
lot number |value, RUB
Adhesive |Ormco, [light mechanical No 09.06.2025 6500
Enlight [Orange, |curing, Ne 9101122
Calif 30 seconds
Primer [Ormco, [no light — No 09.06.2025 8660
Orthosolo|[Orange, |curing Ne 9101122
Calif required
Compofix|Vladmiva light mechanical Yes [01.09.2024 1540
-ortho Belgorod, |curing, Ne 9633
Adhesive [Russia |30 seconds
Compofix|Vladmiva [no light — Yes |01.09.2024 1320
-ortho Belgorod, |curing Ne 9633
primer [Russia  [required
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After bracket bonding, extracted teeth were mounted in blocks made of

EpoxiCure 2 (Buehler), a viscous and slow-curing polymer (Figure 6, Figure 7).

BUEHLER
EpoxiCure™ 2
Epoxy Resin
. 20-3430-

Figure 6 The slow curing dental mounting polymer used in the trial

The tooth to be mounted in the block was placed in 23°C water as early as possible
to allow the plastic to cure under water. Under this condition, absorption of the polymer
by the tooth tissue and overheating of the tooth by the heat of polymerisation can be

avoided.

Figure 7 Extracted teeth placed in plastic blocks and prepared for testing

Prior to direct testing, the teeth were immersed in distilled water and incubated at

37°C for 24 hours, then thermocycled. After removing the specimens from the water,
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moisture was removed using filter paper. The specimens were levelled using grips and
metal frame and fixed in the clamps of Shimadzu testing machine for ultimate shear

adhesive bond strength tests (Figure 8, Figure 9).

Figure 8 Shimadzu testing machine
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Figure 9 Extracted tooth with bonded bracket placed in an acrylic block mounted in the

clamps of the testing machine

The experiment was conducted at a temperature of 24°C and a relative humidity
of 30%.

In the fifth stage of the study, 30 adolescent patients aged between 14 and 18 years,
who required orthodontic treatment, participated [4]. The patients were divided equally
by gender, with 15 female and 15 male patients in each group. All patients had their
«Damon Q» brackets (Ormco, USA) bonded using «Compofix-ortho» (Vladmiva,
Russia) and «Enlight» (Ormco, USA) orthodontic adhesives (Figure 10, Figure 11).
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Figure 10 Primer and adhesive «Compofix-ortho» (VIadmiva, Belgorod) used in the

research

S

Figure 11 «Orthosolo» primer (Ormco, USA) and «Enlight» adhesive (Ormco, CA)
used in the study

In Group A, seven female patients included in the study had their braces bonded
with «Enlight» light-curing orthodontic adhesive together with «Orthosolo» light-curing
adhesive primer using the direct bonding technique. In Group B, seven male patients
included in the study had their braces bonded with «Enlight» light-cured orthodontic
adhesive in conjunction with «Orthosoloy» light-cured adhesive primer using the direct
bonding technique. In Group B, eight female patients included in the study had their
braces bonded with «Compofix-ortho» light-curing orthodontic adhesive, together with
«Compofix-orthox» light-curing adhesive primer, using the direct bonding technique. In
Group D, eight male patients included in the study had their braces bonded with
«Compofix-orthox» light-curing orthodontic adhesive, together with «Compofix-ortho»

light-curing adhesive primer, using the direct bonding technique (Table 6).
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Table 6 Group of patients who participated in the clinical trial

Study group | Number of | Number of Primer and Brace design
of patients patients teeth adhesive used
Group A 7 140 Orthosolo, Enlight
Group B 7 140 Orthosolo, Enlight
Damon Q
Group C 8 160 Compofix-ortho
Group D 8 160 Compofix-ortho

Eight female and eight male patients had their «Damon Q» braces bonded with
«Compofix-ortho» adhesive (Vladmiva, Russia), seven female and seven male patients
had their «Damon Q» braces bonded with «Enlight» adhesive (Ormco, USA). Before
starting the clinical trial, the conditions of the study were explained to the participating
patients, after which they provided voluntary informed consents for the processing of
personal data (Appendix B) and voluntary consents for orthodontic treatment
(Appendix C). Patients were selected for participation in the study according to the
following criteria: adolescents aged 14 to 18 years who needed orthodontic treatment with
the 1st and 2nd degree of complexity of orthodontic treatment, informed consent of the
patient. The orthodontic treatment complexity degree was determined according to the
method of assessing the degree of severity of dentofacial anomalies ( DFA) by L.S. Persin
[22]. Patients with inflammatory periodontal diseases; severe somatic pathologies;
hereditary and acquired malformations of hard tissues of teeth; anomalies of tooth shape;
restorations on the vestibular surface of teeth; occlusal interference; clinical cases of
orthodontic correction, in which extraction of individual teeth is required to normalise
occlusal contacts; 3rd and 4th degree of complexity of orthodontic treatment, if the patient
refused to participate in the study, were not included in the study process To fulfil the
objectives of the study, patients were monitored for the first 26 weeks of orthodontic
treatment. Upper and lower jaw braces were placed in one visit. All patients were
informed about the rules of eating behaviour during orthodontic treatment with brackets,

and instructions were given on the peculiarities of individual oral hygiene. The frequency
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of check-ups for activation of the «Damon Q» brackets was every seven weeks, and
patients had unscheduled appointments when the brackets came off. The anamnesis, data
on unfastened brackets were described in the patient's orthodontic outpatient record
(Appendix D).

The obtained data on the adhesive bond strength of the materials «Compofix-ortho»
(Vladmiva, Russia), «Enlight» (Ormco, USA) in clinical and experimental studies were
subjected to statistical analysis using application programmes at the sixth stage of work.

After removal of brackets, each tooth and bracket (in the experimental study), each
bracket (in the clinical study) were viewed using an optical stereomicroscope with an
external light source to study the structure of enamel at debonding (in the experimental
study), determination of the index of residual adhesive (in the experimental and clinical
studies) at the seventh stage of work.

At the eighth stage of work the clinical and cost-effective effectiveness of the use

of adhesives «Compofix-orthoy», «Enlight» for bracket bonding was evaluated.

2.2 Research methods

Direct bracket bonding method of «Orthos», «Damon Q» brackets using

«Enlight» adhesive (Ormco, USA) under experimental conditions

Before bracket bonding, the extracted teeth were cleaned with a rubber polishing
cup with fluoride-free paste «Polydent No. 2» (Vladmiva, Russia). Then rinsed and dried
with air-water tip for 5-10 seconds. For etching, 37% phosphoric acid gel «Travex-37»
(OmegaDent, Russia) was applied for 20 seconds, then washed thoroughly for
20 seconds. The teeth were dried with an air/water handpiece for 20 seconds and
inspected to see if the enamel was characteristically matte. A thin layer of «Orthosolo»
primer (Ormco, USA) was applied to each tooth using an applicator and slightly dried.
Then «Enlight» adhesive was applied to the surface of the «Orthosy», «<Damon Q» bracket
base, after which the bracket with the applied adhesive was positioned on the tooth in the

centre of the crown. After alignment of the bracket, excess adhesive was removed with a
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scaler and the «Orthos», «Damon Q» bracket was photopolymerised on the mesial and

distal surfaces.

Direct bracket bonding method of «Orthos», «Damon Q» brackets using

«Compofix-ortho» adhesive (Vladmiva, Russia) under experimental conditions

Before bracket bonding, the extracted teeth were cleaned with a rubber polishing
cup with fluoride-free paste «Polydent No. 2» (Vladmiva, Russia). Then rinsed and dried
with air-water tip for 5-10 seconds. For etching, 37% phosphoric acid gel «Travex-37»
(OmegaDent, Russia) was applied for 20 seconds, then washed thoroughly for
20 seconds. The teeth were dried with an air/water handpiece for 20 seconds and
inspected to see if the enamel was characteristically matte. A thin layer of primer
«Compofix-ortho» (Vladmiva, Russia) was applied to each tooth using an applicator and
slightly dried. Then «Compofix-ortho» adhesive was applied to the surface of the
«Orthos», «Damon Q» bracket base, after which the bracket with the applied adhesive
was positioned on the tooth in the centre of the crown. After alignment of the bracket,
excess adhesive was removed with a scaler, the «Orthos», «Damon Q» bracket was

photopolymerised on the mesial and distal surfaces of the bracket.

Preparation of test specimens. Method for recreating the oral cavity

environment

Thermocycling included 500 cycles in 5°C and 55°C water with a exposure time at
each temperature of at least 20 seconds and a transfer time from one temperature vessel
to the other of 5-10 seconds (Figure 12) [88].



Figure 12 LOIP LF-60/350-VS2 laboratory drying oven used in the thermal cycling test

Method for determining the relative viscosity of composites

Two syringes of adhesives were selected for the measurements of relative viscosity
characteristics: «Enlight» (Ormco, USA), lot number 9101122, and «Compofix-ortho»
(Vladmiva, Russia), lot number 9633. Measurements were carried out 15 times for each
group of materials. The relative viscosity was determined in accordance with the
American Dental Association recommendation for assessing the fluidity of endodontic
restorative materials [78].

The weight of the «Enlight» syringe on a scale (PIONEER OHAUS with an
accuracy of 0,1 mg) 12,342 g and «Compofix-ortho» 13,382 g was measured before

applying the adhesive to the slide (Figure 13).



Figure 13 Weighing of the initial weight of adhesive syringes before testing:a -
«Enlight» adhesive, b - «Compofix-ortho» adhesive

The adhesive was then applied to a «MiniMed» microdissection slide
(26x76x1 mm) and then immediately covered with three slides to form a disc of
unpolymerised adhesive (mass of each slide about 5 g). After 30 seconds, the adhesive
was illuminated with a polymerisation lamp («<GMG» LED WL-070 Dentmate) for
20 seconds. After application of the adhesive, the syringe was reweighed. The portion of
adhesive applied to the slide was controlled in this sequence. The experiment was
performed under the following climatic conditions - temperature was 24°C and relative
humidity was 30%. In order to avoid inaccuracy in the results of the study, all tests were
performed by one researcher.

After photopolymerisation of the adhesive, photofixation of the discs on a sheet
with 8 bit markers was performed. A reference ruler was placed next to the slide.
Spherical aberrations were removed in Photoshop CC 2018 software, also the perspective

corrections of the photo were corrected relative to the markers (Figure 14).
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Figure 14 Correcting perspective and removing spherical aberrations in
Photoshop CC 2018 using 8-bit markers

An algorithm based on FlJI software has been developed to ensure productive
operation [171]. The purpose of the algorithm was to automate and simplify the process
of linear measurements of adhesive disc dimensions. The following actions were included
in the macro: opening a file of photographs, calibrating each photograph by the selected
line length of 10 mm, cropping the area of interest of the photograph, creating a mask,
calculating the area and saving the data.

To measure the area of the adhesive disc, a photograph of the composite disc image
was loaded into the software, a line was drawn on a reference ruler, the length of which
was used to calibrate the image. An area of interest that included the adhesive disc was
then selected and cropped around its perimeter. The outline of the adhesive disc was
created manually. The area of the disc was measured three times and the average value
was used.

The results of measurements of the photographed adhesive discs «Compofix-
ortho» and «Enlight» were automatically recorded into one xlIsx file and processed in
Excel computer program in order to determine statistical indicators (arithmetic mean,
standard deviation, dispersion, minimum and maximum values). To confirm the statistical

hypothesis about the homogeneity of adhesives «Compofix-ortho» and «Enlight» by their
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relative viscosity, the two-sample t-criterion was used to test the null hypothesis (HO)
about the equality of the mean values of the general populations of «Compofix-ortho»
and «Enlight» on the basis of sample values of the area of the discs of the two adhesives

photographed in the experiment.

Sample analysis with a Leica M205 C stereomicroscope

Samples after debonding were examined using a Leica M205 C stereomicroscope.
Image display on a personal computer and evaluation of the Adhesive Remnant Index on
the bracket and extracted tooth were performed using the LAS v4.10 software. The
Leica M205 C stereomicroscope allows easy implementation of repeatability of the
experiment parameters when taking and analysing images, obtaining photographs with a

large depth of focus (Figure 15).

Figure 15 Leica M205 C Stereomicroscope

The Adhesive Remnant Index (ARI) was used to assess the adhesive residue on all
samples (tooth enamel and bracket base after debonding) involved in the experiment. To
determine the Adhesive Remnant Index, brackets that underwent debonding for an

unknown reason were counted during the clinical trial. Debonding of brackets for an
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unknown reason could be related to the strength properties of the adhesive used [135,
167, 172].
Assessment of adhesive residues on tooth enamel and bracket base after debonding

was performed according to the Artun and Bergland index score (Table 7).

Table 7 Adhesive Remnant Index (Artun, Bergland, 1984)

Index score Value
0 No adhesive left on the tooth, all the

adhesive remained on the base of the

bracket

1 Less than half of the adhesive
remained on the tooth, more than
half of the adhesive remained on the

base of the bracket

2 More than half of the adhesive
remained on the tooth, less than half
of the adhesive remained on the base
of the bracket

3 All the adhesive remained on the
tooth with the relief of the mesh
base of the bracket, no adhesive

remained on the base of the bracket

Methodology for assessing the severity of dento-mandibular-facial anomalies

The method of assessing the degree of severity of dentofacial anomalies ( DFA)

was developed by the faculty of the Department of Orthodontics of the Moscow State
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Medical and Dental University named after A.l. Evdokimov, Ministry of Health of
Russia.

Persin L.C. in 1997 proposed a point estimate of 4 degrees of complexity of
orthodontic treatment depending on the point estimate of the degree of severity of signs
of dento-mandibular-facial anomalies. The classification of DFA signs is based on the
criterion of considering occlusion disorders in 3 directions (sagittal, vertical and
transversal) with their further differentiation according to the following features:
dependence on the size of the gap between the teeth; anomaly of teeth interlocking and
participation of the upper or lower dentition in the formation of occlusion.

Depending on the size of the gap between the teeth, four groups of anomalies are
distinguished: the first group — anomalies of one tooth row; the second group — the size
of the gap between the teeth up to 3 mm (Figure 16); the third group — the size of the gap
between the teeth 3,0-6,0 mm; the fourth group — the size of the gap between the teeth
more than 6 mm (Figure 17). In each of these groups, the anomalies of tooth closure in
three directions (right, front, left) are analysed and the involvement of the teeth of the
upper and lower rows is taken into account.

The degree of severity of each feature of the DFA with the depth of consideration
«direction of occlusal disturbance — size of the gap between the teeth — anomalies of tooth
alignment — involvement of the upper or lower dentition» is evaluated as 1 point. The
severity degree of the DFA for each patient is determined by summing up the scores for
all the signs inherent to each patient individually, in the context of the groups
characterising the size of the gap between the teeth, and can be evaluated to a maximum
of 18 points.

Depending on the evaluation of the severity of the DFA and the anomaly group
characterising the gap between the teeth, the degree of complexity of orthodontic
treatment is determined from the first to the fourth.

Using the subcategories of the degree of difficulty, it is possible to further develop,

for example, criteria for assessing the cost of orthodontic treatment (Table 8) [21].
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Figure 16 Patient M., included in the study, second degree of DFA severity, second

degree of complexity of orthodontic treatment

|
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Figure 17 Scheme for determining the severity of the FMA
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Hygienic status of patients participating in a clinical trial.
Simplified OHI-S (J. C. Greene, J. R. Vermillion, 1964)

The hygiene status of patients is assessed using the simplified oral hygiene
index (OHI-S), which consists of two components, the plaque index (DI) and the calculus
index (CI), and is calculated as the sum of their average values based on the number of
teeth examined [106]. In order to determine the hygienic status of the patients, the
surfaces of six teeth (four molars and two central teeth) were examined as part of the
clinical study: buccal surfaces of upper first molars, lingual surfaces of lower first molars,
vestibular surfaces of upper and lower incisors using a probe that was moved from the

incisal/occlusal margin to the gingival margin (Figure 18).

Figure 18 Teeth surfaces indexes for the OHI-S scoring



79

Determination of the debris index (DI)

The plaque detection technique is shown in Figure 19.

Figure 19 Determination of the debris index (DlI)

Criteria for assessing the plaque index:
0 — no plaque;
1 — soft plaque covering not more than one third of the examined tooth surface;

2 — soft plaque covering more than one third but not more than two thirds of the

tooth surface;
3 — soft plaque covering more than two thirds of the tooth surface.

Determination of the calculus index (CI)

Determination method of the calculus index is shown in Figure 20.

Criteria for assessing the calculus index:

0 — no calculus.

1 — supra-gingival calculus covering not more than one third of the examined tooth
surface.

2 — supra-gingival tartar covering more than one third but not more than two thirds
of the tooth surface and/or the presence of individual conglomerates of subgingival tartar

around the vestibular part of the tooth.
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3 —supra-gingival calculus covering more than two-thirds of the tooth surface or

a continuous thick band of subgingival calculus around the cusp of the tooth.

0 1 2 3

Figure 20 Methodology for determining the calculus index (CI)

The hygiene status of a patient according to the simplified oral hygiene index (OHI-
S) is determined on the basis of the following correspondence between the calculated
OHI-S index and the qualitative assessment given to it [23]:

up to 0,6 — good oral hygiene;
0,7 to 1,6 — satisfactory oral hygiene;
1,7 to 2,5 — unsatisfactory oral hygiene;

2,6 and above — poor oral hygiene.

Use of the colourant «Color-test No. 1» (Vladmiva, Russia) for detection of

inflammatory periodontal diseases

Characteristics of the gingiva according to the degree of inflammation after staining
the gingiva with «Color-test Nel»: a) straw-yellow colour — no inflammation of
periodontal tissues; b) light brown colour — weakly expressed inflammation of

periodontal tissues; ¢) dark brown colour - expressed inflammation of periodontal tissues
(Figure 21) [35].



Figure 21 Characterisation of gingival staining with colouring agent

In all patients included in the study, the gingiva stained straw yellow, confirming

the absence of inflammation in the periodontal tissues (Figure 22).

Figure 22 Absence of inflammation in the periodontal tissues of patient C., included in

the study

Direct method of bracket bonding with «Compofix-ortho» adhesive

Before direct bracket bonding on the enamel of the teeth, the enamel surface of the
teeth was cleaned using «Polident No. 2» paste without fluoride (VIadmiva, Russia).
Using a retractor with saliva ejector "Nola Dry Field System™ and dry tips, the tooth
surface was isolated from saliva. Travex-37 etching gel (OmegaDent, Russia) was applied
with a syringe to the part of the vestibular surface of the tooth enamel where the bracket
was planned to be placed. After 30 seconds, the etching gel was removed with a hoover
and thoroughly washed off with an air-water flow for 5-7 seconds per tooth, the
vestibular surface of the tooth enamel was dried. The etched dried areas of tooth enamel
were chalky white in colour. Next, the enamel was coated with «Compofix-orthoy» primer
and slightly dried. The primer-treated tooth enamel surface had a characteristic glossy
lustre [44].
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Adhesive paste was applied to the base of the bracket, the bracket was positioned
on the tooth, adjusted, then pressed firmly against the tooth, excess adhesive paste was
removed with a scaler. Directional polymerisation of the adhesive was carried out with a
dental lamp for 20 seconds. Immediately after bracket placement, weak archwires were

used.

Direct bracket bonding method with «Enlight» adhesive

Before direct bracket bonding on teeth enamel, the surface of teeth enamel was
cleaned with «Polident Ne 2» paste without fluoride (VIadmiva, Russia). Using a retractor
with saliva ejector "Nola Dry Field System" and dry tips, the tooth surface was isolated
from saliva. Travex-37 etching gel (OmegaDent, Russia) was applied with a syringe to
the part of the vestibular surface of the tooth enamel where the bracket was planned to be
placed. After 30 seconds, the etching gel was removed with a hoover and thoroughly
washed off with an air-water flow for 5—7 seconds per tooth, the vestibular surface of the
tooth enamel was dried. The etched dried areas of tooth enamel were chalky white in
colour. Then the enamel was coated with «Orthosolo» primer and slightly dried The tooth
enamel surface treated with primer had a characteristic glossy lustre [44].

Adhesive paste was applied to the base of the bracket, the bracket was positioned
on the tooth, adjusted, then pressed firmly against the tooth, excess adhesive paste was
removed with a scaler. Directional polymerisation of the adhesive was carried out with a
dental lamp for 20 seconds. Immediately after bracket placement, weak archwires were

used.
Methodology for determining the frequency of bracket debonding
Outpatient orthodontic records recorded the number of brackets that debonded for

an unspecified reason during the first 26 weeks of orthodontic treatment. In order to

determine the relationship between adhesive strength properties and debonding rate, data
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on bracket debonding for an unknown reason were included in the field of interest of the
study.

The frequency of bracket debonding due to unknown cause was defined as the ratio
of the number of brackets adhered for unknown reason to the total number of bonded

brackets, expressed as a percentage [37].

Methodology for calculating the clinical effectiveness of bracket bonding

with orthodontic adhesives

To assess the clinical effectiveness of orthodontic adhesive for bracket bonding
(CEB), the ratio of the number of teeth with no bracket debonding during the first
26 weeks of follow-up (unless the cause of debonding is the patient's failure to comply
with the orthodontist's recommendations, such as eating hard food) to the total number of
teeth with bonded brackets, expressed as a percentage, is taken as follows [47].

The clinical effectiveness of orthodontic bracket bonding adhesive (CEB) can be
calculated as the difference between the total number of teeth with bonded brackets,

expressed as 100%, and the incidence of debonding for an unknown reason.

Methodology for calculating the clinical and economic efficiency of bracket

bonding with orthodontic adhesives

The clinical and economic effectiveness of bracket bonding with «Compofix-
ortho», «Enlight» adhesive was determined using the Cost-Effectiveness Ratio (CER),
and Incremental Cost-Effectiveness Ratio (ICER) [46, 94].

The CER criterion is based on the cost of adhesive for a unit of teeth with bonded
braces that have not been debonded for an unknown reason. The CER criterion, rubles,

was calculated using the formula (1):

CER=A/CEB, (1)
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where A is the cost of adhesive material for bracket bonding at the start of
treatment, rubles;

CEB - clinical efficacy of bracket bonding using adhesive, expressed in units of
teeth with bonded brackets that were not debonded for unknown reasons.

The cost of adhesive material used for bracket bonding at the start of treatment, A,
rubles, was calculated as the product of the cost of adhesive material for bracket bonding
of one bracket C1B, rubles, and the number of bonded brackets at the start of treatment.

The average cost of an adhesive material package used for bracket bonding was
calculated according to the price lists of companies selling this material. The required
amount of adhesive for bracket bonding was determined by experiment. The procedure
consisted of weighing a syringe of adhesive paste before and after bracket bonding on the
extracted tooth and calculating the weight difference of the tube. Weighing was
performed on a PIONEER OHAUS precision scale with an accuracy of 0,1 mg. The
procedure was carried out three times, thus determining the average amount of adhesive
required for bonding per bracket.

The cost of adhesive material for bonding of one bracket C1B, rubles, was

calculated according to the following formula (2):
ClB=(C/K)x B, (2)

where C is the average cost of the package, rubles;

K — amount of adhesive material in the package, g;

B — weight of adhesive material for bracket bonding, set in the experiment, g.

ICER is a measure of incremental cost per unit of clinical effectiveness. The ICER
criterion shows what additional costs per unit of clinical efficacy should be incurred in
favour of an adhesive with greater clinical efficacy [6]. The ICER criterion, rubles, was

calculated by formula (3):
ICER = (A2 — Al) / (CEB2 — CEB1), (3)

where (A2 - Al) — difference in the cost of two compared adhesives for bracket

bonding, rubles;
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(CEB2 - CEB1) — difference in the clinical effectiveness of bracket bonding using
the compared adhesives, expressed in units of teeth with bonded brackets that were not

debonded for an unknown reason.

Statistical research methods

The experimental data obtained in the study were subjected to statistical analysis
with calculation of descriptive statistics (mean value, standard deviation, coefficient of
variation, range of variation, minimum and maximum values). Statistical significance of
differences in adhesive bond strength between groups was assessed using ANOVA and
Tukey's test. For each ARI value in all compared groups of teeth, the frequency of its
detection was analysed and the proportion of teeth with an established ARI value was
calculated. Using the chi-square test, the statistical significance of the differences
between the proportions in the compared groups of teeth was tested. The determination
of the statistical significance of the results was based on standard significance levels of
0,05 and 0,01. A comparison of debonding occurrence frequencies for unknown cause
was made using Sign test for paired data. For the statistical hypothesis verification of
adhesives "Compofix-Orto" and "Enlight" homogeneity by their relative viscosity, the
Kolmogorov-Smirnov and Shapiro-Wilk criteria, Livigne's criterion, and Student's two-
sample t-test were used. Statistical calculations and analysis were performed using a

special application program Excel and SPSS version 26.



86

CHAPTER 3. RESEARCH RESULTS

3.1 Determination of relative viscosity

In order to test the statistical hypothesis of homogeneity "Compofix-Orto" and
"Enlight" adhesives by their relative viscosity, a two-sample t-test was used with testing
the null hypothesis (Ho) of equality of mean values of «Compofix-Orto» and «Enlight»
sets based on samples of disc surface area values of the two adhesives that had been
photographed during the experiment (Table 9).

Descriptive statistics of the samples (arithmetic mean, standard deviation, variance,
minimum and maximum values) were determined. Both adhesives composite discs
surface area had almost the same value: the arithmetic mean value of the surface area of
the adhesive disc for the «Compofix-ortho» sample was 39,330 mm?, for the «Enlight»
sample it was 39,399 mm?.

The choice of t-criterion is conditioned by the results of testing the distribution of
sample values for conformity to normal distribution using Kolmogorov-Smirnov criterion
(p with Liljefors correction is 0,165) and Shapiro-Wilk (p =0,172), that is, the sample
data can be considered as a sample from a normally distributed population at the
significance level of 0,05. The hypothesis of variance equality was tested using Livigne's
criterion (F=2,591, p=0,119), at the significance level of 0,05 the hypothesis of
variance equality cannot be rejected.

According to the t-criterion calculation results, the hypothesis about the average
area equality of the photographed composite discs in two samples cannot be rejected at
the significance level of 0,05 (t = 1,652, p = 0,109), i.e. the hypothesis Ho about adhesives
«Compofix-Orto» and «Enlighty homogeneity by their relative viscosity cannot be

rejected at the significance level of 0,05.
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Table 9 Area of composite disc for relative viscosity determination

value

Ne Compofix-ortho, Enlight,
sample mean value, mm 2 mean value, mm 2
1 39,421 39,593
2 39,309 39,250
3 39,259 39,217
4 39,272 39,485
5 39,313 39,553
6 39,359 39,278
7 39,420 39,395
8 39,455 39,431
9 39,441 39,510
10 39,258 39,356
11 39,247 39,179
12 39,486 39,324
13 39,253 39,534
14 39,259 39,523
15 39,196 39,354
Mean - arithmetic mean 39,330 39,399
of the sample
SD - standard deviation 0,092 0,132
S2- sampling dispersion 0,009 0,017
Minimum sampling value 39,196 39,179
Maximum sampling 39,486 39,593
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3.2 The ultimate shear strength of the adhesive bond in an experiment research

3.2.1 Results of analysing the shear bond strength of the adhesive bond by groups

The obtained experimental data were subjected to statistical analysis with
calculation of descriptive statistics (mean value, standard deviation, coefficient of
variation, range of variation, minimum and maximum values). Using analysis of variance
(ANOVA) and Tukey's test, the statistical significance of differences in ultimate adhesive
shear bond strength between groups was assessed. For each ARI value in all the compared
tooth groups, the frequencies of its detection were analysed and the proportion of teeth
with an established ARI value was calculated. Using the chi-square test, the statistical
significance of the differences between the proportions in the compared groups of teeth
was tested. The judgement of the statistical significance of the results was based on
standard significance levels of 0,05 and 0,01. Statistical calculations were performed
using the special application programme SPSS version 26.

Table 10 shows the calculated values of descriptive statistics of the ultimate shear
strength of the adhesive bond by tooth group. In group 1, the mean value is 22,8 MPa
(£6,6), with values ranging from 14,4 to 30,5 MPa, in group 2 — 21,5 MPa (+0,6), ranging
from 20,9 to 22,4 MPa, in group 3 — 11,98 MPa (+4,5), ranging from 8,9 to 18,3 MPa,
and in group4 — 12,2 MPa (+0,95), ranging from 11,2 to 13,4 MPa. The lowest
coefficient of variation was observed in group 2 and was less than 3,0%, while the highest
was observed in group 3 (37,6%). In all groups the coefficient of variation does not

exceed 50,0 per cent, therefore no additional tests are required.



1U0J pjog ul paybIybiy are sadualal)ip uedlpIubis Ajjeansnels 151 Aayn| pue aduelieA Jo SISAjeue 10J |aAS] aouedIJIubIS — 4

89

866'0=t"d O uoweq
T00'0>¢vd ‘oyI0
100'0>Trd GY'ET 6T'TT 92'C L1'] G6'0 ANA! GZ -Xijodwo) ¥
866'0=""td SoylO
T00'0>2ed ‘oynIo
T00'0>Ted 6¢'8T 68'L 6€'0T 09'L€ 0S'y 86'TT GZ -xijodwo) ¢
T00'0>"2d

T00'0>¢2d O uowreq
9/9‘0=""ed 8£'22 68'0¢C 67'T €6'C £9'0 1S'12 Ge ybnHu3 g
T00'0>7d

T00'0>¢™d soy40
9/9‘0=c1d 87'0¢ vad /0'9T G8'8¢ 85'9 6.'2¢C GZ Wobnu3 T

abue. 0% JU3IJ1JJ209 uoneinsp anjeA u ‘Yyles Yyleal
»d wnWwiIxXe | wnwiul | uonelien uonelren pJepuels uesin JO JaquinN jo dnouo

edIN ‘sdnoub Ag puog sAlsaype Jo yibuaais puog Jeays Jo sonsnels aAndiiosaq 0T o|qeL



90

According to the results of the analysis of variance (Table 10), the average shear
strength of the adhesive bond in group 1 and group 2 differed statistically insignificantly
(p > 0,05). The average ultimate shear strength of the adhesive bond in groups 3 and 4 is
also insignificantly different (p > 0,05). At the same time, group 1 and group 2 differ
statistically significantly (p < 0,001) from group 3 and group 4 in terms of the average
ultimate shear strength of the adhesive bond. Thus, it can be concluded that group 3 and
group 4 have statistically significantly lower average ultimate shear strength of adhesive
bond than groups 1 and 2.

Figures 23— 26 show the Weibull distribution curves characterizing the shear

strength of the adhesive bond in each group.
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adhesive in group 4
3.2.2 Distribution of adhesive remnant index values by tooth groups

Table 11 shows the distribution of ARI values for the groups of teeth treated with
the compared adhesives. As can be seen, in all groups the ARI value for the majority of
tooth samples (88,0 to 96,0%) is equal to 3.

Using the chi-square test, the hypothesis that the proportions of tooth samples in
the groups are evenly distributed according to the index values was rejected (p < 0,05).
Consequently, it can be stated that the high proportions of the compared tooth samples
with a Adhesive Remnant Index value of 3 are statistically significant.

It can be concluded that all groups have a high ARI value, with the ultimate shear
bond strength of the adhesive being statistically significantly higher in groups 1 and 2

compared to groups 3 and 4.
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Table 11 Distribution of ARI values by tooth groups

Group of teeth ARI Criterion ¥
0 1 2 3
Enlight, Orthos 0 0 2 23 v?=14,63 (p = 0,03)
(0%) (0%) | (8,0%) |(92,0%)
Enlight, Damon Q 1 0 2 22
(4,0%) | (0%) | (8,0%) | (88,0%)
Compofix-ortho, 0 1 2 22
Orthos (0%) | (4,0%) | (8,0%) | (88,0%)
Compofix-ortho, 0 0 1 24
Damon Q (0%) (0%) | (4,0%) | (96,0%)

Figure 27 shows a microscope photo image of a tooth with a residual adhesive

remaining index score of 3. The tooth shows the remaining adhesive with imprints of the

mesh base of the Optimesh bracket.

Figure 27 Microphotograph of the extracted tooth with residual adhesive remaining

index score of 3
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3.2.3 Determination of clinical and economic efficiency of bracket bonding with the

studied orthodontic adhesives

A syringe of «Compofix-ortho» adhesive before and after bracket bonding on the
extracted tooth was weighed three times and the difference of the weights was
determined. This difference of measurements is equal to the weight of adhesive required
for bracket bonding of one bracket. The results of the first measurement were 0,007 g, the
second measurement was 0,006 g, and the third measurement was 0,006 g. The average
mass of «Compofix-ortho» adhesive required for bracket bonding was 0,0063 g based on
three measurements. A syringe of «Enlight» adhesive was weighed according to the same
scheme described above. The results of the first measurement were 0,007 g, the second
measurement was 0,007 g, the third measurement was 0,006 g. The average weight of
«Enlight» adhesive required for bracket bonding based on three measurements was
0,0066 g. The results of determining the weight of adhesive required for bracket bonding

are presented in Table 12.

Table 12 Weight of adhesive required for single bracket bonding, grams

Adhesive Measurement number Mean value
1 2 3
Compofix-ortho 0,007 0,006 0,006 0,0063
Enlight 0,007 0,007 0,006 0,0066

One syringe of «Compofix-ortho» adhesive weighs 4 grams. It was determined that
one syringe should be sufficient for bracket bonding to 634,9 eeth, i.e. for bracket bonding
to 31,7 atients, assuming that bracket bonding is performed on 20 teeth for each patient.

One syringe of «Enlight» adhesive weighs 4 grams. It was determined that one
syringe should be sufficient for bracket bonding to 606 teeth, i.e. for bracket bonding to
30,3 patients, based on the assumption that bracket bonding will be performed on 20 teeth

for each patient.
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One syringe of adhesive «Compofix-ortho» costs 1540 rubles. It was determined
that the cost of this adhesive for bracket bonding to one tooth is 2,42 rubles, for bracket
bonding to 20 teeth — 48,51 rubles.

One syringe of «Enlight» adhesive costs 6500 rubles. It was determined that the
cost of this adhesive for bracket bonding to one tooth is 10,72 rubles, for bracket bonding
for 20 teeth — 214,52 rubles.

Thus, the cost of bracket bonding using «Enlight» adhesive is 4,43 times higher
than the cost of bracket bonding compared to «Compofix-ortho» adhesive.

In order to determine the clinical and economic efficiency of using «Compofix-
ortho» and «Enlight» adhesives for bracket bonding, as well as for statistical analysis, we
recalculated the cost of «Compofix-ortho» and «Enlight» adhesives per bracket bonding
to 1000 teeth. The cost of «Compofix-ortho» adhesive for 1000 teeth was 2420 rubles,
the cost of «Enlight» adhesive was 10720 rubles. The clinical and economic efficiency of
«Compofix-ortho» and «Enlight» adhesive according to the CER criterion for bracket

bonding was determined, which was 2,47 and 10,95 rubles, respectively (Table 13).

Table 13 Evaluation of clinical and economic effectiveness of adhesive for bracket

bonding according to the CER criterion

Adhesive Cost of Clinical efficacy of adhesive Clinical and
adhesive for bracket bonding (CEB), economic
system (C) teeth efficiency
per 1000 (CER), rub.
teeth, rubles.
Compofix-ortho 2420 978,12 2,47
Enlight 10720 978,57 10,95

The increment in clinical effectiveness of the adhesive «Enlight» compared to the
adhesive «Compofix-ortho» was 0,45 bonded brackets per tooth. According to the ICER
criterion, in order to increase the clinical and economic efficiency of using adhesive for
bracket bonding per tooth, an additional cost of 18444,44 rubles would be required
(Table 14).



Table 14 ICER values for the studied adhesives
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Adhesive Cost of Clinical Increase Increase in ICER,
adhesive efficacy of in value clinical rubles
system (C) adhesive for rubles | efficiency, teeth
per bracket
1000 teeth, | bonding (CEB),
rubles teeth
Compofix-
2420 978,12 - - -
ortho
Enlight 10720 978,57 8300 0,45 18444,44

3.3 Clinical trial of adhesive bond strength

3.3.1 Determining the frequency of braces debonding

Of the 320 brackets bonded (on 160 teeth in male patients and 160 teeth in female
patients) with «Compofix-ortho» adhesive, debonding was recorded on 12 teeth (seven
teeth in male patients and five teeth in female patients), of which debonding for unknown
reason was bonded on seven teeth (four teeth in male patients and three teeth in female
patients). In the first 26 weeks of orthodontic treatment, the rate of bracket debonding for
known and unknown reasons bonded with «Compofix-ortho» adhesive was 3,750%
(4,375% in male patients and 3,125% in female patients). In the first 26 weeks of
orthodontic treatment, the frequency of bracket debonding for unknown reason bonded
with «Compofix-ortho» adhesive was 2,188% (male patients — 2,500%, female
patients — 1,875%) (Table 15, Table 16), (Figure 28). The frequency of debonding for
unknown cause was statistically significantly dependent on the period of examination
(x2 = 9,26, df = 2, p = 0,01). With increasing treatment time, the frequency of debonding

for unknown cause increased and decreased for hard food.
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Table 15 Results of brace debonding cases bonded with «Compofix-ortho» for male

patients
Patient Ne Frequency of examinations / Debonding
unscheduled visits, indicating the reason
tooth number where the debonding
occurred
Upto7 71014 14 to 26
weeks weeks weeks
included
1 _ _ _ _
2 35 - - unknown
3 _ _ _ _
4 — — 23 unknown
5 - 11,12 — hard food
6 — 25 — hard food
7 - — 33 unknown
8 — - 15 unknown
Number of teeth with 7
debonded braces
Number of teeth with 4
debonded braces for
unknown reasons
Debonding frequency for 2,500%
unknown reason, %
Total number of teeth 160
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Table 16 Results of bracket debonding cases bonded with «Compofix-ortho» for female

patients
Patient Ne Frequency of examinations / Debonding
unscheduled visits, indicating the reason
tooth number where the debonding
occurred
Upto7 71014 14 to 26
weeks weeks weeks
included
1 _ _ _ _
2 21: 22 hard food
3 _ _ _ _
4 - - 25 unknown
5 _ _ _ _
6 — - 14 unknown
7 - - 33 unknown
8 _ _ _ _
Number of teeth with 5
debonded braces
Number of teeth with 3
debonded braces for
unknown reasons
Debonding frequency for 1,875%
unknown reason, %
Total number of teeth 160




99

1,80%
1,60%
1,40%
1,20%
1,00%
0,80%
0,60%
0,40%
0,20%
0,00%

up to 7 weeks 7 to 14 weeks 14 to 26 weeks

m  Unknown reason m Hard food

Figure 28 Frequency of debonding with «Compofix-ortho» adhesive on 320 teeth over a

follow-up period of 26 weeks

Of the 280 brackets bonded (on 140 teeth in male patients and 140 teeth in female
patients) with «Enlight» adhesive, debonding was recorded on eight teeth (four teeth in
male patients and four teeth in female patients), of which debonding for unknown reason
was bonded on six teeth (three teeth in male patients and three teeth in female patients).
During the first 26 weeks of orthodontic treatment, the rate of bracket debonding for
known and unknown reasons bonded with «Enlight» adhesive was 2,857% (2,857% in
male patients and 2,857% in female patients). In the first 26 weeks of orthodontic
treatment, the incidence of bracket debonding for unknown reason bonded with «Enlight»
adhesive was 2,143% (male patients — 2,143%, female patients — 2,143%) (Table 17,
Table 18), (Figure 29). The increase in the incidence of debonding for unknown cause
with increasing treatment duration increased statistically insignificant (y2 = 0,89, df = 1,
p = 0,346).
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Table 17 Results of bracket debonding cases bonded with Enlight for male patients

Patient Ne Frequency of examinations / Debonding
unscheduled visits, indicating the reason
tooth number where the debonding
occurred
Upto7 71014 14 to 26
weeks weeks weeks
included
1 — — 33 unknown
2 _ _ _ _
3 22 unknown
4 — _ 14 unknown
5 - - 45 hard food
6 _ _ _ _
7 _ _ _ _
Number of teeth with 4
debonded braces
Number of teeth with 3
debonded braces for
unknown reasons
Debonding frequency for 2,143%
unknown reason, %
Total number of teeth 140
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Table 18 Results of brace debonding cases bonded with Enlight for female patients

Patient Ne Frequency of examinations / Debonding
unscheduled visits, indicating the reason
tooth number where the debonding
occurred
Upto7 71014 14 to 26
weeks weeks weeks
included
1 12 — — hard food
2 _ _ _ _
3 _ _ _ _
4 — — 23 unknown
5 _ _ _ _
6 - - 25 unknown
7 - - 33 unknown
Number of teeth with 4
debonded braces
Number of teeth with 3
debonded braces for
unknown reasons
Debonding frequency for 2,143%
unknown reason, %
Total number of teeth 140
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2,00%
1,80%
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0,40%

0,00%
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Figure 29 Frequency of debonding when using «Enlight» adhesive on 280 teeth over a

follow-up period of 26 weeks

Figure 30 shows the frequency of debonding for the two orthodontic adhesives over

a 26-week follow-up period in a comparative aspect.
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reason
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Figure 30 Frequency of debonding of two orthodontic adhesions during a follow-up

period of 26 weeks

The frequency of debonding for an unknown reason was independent of the gender
of the study patients when «Enlight» adhesive was used (x> = 0,00, df =1, p > 0,99). The
incidence of debonding for unknown reason when using «Compofix-ortho» adhesive in
male patients was higher than in female patients by 0,625%, which could indicate a more
careful and informed attitude of the female gender towards orthodontic treatment in this
group of patients. However, this difference is statistically insignificant (y° = 0,146, df = 1,
p =0,702).

Debonding due to unknown reason in the group of patients with bonded braces
using «Compofix-ortho» adhesive was higher for premolars (57,143%) than for canines
(42,857%). The difference was statistically significant (y>=8,7, df=2, p =0,013)
(Table 19). Debonding due to unknown reason in the group of patients with bonded braces
using «Enlight» adhesive was higher for canines (50,0%) than for premolars (33,333%)
and incisors (16,667%). However, these differences are statistically insignificant
(x?=1,78, df = 2, p = 0,411) (Table 20).
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Table 19 During the 26-week follow-up period, a group of patients with bonded braces
using «Compofix-ortho» adhesive experienced debonding of teeth in a tooth grouping.

The cause of this debonding is unknown

Tooth grouping Number of teeth with debonded Debonding for an
braces for unknown reasons unknown reason, %
Premolars 4 57,143
7
Canines 3 42,857

Table 20 During the 26-week follow-up period, a group of patients with bonded braces
using «Enlight» adhesive experienced debonding of teeth in a tooth grouping. The cause

of this debonding is unknown

Tooth grouping Number of teeth with debonded Debonding for an
braces for unknown reasons unknown reason
Premolars 2 33,333
Canines 6 3 50,000
Incisors 1 16,667

Most cases of debonding for unknown reason in both groups were recorded
between week 14 and week 26 inclusive: the value of cases of debonding for unknown
reason was 85,714% for «Compofix-ortho» adhesive and 83,333% for «Enlight»
adhesive. Presumably, this may be the result of biodegradation of composite material
occurring inside the oral cavity, occurrence of excessive stresses inside the adhesive due
to the transition to stiffer arches at the stages of orthodontic treatment. Statistical analysis
confirmed that there were no significant differences in the incidence of debonding due to
unknown cause between both adhesives (3> = 0,01, df = 1, p = 0,97) (Table 21).
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Table 21 Debonding for an unknown reason between the 14th and 26th week inclusive

Adhesive name Number of teeth Number of teeth with Debonding
with debonded debonded brackets for | for unknown
brackets for unknown reason reason, %
unknown reason between week 14 and
during follow-up week 26 inclusive
of 26 weeks
Compofix-ortho 7 6 85,714
Enlight 6 5 83,333

3.3.2 Evaluation of the adhesive remnant index of debonded braces

Of the 320 brackets bonded with «Compofix-ortho» adhesive, debonding for an
unknown reason was recorded on seven teeth (four teeth in male patients and three teeth
in female patients). In male patients across all debonded brackets, the Adhesive Remnant
Index for «Compofix-ortho» (ARIC) was 1. In female patients, on the one bracket that
was debonded, the ARIC was 0, on the remaining two brackets that were debonded, the
ARIC was 1. The distribution of ARIC in the groups of patients combined by gender was
statistically significant (x =5, df =1, p = 0,015) (Table 22).

Table 22 Distribution of ARIC values by patient groups

Patient Number of teeth with ARIC p
group debonded brackets for
0 1 2 3
unknown reason
Male 4 — 4 — — | 0,015
patients
Female 3 1 2 — —
patients

Of the 280 brackets fixed with «Enlight» adhesive, debonding for unknown reasons

was recorded on six teeth (three teeth in male patients and three teeth in female patients).
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In male patients, on one bracket that underwent debonding, the Index of Adhesive
Remnant Index for «Enlight» (ARIE) was 0. On the remaining two brackets that
underwent debonding, the ARIE was 1. In female patients, on all debonded brackets, the
ARIE was 1. The distribution of ARIE in the groups of patients combined by gender was
statistically significant (x> = 3,3, df = 1, p = 0,04) (Table 23).

Table 23 Distribution of ARIE values by patient groups

Patient Number of teeth with ARIE p
group debonded brackets for
unknown reason 0 1 2 3
Male 3 1 2 — — 0,04
patients
Female 3 — 3 — —
patients

The adhesive remnant index values in the clinic for most brackets (83,333% for
«Enlight», 85,714% for «Compofix-ortho») were 1 (x2 = 3,34, df = <1, p = 0,006). More
than half of the adhesive remained on the base of the brackets after debonding occurred

(Figure 31).

Figure 31 Microphotography of a bracket with a Adhesive Remnant Index score of 1
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3.3.3 Determination of clinical effectiveness of orthodontic adhesive application

The frequency of bracket debonding for unknown reason bonded with «Compofix
-ortho» adhesive was 2,188% (2,500% in male patients and 1,875% in female patients)
during the first 26 weeks of orthodontic treatment. In 97,812% of teeth in male and female
patients, there was no bracket debonding for unknown reason (97,500% of teeth in male
patients and 98,125% of teeth in female patients had no bracket debonding for unknown
reason during the first 26 weeks of orthodontic treatment). Consequently, the clinical
efficacy of «Compofix-ortho» orthodontic adhesive during the first 26 weeks of
orthodontic treatment was 97,812% in male and female patients, 97,500% in male
patients, and 98,125% in female patients.

The frequency of bracket debonding for unknown reason bonded with «Enlight»
adhesive was 2,143% (2,143% in male patients and 2,143% in female patients groups)
during the first 26 weeks of orthodontic treatment. In 97,857% of teeth in male and female
patients groups, there was no bracket debonding due to unknown cause (in 97,857% of
teeth for male patients and 97,857% of teeth for female patients, there was no brackets
debonding due to unknown cause during the first 26 weeks of orthodontic treatment).
Consequently, the clinical efficacy of «Enlight» orthodontic adhesive during the first
26 weeks of orthodontic treatment was 97,857% in male and female patients groups,

97,857% in male, and 97,857% in female patients groups.
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SUMMARY

The process of bracket placement with the use of adhesives is the key process in
the treatment of fixed orthodontic appliances. In 2023, there was a reduction in the range
of foreign adhesives used on the market of the Russian Federation, along with an increase
in their cost. In connection with the above circumstances, the development and use of
alternative Russian analogues is an important element to ensure proper, high-quality,
timely and affordable orthodontic care. Development, research of new Russian adhesives,
approbation with their further application in clinical practice are necessary and relevant
in the current conditions, contribute to the improvement of the quality of medical care of
orthodontist.

On the basis of the study of literature sources, world experience of colleagues-
researchers the choice was made and the conditions of the protocol for determination of
relative viscosity and ultimate shear strength of the adhesive bond of the new Russian
adhesive «Compofix-ortho» and foreign adhesive «Enlight» in the experiment were
justified.

Determination of relative viscosity was carried out in accordance with the
recommendation of the American Dental Association to assess the fluidity of endodontic
filling materials at a temperature of 24°C and relative humidity of 30% by one researcher.
First, a portion of adhesive was placed on a slide and covered with three slides. After that,
the area of composite discs of the two adhesives were evaluated using F1JI software. Both
adhesives had almost the same average surface area of the composite disk: 39,330 mm?
for «Compofix-ortho» and 39,399 mm? for «Enlight». The statistical analysis results of
the mean composite disc area values was not rejected at the significance level of 0,05 the
similarity of both adhesives, which provided the following desired characteristics of
«Compofix-ortho» and «Enlight» orthodontic adhesives: low viscosity, no stickiness,
easy penetration of the adhesives into the mesh base of the bracket, ensuring good
marginal adhesion, reducing the risk of bacterial invasion, preventing postoperative

enamel sensitivity, caries formation and its complications.
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The determination of the shear bond strength of the adhesive bond was carried out
in accordance with the conditions defined in GOST P 59423 - 2021 (ISO 29022 : 2013).
Special attention was paid to the following laboratory test conditions: origin of the
substrate; type of tooth; storage time before bonding; storage temperature before bonding;
storage solution before bonding; cleaning of the specimens; material of manufacture of
the brackets involved in the tests; type of brackets involved in the tests; type of enamel
preparation before bonding; time of enamel etching; type of adhesives involved in the
test; type of curing lamp used for photopolymerisation of the adhesive; time of
photopolymerisation of the adhesive; direction of light during photopolymerisation;
storage time of the specimens prior to testing; specimen storage solution prior to testing;
specimen storage temperature prior to testing; thermocycling of specimens; type of
testing machine used for testing; speed of the testing machine beam during testing;
direction of shear load applied to the bracket; tip design of the testing machine;
methodology for determining the Adhesive Remnant Index; the microscope
magnification used in determining the ARI; methodology for analyzing data and
presenting results of shear bond strength measurements; and methodology for measuring
the adhesive strength of the bracket. Experimenta | groups were formed for the laboratory
tests: in group 1 for direct bracket bonding «Orthos» the adhesive «Enlight» together with
light-curing primer «Orthosolo» was used, in group 2 for direct bracket bonding «Damon
Q» the adhesive «Enlight» together with light-curing primer «Orthosolo» was used, in
group 3 for direct bracket bonding «Orthos» was used adhesive «Compofix-ortho»
together with light-curing primer «Compofix-ortho», in group 4 or direct bracket bonding
«Damon Q» was used adhesive «Compofix-ortho» together with light-curing primer
«Compofix-ortho». The obtained values of shear bond strength of the adhesive bond were
subjected to descriptive statistical analysis. In group 1, the mean value is
22,8 MPa (+6,6), with values ranging from 14,4 to 30,5 MPa, in group 2, the mean value
iIs 21,5 MPa (£0,6), ranging from 20,9 to 22,4 MPa, in group 3, the mean value is
11,98 MPa (+4,5), ranging from 8,9 to 18,3 MPa, and in group 4, the mean value is
12,2 MPa (£0,95), ranging from 11,2 to 13,4 MPa. According to analysis of variance, the

shear bond strength of the adhesive in groups 1 and 2 differ statistically insignificantly
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on average (p > 0,05). The average shear bond strength of the adhesive in groups 3 and 4
also differed insignificantly (p > 0,05). At the same time, group 1 and group 2 differ in
the mean shear bond strength of adhesive from group 3 and group 4 statistically
significantly (p <0,001). In groups 3 and 4, the mean adhesive shear bond strength is
statistically significantly lower than in group 1 and group 2. The design of the self-
ligating «Damon Q» and ligature «Orthos» bracket used did not statistically significantly
affect the shear bond strength of the adhesive.

After experimental debonding, the tooth enamel surface and the base of the
brackets were examined using an optical microscope in the laboratory, where the
Adhesive Remnant Index was determined according to the method of Artun, Bergland
(1984). The different ultimate shear bond strength of the adhesive had no effect on the
enamel structure during debonding (occurrence of cracks and damage to the enamel
structure). The values of the Adhesive Remnant Index in the experiment for most samples
(88,0 to 96,0%) were equal to 3 (2 = 14,63, p = 0,03). This meant that all the adhesive
remained on the tooth with the relief of the mesh base of the bracket.

To evaluate the shear bond strength of «Compofix-ortho» and «Enlight» adhesive,
debonding rates were analysed in patients aged 14 to 18 years requiring orthodontic
treatment with grade 1 and 2 orthodontic treatment complexity who signed patient
informed consent. Patients with inflammatory periodontal diseases; severe somatic
pathologies; hereditary and acquired malformations of dental hard tissues; tooth shape
anomalies; restorations on the vestibular surface of teeth; occlusal interference; clinical
cases of orthodontic correction that require extraction of individual teeth to normalise
occlusal contacts; 3rd and 4th degree of complexity of orthodontic treatment, if the patient
refused to participate in the study were not included in the study process. The patients
included in the experiment were observed for the first 26 weeks of orthodontic treatment.
Braces on the upper and lower jaw were bonded in a single visit. All patients were
informed about the rules of eating behaviour during orthodontic treatment with brackets,
and instructions were given on the peculiarities of individual oral hygiene. The frequency
of check-ups for activation of the «Damon Q» brackets was every seven weeks. The

frequency of debonding for known and unknown reasons was defined as the ratio of the
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number of brackets that came off for known and unknown reasons to the total number of
bonded brackets, expressed as a percentage. In the first 26 weeks of orthodontic
treatment, the rate of debonding of brackets for known and unknown reasons bonded with
«Compofix-ortho» adhesive was 3,750% (4,75% in male patients and 3,125% in female
patients). In the first 26 weeks of orthodontic treatment, the incidence of bracket
debonding for unknown cause bonded with «Compofix-ortho» adhesive was 2,188%
(male patients — 2,500%, female patients — 1,875%). The frequency of debonding for
known and unknown cause bonded with «Enlight» adhesive was 2,857% (male patients
—2,857%, female patients — 2,857%). The frequency of debonding due to unknown cause
bonded with «Enlight» adhesive was 2,143% (male patients — 2,143%, female patients —
2,143%). To establish the relationship between the strength properties of the adhesive and
the incidence of debonding, the field of interest of the study included data on debonding
of brackets for an unknown reason. The results of the clinical study during the first
26 weeks of orthodontic treatment showed an almost identical incidence of debonding for
unknown cause in the groups of patients with bonded braces using «Compofix-ortho»
(2,188%) and «Enlight» (2,143%) adhesives. This can be explained by the similar
chemical composite composition, rheological properties of both adhesives as well as their
performance characteristics.

Adhesive Remnant Index values in the clinic were determined by examining the
surface of the base of a bracket that had adhered for an unknown reason under an optical
microscope according to the method of Artun, Bergland (1984). It was equal to 1 for the
majority of brackets that had come off for an unknown reason (y2 = 3,34, df =1,
p = 0,006). This meant that more than half of the adhesive remained on the base of the
bracket.

The differences between experimental and clinical parameters of ARI are explained
by the impossibility of full transfer of the conditions occurring in the oral cavity to the
laboratory. Possible ingress of subgingival fluid on the enamel surface during bracket
bonding, insufficient visibility of the working field and photopolymerisation of the

adhesive, activation of the bracket bonding system when switching to more rigid arches,
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application of detailing bends that create loads in different planes on torsion, tension, and
shear, distinguishes the conditions of the clinic from the experiment.

Clinical efficacy of orthodontic adhesive for bracket bonding was defined as the
difference between the total number of teeth with bonded brackets, expressed as 100%,
and the incidence of debonding for an unknown reason. The clinical efficacy of the
orthodontic adhesive «Compofix-ortho» during the first 26 weeks of orthodontic
treatment was 97,812% and that of «Enlighty adhesive was 97,857%. The clinical
efficacy of adhesives «Compofix-ortho» and «Enlighty is almost comparable and differed
by 0,045%.

The clinical and economic effectiveness of the compared adhesives «Compofix-
ortho» and «Enlighty was evaluated using the CER and ICER criteria. Using high-
precision laboratory scales, the average adhesive weight in grams required for bracket
bonding was determined. For bracket bonding, 0,0063 g of «Compofix-ortho» adhesive
and 0,0066 g of «Enlight» adhesive are required. The cost of adhesive for bracket bonding
was calculated in rubles and was 2,420 rubles for «Compofix-ortho» adhesive and
10,720 rubles for «Enlighty adhesive.

The calculated value of clinical and economic efficiency according to the CER
criterion as the ratio «cost-effectiveness» for the adhesive «Compofix-ortho» was
4,43 times higher.

Higher clinical and economical efficiency of the adhesive «Compofix-ortho» in
relation to «Enlight» was confirmed by the ICER indicator. The calculations showed that
the use of «Enlighty» adhesive will require additional 18444,44 rubles to increase the
clinical efficiency per one unit of a bonded tooth.

The results of the study substantiate the economic feasibility of using Russian
adhesive «Compofix-ortho» (Vladmiva, Russia) for bracket bonding in the daily practice
of an orthodontist.

Russian adhesive «Compofix-ortho» is recommended for wide application in the
practice of orthodontist for bracket bonding of both self-ligating and ligature brackets,
metal and ceramic brackets and can become a full quality substitute for its foreign

analogue «Enlight» adhesive.
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CONCLUSIONS

1 Chemical-curing, light-curing, hybrid, heat-curing, fluoride-containing and
fluoride-free adhesives are used for bracket bonding. Each group of adhesives has unique
chemical and physical-mechanical properties, advantages and disadvantages of use in
different clinical situations and methods of bracket bonding. Light-cured adhesives are
the most widely used group of adhesives in direct and indirect method of bracket bonding.
The strength of light-curing adhesives is delayed polymerisation and high strength. The
presence of fluoride in their composition helps to reduce the risk of enamel
demineralisation around the brackets during long-term orthodontic treatment.

2 The shear bond strength of the adhesive in group 1, where «Enlight» adhesive
with «Orthosy» light-curing primer was used for direct «Orthos» bracket bonding, is
1,28 MPa higher than in group 2, where «Enlight» adhesive with «Orthosolo» light-
curing primer was used for direct «Damon Q» bracket bonding, the average difference is
statistically insignificant (p > 0,05). The average shear bond strength of the adhesive is
also insignificantly different (by 0,19 MPa) in group 3, where the adhesive «Compofix-
ortho» together with the light-curing primer «Compofix-ortho» was used for direct
bracket bonding of the «Orthos» bracket, and group 4, where «Compofix-ortho» adhesive
together with light-curing primer «Compofix-ortho» was used for direct bracket bonding
of «Damon Q» bracket (p > 0,05). The bracket design used had virtually no effect on the
shear bond strength of the adhesive. In groups 3 and 4, the mean value of the shear bond
strength of the adhesive was 1,8-1,9 times lower than in groups 1 and 2, which was
statistically significant (p < 0,001).

Adhesive Remnant Index (ARI) values in the experiment for most samples (from
88,0% for «Enlight» to 96,0% for «Compofix-orthoy) are 3 (x2 = 14,63, p = 0,03), in the
clinic (from 83,333% for «Enlight» to 85,714% for «Compofix-orthoy) are 1 (¥2 = 3,34,
df =1, p = 0,006).

The differences between experimental and clinical ARI values are explained by the

impossibility of fully transferring the conditions occurring in the oral cavity to the
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laboratory. Possible ingress of subgingival fluid on the enamel surface during bracket
bonding, insufficient visibility of the working field and photopolymerisation of the
adhesive, activation of the bracket bonding system when switching to stiffer arches,
application of detailing bends that create loads in different planes on torsion, tension,
shear, distinguish the conditions of the clinic from the experiment.

3 Russian adhesive «Compofix-Orto» and foreign adhesive «Enlight» are light-
curing universal orthodontic adhesives used for bracket bonding of both metal and
ceramic brackets. Both adhesives have low viscosity. The shear bond strength of the
«Compofix-Ortoy is lower than «Enlight» adhesive by 1,8-1,9 times. «Compofix-ortho»
adhesive is fluorine-containing, «Enlight» adhesive does not contain fluorine. The
incidence of debonding for an unknown reason during the first 26 weeks of orthodontic
treatment with «Compofix-ortho» (2,188%) and «Enlight» (2,143%) adhesives was
almost identical (2 = 0,01, df = 1, p = 0,97). The frequency of debonding was higher for
premolars than for canines and incisors. Most debonding in both groups occurred at the
end of the period between 14 and 26 weeks of orthodontic treatment.

4 When relative viscosity was determined, both adhesives had almost the same
consistency and viscosity. The hypothesis that «Compofix-ortho» and «Enlight»
adhesives are homogeneous in terms of their relative viscosity cannot be rejected at a
significance level of 0,05. The low viscosity of «Compofix-ortho» and «Enlight»
determined the convenience and speed of work for the orthodontist: no stickiness, easy
penetration of the adhesive into the mesh base of the bracket, thus ensuring a good
marginal fit.

5 The clinical efficacy values of the two adhesives compared differ slightly:
«Compofix-orthoy is lower by 0,045% or, when expressed in units of teeth with bonded
brackets, 0,45 fewer teeth can be bonded with «Compofix-orthox» than with «Enlight». At
the same time, the cost-effectiveness ratio (CER) of the compared adhesives is 4,43 times
more favourable for «Compofix-ortho». The higher clinical and economic efficiency of
the adhesive «Compofix-orto» in relation to «Enlight» is confirmed by the ICER

(Incremental Cost-Effectiveness Ratio) indicator: to increase the clinical efficiency per
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one unit of a bonded tooth using the adhesive «Enlight» will require additional
18444,44 rubles.

6 Based on the studied chemical, physical and mechanical properties, the results
of tests to determine the shear bond strength of the adhesive and relative viscosity in the
experiment, clinical studies, starting with the formation of groups of patients participating
in clinical studies, and the subsequent implementation of bracket bonding to patients with
the help of adhesives «Compofix-orto» and «Enlighty, 26-week dynamic observation of
groups of patients with installed braces, determining the frequency of debonding, as well
as evaluation and analysis of clinical and cost-efficiency of the use of the investigated
adhesives of Russian and imported production, clinical recommendations were developed
and implemented in the work of the Department of Stomatology of the Federal State
Budgetary Educational Institution of Higher Education «Saint-Petersburg State
University» and the dental clinic «KOMEGADENTAL» Ltd.



116

CLINICAL GUIDELINES

Russian adhesive «Compofix-ortho» is recommended for wide application in the
practice of an orthodontist for bracket bonding of both self-ligating and ligature brackets,
metal and ceramic brackets. Can become a full-fledged substitute for its foreign analogue
adhesive «Enlight». Having the shear bond strength of adhesive bond in the safe range,
this adhesive can be used both on teeth with healthy enamel and with atypical enamel. It
may be recommended to reduce the risk of lesions of enamel demineralisation around the
bracket during prolonged orthodontic treatment in children with partial brackets and
adolescents with morphologically immature enamel. Low viscosity and the absence of
flotation of the bracket during positioning is the advantage of this adhesive and leads to
recommendations for its use in the area of second molars, partially erupted teeth,
dystopian teeth, where it is especially necessary to perfectly adapt the bracket to the
surface of the tooth enamel, often in conditions of insufficient visibility of the working
field.

Bracket bonding with composite adhesive «Compofix-orthoy» is sensitive to the
execution technique, as with any light-curing composite adhesive. To avoid manipulative
errors and failures, the manufacturer's instructions as well as the following clinical
recommendations should be followed. A thorough isolation of the working field is
mandatory, which can be done with a retractor, dry tips. When preparing the enamel
surface for bracket bonding, use the technique of total enamel etching, guided by the
postulate that it is better to etch a larger enamel area than a slightly smaller one. The
importance of this recommendation is due to the fact that placing even part of the bracket
on unetched enamel creates an unprotected retention point under the bracket, which can
lead to caries. During positioning of the bracket, it should be kept in mind that pressing
the bracket against the enamel surface can only be done after the bracket location has
been finalised. If there is no certainty that removal of excess adhesive may disturb the
rest of the bracket, it is necessary to postpone this procedure until after

photopolymerisation.
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When removing the brackets bonded with the «Compofix-ortho» adhesive, the
orthodontist should take into account that most of the adhesive will remain on the surface
of the enamel and will require consistent removal of adhesive residuals with the help of
rotary diamond-coated instruments, finishing polishing discs and cones.

Loyal pricing policy of the Russian company-manufacturer of adhesive
«Compofix-ortho» can be used to reduce the cost of bonding brackets in dental offices

and will make orthodontic care more affordable for patients.
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LIST OF ABBREVIATIONS

GOST - Government Standard

DFA - dentofacial anomalies

ARI — Adhesive remnant index

ARIC — Adhesive remnant index for «Compofix-ortho»
ARIE — Adhesive remnant index for «Enlight»

CEB — clinical effectiveness of bracket

SEM - scanning electron microscope

Bis-GMA — bisphenol A-glycidyl methacrylate

CER — Cost-Effectiveness Ratio

Cl — Calculus Index

DI — Debris Index

ICER — Incremental Cost-Effectiveness Ratio

ISO — International Organization for Standartization
OHI-S — Oral Hygiene Index Simplified

pH — quantitative measure of the acidity or basicity of liquid solutions
TEGDMA — Triethylene Glycol Dimethacrylate
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Appendix B (informative)

Form of informed voluntary consent to the processing of personal data

JLononHuTenssoe cornawesue Kk gorosopy Ne oTe__» 20 .

TeHepansHoMy AMpeRTopy
000 «OmeragexTans Nerposod H.N.

COrNACHUE HA OEPABOTKY NEPCOHANBHbLIX JAHHbLIX

A, 5
NacnNOPTHLIE BaHHbLIe: CepUA o Ne , BbIAaH

33pErUCTPMPOBAHHBIK N0 aApecy

Aa cornacue 000 «Omeraaenyans Ha 0Bpaborky MOUX NEPCORANbHLIX Aanrbx (NI} 8 cooTBeTCTsMM co craTbeid 18,1 1 19 @3 or
27.07.2006 Nei52-03 «0 nepcoHanvebiX A3HHLIX® HE CREAYOWMX yCnosuax: uens ofipabotkm —~ nol Kayecrsa

0BCNYRUBIHMA NAUMEHTS U MHOOPMHPOBAHHE NAUMENHTE 06 AKUHAX KNMHAKK.

1. Nepeyensb NEPLOHINLHBIX ABHMBIX, KOTOPbIE MoryT oBpalarsisarecs w: N0B GOPMAUKMS, BRAKOYIA RATY ¥ MECTO
POMAEHUSR, BHOrPADUHECKIME COGALHMR, CHEACHHA O MECTE PETHCTPIUMM, KOHTAKTHAR MHOOPMALMA, NACHONTHBIE AAHHbIE.

2. CpoK pe#cTaMA cornacma ~ beccpoyHo.

3. Komnaxua enpase ocywecrenate aobsbie geictena no o6paborxe mowx NA , 8 Tom wucne: cBop, CHCTEMATHIAUMA, HAKONAEHKE,
xp , BnoKmpe , YHKRY , NEPEAYY TRETHHM NHUAM,

4. Cornacwe MoxeT GbiTh OTO3BIHO MHOK B MOO0E BPEMA HI OCHOBIHNK MORTO NUCHMEHHOTD JaRBAEHMR, HANPABABHHOTO NO
YKAIaAHHOMY B MACTORULEM COrnacum aapecy KOMNaHuW Ha reHepanbHoro AMPeRTOpa. 33ABNSHHUE AONMKO COALPMATy NACNOPTHYIE
A3HHBIE, CBEAEHMA O OATE BbIAAYM Y Or0 AOKYMEHTA M B5IA; ero opraHe.

5. Cnocob o06padoTiv aBTOMaTUIUPOBIHHLIH/HEABTOMBTH3IHPOBAHHSIN.

6. Yeegomnenue o npexpauerim obpaborku NA v ynuatomennn NA npeaocrasnsero ne sanpocy cyGvenra NA.

leHepansHbid AupexTop Nerposa H.N.

DUO naumenTa
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Appendix C (informative)

Informed voluntary consent form for orthodontic treatment

"H¢0p"ﬂp03m08 AOGDOBOHI;HOC COrJIaCHE HA IPOBEACHHUE OPTOLZOHTHYECKOIO JICYCHHA

K aorosopy Ne

Hacmoswee dobposonsiioe coznocue coc! 8 C MeuU €O C 30, 31, 32, 33 Oc+oe 3axoHodamenscmea Poccutickod
ded: o6 oxp dop paxdar om 22 uons 1993 zo0a No5487-1 u puxazom Munucmepcmeaa 30p0800XpaHesus om
03.08.1999 Ne303

fl,

(Pamumamn, Uma, OTHecTBO ~ NOAHOCTLIO)

3aHOHHbIN NpeacTasuTens

[amuans, Mma, OT4eCTS0 ~ NOAHOCTHIO)

HaXOAACh Ha NIBYEHUM B CTOMATO/IOMMYECKONH KIMHUKE no moemy A06POBONLHOMY MENaHMI0 NPOLIY NPOBECTH MHE
Bce HEOBXOAMMbIE AWArHOCTMYECKME MCCNEQOBAKUA W MEPONpUATHA, NevebHble MaHunyAsuMM ¥ Npoueaypbl, a npu
HeobX0AMMOCTY, aHECTE3M0N0rM4ecKoe Nocobre 1 onepaLmni, CBA3aHHbIE C OPTOAOHTUYECKMM NeverHueMm. fl oceegomneH(a)
O BO3MOMHBLIX OCAOKHEHWAX BO BPEMA 3HECTE3UWM W NPUEMEe AHANLIETUKOB U aHTUBMOTUKOB, aNNePriYecKUX PeaKLUAX 1

npourdpopmuposan(a) nevawero Bpaua-oOpPTOAOHTA 060 BCeX CAyvasx anneprud K
npenaparam 8 npownom M o6 annepruu B HacToAlWee BpemA. A Hecy MOMHYK OTBETCTBEHHOCTH 33 CBEAGHMA,
NpeaocTasneHHble B aHKeTe NauueHTa WM NOHWMAIo, YTO HenpegocTasneque | yma , MC ) AgHHbIX ©

COCTOAHWM MOETO 340POBLA MOXET OTPULLATENILHO CKA3aThCA BO BPEMA OPTOAOHTUYECKOTO NEYEHUA U BbI3BATh 060CTPEHHA.
llﬂepe,q Havyasom OPTOAOHTHUYECKOrO yevyeHus A nonwun(a) oT Mmoero nevyawero Bpa4a-opToAoHTa
BCIO MHTEPECYIOUYd MEHA MHGOPMAUMIO O NPeACTOSUEM NeYeHuu. Jlevalumii
Bpa4 BHUMaTe/bHO OCMOTPEAN NONOCTb PTa, PasbACHUA, Ha OCHOBaHWM AAHHBIX GMATHOCTUKMA, NPEMMYLLECTBA U CAOXKHOCTH
BhlﬁpaHHOrD METOA2 NeveHun.

2. fl cornaceH(Ha), AOBEPRIO W NPEAOCTABAAK MPas0 fieqallemy Bpauy nposecTu
OPTOAOHTMYECKOE NeuyeHWe aHoManuu npukyca. B WCKNIOUUTeNbHbIX cnyyanx (Hanpumep, Goneawb, yBonbHeHUe
BPaya) KNUHKKA NPOU3BOAMUT 3aMeHy Bpaya, NPeaBapuTenbHO YBEAOMMB MeHA 06 3TOM. A noHumalo, 4To nepeg
HayYanOM Kypca OPTOAOHTHHECKOro NIe4EHNUA HEOBXOAUMO NPOU3BECTH CAHALMIO MONOCTH PTa M NPOPECCUOHANLHYIO TUrHeHY
NOAOCTH PT2 B COOTBETCTBMM C PEKOMEHAALUMAMMA NeYaLLero Bpaya-opTOA0HTa.

3. A o3HaKoMNEH(a) ¢ NAGHOM KOMNAEKCHOTO NeYeHUA U NPOBEAEHWA MEPONPUATUA Nepea Haya/NOM OPTOAOHTUYECKOTO
NeYeHun.

4. Al A3 cornacue Ha peHTreHonorMuyeckoe obcnefloBaHME A0, BO BPEMA W NOCAE NIeYEHHA COTNacHO PeKOMEHAAUUAM
nevaluero spava.

5. 1 npeaynpeszeH(a), 4To A0 HaYana OPTOAOHTUHECKOrO /IEYEHWA W Ha ero 3Tanax B8pay BbINOAHAET
anarHoctuyeckue potorpadum, Heobxoanumbie ANA KOHTPONA KAYECTBA NIEYEHUA. A paspellato UCNoNb3oBaTh MOU
O3HHble B 06pPa3oBaTeNbHbIX LE/IAX U B AEMOHCTPAUMOHHO - MHPOPMALMOHHBIX Lesinx, 683 yKasaHua NepcoHasibHbIX
cBeneHuit.

6. 8 6bin(a) npegsapuTensHO NPONHAOPMUPOBAHA, HTO DAHUM U3 OCHOBHbLIX HAKTOPOB YCNELWHOIO IBYEHUA C NPUMEHEHUEM
OPTOAOHTMYECKO! annapaTtypbl (CbeMHbIe annapaTtel ¥ HECHEMHAA TEXHWKaE) ABNAETCA XOPOLWas rurMeHa nonoctu pra. Mpu
HecobNoAeHNN NPaBUA TUIVEHbI NMONOCTH PTa BO3MOXHO PAsBMTME KApMO3SHbLIX NMOPAXKEHWM, BOCMA/NMTENbHbIX OYaros
MHEKUMM B 30HaX KOHTaKTa OPTOAOHTUHECKOW annapatypsi € 3manbio 3y6a M MArKMMU TKaHAMU nonoctv pra (Kapuec,
AUTMEHTAUMM 3MaNKW, NapoAOHTUT, rUHIMBMT). fl cornacer(a), 4TO Aedawmit Bpay ocrasnser 3a coboit Npaso NPUHATUA
peleHnA O CHATUM OPTOAOHTUYECKOW annapaTypb! Ha Ni0BOM 3Tane IeYeHnA NPKU HeyA0BNETBOPUTEILHOW MTMIMeHe NnoNocTH
pra. [lesbrv 3a npoBeAeHHbI 06bem neueHnn He ByayT Bo3BpaLueHsl.

7. Al cornaceH(a), 4TO NpU BO3HMK: 3abo. W napogoHTa (rMHIMBMT, NAaPOAOHTWT, NapoAoHTO3) Heobxoaumo
NPOBOAWTL AONONHUTEABHOE NeYeHHe Yy Bpaua - NapoaoHTonora, flaHHoe NeyeHne ONfayMBaeTCA OTAENbHO OT CTOMMOCTH
OPTOAOHTUYECKOIO JieHeHUA.

8. fl npeaynpexgex(a), 4To NpU OPTOAOHTHYECKOM NeYeHUHM BO3MOMHO BO3HWUKHOBEHMe 33bonesaHWi NepUOAOHTa,
DﬁyCﬂOBnEHHbIX CHPBLITEIMKA O4aramu uu¢euuuu, HEeY[0BAeTBOpUTE/IbHbIM 3HAOAOHTUYECKMM JleHeHUeM. A cornacen(a)
npoBoAUTL HEOﬁXDAMMOe nevyeHwe ANA YCTpaHEeHUA BOCNanuTe/ibHbiX 04aros MH¢EKU,MH.

9. MHe u3BECTHO, 4TO 417 HOPMA/NM3aUMK NPUKYCA MOMET NoTpe6oBaTbCA yAaneHHe OTAENbHbIX 3y6OB Ha BepXHeh M
HUXHel uenoctu. O HEOEXOAMMOCI’M MU BOZMOMHOM BEPOATHOCTH neuaumﬁ Bpay coonae'r A0 Hayana opToAOHTUUECKOro
NeYeHuA.

10. MHe ¥3BECTHO, YTO 3AANTALMOHHbIK Neprog (Nepuoa NPUBLIKAHWA K annapaTy) B CPRAHEM, MOXET ANMTHCA OT 1 4o 4-X
Heaenb. Bo BpeEmMA afanTauMoHHOro nepuogda K ODTOAOHTMHECKOE annapaTtype MOryT BO3HWKaTb bonesbie OWYLUEHNA B
0BaacTi BEpXHE U HWKHEN YenioCTy, HaTupaHue CAu3UcTon 060/104KM ryBbl 1 LLEeKH, HapyweHue pedecbpasoBaHus, apyrue
ABNEHUA AUCKoMdopTa.

11. Mue W3BECTHO, YTO MPpWU Ha3Ha4YeH W NeYawum BpayoMm A0NONHWUTE/IbLHLIX 2nnapaTtos u ﬂpMCﬂOCOﬁIIEHMﬁ (I'MLLEBBR
Macka, fMUEBaR Ayra, OUCTaNv3aTopbl, MEM4eNOCTHLIe TAMM, MUHMBKMHTBL U Ap.) Heobxogumo cnegosatk Bcem
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PEKOMEHAAUMAM Sevalero Bpaya. Mpu HEBLINOAHEHUMM NPasWA M CPOKOB NO/L3CBAHWMA BCNOMOraTeNbHOM annapatypoi,
BO3MOMHO U3MEHEHWE NAaHa NevyeHuA (CcMeHa annapaTos, yaaneHue 3y6os U Ap.) W, KaK CNeACTBME, CHMMEHHe pe3yakTaTa
neyeHuA, Cymma ynnayeHHaA 3a annapartsl, K HOTOPbIM A HE CMOr(na) NpMBLIKHYTE MO Pa3/IMYHLIM NPUYKHAN, He
BO3BPaLLALTCA.

12, MHEe M3BECTHO, 4TO HEOBXOAMMO NPOUIBOAUTE AKTHBALMIO CLEMHEIX 2MNAPATOR U HECHLEMHON TEXHHUKKU CTPOrO B CPOHM,
YKA32HHbIE IBYALLMM Bpayom. TpK HapylleHWn peKoMeHAaLWMid NevallMii Bpay MMeeT NpaBo 3aBEPLIWTb IEYEHWE Ha JaHHOM
atane He3 BO3MELWEHMA CTOMMOCTH OPTOSOHTUUECKON annapaTypsl MAKM NneYeHua. HeoBXxoaMMO NPOBOAMTE TMIMEHMUYECKYIO
YUCTHY OPTOAOHTHYECKOM annapaTypbl B COOTBETCTBMM € PEKOMEHAALMAMK Nevallero Bpaya.

13. MHe M3BECTHO, YTO NPKU HEBLINOMHEHUM PEKOMEHAALMIA Nevallero Bpaya B NPOLECce aKTUBHOTO NEYeHUA U B Nepuog
NoAL30BAHUA CHEMHbBIMKM annapaTami CPOK NIEYEHUA MOMET YANWHWUTLCA, a PE3yNbTaThl fNeueHMA MoryT EbiTb MeHee
ahPEeRTUBHBIMK.

14. MHe W3BECTHO, YTO B Nepuos aKTMBHOrO pOCTa AMUEBOr0 Yepena B HEeKOTopbiX cayyasx TpebyeTcA nosTOpHOe
W3roTOB/IEHWE DPTOAOHTUYECKOTO annapara M2-3a pOcTa KOCTHOM TKaHM, HO He Yyawe 1 pasa B8 8 mecAues. B atom ciyyae A
Or/124MBalo NOBTOPHOE M3rOTOBAEHME annapaTa.

15. MHe MW3BECTHO, YTO NOCAE OHOHYZHWMA aAKTMBHOrO nNepyModa OPTOACHTHHECKOrOo Je4YeHHMA HeoBXOAMMO HOCHUTL
peTeHLMOHHBIA annapaT B TeYeHUe BCero nepuopa, KoTophlid TpefyeTca ANA 3aKpenneHuAa pe3ynLTata neveHda, B
NPOTUBHOM C/YYae MOMET Pa3BUTLCA PELMOMB aHOMaNUKU npuKyca. KOHTPOAb 32 HOLWWEHWeM annapaTta OCyLecTBAAeT
Nevyalui Bpay-opTOAOHT (KOHTPON b KAYECTBa PUKCALMM PETEHLMOHHOIC annapara B NOAOCTH pTa).

16. A noHMMal0 U cornaceH(a), YTo Nepencm, TpeLMHa OpTOAOHTUYECKOrO annapaTa Nk era MeTaLAMHECKUX HOHCTPYKLMIA(
nocne WCTEYEHMWA FapaHTUMHOrO CPOKa), NPpMBap1BaHME HOBBLIX 3NE@MEHTOB, YTepA annapaTta He ABAAIOTCA apaHTUAKbIMMW
CNYUYIAMM U BOMKHBI BbIThL ONNAYeHLl OTABNLHO.

17. A noHUMalo, YTO NpefnOKeHHDE AEeYeHWEe MOMOMET MHE COXPaHWTb 3A0POBbE, TEM HE MEeHee, OpTOAOHTUYecKoe
NeYeHWe ABNAETCA BMELIATENbCTBOM B MOM OpraHuam, u, Kak nboe MeguUMHCKOE BMELWATENLCTBD, HE MOXET UMEeTh
CTONPOLUEHTHON rApaHTHM Ha YCTIEX, AKE NPWU MOLa/bHOM BEINOIHEHWM BCEX KTMHWYECKMX M TEXHONDIMYECKNX 3Tan0s.

18. A NOHWMMAD, 4TO B NEPHCA POCTA MM NPU HaNK4HKM 3260nEBaHWMK NAPOAOHTA OPTOAOHTUMECHOE AEHEHWME MOMET
CYLWeCTBEHHO OTKNOHATLCA OT HameYeHHoro nnasa. Bpad4-opToAoHT OBBLACHKA MHE, YTO He pexe 1 pa3a B 6 MecAueB oH
O6BACHAET MHE BLINO/JIHEHME HAMEYEHHOTO M1aHa JIEYEHWA W NPHW BO3HUKHOBEHWW BbILENEDEUYNC/NEHHBIX CUTYaUMA Mbl
obcyaaem aansHeHWHe MaHUNYAALKMA U NPOM3BCAUM KOPPEKLMIO NAZHA HA KAKAOM JTane.

19. MoHMMaI0 CYLUHOCTL NPEASOKEHHOTD NeYeHWA U YHWKanbHOCTL coBCTBEHHOro opratukama. fl cornaceH(a) ¢ Tem, 4To He
BO3MOMHO MpefCcKasaTb WOeanbHblil PesynsTaT NAZHWPYEMOro AeYeHuA. Al NoHUmar, YTo MHe He Bbinn npeaocTaBAeHbl
KaKue-NMBOo rapaHTHK 06 YCNewWwHOCTH pe3ynLTaTax NeYeHMA, OAHAKO rapaHTMPOBAHO NPOBEAEHUE NEUYSHHUA CREeLMaIUCTOM
COOTBETCTRYIOUEH HBANMdUHALIWM, NPMMEHEHWE UM Ka4ecTBEHHbIX MaTepuanos U MHCTPYMEHTOR, coBniofeHre METOUMK B
ACeNTHUYRCKUX YCAOBMAX.

20. MNp¥ BOZHMKHOBEHMM KaKMX-NMOO KOHGNMKTHBIX CUTyauui, A obpawack Bo BpayebHYIO BKCNEPTHYH) KOMMCCUK B
HAWHKKe, FAe cneLManicTsl HeoBxoaumMoro mHe Nnpoduna pellaaT Mo BOMPOC U BbAAIOT IKCNEPTHOE JaK/loHeHUe.

21. A pao paspelueHMe nedvaluemy Bpadyy Ha npegocTasieHue WHPOpPMaELMK, cOCTaBNAOWeR BpadyebHy0 TaillHy, TpeTbum
NMUEM B MHTepecax o6CNeiOBaHNA W JIEYEHMA,

22, A paw paspeleHMe MOEMY /leYallemy Bpady Ha npegocraBneHde MHGopmauMu, cocTasnAlwel spayebHyo TalHy,
CTPaxXoBOKM HOMMAHWK C KOTOPOH Yy MEHA 3aKMIOYEH JOroBOP HA OHasaHWe MeAWLMHCKMX yenyr no AoBposonsHOMY
MeLMUMHCKOMY cTpaxosaduio (AMC).

23. A NOAHOCTLHO NPUHAMA0 M BbIPEHE10 CBOE COMNACHE Ha ONAaTY YCYr CTOMATONOMMHECHOH KAMHWUKK «TEPAD,

24. A nopTBEpMAaio, YTo npouutan(al u noHAn(a) Bce sbilWeWsNoMeHHoe, WMen(a) BOIMOKHOCTL 0BeyaUTL € Aevalm
BpPAYOM BCE UHTEPECYIOLME U HENOHATHLIE MHE BOMPOChl, CBA3AHHbIE C 1e4eHnem Moero 3aboneBaHnA W Nocneayolero
peabrauTayMoHHoro nepuoga. Ha sagarHsie Bonpockl A Noay4rn(a) yaoBNeTBOPAKILME MEeHA OTBETHI M Y MEHA He OCTanock
HeBbLIACHEHHbIX BONPOCOB K Bpaqy.

25. Hactoawee WHpopmupoBaHHoe AoBpoBONbHOE cOrnacKe cogepwWT HeobxoAWMYKD AnR MEHA WMHGOPMaLKWID C Tem,
uytobbl A 03HaKOMMACA(ack) C NpegnaraembimM JIE4EHWEM M MOT(N2] OaTb CBOE COMacMe Ha MNPOBEOAEHWE LAHHOMD
ME4MUMHCKOrO BMELIATeNLCTBA, IMBO 0THA3aTLCA OT Hero.

26. Moe peweHWe ABnAeTcA cBOBOAHLIM M A0BPOBONLHLEIM W NpeacTaBnAeT cofol uHpopMUpoBaHHoe AoBpoRonLHOE
COr/1acue Ha NPoBELEHUE MELMLMHCKOrO BMELIATEe/IbCTBA.

MNeAnMcs nauueHTa /3aKoHHOTO NpeacTaBuTens

DamMunuAa (noaHocTbio) U.0.
MNoanuck Neyawero epaya

DaMUAKA (noaHocTeIo) M.0.
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Appendix D (informative)

Medical record of an orthodontic patient

HauMeHOBAHNE MEAMIHHCKOMH Opranusalun:

Axpec:

Ko gopmst o OKYJL
Koy opranusaiis no OKIIO
MeIHUHHCKAs TOKYMEHTAHS
Yuernan dopma Ne 043-1/y
Yrrepaacua npuxazom Muuszapaga Poceis

or" n 20 . Ne

MEJUIIMHCKAS KAPTA
OPTOJIOHTUYECKOT'O NMAIIMEHTA

Ne

1. Damuans, KM, OTHECTBO

2. Mou: myx. - 1, &en. - 2

3. laTa pokJeHns: YHCa0 Mecs roa
4. Mecro perncrpanuu: pecnydanka, kpaii, 00j1acTh
paiion
ropoj HACETeHHbIH NYHKT
VIAHIA A0M KBapTHpa
Tel.

5. MecTHOCTE: TOpojacKas - 1, ceiberas - 2
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6. Cemeiinoe noaoKeHHe: COCTOHT B 3aPErHCTPHPOBAHHOM Opake — 1, COCTOHT B HE3apErHCTPHPOBAHHOM

Opake — 2, He COCTOMT B Opake — 3, HeH3BECTHO — 4,

7. Odpazopanue:
npoeccuonaibioe: Bricee — 1, HemoaHoe BeicnIee — 2, cpejHee — 3, HayaabHOe — 4;
obwee. cpeHee (MonHoe) — 5, OCHOBHOE — 6, HAUAIBHOE — 7, He HMEET HauanbHOTo obpazosanns — 8,

HEeH3BECTHO - 9.

8. 3auATocTh: 3auam(a) 6 IKOHOMUKE: PYKOBOJMTEIIN H CNCIHMAIHCTEI BRICIICIO YPOBHA KBaMpUKaiuu - 1,
NpoYNe CreHAMHCTH — 2, KBTHHIHPOBaHHBIE paboyue — 3, HekBanH(HIHpoBaHHbIe padotue — 4,
3AHATHIC HA BOCHHOI ciyxbe — 5;

He 3aHAM(a) 8 IKOHOMUKE: IECHCHOHEPBI — 6, CTYACHTHI H y4amuecs — 7.
9. Mecto padorbi

10. ITosamne OMC: cepus Ne 11. CHHJIC
12. Hanmenosanne cTpaxoBoii MeHIBHCKOH Oprann3anny
13. MacoopT: cepus Ne BBIIAH

14. Bug onnarsi: OMC - 1, dro/tker — 2, naaThble yeayra — 3, 8 T.4. JIMC — 4, apyroe - 5.

15. Ko KaTeropuH Jbrorsl

16. Kareropun asrornocti: unsanu BOB — |, yvactiux BOB - 2, sous-uHTepHAMOHAIACT — 3, MO,
T0/IBEPriicecs paHalMoHHOMY 00myueHHio — 4, B T.4. B YeproObute — 5, une. I rp. — 7, uus. I rp. - 8.
pedenok-uuBaaua — 9, uuasaaua ¢ gerersa — 10, npoune — 11 (ykasarnb)

17. HanpasJjien Me/1. oprannsanuei

16. lnaruos nanpasuBuieii Mel. Opranu3annm:
16.1. ocHOBHOII:

xoa no MKB-10

16.2. OCIOKHCHHS OCHOBHOIO:

17. KAJIOBbI

17.1.0%crernucexne; 17.2.0mopdonornueckue, 17.3. OpyHKUMOHAIBHEIE (CO CAOB poAHTEICH):
Onecmpikanne ryd, Opotoroe asixanue, Oundantunshoe rotanne, 6pykensm,
Olrapymenus NpoH3HONICHHS 3BYKOB pevin ( ). Ossnoe xesanne,
Onpuesiunoe ememenue w4 (Osnepea, Oe cropony), Onapymenns dynxuun BHUYC.
Hononuurensno:

18. AHAMHE3
18.1. Hapyiuenue 3/10posbs Matepn [tpumectp epemennoctu: 01, OI1, O] (Ouer)
18.2. Poxyen (OB cpok, Onenonomen);

18.3. Bux sekapmansanns (Oecrectsennoe, Ouckyccreennoe ¢ mec., Oememannoe)
18.4. Hauano npopes. 1MepebiX BPEMEHHBIX 3y00R: Mec.
18.5. Hauyato cyeHbl nepeanux 3y6oB: JIeT.

18.6. Hamnume speansix npusbiuek (Ona, Oner):
Ococanne nansues. Os/ry6ei, On/ry6er, Oazsika, Onpeameror

18.7. Hanmune BPOKICHHBIX aHOMAIHIH PA3BHTHSA YEAIOCTHO-IHLEROI 0Gmactn; ¥ poacteennnkon (Cuer):
Opoaureneit, O6parses, Ocecrep, Oap. poacTBeHHUKOB,

18.8. llepenecennnie n conyreryiomue sabonesanus (Ouer):

O Tucniencus OCxapnarnna [J3a6oneBanng HepRHOIT CHCTEMBI
OPaxur OTpasma Ommynogeduumnr

OBerpanas ocna O3aGonesanus JIOP opranos OMHosxecTBeHHBIH KapHec
Olenarut OJ3abosnepanns OMoOpHO-IB. anmapata OIMapononTtonarus

O/ludrepus OAmepros Ollpoune:

OWsd. naporut O9u0kprnHbe 3a601eBaHs

OKops DOBonesun KKT, neyenn, nouex

OKpacnyxa OBosnesun cepaua
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18.9. Tlposoaunock panee oprojonTHUecKoe aeuenne (Cuer);
18.9.1 JLiurensHoCTh JeucHHs JIET;
18.9.2. Bun anmaparypst (Ocsemuas, Ouecsemuan)

19. OCMOTP JIHIA. KE®@AJTOMETPHS

19.1. Jluyo angac:
19.1.1. Inpuna miua: (zy-zy MM)
19.2. Bricota /mna: (n-me MM, N-sh MM, Sh-me MM)

19.1.3. JInno enmmerpuanoe (Ona, Ouer)

19.1.4. IToadoponok ememen Oenpaso, Oeneso, Ouer

19.1.5. Boipakennocts Haanoadopoxounoi cknaaxn: (Oxa, Ouer)
19.1.6. I'y6et comxnyret ((Iaa, Ouer)

19.1.7. CumnroM «aecHesoi yiamdkn» (Oaa, Ower)

19.2. Tuno ¢ npoghuns:

19.2.1. Tun npodmans:

Onpsmoii(a), Oeemyxisii(8), CsoruyTerii(s)
19.2.2. TTonoxenune BepxHeit ryosi:

Ogeictynaer, O3anagaer, Onpasunsuoe
19.2.3. MMonoxenne HUAKHCH ryosl:

Oewicrynaer, Osanagaer, Onpasuisioe
19.2.4. [Tonoxenne noadopoaka:

Onporenns, Operporenus. Onpasuishoe.

gl

20. OCMOTP NMOJIOCTH PTA

20.1. Mazkue mkanu noocnu pma:

20.1.1. Vapeuxa sepxueii ryos: Okoporkas, Ommpokas, Onpukperena nusko, Os nopme.

20.1.2. Y3neuka mkneil ryowr: Oroporkas, Dwmpokas, Onpukperviena seicoko, OB sopae.,

20.1.3. Vazeuka azpika: Oxopotkas, Oumpoxas, O nopme.

20.1.4. Szwk: Omakpornocens. Omuxpornocens, O nopme.

20.1.5. MNMpeasepue nosnocty pra: Omenkoe, O Hopme.

20.1.6. Cimsucras odonouxa: Orunepesuposana, Ooreuna, Oruneprpodmposana, Oadrer, Dasewt,
Ozaexnst, O nopwe.
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20.2. 3yéu:

20.2.1. lpuxye: Ospemennnit, Cemena 3vdos, Onocrosmmbit
20.2.2. I'uruena nonoctu pra: Oxopowas, Oynoenersopurenshas, Onnoxas
20.2.3. Anomanuu 3y50B:

- usera
- CTPYKTYpEL. TB. TK.
- Ghopme
- NONONEHUA *
- Cpokos npopea. '
- Konuyecrea ***
Mg pasmepbt
AHE ARFARAE
H4ONMCTE 1 12 11 21 22 23 24 25 27 28
HukHas 42 | 41 REEEESES 28
YemocTs 82 81 71 72 73 74 75 3ay
M/a pasmepht
- Konu4ecyea ***
- CpoKoB npopes, **
- NONOKEHHA *
- chopms

- CTPYKTYphI T8. TK,
- usera

“B- 6y o- o-a M- c- N - v
T-7op Tp- Mp - nporpysua. P - patpy

** P - petarumn, - i, PY - p
A - ag p , AB - ang paaman, CK - it

Mpasaa cTopoxa s e P 8 " Sy nesas cropona

C - KapHeC B CTAIHH NISTHA I'- runomnazns
K - kapuosnasg nonocts @ - hmoopos
I1 - nnomba K - kopenb
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20.3. 3yonsie paoo

20.3.1. Pasmeps! 3yBHbiXx psgos (nos. 1-3, 5-6, 9-10,
12-14) u anukanbHbIx 6a3vcos veniocTen (noa. 4,
7.8, 11):

20.3.2. ®opma 3ybHbix psagos (s Hopme):
Tpey2onsHas

an!

R (paseesas dopvs yyBuoro pRo
W Anovanio SOpas yEHat0 P

Veob

20.3.3. KoHrakT cocefHux ayboe (I8 Hopme):
20.3.3.1. Quactema mexay 1.1mn 2.1 MM
20.3.3.2. Qnactema mexay 3.1 n 4.1 MM

20.3.3.3. Tpemb! (CJB.3.p., Du.a.p.?

20.3.3.4. Cky4yeHHoe nonoxexne
20.3.4. HapyweHue nocnenoeaTtenbHOCTH pacno-
noxenus syboe (CIHeT):

20.4. Oxknrozus
20.4.1. Cacummanvroe nanpasienue:

20.3.5. CUMMETPUYHOCTL PacnonoxeHus 3y6os:
(Ocoxpanena, Onapywena )

20.4.1.1. Oxxmo3ua momspos crpasa (OI, O11, O kx.), caeea (O1, 011, O kn.)

CMBIKGHHC MOJISIPOB HAPYIUCHO Ha (MM)Z Crpaga

. cica

20.4.1.2. Okxmozus kasikos cnpasa (01, O11, OI k1), caesa (01, O11, O x1.)
20.4.1.3. Cupikanue pesuos: Oe nopae, Ocarnrranbias mens MM, CoBparnas pesuosas
okkmozns, CobparHas carnTranbHas mieib MM.

20.4.2. Bepmuraibnoe nanpasieinue:
20.4.2.1. [Mepeanuii oraen (Os Hopme):

Dneprmxanbnax PE3LOBaA TH3OKKIIIO3ZHA: BEPT. WEITbL MM, B Ipeenax 3}’6032

anﬂMa!l PESoBas OKKIIO3Hs

Oray6okas pesuopas okkmio3na (Bennyena nepexpeitas: O >1/3, O >1/2)
Oray6okas pesuoras ausokkmosns (Crpasmupyromas okkiosns);
20.4.2.2. Bokogoi oraen (e Hopme): auzoxkmozus Oenpasa, Ocnesa

20.4.3. Tpanceepcansrioe nanpasienue;
20.4.3.1. Iepeaunii otaen (Os Hopme):

CMEIIEHHE KOCMETHHECKOTO IIEHTpa (Bsnpam, Hnﬂeso) Ha MM,
20.4.3.2. BokoBoii otaen 3y6ueix psaos (Ce Hopme):

___MepekpecTHas okknio3WA | cnpasa | cneea
ManaTokkmioaus O O
TuHreokknoans O O
Bectubynokknioaus B B
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21. PEHTTEHOJIOTHYECKOE HCCJIENOBAHHE
21.1. Opmonanmomozpapus uemocmei (1ata, BO3PacT) i JIeT.

21.1.1. AcUMMETPHA pa3BHTHA TeN qemocmi‘lH n BHYCO (Ouer).
21.1.2. Bpox/iennas paciienuta Oansseonsproro orpoctka, Ouéda (Cuer):
Onpaeocropounss, Onerocroponnss, Oasycroponnss.

21.1.3. JlectpyKums KOCTHOM TKaHH YJIOCTH B 00nacTH 3y6os (Ouer).
21.1.4. Atpohus KOCTHBIX MEPEropoaok B o0JIacTH 3y6os (Ouer)
=00 V3, 44 - qo 172, 4=~ Bamee 12 anvnsl koprs
21.2. TPI 2010601 8 HoK0GON npoexuuu (1aTa, BO3PACT) N JIeT.
21.2.1. ITonoxcenue u HAKIOH PE3IUOE U MOARPOS
Haxnon pesyos
1. <UI/NL (napyxubiii) ___Tpax
2. <L1/ML (BHyTpeHHHii) __ rpam.
3. <1/1 “alfa® __rpan
ITonosxcenue pe3yos u MOIAPO&
4. Ul-NA MM
5.LI-NB MM
6. U6-PtV MM

21.2.2. IIpooonbnbie u gepmuKkaibible pazmepst yeocmei
Pazmepwi ocnoeanus yepena

7. N-S MM
8. < N/S/Ba ____Tpam
9. < N/S/Ar ___Tpan
Cazummaibibie pazmeps venocmeit
10. Jtnna ocHoBaHus B/4 A’-Snp MM
11. dnuna Tena vy Pg’-Go MM
12. Jbmna Bersu /4 Co-Go MM
13. Jinuna noadopoaxa Pg-NB MM
Bepmuxanbusie pazsepni weaocmen
14. Tlepennss BeicoTa B/Y UI-NL MM
15. Ilepennss BpicoTa H/Y L1-ML MM
16. 3ajiHaa BeicoTa B4 Ub-NL MM
17. 3anuas BbicoTa H/Y L6-ML MM

21.2.3. Hoaooxicenue u nakion weatocmei

18. < S/N/A ____Tpan.
19. < S/N/B _rpak
20. < S/N/Pog _rpam
21. < Ar/Go/Me “Go™ __ rpan.
22. < NL/NSL _ rpax
23. < ML/NSL __ rpam.
24. < ML/OcL ____Tpan
21.2.4. Coomuowenue 1eatocmubix KOCMen o cazummany 4 6epmuxkaiyu
25. MexanukansHelii yron <A/N/B __rpan
26. Wits-unciio MM
27. a4 BRICOTA Yepena S-Go MM
28. Ilepeansa ppicota yepena  N-Gn MM
29. Ilepenuss Bepxusis Beicora  N-Sna MM
30. IMepennsas umkHas Boicota  Sna-Gn MM
31. 3anHas BepXHAA BRICOTA Snp-NSL MM
32. 3ajHAA HIGKHAA BBICOTA Ar-Go MM

33. Mexyenoctroi yroa (“B”) < NL/ML rpai.
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21.2.5. Hpopuns mazkux mxanet auua

34. Yron npodmas anua < gl-sn-pog rpai.

35. Beicora B/Ty0R! sn-st MM

36. Bricora v/ry6s! ¢ noadopoakom st-me MM

37. lNonoxenne UL k acrernyeckoit maockoetn o Ricketts (pn-pog):
Ona npamoii, Oknepeina vy, Oksagnna  mu

38. INonoxenue LL K acTeTHYECKOH TuI0cKoCTH (pn-pg):
Ona npsmoii, Oxnepeirna  vm, Oxsaauva My

39. Hocory®noii yron < col-sn-UL rpai.

21.2.6. Oyenka noaoNceHun U HaKaIoHa Yearcmen
Perponoswun LRIV 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90  Awtenoswumn

138 136

22. NLINSL

-
 Pe

o o 23 MLNSL 28 2
Perponoanuma 19. SNB 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88  Awrencamumn

Tun npochmns: CPerpornaruueckuii [JHopmorkaTuueckuit Onporkaruueckuit

21.2.7. Mpoenoz muna pocma iuuesozo omoena uependa
Oropusoutansubiin OHewrpanshbiin OBeprukansbiit
54

no e 62-65 s

42. < N-Ba/Pt-Gn
43. <ML/FH
(o <sonrnvoo [T S

21.2.8. «Kv-anatuz

47. “K"-Po MM 51. “K”-L3 dist MM
48, “K”-6 dist () 52. “K”-UL tip MM
49, “K”-L6 dist MM 53, “K”-L1 tip uM
50. “K”-U3 tip M

21.2.9. Onenxa 2apmMonuunocmu OKKHO UM

[ 3ybmompss | PoNl | PoNM |  MNI |
BEPXHMIA |

22. ®YHKIMOHAJILHBIE METO/IbI OBCJIEJJOBAHHA

22.1. Kaunuueckue QyuKkyuonaibuvie npoos:
22.1.1. Mpoba Duuepa-burrepa (BoIBHAKCHHE HUAKHCH YSIIOCTH JI0 CMBIKAHMA MOSPOB 1o | ki),

Tpodmns: Oymyuumncs, Oune wasmennics, Oyxyaumacs: CebiaBikeHne HEBO3MOKHO.
22.1.2. Ilpods Mumsunoii-Mapkocsin:

- CABHT HIKHEH HeTHOCTH K331 /10 Kpaeroro cMbikanus pesuos: Oeosmoxen, OueBozmoxkeH.

- [IPH OTKPLIBAHHN PTa JIMHHA KOCMETHYCCKOIO LEeHTpa:

Oreipasungaercsa. One namenserca, Oemenenne yeunusaercs.

22.1.3. [IpoGa nosnoxenys ryd npu COMKHYTBIX 3yOHbIX psijax.

T'yGer empikatotes: Oc nanpsxenunenm, [6e3 nanpsxenus.
22.1.5. M3Mepenne BePTHKAIBHOH LICTH MEKITY Pe3laMu:

- NPH MAKCHMAIBHOM OIYCKAHWH HYGKHEH e/locTH MM

- IPH OTHOCHTE/ILHOM {(H3HOJIOTHYECKOM TIOKOE MM




22.2. Jnexmpomuozpagun
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Cnpasa Cneea
namm Bucorean Kesatenenas | Hagnogesssian Bucounas KepareneHan | HagnoaeassiiHas
Makc. amnnutyga (V)
Mepuog akTweHocTH (MmSec)
Mepuon nokost (mSec)
JKeear. nepuopa (Sec)
Kon-Bo xeB. gBux.
Koadp. koopa. 3a %es. ABUXK.
Koad. koopa. 3a xes. nepuoa
22.3. Muomonomempusn
CnpaBa Cnesa
WccnegoBanne Nokoi MepBbin MakcumansHoe Noxoi MepBbi MakcumanbHoe
KoWTakT 3ySoe | cokpatleHme R i e
1
2
3
22.4. Hepuomecmomempus
;
o
3
™
BepxHan yeniocTs 16 15 14 13 12 11 21 22 23 24 25 26
Huxuan yentocrs 46 45 44 43 42 41 31 32 33 34 35 36
&
&

23. JONNOJIHUTEJIBHBIE METO/Ibl OBC/IEJOBAHHA

ObocHoBaHue NPEABAPHTECIIBHOIO JHArHosa




24, Kannuveckuii iHarios

OCHOBHOIH

151

Ociioxnenns

Conyrerayiomue 3aboneBaHHs

Buewmnaa npuyunHa (Ipy TpaBMax H OTPaBICHUAX )

ko no MKB-10

25. Ilnan obeneposanus

26. Il1an nevenus

27. “H¢OPMHPOBBHH06 noﬁposo.nbnoe COIVIACHC MMALHCHTA HAa MEIHUHHCKOC BMCIIATEILCTBO HIIH OTKA3 OT
MEAHIMHCKOTO BMCIIATE/IbCTBA HO)'I)"ICH(O)!

YHCIIO MecALL roa BpEMA
28. JlneBHHK BPavYa-0pToAONTA _
g B npouecce T
Do neyenun ondiite Mocne neyewus

1 | Mogenu 3ybHbIX pagos
5 ®otorpadum ¢hac/npodpuns { yneibka

nauneHTa B NONOCTH PTa / ¢ anNapaTom
" ®oro B.3.P. cnpasa / (hpoHT / cnesa

moa

ayGHoro papa | H-3.P. cnpaea/ ¢pponT / cnesa
4 | OpronaHToMorpamma HencTedi
5 | TenepenTrexorpamma Gokosast

FONOBb npaMan

6 | Tomorpamma
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Koab! BBINONHEHHLIX

Aata Habnionenue, Status localis MAEHTY il




