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Streszczenie

Zwilzanie narzedzi w trakcie modelowania kompozytéw stomatologicznych jest technika
majaca na celu zapobieganie nadmiernemu przyleganiu lepkich porcji kompozytu do narzedzi
recznych, ktére stuzg do przenoszenia, umieszczania i modelowania materiatu w ubytku.
Zapewnia to fatwiejszg adaptacje wypetnienia do krawedzi ubytku oraz odtwarzanie
prawidtowych ksztattow anatomicznych. Pomimo powszechnego stosowania tej procedury
w praktyce klinicznej, nie jest ona oficjalnie rekomendowana w podrecznikach do stomatologii
zachowawcze] ze wzgledu na potencjalne ryzyko zmian witasciwosci kompozytu wynikajgcych
z inkorporacji czastek substancji zwilzajgcej w strukture materiatu. Brak jednoznacznych
wytycznych doprowadzit do duzej zmiennosci w aspekcie stosowanych substancji zwilzajacych,

narzedzi jak i technik aplikacji.
Niniejsza rozprawa doktorska powstata w oparciu o cykl trzech publikacji.

Pierwsza z nich jest przeglagdem literatury dotyczacym zwilzania narzedzi w trakcie
modelowania kompozytéw stomatologicznych. Dostepne badania laboratoryjne weryfikowaty
wptyw takich substancji jak: zywice bez wypetniacza, potocznie zwane zywicami do
modelowania, systemy wigzgce dedykowane technikom ,self-etch” oraz ,etch and rinse”,

a takze alkohole - izopropylowy oraz etylowy na wtasciwosci optyczne i fizyczne kompozytdw.

Wyniki dostepnych badan wykazaty, ze zywice do modelowania sktadajgce sie gtéwnie
z pochodnych metakrylanu, podobnych do organicznej matrycy kompozytu, majg minimalny
negatywny wptyw na wilasciwosci mechaniczne i optyczne, o ile zewnetrzna powierzchnia
odbudowy zostanie opracowana i wypolerowana. Wprowadzenie na narzedziu hydrofilnych
czgstek obecnych w primerach, samotrawigcych systemach wigzacych oraz alkoholu moze
negatywnie wptyngé na parametry mechaniczne materiatu oraz jakos¢ procesu polimeryzaciji.
Do podstawowych, korzystnych efektéw pracy zwilzonymi narzedziami mozna zaliczy¢ wiekszg
regularnos¢ powierzchni i powigzang z tym odporno$¢ na przebarwienia, co pozytywnie

wptywa na estetyke wypetnien.

Wiele kontrowersji budzi takie koniecznos¢ usuwania nadmiaru zywicy z narzedzi.
Analizowane w pracy przeglagdowej badania prezentowaty rézne podejscie do tego zagadnienia

lub wrecz pomijaty ten aspekt pracy z kompozytem przy opisie metodyki.



W kolejnej publikacji zaprezentowano wyniki badania eksperymentalnego, w ktérym zbadano
réznice w morfologii i grubosci warstwy zywicy zaleznie od metody zastosowanej aplikacji,
wykorzystujagc do tego barwienie fluorescencyjne zywicy oraz obserwacje z uzyciem
mikroskopii konfokalnej. Usuniecie nadmiaru zywicy z narzedzia skutkowato powstaniem
istotnie ciefszej warstwy wybarwionej zywicy pomiedzy porcjami modelowanego kompozytu
niz w przypadku pozostawienia zywicy na narzedziu. Uzyskane wyniki badania podkreslaty
konieczno$¢ standaryzacji metody aplikacji kompozytu przy planowaniu dalszych badan
dotyczacych tego zagadnienia. Sugerowaty réwniez dos¢ powierzchowng lokalizacje zywicy

uzytej do modelowania aplikowanej porcji kompozytu.

Aby okresli¢ realny wptyw stosowania techniki zwilzania oraz poznaé szczegdty jej
implementacji w praktyce klinicznej przeprowadzono internetowg ankiete wsréd polskich
lekarzy dentystéw oraz studentow kierunku lekarsko-dentystycznego. Uzyskane wyniki tego
badania zaprezentowano w trzeciej publikacji. Sposréd 557 uczestnikow badania ankietowego,
az 65% respondentéw potwierdzito stosowanie zwilzania narzedzi podczas pracy
z kompozytami. Technike tg znacznie czesciej stosowali praktykujacy lekarze dentysci (75%) niz
studenci stomatologii (40%). Lekarze dentysci w wiekszosci deklarowali uzywanie
dedykowanych zywic modelujacych, co jest zgodne z zaleceniami producentdw oraz wynikami
dostepnych badan, ktére sugerujg ich minimalny wptyw na witasciwosci kompozytu. W grupie
studentdow czesciej stosowane byty Srodki wigzgce, zarowno systemy , total-etch” jak i ,self-
etch”. Ponadto, ankieta ujawnita réznice w sposobach usuwania nadmiaru zywicy z narzedzia,
wskazujgc na czeste wycieranie go o rekawiczki. Takie postepowanie nie tylko grozi
zanieczyszczeniem kompozytu substancjami z powierzchni rekawiczki, ale takze naraza skére
dtoni oséb pracujgcych na dodatkowy kontakt z metakrylanami, co moze prowadzi¢ do

alergicznych reakcji skérnych.



Abstract

Instrument lubrication during the modelling of dental composites is a technique aimed at
preventing excessive adhesion of viscous portions of the composite to the hand tools used to
carry, place and shape the material in the cavity. This method facilitates easier adaptation of
the material to the cavity margins and recreation of correct anatomical shapes. Despite the
widespread use of this procedure in clinical practice, it is not officially recommended in
conservative dentistry textbooks due to the potential risk of changes in composite properties
caused by incorporating particles of the wetting substance into the material's structure. The
lack of clear guidelines has led to significant variability in the wetting substances, tools, and

application techniques used.
This dissertation is based on a series of three publications.

The first is a literature review on instrument lubrication during modelling of dental composites.
Available laboratory studies have investigated the effects of substances such as: unfilled resins
(commonly referred to as modelling resins), bonding systems designed for "self-etch"” and
"etch and rinse" techniques, as well as isopropyl and ethyl alcohols on the optical and physical
properties of composites. Research findings suggest that modelling resins, which mainly
consist of methacrylate derivatives similar to the composite's organic matrix, have minimal
negative impact on mechanical and optical properties, provided that the restoration's external
surface is finished and polished. Introducing hydrophilic particles from primers, self-etching
bonding systems, or alcohol on tools may negatively affect the material's mechanical
parameters and the quality of the polymerization process. Key beneficial effects of working
with wetted tools include improved surface regularity and resistance to discoloration, which

positively influences the aesthetics of fillings.

Another area of controversy is the necessity of wiping excess resin off the tools. Studies
reviewed in this context presented varied approaches to this issue or even omitted this aspect

of work with the composite during describing their methodology.

The following publication presents the results of an experimental study that examined the
morphology and thickness of the resin layer depending on the application method, using resin
fluorescence staining and observations with confocal microscopy. Tools wiped of excess resin

left a significantly thinner stained resin layer between portions of the modelled composite



compared to unwiped tools. The obtained study's results emphasize the importance of
standardizing application methods in future research on this topic and also suggest that the

modelling resin is situated relatively superficially within the modelled composite portions.

To determine the actual impact of instrument lubrication technique use and gain insights into
its implementation in the clinical practice, an online survey was conducted among Polish
dentists and dental students. The results obtained from this study are presented in the third
publication. Among 557 survey participants, 65% reported using wetted tools when working
with composites. Practicing dentists employ the technique more often (75%) than dental
students (40%). Dentists predominantly reported using dedicated modelling resins, aligning
with manufacturers' recommendations and the results of available studies, which suggest their
minimal effect on composite properties. Among students, bonding agents - both "total-etch"
and "self-etch" systems - were more commonly used. Moreover, the survey revealed
differences in methods of removing excess resin from tools, highlighting the frequent practice
of wiping it on gloves. Such actions not only risk contaminating the composite with substances
from the glove surface but also expose the skin of workers' hands to additional contact with

methacrylates, which can lead to allergic skin reactions.



Wstep

Wraz z rozwojem materiatéw i technik pracy, odbudowy kompozytowe sg w stanie coraz
wierniej odtwarzaé witasciwosci fizyczne i optyczne naturalnych zebdéw. Liczne odcienie,
stopnie przeziernosci, a takie specjalne kompozyty do odtwarzania indywidualnych
charakteryzacji sprawiajg, ze klinicysci dysponuja narzedziami pozwalajgcymi tworzy¢
bezposrednie odbudowy kompozytowe na poziomie niemalze zblizonym do prac
wykonywanych w laboratoriach protetycznych, zaréwno w kontekscie estetyki jak
i parametréw mechanicznych [1]. Mimo wielu zalet, materiaty kompozytowe mogg sprawiac
pewne problemy zwigzane z ich aplikacja do ubytku oraz pdzniejszym modelowaniem. Ze
wzgledu na dos¢ lepka konsystencje, materiaty te majg tendencje do mocnego przylegania do
narzedzi recznych, co utrudnia wtasciwe umiejscowienie ich w ubytku badzZ tez nadanie im
prawidfowych, anatomicznych ksztattéw [2]. W celu niwelowania tego problemu
wyprodukowano narzedzia pokryte specjalnymi, nieprzywierajgcymi powtokami np. warstwg
azotku tytanu, a takze wprowadzono narzedzia z elastycznymi koncowkami wykonanymi
z silikonu [3]. Wysoka cena oraz szybkie zuzycie sprawity, ze zmodyfikowane narzedzia nie staty
sie powszechnie stosowanym standardem i w wielu placédwkach stomatologicznych do
modelowania kompozytu wcigz stosowane sg narzedzia stalowe.

Z praktyki wiadomo, ze zbyt mocny nacisk na kompozyt oraz obecnos$é uszkodzen lub resztek
materiatu na powierzchni narzedzia stalowego znaczaco zwieksza szanse na pojawienie sie
probleméw przy aplikacji materiatu kompozytowego do ubytku.

Od dekad znana jest technika pozwalajgca na zmniejszenie przylegania kompozytu do narzedzi
— zwilzenie ich powierzchni przed modelowaniem materiatu [4]. Technika ta doczekata sie na
przestrzeni lat wielu badan i opiséw [5]. Dos¢ powszechna jest tez wiedza na temat jej
stosowania w codziennej praktyce. Ze wzgledu na obawy dotyczgce zmian wtasciwosci
kompozytéw oraz brak ustandaryzowanych wytycznych metoda ta byta w pewnym okresie
wrecz odradzana w podrecznikach akademickich [6].

Na niniejszg rozprawe skfada sie cykl 3 publikacji - pracy przeglagdowej oraz 2 prac oryginalnych.
Wykonany przeglad pismiennictwa jest pierwszym sumarycznym przedstawieniem aktualnego
stanu wiedzy na temat zagadnienia zwilzania narzedzi. Aby zapewni¢ naukowe podstawy
odnosnie skali stosowania techniki zwilzania narzedzi przeprowadzono badanie ankietowe

w grupie polskich lekarzy dentystéw oraz studentow kierunku lekarsko-dentystycznego, ktore



potwierdzito jej powszechne stosowanie w codziennej praktyce stomatologicznej. Badanie
podkredlito réwniez istotne rdznice w rodzaju stosowanych substancji i metod aplikacji.
Uzyskane dane dostarczyty tym samym naukowych dowoddw na to co do tej pory
przyjmowano jako ,powszechnie znane”.

Trzecia publikacja cyklu byta badaniem eksperymentalnym analizujgcym obraz mikroskopowy
warstw zywicy pozostatej po modelowaniu kompozytu, zaleznie od zastosowanej techniki
aplikacji. Wyniki badan wykazaty koniecznos$¢ standaryzacji procedur zwilzania narzedzi
w planowaniu przysztych badan dotyczacych tego zagadnienia. Sugerujg réwniez koniecznos¢
usuwania nadmiaru zywicy z narzedzi celem ograniczenia jej inkorporacji w strukture

modelowanego kompozytu.
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Zatozenia i cel pracy

Cel gtéwny: Ocena zastosowania technik zwilzania narzedzi w pracy z kompozytem

stomatologicznym
Cele posrednie:

1. Ocena czestosci stosowania techniki zwilzania narzedzi przy modelowaniu kompozytéw
stomatologicznych przez lekarzy dentystéw i studentéw kierunku lekarsko-
dentystycznego.

2. Analiza substancji i metod aplikacji substancji zwilzajgcych oraz ocena ich wptywu na
wtasciwosci fizyczne i optyczne rekonstrukcji kompozytowych.

3. Ocena wptywu techniki zwilzania narzedzi stomatologicznych na wtasciwosci fizyczne

i optyczne rekonstrukcji kompozytowych.
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Introduction

Resin composites are one of the most commonly used materials in restorative
dentistry. To improve their handling and facilitate restoration sculpting, clinicians
began to lubricate modeling instruments with various substances like alcohol, unfilled
resins, or even bonding agents. Although the technique is commonly present in daily
clinical practice, it has not been precisely described in the literature and both
application metheds and lubricating materials vary across the available studies. This
study aims to summarize the currently available knowledge about influence of
instrument lubrication on properties of dental composites. Literature selection was
conducted within MEDLINE, SCOPUS, and EBSCO databases. Instrument lubrication
seems not to be indifferent for composite mechanical and optical properties.
Moreover, various lubricants can differently affect the composite material, so the
choaice of lubricating agent should be deliberate and cautious. Available in vitro studies
suggest possible incorporation of lubricant into the composite structure. Unfilled
resins based on bisphenol A-glycidyl methacrylate (Bis-GMA) seem to be the best
chaice for the lubricant, as bonding agents centaining hydrophilic molecules and
alcohols carry a bigger risk of altering the composite properties. Further research is
necessary to evaluate lubricants’ influence in clinical practice conditions.

composite to hand instruments, lubrication of the instru-
ments with modeling resins, bonding agents, or alcohol

Composite resins are fundaments of contemporary restor-
ative dentistry.! Along with evolution of materials and
application techniques, composite restorations are capable
of closely recreating both the physical and optical properties
of natural teeth. As a result, naturally looking, durable, and
functional restorations can be provided for both anterior and
posterior dentition.*

Composite resins present viscous consistency which can
impede proper anatomical contour modeling or adaptation
of the material to cavity walls.>® To overcome sticking of the
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became a common practice. Such method deviates from
the recommendations of most of the manufacturers. Due
to possibility of altering the characteristics of restorative
material some authors advise against this technique.7 Incor-
poration of other substances into the modeled composite
layer may disrupt its composition and influence material
properties.g’1 0

Instrument lubrication technique has not heen officially
described in the scientific literature, thus lack of standard-
ized research methods to analyze this topic can be observed.
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Influence of Instrument Lubrication on Dental Composites

Within available in vitro studies, authors investigated multi-
ple materials and methods of their application on mechani-
cal and optical properties of restorative materials.3"-%7

The study aims to summarize the currently available
knowledge about influence of instrument lubrication on
properties of dental composites. Literature selection was
conducted within MEDLINE, SCOPUS, and EBSCO databases.
Studies describing usage of resins as a surface glaze after the
finished composite polymerization were excluded.

Resin Lubricants

Widely used group of lubricants meant to facilitate material
modeling include resins existing either in clear form, as the
so called unfilled resins, or being part of the adhesive
systems. They are composed of various methacrylate deriv-
atives present also in organic matrix of dental composites,
that is, bisphenol A-glycidyl methacrylate (Bis-GMA), ure-
thane dimethacrylate (UDEMA), triethylene glycol dimetha-
crylate (TEGDMA), and photoinitiators that allow light curing
and in the case of the bonding agent, alse additional ingre-
dients facilitating efficient application and adhesion to tooth
structure. Hydrophilic molecules present in adhesive sys-
tems, such as water, ethanol, or acetone, might affect ele-
ments of the composite matrix.2830

Physical Properties

Most of contemporarily used composite materials are based
on Bis-CMA monomers and comonomers present relatively
lower viscosity and molecular weight.ﬂ32 Organic matrix
composition influences handling and physical properties of
final pl‘oduct.5'33’34 Incorporation of additional resin por-
tions with a lubricated instrument raises concerns over
possible change in composition of applied composite, lead-
ing to a loss of its optimal properties.®** Studies describing
influence of instrument lubrication with resins and bonding
agents on physical properties of composites are shown
in ~Table 1.

Composite Resistance
Materials used for replacing dental tissues must be character-
ized by high and universal resistance to withstand constant
occlusal forces.3® Filler content and menomer types within the
composite matrix affect its mechanical properties.®>3*
Changes in precisely selected material composition caused
by lubricant incorporation during the application might dis-
turb its internal structure and influence its durability.>->®
Dunn and Strong have not shown any significant differ-
ences in flexural strength between composite samples lay-
ered with or without the use of modeling resin,'? Miinchow
et al confirmed those observations regarding the use of
ScotchBond MultiPurpose (SBMP; 3M ESPE, St Paul, Minne-
sota, United States) dental adhesive, however, with more
hydrophilic bonding agent, Adper Single Bond (ASB; 3M
ESPE, St. Paul, Minnesota, United States), flexural strength
decreased compared with control group after 24 hours of
water storage. Additionally, in presented study, the flexural
strength test was repeated after 6 months and the loss of

European Journal of Dentistry  Vol. 16 No, 4/2022 @ 2022, The Author(s).
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flexural strength was lower than in the control group.
Authors explain this by reduction of microporosities on
the composite surface; however, scanning electron micro-
scope (SEM) image analyses have not revealed any differ-
ences in samples micromorphology.?®

Negative outcome of instrument lubrication on composite
resistance was observed by Patel et al. Authors described
higher diametral tensile strength (DTS) in control group than
in groups where V-, V-, and VIl-generation bonding agents
were used as lubricants."

Composite Tensile Strength

Majority of clinical situations require composite layering
because of limited depth of curing light penetration through
the material and need of polymerization shrinkage reduc-
tion, as well as from esthetic reasons, to compose a restora-
tion from materials with different optical properties,3%4¢
Instrument lubrication may lead to changes of material
characteristics at the composite layers interface and influ-
ence the tensile strength between the increments resulting
in lower durability of the restoration.’42

Tjan and Glancy observed reduced resistance of Helio-
molar (Ivoclar Vivadent, Schaan, Liechtenstein) material
lubricated with currently unused bonding system based on
polyurethane, Dentine Adhesit (Ivoclar Vivadent, Schaan,
Liechtenstein).’® Polyurethane setting reaction requires
the presence of water which can explain obtained low value
of tensile strength, > Differences in tensile strength have not
been noted regarding Heliomolar compaosite layers applied
with the use of Helioseal resin (Ivoclar Vivadent, Schaan,
Liechtenstein) which is a combination of Bis-GMA and
TEGDMA, as well as within Bis-GMA based Herculite (Kerr,
Orange, California, United States)."”

Barcellos et al study has shown reduction of tensile
strength between composite layers caused by instrument
lubrication with all tested self-etch adhesive systems except
for Adper SE Plus Adhesive (3M ESPE, St Paul, Minnesota,
United States), adhesive resin from VI-generation system.
According to the authors, this is due to fact that ionization of
acidic phosphate monomer (MHP) present in Adper SE Plus
accurs only in presence of hydrophilic radicals contained in
the primer of this system.'”

In earlier studies, the same authors proved that only one
out of three tested total-etch adhesive systems, ScotchBond
MultiPurpose used during composite modeling caused the
increase of cohesive strength of layers in comparison to the
control group. ASB, Prime & Bond NT (Dentsply DeTrey,
Konstanz, Germany) and modeling resins did not influence
this parameter. This relation has been explained by chemical
sirnilarity of SBMP and compounds of tested composites, as
well as by its lack of hydrophilic solvents. 16

Positive effect of instrument lubrication with SBMP on
composite tensile strength was not confirmed during micro-
tensile bond strength (uTBS) test, performed after 24 hours
of water storage. Similarly, as in case of flexural strength
tests, lubrication with ASB and SBMP decreased tensile
strength loss after 6 months of water storage compared
with control group.?®
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Surface Characteristics

Surface quality and smoothness are some of the conditions
providing clinical success and durability of created restora-
tion. High gloss of composite surface apart from obvious
patient’s esthetical satisfaction guarantees also higher stain-
ing resistance of the resin,** Instrument lubrication during
composite application allows to obtain more even surface of
freshly placed composite; however superficial modified layer
can behave differently during mechanical finishing and
polishing.*>

No effect of instrument lubrication with universal bond-
ing agents and modeling resin on nanohybrid composite
microhardness was observed by Kutuk et al. Microhardness
reduction was only obtained during lubrication with self-
etch system primer, Both tested adhesive systems and
modeling resin had no effect on surface roughness of the
composite.'?

In the study, investigating instrument lubrication with
modeling resin, Tuncer et al proved reduction in composite
surface microhardness in a group where superficial layer was
not mechanically finished. Samples modeled with lubricated
instrument but thereafter grinded with aluminum oxide
discs have not shown staristically significant difference in
surface roughness compared with control for five out of
seven examined composites. The results observed were
related to removal of resin-rich superficial layer during
finishing. Samples modeled with lubricant and polymerized
under polyester strip exhibited the lowest surface roughness,
Among groups polished after polymerization, instrument
lubrication positively affected surface smoothness of Gran-
dioso (VOCQ, Cuxhaven, Germany) composite but negatively
influenced Filtek Silorane (3M ESPE, St Paul, Minnesota,
United States) and Aelite All Purpose Body (Bisco, Schaum-
burg, Illinois United States) composites. The remaining re-
storative materials showed no difference compared with the
control group.?®

In the research by Bayraktar et al, evaluating the effect of
three different modeling resins, composite microhardness
reduction was observed for all of the tested composite
materials.?”

Polymerization Quality
The achievement of desired performance by dental compos-
ite materials depends highly on their correct polymeriza-
tion.* Composite’s degree of conversion is related to its
composition and resin to filler ratio*” Usage of higher
inorganic filler content and monomers with high molecule
weight like Bis-GMA allowed to reduce the polymerization
shrinkage of light-cured materials; however, it also affected
the reaction kinetics resulting in lower degree of monomer
to polymer conversion. 4851 Lower degree of conversion has
negative outcome on material properties leading to reduced
mechanical resistance and decreased color stability.*® More-
over, high content of unreacted monomer facilitates its
release to body environment, limiting material biocompati-
bility and increasing cytotoxicity.>>>>

In the study conducted by Melo et al, instrument lubrication
with SBMP caused reduction in the degree of conversion of all

Kosewski et al.

examined composites. Usage of ASB as a lubricant also de-
creased the degree of conversion for Empress Direct (Ivoclar
Vivadent, Schaan, Liechtenstein) A2 and Bleach shades how-
ever increased it for Esthet X HD (Dentsply Caulk, Milford,
Delaware, United States) A2 shade.'® De Paula et al during
analysis of the same adhesives have not observed significant
effect of instrument lubrication on composites degree of
conversion; however, lower cross-linking density has been
noted with SBMP as a lubricant.”!

The amount of available studies verifying effect of instru-
ment lubrication on polymerization quality is limited.
Results suggest possible incorporation of lubricant particles
into composite matrix and alterations in the polymerization
reaction kinetics.

Scanning Electron Microscope Analysis
During cross-section surface analysis of freshly placed com-
posite samples using SEM, no changes in the micromorphol-
ogy of interlayer interface have been observed,2>2% Analysis
performed after 12 months of wine storage revealed hetero-
genic structure with evident connection layer in groups
where instruments were lubricated with adhesives.??
Superficial composite layer examination after wine storage
showed lower surface degradation in the group modeled with
adhesive system as a lubricant compared with the control
group. Authors connect that surface degradation with influ-
ence of the alcohol contained in wine.?> This hypothesis can be
confirmed by lack of visible surface degradation of composite
modeled with lubricated instrument but stored in coffee
solution observed in anather Study.19

Water Sorption and Solubility
Composite restorations in the in vivo conditions are perma-
nently interacting with surrounding water solution: com-
posite absorbs little amounts of water and also its small
particles get dissolved during the hydrolytic reaction.>*>>
Increased water sorption and solubility negatively affect
mechanical properties of composite material.’® Those
parameters rely mainly on composition and structure of
composite organic matrix phase,’” therefore incorporation
of additional monomers and hydrophilic substances during
modeling with lubricated instrument creates a possibility of
significant changes in terms of composite stability in mouth
environment.*®

The use of SBMP and ASB as instrument lubricants re-
duced composite solubility compared with control group.
Water sorption was reduced only with the use of SBMP2® In
another study, no effect of modeling with V- and VI-genera-
tion adhesive systems on composite solubility was also
observed.26

Different outcome was obtained during measurements of
water sorption, it has increased in all tested groups. Addi-
tionally, the study has shown no linear relation between
number of layers modeled with lubricant and water sorp-
tion.?® Higher water sorption was also confirmed for instru-
ment lubrication with V- and VII-generation bonding agents
from another manufacturer and with adhesive resin from VI-
generation system.'*

European Journal of Dentistry  Vol. 16 No. 4/2022 @ 2022, The Author(s).

16

723



724

Influence of Instrument Lubrication on Dental Composites

Optical Properties
Composite modeling with lubricated instruments or brushes
is especially helpful during work in the esthetic region.
Replication of correct anatomical form and proper surface
texture already at the application stage allows clinician to
save time needed for contouring and finishing of the resto-
ration. Qualitative and quantitative compositions of organic
matrix affect color, translucency, light refraction index of
dental resins, and also their staining susceptibility.>*-®!
Changes within those parameters can determine failure in
esthetic integration despite the right restoration shape.®?
Studies examining influence of instrument lubrication
with modeling resins and adhesive systems on composite
optical properties are listed in ~Table 2.

Translucency Change

Increased translucency of Filtek XT Z350 (3M ESPE, 5t Paul,
Minnesota, United States) and Filtek Z250 (3M ESPE, St Paul,
Minnesota, United States) was described in the literature
while using the instrument lubrication technique with
bonding agents from the same manufacturer, ScotchBond
MultiPurpose and ASB.'®22:242% [n the research conducted
by Melo et al, composites from other producers were also
included, Empress Direct and Esthet X HD. Their translucen-
cy got decreased or was not affected by modeling with
lubricated instrument.'®

Color Change
Color stability is one of the requirements for restorative
materials. Pigments contained in daily diet can cause exter-
nal and internal discoloration both within the dental tissue
and in the composite.63

Tuncer et al examined effect of instrument lubrication with
Modeling Resin (Bisco, Schaumburg, Illinois, United States) on
color change of composites. Higher color change range was
observed after thermocycling Filtek Ultimate (3M ESPE, St
Paul, Minnesota, United States) and Filtek Silorane samples;
however, only for the latter change was greater than estimated
acceptation threshold.®* Clearfill Majesty (Kuraray Medical
Inc., Tokyo, Japan), Aelite LS posterior (Bisco, Schaumburg,
Illinois United States), and Aelite All-Purpose Body composites
have shown lower colar change compared with control group.
Instrument lubrication with SBMP and ASB adhesives caused
higher color change after water storage.”*?®> Melo et al
observed increased color change only for one out of three
tested composites.'®

Instrument lubrication with SBMP, ASB and Adper Uni-
versal (3M ESPE, St Paul, Minnesota, United States) resulted
in lower composite color change after storage in strongly
staining solutions,?%-23.25

Alcohol Lubricants

Usage of alcohol as a substance preventing sticking of the
chemically cured composite to plastic modeling instruments
was for the first time described already over 40 years ago.
Instruments moistened in alcohol did not affect material
adaptation to cavity walls and composite resistance.®® How-

European Journal of Dentistry  Vol. 16 No, 4/2022 @ 2022, The Author(s).
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ever, it has also been proven that too large contamination of
composite resin with alcohol drastically worsens its mechan-
ical 1:rr0|;n3rties.66 Research results regarding instrument
lubrication with alcohol are listed in = Table 3.

Tjan and Glancy have shown negative influence of instru-
ment lubrication with alcohol during layering of UDEMA-
based composite on tensile strength. Such relation was not
observed for compaosite based on Bis-GMA, where samples
during the tests sustained mostly cohesive fractures. Differ-
ent behavior of those two materials can be explained by
different vulnerability to degradation by hydroxyl ions con-
tained in alcohol.?® During fracture site analysis, the pres-
ence of white spots on layer's connection surface was
observed in samples treated with ethanol. Authors suggest
that this can be an effect of precipitation of filler particles
after dissolution of resin matrix.'® This phenomenon was
also observed later in another study.'*

Negative influence of instrument lubrication with alco-
hols on physical properties of layered composite was de-
scribed by other researchers. Patel et al demonstrated
composite resistance decrease in diametral tensile strength
test for samples applicable with the use of 70% ethanol and
also their increased water sorption compared with control
group.'* Different outcome was shown by Dunn et al, sug-
gesting no effect of instrument lubrication with the same
ethanol concentration on resin's flexural strength.'? Con-
flicting results can be explained by differences in lubricant
application methods. In experiment by Patel et al, the
instrument was dipped in alcohol solution while in the study
by Dunn et al, the instrument was only wiped with alcohol
moistened gauze. Rapid ethanol evaporation from the in-
strument surface in room temperature could be the reason
wly it had no effect on composite material during modeling.
Similar doubts about presence of lubricant on the instru-
ment using absolute ethanol were described by de Paula et al.
The authors observed reduction in degree of conversion of
the Empress Direct composite while using 70% ethanol but
no effect on that parameter with use of abseclute ethanol.
Additionally, there was no effect of instrument lubrication
with 70 and 100% ethanol on conversion degree of Filtek XT
350 composite and on the polymer cross-linking density of
lboth tested composites.?’

Research results differ according to the application meth-
od used and composite type. The amount of alcohol present
on the instrument during the modeling can be significantly
different in mentioned studies. Furthermore negative effect
of instrument lubrication with alcohol seems connected
with its quantity introduced into composite portion, what
is consistent with the observations of Sneed and Dremghn.66

Discussion

The quoted results present current knowledge about influ-
ence of instrument lubrication with resins, bonding agents,
and alcohol on properties of dental composites.

From all tested lubricants the least negative effects on
mechanical properties of composites could be observed for
resin with composition similar to composite organic matrix,



725

Kosewski et al.

Influence of Instrument Lubrication on Dental Composites

esodingiinp puogLIeds ‘dNgs (puog 3Buls 1adpy ‘gsy 1suoneinsIqqy

3apeys yaea|q aH X 13153 Jo A

-U3IN|SUBL) PISEAIIAP gSY Yim UOIIEIIGNT]
3PBYS 7Y IX 05€7 A Jo Aausanjsues
Pasea.Idu] S9AISDUPE 430G Yim uoi3eaqn
QH X 3194359

10 3bueyp 10jed paseasdul uoledlqn| dNgs

1R weled
Aoualedsues|
Adjigess Jojod

(sapeys yoea|q pue zy)
(H X 184353

1041p ssaddwig

1X 05€Z 1l

31e|d sse|b e ojuo
Bup|oiis Aq panowsal
SSIIXD DU} PUE BAISAYPE
UJIM Pa3e0d ysnig

puog 3|buis Jadpy
asodindiynpy puogya3os

(8102) ¢,1e 39 O3

Adudan|suedy uo aduanjju

OU peY SIAISBYPE Y104 Y3m UoIIeILgnT
SUONN|OS

Butuieys ui abesoys Buunp sbueyd Jojod
paanpal [estaAlun 13dpy Yiim uopesuqn

1912Weled
Aoualedsuel]
Aligels 101D

05¢Z 2=l

InsaYpe
UL YHM PRIIA0ID Ysnig

|esI3AIUn Jadpy
asodingilniy puogy23035

(8102) ;e 3 olnery

abelo)s Jajem Jo syjuow 7|

pue g 1ajje A2ua0N|sUBL} UO 3IUBN Ul
OU peY SIAISIYPE Y10q YIIm UOIEILIGNT
abelojs auim JO SO 7| pue g JaYe
abuey> 10jo3 paanpal uoedqn| dWgs

19joweled
Aiuasedsuer]
Apigeys 10100

L1X 0S€Z PNl

Jo3enjdde
ysniqoiow 3jqesodsip
i paiidde anjsaupy

puog 31buis Jadpy
asodingi}npy puogyRIns

{£107) e 32 03I0g-Z21paS

uawidads paysijodun pue paysijod yioq
10J abe103S SUIM JO SYFUDLL 7| PUB 9 193e
abueyp 10jo3 paanpal uoledlqn| dNgs

A3igess 10jod

L1X 0SEZ Rl

pauoRuaw
10U JUBWINIYSY|

asodingiynpy puogya3oas

(9102) ¢;le 32 0310¢-231pas

fusanpsuen

PaseaJoul S3AISSLPE LI0G Ym UOZEILIGNT
abei03s 1a1em Jjo Aep |

1214 abuey> 10|03 pasealdul UoREILgN| 45y
abelsoys

auIm Jo sAep (g Ja1ye abueyd 1ojod pasamo|
nq abeloys Jaem jo sAep QgL 1934 abueypd
10|02 pasealaul pasned uoneauqn| dgs

193oWweled
Adualedsuel|
Ajigess 1ojod

1IX 0587 PYY

Jojeondde
ysnigoudiw ajqesodsip
ym paldde anisaypy

puog 3|buis Jadpy

(9107) ¢zl° 32 MoYdUDW

dins 191504)0d Japun

pazuawA|od 101133504 $7 APy “Apog
asoding ||y 2y ‘A1salely [|uIe2)) «

Jouansod 7 2319y

pue Apogq 3sodind-||e a3y paysijod -
:Jo abuey> J0j0d padnpal uoRedLgNT «

dugs 1a3sa4jod Japun paziawAjod
BURIO|IS }21|14 PUR BN ¥ «
JUEBIO|IS 33|14 PAYSIOG =

Buipfoowayy

anayisa Aisalew e
BN 23!

Apoq asodind-||e ay)ay
aueIo|IS 2|14
Jouaisod §7 APy
Jouiaisod 193.p eIpRIn

uisas bujjapow
ayy o) paddip ww
-7 JO JR13WIBIP B 1M

:Jo abuey> Joj0d paseassu] uoiedLqnT | 13y ANjIqels Jojod osolpuen | 13bbnid papua-punoy uisal buiapopy (€£102) y,le 32 133UNL
poylaw
synsay paise) sivlaLueled ayusodwoy | uonedydde juedugn JuedHqgN] Jloyine 35114

a)1sodwod jo sansadold B30 3] UO SJUBDLIGN| SB PAsN SUIS3I P3||YUN PUB SWAISAS 3AISAYPE JO 32UaNyu| g 3|qel

Eurapean Journal of Dentistry  Vol. 16 No. 4/2022 @ 2022. The Author(s).

18



726

Influence of Instrument Lubrication on Dental Composites

—
O — o =
a Lr [l &8 S
=L | E ES =
[V z = ™~ =]
oo < a 1= o=
[ = = - 2=
=
g = m = o c9
« W = =
w S E o o [=R=1
= v S| = wn =S
(=l =] = (=T n T —
chE|lo = | 3 a —
Dmm A | o= = =T
S 2 E|TD = o wc
T2T|e &g E s
o a|® |2 l =
=c ol o | = e S o
Eom o = o O—~
Ygl|lada@ T e (W=
c=£|Tg 3| =R
R = | = S
" Ceo|lcsalcto =299
m ™ ]
£ CEGS|SoR |0 |82&E
= Q T w| T Cc =
=3 LT FRTR7]
wn o= ov5 oY S =aa
[} S ¥Ycl53p5 2|35 Q= =
-3 X o|lJw.E |30 xuZZW
=
" s Z
o o s &
] = @ = S =
@ @ = = L <
a cC W pad S| @ = =
= [TRe= T S|c I} o
=4
s 57 |2 F|E g E
O MR = h s =
= [ Llr - ©
[T} 2Euv|lofE a3 I
£ rnol|l o= | B i —_
" U QLT | EFcCc |3 "’-‘ﬁﬂ
o = ) T = | = oo 88
s |gE&=2|2LE|2 e8 50
a JEE|oE=E T aR=HGR
[
= g
[T} = =] =
£ |,E |~ iy RC
w [=} m u
=} £ £ =4 N N g
o 2 G I e RV =
E == = ] O O
Gl o o = =E
< T (23 [ iy i
—_— v
- s |<28les5y| |
(=] €5 TS |csR|YUsS
= o o [Te=] (IR
= o o = = D A E
g Ew® |258%|E39|mg0
w = 2 T YN[ LUTE | CRE
o o o=} T B T A ==
prr o o'z I S|l m.BeC v e
= ] = E= = ISl O
o £ T R|EE 2|
<% - U’E Lol RoTlReT
e Cs=|cg E=Es |8l |
=% o253 28 5|lagde|soc
=5 7 DR BEE w @
4 2125 =2 oS0 R =%
= S22 9¢ So&s | 225 | B2 =
2 |3JE|=E w2 ERR"| LA OO
=%
E
=]
o
= — —
=} [=}
e = c _
2 s & 2 |5E
g 2o ° 25
= = = = =2
= = 2o =% 25
= & E=l=] = ] E=1]
3 = a2 & 7 T
- - o
2] a a8 a8 = 32 A=)
n 3 (<R} = =1 I=K=]
21 - M~~~ ) M~ M~ —
=
L1}
n
3
2 & N
S =1
= —_
= =2 = =)
] —_ o —
[ = — ~ o=
=] i ™~ - ~
@ — = =2
g [ 2 5 ~
= o =} o
3 = o 2 =
> = = < b —
= e S — 7}
= = ~ b=}
— *:-I' el - = o
m | ® 5 o i =
) = = @ c a
- = o = =1 1)
) = i ™
] i = o a ]
[l
European Journal of Dentistry  Vol. 16 No. 4/2022 ¢ 2022, The Author(s).

19

Kosewski et al.

as well as in case of alcohols, presence of hydrophilic
particles in adhesive systems can more affect the composite
properties compared with bonding agents with more hydro-
phobic composition and unfilled resins.?® Negative influence
of instrument lubrication with methacrylate-based resins on
mechanical behavior of Filtek Silorane composite which is
based on silorane matrix can additionally suggest the impor-
tance of chemical compatibility between used lubricant and
composite material.

Changes in conversion degrees and microhardness values
of superficial composite layers indicate incorporation of
lubricant particles into the composite structure and conse-
quently creation of external resin-rich layer.*® That layer is
probably thin enough to be completely eliminated during
standard finishing and polishing, which are inherent steps of
each restorative procedure. As a result, the possible influence
of that layer on finished composite surface properties can be
most likely omitted,?®

Most often examined resin was ScotchBond MultiPurpoese
adhesive, consisting mostly of Bis-GMA and hydroxyethyl
methacrylate (HEMA). Viscosity of monomer mixture has a
direct effect on degree of conversion and polymerization
shrinkage of composites.*” Modifications in Bis-GMA per-
centage influence resin polymerization parameters.‘ﬂ’rﬂ'58
HEMA as a light molecular weight and low viscosity mono-
mer promotes increase in conversion degree due to higher
particle mobility during polymerization ]:n‘ocess.(’9 At the
same time, HEMA is binding only in linear pasitions, not
creating cross-chains which results in higher susceptibility
to hydrolysis.54

Instrument lubrication does not seem to have a noticeable
effect on base color of methacrylate composites when both
the material and the lubricant present similar monomer
composition. The increase in staining resistance of compo-
sites after modeling with resin lubricated instrument is an
interesting relationship. This positive outcome might be
mainly connected to improved composite adaptation and
reduction of surface microdefects. As a result, a material
sealing effect is obtained, similarly to surface glaze applica-
tion on already cured composite.”® It is worth mentioning
that studies regarding optical properties did not include
parameters, such as light refraction index or fluorescence,
the properties of high clinical significance that allow to
achieve natural esthetics and metamerism of composite
restorations.*”"

The use of ethanol and isopropanol carries high risk of
damaging composite resin matrix elements which can cause
decrease in tensile strength between the layers and surface
degradation. Observed lack of effect of ethanol on composite
properties might be a consequence of a full evaporation of
that substance from the modeling instrument, As a result, it
cannot be equated to instrument lubrication but rather just
instrument cleaning and degreasing.

Conclusion

The topic of instrument lubrication during composite sculpt-
ing has been discussed from several dozen years. Usage of
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thar technique in everyday clinical practice is a fact, despite
the doubts around its safety and influence on applied mate-
rial. Methodological differences present in particular studies
involved in this analysis increase the number of variable
parameters, in example type of the instrument used to
smoothen the composite surface which additionally impede
direct results comparison. According to current research, the
following inferences can be drawn:

The composition of the lubricant can influence properties
of applied composite.

Usage of alcohol as an instrument lubricant carries a risk
of damaging the resin matrix and consequently decreases
the mechanical performance of the material.

Among analyzed bonding agents, the least negative effects
were observed after use of adhesive resins, which are free
from hydrophilic particles, results were close to those
obtained with the use of dedicated modeling resins.
Methacrylate based lubricants do not seem to negatively
influence the optical properties of the most of composite
materials; however, they are not recommended for work
with silorane matrix based composites.

Instrument lubrication technique allows to obtain more
regular surface, with less microporosities and imperfec-
tions what positively affects composite staining resistance
and stability in water environment.

An important issue that has not been yet answered is the

real amount of lubricant incorporated into the composite
structure and consequent potential modification of its
chemical composition taking into cansideration an accurate
representation of clinical conditions.
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SUMMARY

Introduction, Dental composite resins often pose challenges in modeling and adaptation
due to their viscous consistency. Despite manufacturer recommendations, dentists com-
monly employ lubrication techniques using modeling resins, bonding agents, or alcohol.
Aim, Aim of this study was to examine the usage and implications of instrument lubrica-
tion during dental composite restoration placement.

Material and methods. An online survey was conducted among Polish dental practi-
tioners to assess their habits and gather information on instrument lubrication proce-
dures.

Results. Out of 557 respondents (81.5% female, 18.5% male), 69.8% reported using in-
strument lubrication techniques, with dentists at 75% and dental students at 41%. Dentists
primarily used dedicated modeling resins (64.5%), while students preferred total-etch
adhesives (48%). Commonly wetted instruments included brushes (36%), microbrush-
es (35%), and metal tools (29%). Around 46% of respondents wiped off excess lubricant,
mostly using a glove (40%) or dry gauze (40%).

Conclusions. The study revealed a significant correlation between career stage and in-
strument lubrication usage, indicating limited incorporation of the technique in dental
education. However, the lack of standardization in lubrication substances and techniques
poses challenges. While lubrication facilitates composite manipulation, it may also alter
material properties and pose occupational risks, such as allergic reactions from methac-
rylate exposure during glove wiping. In summary, instrument lubrication is prevalent in
dental practice, with potential implications for composite restoration outcomes.
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INTRODUCTION

Dental composite resins possess a viscous consistency
that can hinder the accurate modeling of anatomical con-
tours and the proper adaptation of the material to the walls
of cavities (1). To overcome the issue of the composite stick-
ing to hand instruments, it has become common practice
to lubricate the instruments with modeling resins, bonding
agents, or alcohol (2-4). It’s worth noting that this approach
goes against the recommendations of most manufacturers,
as it has the potential to alter the characteristics of the re-
storative material. Some authors even caution against this
technique, as it may disrupt the composition of the modeled
composite layer and affect the material’s properties (5, 6).

Although known as a common practice, there is no pre-
cise scientific evidence regarding the extent of the use of
the instrument lubrication technique by dentists.

AIMm

Aim of the study was to gather the information about the
prevalence and details of instrument lubrication technique
among Polish dental practitioners and to assess their habits
during composite restoration placement.

MATERIAL AND METHODS

An online survey was conducted among a group of polish
dentists and dental students, utilizing a non-interventional
questionnaire to gather data on the prevalence of wetting
tools during composite modeling in the dental community.
The form contained of 7 questions, 3 questions — about

Do You use something to wet
dental tools to make it easier to . No
model the composite?

Yes
Do You wipe excess o
What do You use to What tools do You  |ybricant #f‘ the tool  When do You weta
wet the tools? wet? before touching tool?
composite? How?
5 For modeling
Self-etch Migrobrushy Yes, I wipe on only the inner
— bond — e
8 bond g applicator ] my glove 8 layers of
£ 2 2 2 composite
S 5 5 5
o 3 o -
e £ g 2| Formodeing
E | . Total-etch E |, Composite 2 _..Y?u'nl/ ;Iapuezeoxn @ only the last -
bond brush lignin/napkin the most outer
layer
Dedicated For modeling
L, Metal dental \—+ Idon't wipe L both the inner

—= modeling

tools
resin

and outer layers

Different

Alcohol Sl

v

Different
answer

Fig. 1. Survey structure — questions regarding instrument lubri-
cation technique
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the career stage, gender and whether the person wets the
tools — were asked to each survey participant and 4 ques-
tions about the steps and materials used in the procedure
were asked only to participants who confirmed to wet the
tools. Questions and answers regarding the instrument
lubrication technique can be seen in figure 1.

The survey was conducted online. Respondents who
completed the online survey accessed the questionnaire
via a link in an email, on Messenger or through Facebook
groups dedicated to dentists and dental students. The data
was collected by using a specially prepared Google Forms
questionnaire. People who completed the survey did not have
the opportunity to ask additional questions about the study.

The study included dental practitioners, consisting of
two subgroups: dentists and dental students.

Respondents were required to spend approximately one
minute to complete the questionnaire. The study did not
involve any financial compensation for participants.

Results were then analyzed using PQ Stat (2023) statis-
tical software (PQStat Software, Poland)

Ethical approval for this study was provided by the Eth-
ical Committee of Medical University of Warsaw (decision
AKBE/297/2023).

RESULTS

Survey was completed by 557 people, including
454 women (81.5%) and 103 men (18.5%). Among the
respondents, 389 individuals (69.8%) held the professional
title of dentist, while 168 (30.2%) were dental students.
When considering all the responses, 65% declared the use
of the instrument wetting technique during composite work.
Among dentists, this percentage was 75%, while among
students it was 41% (fig. 2a,b). Fisher’s exact test was used
to determine if there is a correlation between career stage

Use of instrument lubrication technique

Use of instrument lubrication technique

Yos mio o o

Fig. 2a, b. Responses regarding the use of instrument lubrication
technique depending on the career stage (a) and gender (b)

and the use of the instrument wetting technique. There was
a statistically significant association between the two tested
variables {two tailed p < 0.000001). However, no statistically
significant association was found between gender and in-
strument wetting using the same test (two tailed p = 0.65)
(tab. 1).

The frequency of using different materials for instrument
wetting is shown in (fig. 3). Among the surveyed dentists,
64.5% declared using dedicated resins for modeling, 18.2%
mentioned the use of total-etch adhesives, 15.2% used self-
etch adhesives, and only 1.1% used alcohol. Among students,

Nowa Stomatologia 3/2024
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Tab. 1. Cross table presenting responses about the use of instrument lubrication technique depending on the career stage and gender

R - Use of lubricant

e ) Yes No Total
Career stage e
Students 67 (39.90%) 101 (60.10%) 168 (100%)
Dentists 293 (75.30%) 96 (24.70%) 389 (100%)
Total 360 (100%) 197 (100%) 557 (100%)
Fisher exact test two-tailed p value < 0.000001

Gender
Men 69 (67%) 34 (33%) 103 (100%)
Women 291 (64.1%) 163 (35.9%) 454 (100%)
Total 360 (L00%) 197 (100%) 557 (100%)

Fisher exact test two-tailed p value = 0.64832

Tab. 2. Cross table presenting responses about the substances used for instrument lubrication depending on the career stage

s _ Usedlubricant
g o TE SE Resins Alcohol Total
Career stage T
Students 49 (48.04%) 27 (26.47%) 25 (24.51%) 1 (0.98%) 102 (100%)
Dentists 66 (18.18%) 55 (15.15%) 238 (65.56%) 4(1.10%) 363 (100%)
Total 115 (24.73%) 82 (17.63%) 259 (55.70%) 5 (1.10%) 465 (100%)

Fisher exact test two-tailed p value < 0.000001

TE - total etch bonds; SE - self-etch bonds; Resins — dedicated modeling resins

Tab. 3. Cross table presenting responses about wiping excess lubricant from instrument depending on the career stage

. Anstrument wiping
e Yes, gauze

. Yes, glove
Career stage IR

Yes,

. N
instrument tray °

Total

Student 27 (40.30%) 26 (38.81%) 3 (4.48%) 11 (16.42%) 67 (100%)
Dentist 116 (39.59%) 140 (47.78%) 6 (2.05%) 42 (10.58%) 293 (100%)
Total 143 (39.72%) 166 (46.11%) 9 (2.50%) 53 (14.72%) 360 (100%)

Fisher exact test two-tailed p value = 0.228221

Substances used for instrument lubrication

pens - —
saens _ -

0% 20% 40% 60% 80% 100%

BTE  SE WResins W Alcohol

Fig. 3. Responses about the substances used for instrument lubri-
cation depending on the career stage. TE - total etch bonds; SE -
self-etch bonds; Resins — dedicated modeling resins
the most frequently declared wetting substance was total-etch
adhesives (48%), followed by self-etch adhesives (26.5%), ded-
icated resins for modeling (24.5%), and alcohol {1%).
Fisher’s exact test was used to determine if there
was a significant association between career stage and

Nowa Stomatologia 3/2024

substances used for instrument wetting. There was a sta-
tistically significant association between the two tested
variables (two tailed p < 0.000001) {tab. 2).

Among the respondents 46% indicated wiping off
excess wetting substance from the instrument before
composite modeling using a glove, 40% wiped the in-
strument with a dry gauze, cotton roll, or napkin, 2%
removed excess substance using an instrument tray (an
answer added by the respondents). Excess wetting agent
is not wiped off before composite modeling by 14.7% of
respondents (fig. 4).

Fisher’s exact test was used to determine if there was
a significant association between career stage and wiping
off excess lubricant. There was not a statistically significant
association between career stage and wiping off excess
lubricant (two tailed p = 0.23) (tab. 3).

Among the most frequently wetted instruments men-
tioned by the respondents were brushes (233 answers),
microbrushes (226 answers) and applicators or other metal
tools (193 answers) (fig. 5).
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Wiping excess lubricant before use

Dentist

Student

0% 10% 20% 30%  40% 50% 60% 70% 80% 90%

B Wipe on gauze Wipe on the glove Wipe on the tray 1 No wiping

100%

Fig. 4. Responses about wiping excess lubricant from instrument

depending on the career stage

Types of instruments wetted

226 233
200 193
150
100
50
0

Microbrush Brush

instrument

Applicator or other metal

Fig. 5. Frequency of using the instrument lubrication technique

depending on the type of tool used

Layers modeled with a wetted instrument

140; 39%
/ 213; 59%
7, 2%
= Outeronly  m Inner only Both inner and outer

Fig. 6. Frequency of modeling individual layers of the composite

with a wet tool

More than a half (59%) of the individuals reported using
a wetted instrument only for modeling the outermost, final
layer of the composite, while only 2% stated modeling only the
internal layers. For modeling both internal and external layers
of the composite a wetted instrument was used by 39% (fig. 6).

Discussion

Conducted study, suggests the extent of using the in-
strument wetting technique during composite modeling.
Despite numerous studies addressing this issue and its
individual aspects, the estimated frequency of using this
technique in practice, as well as details regarding the

62
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instruments and substances used, were previously un-
known (7). The differentiation between licensed dentists
and dental students aimed to capture the stage of education
when this technique begins to be used. The significant cor-
relation between career stage and the use of the technique
suggests that it is not routinely taught during dental studies,
which is consistent with certain recommendations faund
in the literature (8). The fact that the majority of surveyed
dentists use the technique indicates that they likely learn
it through postgraduate education or informal exchange of
experiences with other dentists.

The lack of standardization of the technique results in
significant discrepancies in its application details, which are
particularly noticeable when comparing the most frequently
used substances by students and dentists. Among dentists,
the most commonly used lubricant was dedicated modeling
resins, which aligns with the recommendations proposed
by composite material manufacturers and is supported by
the smaller impact on reducing the mechanical parame-
ters of the composite compared to bonding systems (9).
Among students, more respondents declared using bond-
ing systems, both self-etch and etch-and-rinse. The use of
bonding systems can negatively affect certain properties of
compasites, as they contain hydrophilic particles in addition
to the organic matrix to enable bonding to dentin (5, 10, 11).
The less frequent use of dedicated resins by students may
result from a lack of knowledge and guidelines in textbooks,
as well as limited access to appropriate materials during clin-
ical training and taught practices (12). The use of honding
systems was also reported by dentists, which may be driven
by a desire to use materials that are already used in previous
stages of composite restoration. Regardless of the substance
used, the possible alteration of material parameters should
not be ignored, as it could result in a worse clinical outcome.
Studies indicate a decrease in the surface microhardness of
the composite after modeling with bonding systems and
certain resins, as well as a decrease in the bond strength
between composite layers (5, 13, 14).

Looking at the standard process of composite restoration
and its subsequent mechanical finishing, and occlusal or
brushing wear, it is possible that the resin-rich surface layer
of the composite will be removed and will not affect the
remaining restoration (15, 16). However, in the case of mod-
eling with a lubricated instrument an internal restoration
layer, as reported by over one-third of the respondents, will
contain modified composite even after mechanical finishing.

Another aspect of the technique that may impact the
final restoration is the amount of lubricating substance
introduced between the layers of the composite. Manufac-
turers emphasize the need to remove excess resin from the
instrument before modeling, which is consistent with most
of responses. Nearly 90% of respondents declared wiping
off the excess lubricant from the instrument. Half of these
individuals reported wiping off the excess into a gloved
hand. Although it allows for the removal of excess resin
from the instrument, it poses a real risk of skin exposure to
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methacrylates and their derivatives. Low molecular weight
molecules present in bonding systems and unfilled resins
can penetrate the glove material within a few minutes
and reach the skin, potentially leading to allergic reactions
such as skin rashes described in the literature (17, 18).
Additionally, various contaminants can be present on the
surface of gloves, which we want to avoid introducing into
the composite (19).

CONCLUSIONS

Taking into account the presented results of the survey, it
can be concluded that the instrument lubrication technique
is widely used in clinical practice, both by practicing dentists
and students. The instrument lubrication technique is exe-
cuted in various ways, not always following the guidelines
suggested by composite material manufacturers. Moreover,
the lack of standardized information regarding this method

may lead to its incorrect application, especially among stu-
dents during their education.

Regardless of the education stage, a significant percent-
age of practitioners are at risk of developing allergic skin
reactions due to exposure to methacrylates while wiping
resin on glove surface.

Further research is necessary to develop detailed guide-
lines for the application of the instrument lubrication
technique, along with a precise assessment of its impact
on composite parameters and overall restorations using
different materials.

The conducted study has its limitations, originating
from the design of the online survey and its limited scope
to Polish respondents. However, it is the first study that
approximately demonstrates the extent of the use of the
instrument lubrication technique and emphasizes the need
for further research on this topic.
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STRESZCZENIE

Wstep. Zywice modelujace sa czesto stosowane w celu zapobiegania przywieraniu kom-
pozytow stomatologicznych do narzedzi i umozliwienia fatwiejszego ksztaltowania wy-
pelniefi. Istniejg rézne metody nakladania zywicy modelujacej na narzedzia, a flodé zywi-
¢y preeniesione] na kompozyt moze sig rdznic w zaleznosci od wybranej metody.

Cel pracy. Poréwnanie ilosci 1 struktury Zywicy do modelowania pozostajgcej miedzy
warstwami kompozytu, w zaleznosci od procedury aplikacji.

Material i metody. Probki kompozytowe modelowano pegdzelkiem zanurzonym w zy-
wicy modelujgcej zabarwionej rodaming B. W grupie 1 prébki kompozytu modelowano
bezposrednio po zwilzeniu pedzelka zywica, w grupie 2 pedzelek najpierw wycierano
gazg w celu usuniecia nadmiaru zywicy, a nastepnie modelowano probki kompozytu.
Przekroje prébek analizowano za pomoca mikroskopu konfokalnego w celu pomiaru
grubosci i oceny morfologii warstwy zywicy modelujacej.

Wyniki. Test t-Studenta wykazal statystycznie istotng rdznice miedzy grupami
(P < 0,00001). Warstwa byla grubsza w grupie 1 o $redniej grubosci 26,44 + 4,83 um,
w pordwnaniu z 15,65 + 2,81 um w grupie 2. Obraz mikroskopowy pokazuje, ze zywica
tworzy dosé regularng warstwe na powierzchni modelowanego kompozytu.

Whaioski, Sposdb nalktadania Zywicy na modelowany kompozyt wplywa na iloé¢ zywicy
wprowadzanej do wypelnienia. Wytarty pedzelek przenosi mniej zywicy do wypelnienia
ni# niewytarty. Parametr metody aplikacji powinien by¢ brany pod uwage w dalszych
badaniach dotyczacych Zywic modelujycych.
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SUMMARY

Introduction. Modeling resins are commonly used to prevent dental composites from
sticking to instruments and allow easier sculpting of the restorations. There are various
methods for applying modeling resin to tools, and the amount of resin transferred to the
composite can vary depending on the chosen method.

Aim. To compare the amounts and structure of modelling liquid left between the com-
posite layers, depending on the application procedure.

Material and methods. Composite samples were modelled using brush dipped into mod-
elling resin dyed with rhodamine B. In the group 1 composite samples were modelled
directly after wetting the brush in the resin, in the group 2 the brush was firstly wiped into
dry gauze to remove resin excess and then composite samples were modelled. Crosscuts
of the samples were analysed using confocal microscope to measure the thickness and
assess the morphology of the modelling resin layer.

Results. Student’s t-test revealed statistically significant difference between the groups
(P < 0.00001). Observed layer was thicker in the group 1 with mean thickness of
26.44 + 4.83 um, compared to 15.65 £ 2.81 pm in group 2. Microscope image shows that
resin forms fairly regular layer on composite increment surface.

Conclusions. The method of applying the resin to the modelled composite results in
differences in the amount of resin getting into the restoration. A wiped brush transfers
less resin to the restoration than a not wiped one. Application method parameter should
be taken into consideration during future studies regarding the topic of modelling resins.

WSsTEP

Bezposrednie wypetnienia kompozytowe pozostajg jed-
ng z najczesciej wykonywanych i podstawowych procedur
w gahinecie stomateclogicznym (1). Aspekty techniczne
procedury wypetnienia kompozytowego obejmujg jego
kondensacje w przygotowanym ubytku i modelowanie
odpowiedniej morfologii zeba (2). Materiaty odtwdrcze
na bazie 2ywic, ze wzgledu na swa lepkosé, maja tendencje
do przywierania do metalowych narzedzi podczas aplika-
¢ji, co utrudnia modelowanie materiatu i zwieksza ryzyko
zamkniecia pecherzykdw powietrza w wypetnieniu (3, 4).
Jednym ze sposobéw zapobiegania temu problemowi jest
pokrycie narzedzia aplikacyjnego zywica modelujaca bez wy-
petniacza, ktorej sktad jest podobny do macierzy organicznej
materiatéw kompozytowych (5). Mozliwe wprowadzenie
zywicy modelujacej do wypetnienia budzi obawy o zmiane
jego wiasciwosci (6, 7). Ta powszechna praktyka kliniczna
rozni sie u roznych lekarzy pod wzgledem stosowanych
materiatdw i narzedzi, poniewaz nie jest oficjalnie zalecana
w literaturze (8, 9).

Istnieje wiele badan dotyczacych zwilzania narzedzi
zywicami, systemami adhezyjnymi lub nawet alkoholem
etylowym oraz wptywu tych substancji na wtasciwosci kom-
pozytéw (8). Rdznice metodologiczne miedzy badaczami
utrudniajg poréwnanie wynikow. Istnieje koniecznosc oceny
ilosci srodkow zwilzajacych narzedzie trwale wtaczonych
do struktury kompozytu, w zaleznosci od techniki aplikacji,
w celu dokfadnego odzwierciedlenia warunkéw klinicznych.

CEL PRACY

Celem badania byta ocena ilosci i struktury warstwy
zywicy do modelowania pozostajacej na powierzchni mode-
lowanego kompozytu. Dodatkowo porownywana byta ilosé¢
pozostajace] zywicy w zaleznosci od sposobu jej aplikacji.

29

INTRODUCTION

Direct composite restorations remain one of the most
common and fundamental procedures performed in the
dental office (1). Technical aspects of placing compaosite
restoration involve its condensation into the prepared cavity
and modelling of proper tooth morphology (2). Dental re-
storative materials based on resins tend to stick to the metal
instruments during the application which impedes material
modelling and increases the risk of closing air bubbles in the
restoration (3, 4). One of the ways to prevent this problem
is to cover application instrument with unfilled, modelling
resin which composition is similar to organic matrix of com-
posite materials (5). Possible introduction of the modelling
resin into the restoration raises concern about consequent
change in its properties {6, 7). This common clinical practice
varies across different practitioners in terms of materials
and tools used, as it is not officially recommended in the
literature (8, 9).

There are many studies regarding the topic of instrument
lubrication with unfilled resins, adhesive systems or even
ethyl alcohol and influence of those substances on prop-
erties of the composites (8). Methodological differences
among researchers make the results hard to compare. There
is a need to evaluate the amount of lubricant permanently
incorporated into the composite structure, depending on
the application technique, with respect to accurate repro-
duction of clinical conditions.

AIm

The aim of the study was to evaluate the amount and
structure of the modeling resin layer remaining on the mod-
eled compaosite portion after modeling with a resin-wetted
brush. Additionally, the amount of remaining resin was
compared depending on the application technique.

Nowa Stomatologia 2/2024
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MATERIAL I METODY
Projekt badania

Badanie ohejmowato dwie grupy testowe:

— grupa 1: kompozyt modelowany instrumentem za-
nurzonym w zywicy do modelowania bez usuwania
jej nadmiaru,

— grupa 2: kompozyt modelowany pedzelkiem zanu-
rzonym w zywicy do modelowania, z jej nadmiarem
usunietym, wycierajac pedzelek suchg gaza, az nie
bedzie na niej widocznych sladdw zywicy.

Przygotowanie prébek

Dziesiec prébek kompozytu Enamel HRi UE2 (Micerium,
Wtochy) umieszczono w okragtych formach silikenowych
o wysakosci 4 mm i srednicy 10 mm, do okoto potowy catko-
witej wysokosci. Dno formy wykonano z ptytki szklanej. Piec
przygotowywanych prébek zostato przydzielone do grupy 1,
pozostate 5 do grupy 2. Wolng powierzchnie kompozy-
tu modelowano jednorazowym pedzelkiem do bondingu
(Pol-Intech, Polska) zwilzonym zywicg bez wypetniacza
Enaseal (Micerium, Wtochy). Modelowanie polegato na wy-
konaniu 10 ruchow po powierzchni prabki. Do kazdej probki
zywicy uzyto nowego pedzelka. Zywica zostata oznakowana
barwnikiem fluorescencyjnym Rodaming B (RB) (Warchem,
Polska) zgodnie z metoda opisang przez Bim i wsp. (10),
aby uzyska¢ stezenie 0,1 mg/ml RB. W pierwszej grupie
pedzelek zanurzono w kropli zywicy i bezposrednio po tym
uiyto do modelowania kompozytu. W drugiej grupie, przed
modelowaniem, pedzelek dodatkowo wycierano suchg gazg
do momentu, gdy nie byto widac zadnych sladow zywicy.

Nastepnie probki utwardzono lampa polimeryzacyjng

Woodpecker iLED (Woodpecker, Chiny) przez 20 sekund
z obu stron. Modelowana powierzchnia zostata pokryta
kompozytem ptynnym Filtek Ultimate Flowable (3M ESPE,
USA) i utwardzona swiattem, aby zabezpieczyé wybarwiong
warstwe Zywicy miedzy porcjami kompozytu. Po wyjeciu
z form, prébki przecieto na pét wedtuz dlugiej osi préobki za
pomoca diamentowej tarczy tnacej. Nastepnie polerowano
powierzchnie ciete papierem sciernym o zwiekszajacej sie
sciernosci do gradacji 800.

Obrazowanie konfokalne

Prébki obserwowano, uzywajac wielofotonowego mikro-
skopu konfokalnego Nikon A1R MP z obiektywem Plan Apo VC
60x Oil DIC N2 (Nikon Europe B.V., Holandia), stosujgc lasery
o dtugosciach fal 404 i 561 nm odpowiednio dla kanatow nie-
bieskiego i czerwonego. Z obszaréw centralnych kazdej probki
uzyskano jedno zdjecie, co daje 5 obrazéw dla kazdej grupy.

Za pomocg oprogramowania NIS-Elements (Nikon Euro-
pe B.V., Holandia) jeden operator dokonat pomiaru szeroko-
$ci barwionej zywicy w 5 miejscach kazdego zdjecia prébki,
co dafo 25 pomiardw dla kazdej grupy badawczej.

Analiza statystyczna

Normalnos¢ rozktadu danych w obu grupach sprawdzono
za pomocg testu Shapiro-Wilka. Do poréwnania grup wybra-
no test t-Studenta. Analiza statystyczna zostata wykonana
w programie Statistica 13.3 (StatSoft).

Nowa Stomatologia 2/2024

MATERIAL AND METHODS
Study design

The study included 2 test groups:

— group 1 — composite modelled with instrument
dipped in unfilled resin without removing its excess,

— group 2 — composite modelled with brush dipped
in unfilled resin with the excess wiped out with dry
gauze until no visible traces were detected.

Samples preparation

Ten Enamel HRi UE2 (Micerium, Italy) composite sam-
ples were placed in round silicon moulds, 4 mm tall with
a diameter of 10 mm, up to around half of the total height.
The bottom of the mould was made of a glass plate. Five
prepared samples were assigned to group 1, the remaining
5 to group 2. Free composite surface was then modelled
with a disposable bonding brush {Pol-Intech, Poland) mois-
tured with unfilled resin Enaseal {Micerium, Italy). Model-
ling consisted of 10 movements across the sample surface.
New brush was used for every resin sample. The resin was
labelled with fluorescent dye Rhodamine B (RB) (Warchem,
Poland} according to the method described by Bim et al. {10)
to obtain 0.1 mg/ml RB concentration. In the first group
brush was dipped into a drop of resin and directly after-
wards used for modelling of the composite. In the second
group, before modelling, brush was additionally wiped
with dry gauze until no marks of resin were visible on the
gauze. Samples were then polymerized with Woodpecker
iLED light-curing lamp (Woodpecker, China) for 20 seconds
from both sides. The modelled surface was covered with
flowable composite Filtek Ultimate Flowable (3M ESPE,
USA) and light-cured to secure the labelled layer between
composite increments. After removal from the moulds,
samples were cut in half along the long axis of the sample
using diamond cutting disc. Cut surfaces were then polished
using sandpapers with the increasing grit up to 800.

Confocal imaging

Samples were observed using Nikon A1R MP multipho-
ton confocal microscope with Plan Apo VC 60x Qil DIC N2
lens (Nikon Europe B.V., Holandia) using 404 and 561 nm
wavelength lasers for blue and red channels respectively.
One image was acquired from the central area of each
sample, giving 5 images for each group.

Using NIS-Elements software (Nikon Europe B.V,,
Holandia) the width of dyed resin was measured by one
operator in 5 places of every sample image, resulting in
25 measurements for each study group.

Statistical analysis

Results in both groups were checked for normality of
data distribution using Shapiro-Wilk test and Student’s t-test
was chosen to compare the groups. Statistical analysis was
performed in Statistica 13.3 software (StatSoft).
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WyYNIKI

Test t-Studenta wykazat statystycznie istotna roznice
miedzy grupami (P < 0,00001). Obserwowana jrednia
grubos¢ warstwy wynosita 26,44 + 4,83 um w grupie 1
i 15,65 + 2,81 pm w grupie 2. Wyniki pomiaréw przedsta-
wiono na rycinie 1.

Obrazy uzyskane mikroskopem konfokalnym badanych
probek w kanatach obserwacyjnych niebieskim i czerwonym
pokazano na rycinach 2a-d oraz 3a-d. Warstwa barwiona
RB jest widoczna w kanale czerwonym. Zywica w prébkach
z obu grup formuje do$¢ jednorodng, powierzchowna
warstwe, bez widocznego wnikania w gtab kompozytu.
W grupie 1 warstwa jest grubsza w porownaniu z probkami
z grupy 2, a dodatkowo widoczne jest bardziej odgraniczo-
ne pasmo odstepu pomiedzy warstwami kompozytu, bez
zauwazalnych czgsteczek wypelniacza.

Dyskusja

Uzyskane wyniki potwierdzaja obecnos¢ warstwy zywicy
pomiedzy naktadanymi porcjami kompozytu. Pordwnywane
metody aplikacji roznity sie pod wzgledem ilosci pozostatej
zywicy pomiedzy warstwami materiatu. Obie techniki sa
powszechnie stosowane zardwno w warunkach klinicznych,
jak i sa przedstawiane w ostatnich badaniach (8). Barwiona
RB warstwa z grupy 1 jest bardziej widoczna i grubsza niz
w probkach z grupy 2, co sugeruje, ze wytarty pedzelek po-
zostawia mniejsze ilosci Zzywicy na modelowane] powierzch-
ni kompozytu. Zywica modelujaca nie zawiera wypetniaczy
nieorganicznych, co wptywa na jej wiasciwosci mechaniczne
(11, 12), ale znaczenie tego efektu dla catej rekonstrukgjii jej
odpornosci na sity okluzyjne wymaga jeszcze potwierdzenia.

Ostatnie badania, w ktérych metody aplikacji ptynu
modelujgcego nie byty ujednolicone, badaty wptyw réz-
nych ilosci srodka zwilzajgcego wtaczonego do kompozytu,

Grubos¢ warstwy zywicy [um]

M niewytarty pedzelek M wytarty pedzelek

Ryc. 1. Wartosci pomiarow grubosci wybarwionej warstwy zywi-
cy: wartodci §rednie (+ odchylenie standardowe)
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RESULTS

Student’s t-test revealed statistically significant differ-
ence between the groups (P < 0.00001). The observed
mean layer thickness was 26.44 £ 4.83 um in group 1 and
15.65+2.81 umin group 2. Measurement results have been
presented in figure 1.

Confaocal microscope images of examined samples in the
blue and red observation channels are presented in figures
2a-d and 3a-d. RB dyed layer is visible in the red channel.
The resin in the samples from both groups forms a fairly
homogeneous, superficial layer without visible penetration
into the depth of the composite. In group 1, the layer is
thicker compared to the samples from group 2, and addi-
tionally, there is a more distinct gap visible between the
composite layers, without noticeable filler particles.

DiscussioN

Presented results show presence of resin layer between
the portions of applied composite. Compared application
techniques differed in the amount of residual resin left in
between the composite layers. Both in clinical conditions
and in recent studies, those two methods are commonly
used (8). RB dyed layer from group 1 is more evident and
thicker than in the samples from group 2, suggesting that
wiped brush leaves smaller amounts of resin on the mod-
elled composite surface. Modelling resin does not contain
inorganic filler particles which impedes its mechanical
properties (11, 12) but the significance of that effect on the
whole reconstruction, and its resistance to occlusal forces
is yet to be verified.

Recent studies in which the modelling liquid application
methods were not unified, examined the effects of different
amounts of lubricant incorporated into the composite, cre-
ating additional variable which makes it difficult to directly

Resin layer thickness [um]

M not wiped brush  ® wiped brush

Fig. 1. Dyed resin layer thickness measurement: mean values
(+ standard deviation)
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2b

Ryc. 2a-d. Obrazy z mikroskopu konfokalnego prébek z grupy 1: a) czerwony kanat obrazowania lasera (A = 561 nm); b) niebieski kanat
obrazowania lasera (A = 404 nm); ¢) polaczone kanaly obrazowania — niebieski i czerwony, przeksztatcone do skali szaroéci; d) potg-
czone kanaly obrazowania — niebieski i czerwony. UE - kompozyt Enamel HRi UE, F - p6ipltynny kompozyt Filtek Ultimate Flowable.
Strzatki ograniczajg warstwe zywicy Enaseal, umieszczonej migdzy warstwami kompozytu

Fig. 2a-d. Confocal images of group 1 samples: a) red imaging channel (A = 561 nm); b) blue imaging channel (A = 404 nm); ¢) merged
blue and red imaging channels transformed to gray scale image; d) merged blue and red imaging channels. UE - Enamel HRi UE2 com-
posite, F - Filtek Ultimate Flowable composite. Arrows limiting Enaseal resin layer between the composite increments

tworzgc dodatkowg zmienng, ktéra utrudnia bezposrednie
poréwnanie wynikéw badan i podkresla potrzebe standary-
zacji metody w przysztych pracach badawczych.

Analiza obrazdéw z mikroskopu konfokalnego nie wyka-
zuje gtebokiego wnikania zywicy w modelowany kompo-
zyt, zamiast tego tworzy ona do$¢ spojng warstwe bogatg
w zywice. Istnienie tej warstwy moze uzasadnia¢ wyniki

Nowa Stomatologia 2/2024

compare research results and highlights the need of method
standardization in future studies.

Analyzing the images from the confocal microscope,
deep penetration of the resin into the modeled composite
is not visible, instead it forms a fairly coherent resin-rich
layer. The presence of this layer may explain the results
observed by Tuncer et al. (13) They demonstrated that
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3a

25 um

UE

UE

Ryc. 3a-d. Obrazy z mikroskopu konfokalnego probek z grupy 2: a) czerwony kanat obrazowania lasera (A = 561 nm); b) niebieski kanat
obrazowania lasera (A = 404 nm); c) polaczone kanaly obrazowania — niebieski i czerwony, przeksztalcone do skali szarosci; d) pola-
czone kanaly obrazowania — niebieski i czerwony. UE - kompozyt Enamel HRi UE, F - pélptynny kompozyt Filtek Ultimate Flowable.
Strzalki ograniczajg warstwe zywicy Enaseal, umieszczonej migdzy warstwami kompozytu

Fig. 3a-d. Confocal images of the group 2 samples: a) red laser channel (A = 561 nm); b) blue laser channel (A = 404 nm); ¢) merged
blue and red channels transformed to gray scale image; d) merged blue and red channels. UE - Enamel HRi UE2 composite, F - Filtek
Ultimate flowable composite. Arrows limiting Enaseal resin layer between the composite increments

zaobserwowane przez Tuncera i wsp. (13). Wykazali oni,
ze probki kompozytu modelowane z uzyciem zwilzonego
2ywicg pedzelka, bez pdzniejszego opracowania mechanicz-
nego, cechowaty sie znacznym zmniejszeniem mikrotwar-
dosci. Prébki modelowane w ten sam sposdb, ale poddane
poézniejszemu polerowaniu, nie wykazaty istotnych réznic

33

composite samples modeled using a resin-wetted brush,
without subsequent mechanical finishing, exhibited a sig-
nificant decrease in microhardness. Samples modeled in
the same manner but subjected to subsequent polishing
showed no significant differences compared to the con-
trol group modeled without resin. However it is not clear,
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w stosunku do grupy kontrolnej modelowanej bez zywicy.
Nie jest jednak jasne, czy wielkos¢ tego efektu jest bezpo-
srednio zwigzana z iloscig pozostawione] zywicy.

Podczas modelowania koricowe]j zewnetrznej czesci kom-
pozytu zywica utworzy powloke, ktdra biorac pod uwage
maksymalng obserwowang grubo$¢ warstwy, prawdopo-
dobnie zostanie catkowicie usunieta podczas opracowywa-
nia i polerowania wypetnienia (14) i nie powinna negatywnie
wplywaé na koricows trwatosé odbudowy, jednak Bayrak-
tar i wsp. zaobserwowali zmniejszenie mikrotwardosci
kompozytu modelowanego zwilzonym zywicg narzedziem,
w badaniu, w ktérym wszystkie probki byly mechanicznie
opracowywane i polerowane przed wykonaniem pomiaréw
mikrotwardosci (15).

Wieksza zawartos¢ srodka do zwilzania moze dodat-
kowo wzmacnia¢ negatywne skutki stosowania $rodkéw
wigzgcych jako ptyndw modelujgcych, co obserwowano
w badaniu Patela i wsp., co moze by¢ spowodowane wiekszg
iloscig hydrofilowych czasteczek rozpuszczalnika reaguja-
cych z materiatem kompozytowym (16).

Zastosowanie tej techniki miedzy warstwami naktada-
nego kompozytu uniemozliwia usuniecie warstwy zywicy
podczas polerowania, trwale modyfikujac wewnetrzng
strukture wypetnienia. Dane z pismiennictwa wykazaty
negatywny wptyw niektdrych $rodkdéw zwilzajacych sto-
sowanych miedzy warstwami kompozytu, jednak nie jest
pewne, jak te zaleinosci zmieniajg sie wraz ze wzrostem
grubosci warstwy srodka zwilzajgcego i réznym stosunkiem
ilosci kompozytu do zywicy (17, 18).

WNIOSKI

Analizujgc wyniki badania, mozna stwierdzi¢, ze spo-
séb zwilzania pedzelka przed modelowaniem kompozytu
wptywa na ilos¢ zywicy wiaczonej do wypetnienia. Wytarty
pedzelek przenosi mniej zywicy do wypetnienia niz pedzelek
uzyty do modelowania bezposrednio po zanurzeniu w 2ywi-
cy, bez wczesniejszego wytarcia jej nadmiaru.

Dodatkowo, warstwa zywicy na koncowej, zewnetrz-
nej warstwie kompozytu utworzona zardwno pedzelkiem
z nadmierng iloscig srodka zwilzajgcego, jak i pedzelkiem
wytartym jest bardzo cienka i nie wnika gtebiej w strukture
kompozytu, wiec prawdopodobnie zostanie usunieta pod-
czas standardowych procedur wykanczania i polerowania
wypetnienia.

W przysztych badaniach nad zwilzaniem narzedzi para-
metr metody aplikacji powinien by¢ brany pod uwage jako
jedna z analizowanych zmiennych, ktére moga miec wplyw
na wyniki testow.

KONFLIKT INTERESOW

Brak konfliktu intereséw L.

whether the magnitude of this effect is directly related to
the amount of resin left.

When modeling the final outer portion of the compos-
ite, the resin will form a coating which, given the maximal
observed layer thickness, will probably be completely
removed during restoration finishing and polishing (14),
and should not adversely affect the final performance of
the restoration, however, Bayraktar et al. observed a de-
crease in the microhardness of the composite modeled
with a resin-wetted tool, in a study where all samples were
mechanically finished and polished before microhardness
measurements were taken (15).

Higher lubricant content may additionally enlarge the
negative effects caused by the use of bonding agents as
modelling liquids, as observed in the study by Patel et al.,
which could be caused by higher amounts of hydrophilic
solvent particles that are reacting with the composite
material (16).

The use of this technique between the layers of the
applied composite makes it impossible to remove the
resin layer during polishing, thus permanently modifying
restoration internal structure. Data from the literature
have shown a negative impact of some lubricants used
in between the composite increments; however, it is not
known how these relationships change with the increasein
the thickness of the lubricant layer and different composite
to resin ratio (17, 18).

CONCLUSIONS

Analyzing the study findings, it can be concluded that the
method of applying the resin on the modelled composite
results in differences in the amount of resin incorporated
into the restoration. A wiped brush transfers less resin to
the restoration than a not wiped one.

Mareover, the resin layer on the final, outer layer of the
composite created either with excessive lubricant or with
wiped brush is very thin and does not penetrate into the
composite, so it is likely to be removed during standard
finishing and polishing procedures.

In future research on wetting of instruments, the appli-
cation method parameter should be taken into account as
one of the analyzed variables that may affect the test results.
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Omdwienie wynikow

Przeprowadzony przeglad piSmiennictwa obrazuje aktualny stan wiedzy dotyczacy
potencjalnych zmian wiasciwosci fizycznych i optycznych materialu kompozytowego
powstatych na skutek modelowania z uzyciem zwilzonego narzedzia. Sposréd badanych
lubrykantéw najmniejszy negatywny wptyw na wtasciwosci mechaniczne kompozytéw majg

zywice o sktadzie najbardziej zblizonym do matrycy organicznej kompozytu.

Dedykowane zywice do modelowania nie spowodowaty zmiany wytrzymatos$ci na zginanie
kompozytu ani wartosci sity tgczenia miedzy jego warstwami, ale wptynety na zmniejszenie
mikrotwardos¢ powierzchni kompozytu. Silniejsze przebarwianie kompozytu byto zauwazalne

tylko w potfaczeniu zywicy do modelowania z kompozytem na bazie matrycy siloranowe;.

Efekt uzycia systemow taczacych do modelowania kompozytu zalezy od sktadu uzytego
produktu. Bardziej hydrofilne systemy tgczace, ktdre nie wymagajg uzycia osobnego primera

powodowaty zmniejszenie mikrotwardosci oraz sity wigzania miedzy warstwami kompozytu

Zywica z systemu fgczacego IV generacji podobnie jak zywica bez wypetniacza nie wptyneta
negatywnie na kohezyjne sity wigzania porcji kompozytu i jego wytrzymatosc na zginanie, ale
spowodowata zmniejszenie mikrotwardosci materiatu. Wyniki stabilnosci koloru dla tej grupy
materiatéw nie sg jednoznaczne - obserwowane byty zarowno redukcja zmiany koloru
w roztworach barwigcych jak i wieksze silniejsze przebarwienie w poréwnaniu do préb
kontrolnych. Autorzy wigzali zwiekszong odpornos¢ na przebarwienia z poprawg gtadkosci
wierzchniej warstwy oraz eliminacjg niedoskonatosci powierzchni uzyskanymi poprzez

modelowanie z uzyciem zywicy.

Niewielka ilos¢ badan dotyczyta modelowania materiatu narzedziami zwilzonymi w alkoholu.
Wykazano w nich negatywny wptyw na site tgczenia miedzy warstwami materiatu oraz
mozliwo$¢ uszkodzenia matrycy organicznej kompozytu. W niektorych przypadkach nie
obserwowano istotnego wptywu alkoholu na witasciwosci materiatu, co wigzano z duziag
lotnoscig alkoholu i mozliwym jego wyparowaniem przed wprowadzeniem do modelowanego

kompozytu.

Badanie ankietowe przeprowadzone na grupie lekarzy dentystow i studentéw stomatologii
wykazato szerokie stosowanie techniki w pracy klinicznej. W grupie 557 uczestnikow badania,
az 65% odpowiedzi potwierdzito stosowanie techniki zwilzania narzedzi podczas pracy
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z kompozytami. W grupie praktykujgcych dentystow odsetek ten wynidst 75% i byt istotnie
wyzszy niz w przypadku studentéw stomatologii (40%). Lekarze dentysci najczesciej
deklarowali stosowanie dedykowanych zywic modelujgcych. W grupie studentdw czesciej
stosowane byty systemy tgczgce, zaréwno przeznaczone do techniki ,total-etch” jak i ,self-
etch”. Znaczna wiekszosc¢ (okoto 85%) ankietowanych potwierdzito usuwanie nadmiaru zywicy

przed modelowaniem kompozytu, réznit sie jednak sposéb wykonywania tej czynnosci.

W blisko potowie przypadkéw narzedzie byto wycierane o zatozong rekawiczke, a pozostata
czes¢ ankietowanych usuwata nadmiar substancji o suchg gaze. Pojedyncze odpowiedzi

dotyczyty wycierania narzedzia o tacke na instrumenty.

Modelowanie zwilzonym narzedziem tylko ostatniej, najbardziej zewnetrznej warstwy
kompozytu deklarowato 59% osdb, a zaledwie 2% odpowiedzi dotyczyto modelowania jedynie
warstw wewnetrznych. Modelowanie zaréwno zewnetrznej jak i wewnetrznych warstw

potwierdzito 39% ankietowanych.

Przeprowadzone badanie eksperymentalne analizowato grubo$¢ warstwy zywicy do
modelowania pozostatej miedzy porcjami kompozytu zaleznie od metody aplikacji. W
przypadku nie usuniecia nadmiaru zywicy przed modelowaniem pozostata warstwa okazata sie
by¢ znaczaco grubsza niz pozostata po modelowaniu wytartym narzedziem. Obraz
mikroskopowy wybarwionej warstwy zywicy, ktdra formuje powierzchowng, dos¢ regularng
warstwe, bez obszaréw glebszego wnikania w strukture kompozytu wskazuje takze na
mozliwos$é tatwego usuniecia bogatej w zywice warstwy podczas standardowych procedur
polerowania wypetnienia, przy zatozeniu, ze modelowana byta tylko najbardziej zewnetrzna

porcja kompozytu.
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Podsumowanie i wnioski

Technika zwilzania narzedzi podczas modelowania kompozytéw stomatologicznych stata sie
procedurg powszechnie stosowang przez lekarzy dentystéw, w celu eliminacji problemoéw
wynikajgcych z ich lepkiej konsystencji i utatwienia aplikacji. Niniejsza praca ocenia czestosc¢
oraz szczegodty jej stosowania wsrdd lekarzy dentystéw i studentéw, analizuje wptyw zwilzania
narzedzi poszczegdlnymi substancjami na wtasciwosci kompozytéw stomatologicznych, a takze
eksperymentalnie analizuje wptyw réznych technik aplikacji na ilos¢ zywicy pozostatej na

powierzchni modelowanego kompozytu.
W oparciu o przeprowadzone badania mozna sformutowaé nastepujace wnioski:

1. Zwilzanie narzedzi to technika powszechnie stosowana przez lekarzy dentystéw. Ten
aspekt aplikacji wypetnienia nie powinien by¢ sprowadzony do rangi ,klinicznego
tricku” i wymaga gtebokiej analizy i kontynuacji w dalszych badaniach klinicznych
i laboratoryjnych.

2. Rodzaj stosowanej substancji zwilzajagcej ma wplyw na mechaniczne i optyczne
wiasciwosci kompozytow. Dedykowane zywice do modelowania oraz systemy wigzgce
bez hydrofilnych czgstek niosg najmniejsze ryzyko negatywnego wptywu na materiaty
kompozytowe.

3. Warstwa zywicy pozostajgca na zewnetrznej powierzchni kompozytu po procedurze
modelowania jest na tyle cienka, ze ulega eliminacji podczas standardowych procedur
opracowania i polerowania wypetnienia.

4. Wtiaczenie ujednoliconych wytycznych i najlepszych praktyk do programoéw nauczania

stomatologicznego jest kluczowe dla bezpiecznego stosowania tej techniki.

Zwilzanie narzedzi to wartosciowa technika utatwiajgca wykonywanie procedur z zakresu
stomatologii odtworczej, takich jak modelowanie ksztattow anatomicznych i adaptacja
materiatu do krawedzi ubytku. Wfasciwe stosowanie tej procedury umozliwia uzyskanie
wysokiej jakosci odbudowy, bez negatywnego wptywu na jej witasnosci mechaniczne
i optyczne. Uzycie zalecanych materiatéw i metod aplikacji, a takze wdrazanie ujednoliconych
wytycznych w procesie edukacji stomatologicznej pozwala na uzyskanie satysfakcjonujgcych

wynikéw klinicznych. Tym samym, praca z kompozytem moze sta¢ sie tatwiejsza, przy
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jednoczesnej eliminacji obaw o niepozadane zmiany parametréw stosowanych materiatow

kompozytowych.
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Dental Composites” oswiadczam, iz moj wilasny wklad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji

stanowi: pomoc przy planowaniu metodyki badania, korekty manuskryptu

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 10 %.

Wktad Juliusza Kosewskiego w powstawanie publikacji okreslam jako 80 %,

(imig 1 nazwisko kandydata do stopnia)
obeymowal on: przygotowanie koncepcji 1 metodyki badania, analize 1 selekcje
pismiennictwa, interpretacje wynikdw, pisanie manuskryptu

(merytoryczny opis wktadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes$¢ rozprawy doktorskiej
lek. dent Juliusza Kosewski

(imi¢ 1 nazwisko kandydata do stopnia)

[

(podpis oswiadczajacego)

*w szezegolnosel udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, iterpretacji wynikow
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Moot Z«.‘iﬂ/ZW

(miejscowosé, data)

Prof. Agnieszka Mielczarck
(imig i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ..Frequency and comparison of instrument lubrication

procedures during composite resin modeling” o$wiadczam, iz méj wlasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: pomoc przy planowaniu koncepcji i metodyki badania,

krytyczna recenzja, korekty manuskryptu.
M6j udzial procentowy w przygotowaniu publikacji okreslam jako 10 %.

Wkiad Juliusza Kosewskiego w powstawanie publikacji okreslam jako 75 %,

(g 1 nazwisko kandydata do stopnia)
obcjmowat on przygotowanic koncepeji i metodyki badania, zebranie wynikéw. wykonanie
analiz statystycznych i interpretacje wynikow. pisanie publikacji

(merytorvezay opis whindu kandvdara do stopuia w powstanic publikacjiy*

Jednoczesnic wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. dent. Juliusza Kosewskiego

(mmic 1 nazwisko kandvdata do stopnia}

*w szezegblnosei udziatu w przygotowaniu koncepcji, metodyki. wykonaniu badan. interpretacji wynikow
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Wosstoaa., 46,4224

(miejscowosé, (Jata)

Lek, Dent. Sylwia Plona
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Frequency and comparison of instrument lubrication

procedures during composite resin modeling” o$wiadczam, iz méj whasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: zbieranie danych, pisanie manuskryptu, przygotowanie

rycin
MJdj udziat procentowy w przygotowaniu publikacji okre$lam jako 15 %.

Wkiad Juliusza Kosewskiego w powstawanie publikacji okreslam jako 75 %,
(imig i nazwisko kandydata do stopnia)

obejmowat on przygotowanie koncepcji i metodyki badania, zebranie wynikéw, wykonanie
analiz statystycznych i interpretacje wynikow, pisanie publikacji

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. dent. Juliusza Kosewskiego

(imig i nazwisko kandydata do stopnia)

QL QEJOVUOL

podpis oswiadczajacego)

*w szczegoblnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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(miejscowosc, data)

Prof. Agnieszka Mielczarek
(imi¢ i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ..Wplyw techniki aplikacji zywicy modelujgcej warstwy
kompozytu na jej ilo§é i strukture” oswiadczam, iz méj whasny wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: pomoc przy planowaniu koncepcji i metodyki badania, krytyczna recenzja,

korckty manuskryptu.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 10 %.

Wkiad Juliusza Kosewskiego w powstawanie publikacji okreslam jako 90 %,

(imig 1 nazwisko Kandydata do stopnia)
obejmowatl on przygotowanie koncepeji i metodyki badania, zebranie wynikéw. wykonanic
analiz statystycznych i interpretacje wynikow. pisanie publikacji

{merytorvezny opis whkladu kandvdata de stopaia w powstanic publikacjiy®*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. dent. Juliusza Kosewskiego

{imig 1 nazwisko kandvdata do stopnia) Kierowmik Zakfadu )
Stomatofogji Zachowawczej ,
prof, dr hab. n./¢ . Agii elczarek]

o$wiadczajgcego)

(po

*w szczegoblnosei udziatu w przygotowaniu koncepeji, metodyki. wykonaniu badan, interpretacji wynikow
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