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NccnepoBaHue OCHOBHbIX CBOMCTB mMaTepuanos, NpUuMeHsaeMbIX B CTOMATOJ/IOrNYeCckomn npakTuke

(TBEpAOCTU, MPOYHOCTU, BA3KOCTU, YMNpPYroctu, penbeda MNOBEPXHOCTU U Ap.),
uenecoobpasHoCTb UX aHanAMsa HepaspywawlWuMu MeTogamMu -

M CBETOBOW MUKPOCKOMUEN.

nokasano
HAaHOUHAEeHTUupoBaHnem

The study of the basic properties of materials used in the dental practice (hardness, strength,
viscosity, elasticity, surface topography, etc.) showed the feasibility of analysis of these
characteristics by non-destructive methods such as nanoindentation and light microscopy.

AHOTeXHOJIOTHUH ONPelessIIoT IIyTH AaTbHe M-

IIero Pa3BUTHS He TOJTBKO XUMHH, GU3UKH,

6uosornuu, MaTepuaaoBefeHUs, HO U BCeH
HayKHU M IPOM3BOJCTBA Ha OMMKaNIIKe [eCITHIe-
Tus [1]. TepMUH "HAHOTEXHOJOTUH ' H3HA4YaJIbHO
KCIIO0/Ib30BABIIMICS TOJIBKO B KBAHTOBOU QU3HKe
U 3JIeKTPOHHKe, B Hallle BpeMsI IPOHUK U B Y-
rye OTPac/Iu: MeJUIIUHY, XUMHUYeCKY0 IIPOMBIII-
JTeHHOCTb, papMal M0 U Ap. CTOMATONIOI U TAKKe
He CTajla HCKIYeHHeM. Ocob6eHHO MHPOKO
B 3TOM HayKe INPUMEeHSeTCS MeTOoJ HaHOUHJeH-
THUPOBAHUS, IPU KOTOPOM IIPOKU3BOSUTCS BIaB-
TUBaHHUE C 3aflaHHBIM YCHJIMEeM B HU3y4aeMBIH
obpasew HHAeHTOPA, 061a4a0Iero H3BeCTHBIMHU
MeXaHHUYeCKHMMHU CBOMCTBaMH: $OPMOM, MOAY-
JTeM yImpyrocTu u T.4. Jlanee nubo mcciaenpyercs
dopma u pasmep ImSATHA KOHTaKkTa, n1ubo ompe-
HensieTCsl 3aBUCHMOCTD IIOJIOKEHU ST UHAEHTOpa
OT Harpy3KH.

HOBbIE MATEPUAJIbI B CTOMATOJIOTMH

O,C[HO U3 OCHOBHBIX HaHpaBJ’IeHI/II;I HMHHO-
BalLlMU B CTOMAaTOJOTHUH - pa3paboTka
U CO3LaHHE HOBBIX MaTepHAJIOB, COBMeIlalo-
I[UX BBICOKHE GU3UUYECKUE XAPAKTEPUCTUKHU

(IpOYHOCTD, U3HOCOCTOMKOCTD) C 3CTETHUYHOCTHIO.
[IpakTHYeCKOoe BHeJpeHHE HAXOASAT Hay4UHBIe
paboThl, mOCBsIIeHHBIe MOLETHUPOBAHUIO CBOMCTB
MaTepHaoB, IPUMeHsIeMBIX J/1s IIIoMbupoBa-
HUS, BOCCTAHOBJIeHHUS 3yOHOM 5MalH U CO3JaHUS
IMOKPBITUH [JII KUMIIJIAHTOB [2, 3].

Upe3BBIYaMHO aKTya/IbHBIM CUYHUTAETCS CO3/a-
HHe KOMIIO3UTHOI'O MaTepuasna 6e3 monuMepu-
3aLlMOHHOM yCaAKH, OLHAKO 3TOT KPUTEPUH - He
eIUHCTBEeHHBIM U He CAMBIM Ba’KHBIH. IIpexne
BCero, BHICOKHE TpebOBaHUS NMPEAbSABISIOTCS
K HAIIOJTHUTENII0, KOTOPBIM B KOHEYHOM HTOTe
U olpenesisieT Ka4eCTBO KOMIIO3UTA. J[/Is1 KOH-
TpoJis KadecTBa TPebyOTCS U3MepeHHs IIPOYHO-
CTH Ha U3TUb, MOAYIS YOPYTOCTH, IOBEPXHOCT-
HOM TBepAOCTH, abpa3uBHOCTH, yCaAKH, TEIJIO-
BOI'O PaCHIMPeHHUS U MHOTHUX APYTHUX IapaMeTpPoB
C LIeJIBI0O UX OIITUMHU3ALIUHU [4].

Eme omHa akTyanbHas npobiemMa CTOMAaTOJIO-
TUH - CO3/TaHUeE IIOJIMMEePHBIX IIOKPBITHI /I KOPO-
HOK. OKCHJ UPKOHA, IPUMEHSIeMBbIH I UX
HM3rOTOBJIEHUS, XapaKTePHU3yeTCsl BBICOKOM TBep-
IOCTBhIO, HO He objajgaeT SJOCTATOYHOMN 3CTETHUY-
HOCTBIO U CIIOCOOCTBYET MATOTOTHYECKOMY UCTH-
paHMIO 3y60B-aHTArOHUCTOB, II03TOMY Ha HeEro
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HAHOCATCS MOKPEITUA [3]. IIpH 93ToM yHmenseTcs
BHHMaHHe TaKUM XapaKTepPUCTUKAM IIOKPBITHH,
KakK ¢opmMa U pa3Mep YacTHUILL, YIPYTOCTh, BI3KOCTh
paspylieHHs, IACTHYHOCTD, YyCTAJIOCTb U AP. [5].

Llenpr0 HACTOSIIEH paboThl CTAO0 HCCIIELOBA-
Hue GU3UKO-MeXaHHUYeCKUX U APYIrHUX CBOMCTB
INpPUMeHsSeMbIX B CTOMAaTOJIOTHMHU MaTepHasoB
MeTOoLaMHU CKaHUPYIOUIeH 30HA0BOM U CBETOBOU
MHKPOCKOIIHH.

®N3NKO-MEXAHWYECKUX CBOWCTBA
MATEPUAJIOB, MPUMEHSAEMbIX B CTOMATOJIOIUH
M3ydeHHe CBOKCTB CTOMATOJIOTHYeCKHUX MaTepHa-
710B HMMeeT boyblllee MpaKkTHUYeCKOe 3HAUEHHUe,
CBSI3aHHOE C BO3MOXHOCTBIO X PeryJIMpPOBaHUS
IyTeM HU3MeHEeHHUS COCTaBa MaTepHayoB U C pas-
paboTKOM ONTHMAJIBHBIX METOJOB M TEXHOJIOTHUH
IpUMeHeHHUS IOCIeAHUX B Pa3JIMUYHBIX o0b1a-
CTSIX CTOMATOJIOTUHU. Ba>kHBIMHU XapaKTepUCTH-
KaMU IPHUMeHsIeMBbIX B CTOMATOJIOTHH MaTepHa-
JIOB ABJISIIOTCS TBePAOCTh, IPOYHOCTD, BA3KOCTh
U YIIPYLOCTb.

TBepAOCTh — 3TO CIIOCOOHOCTH Tea COMPOTHUB-
TSThCSL BHeJPeHUIO B Hero Apyroro Tenaa, 6oiee
TBepAoro. B HacTosiee BpeMs TBepLOCTh MaTe-
pHasa 4allle BCeTO OmpelessiloT 10 MeTOJAUKaM
BukKepca UAH BpuHensl, CyTh KOTOPBIX COCTOUT
B TOM, YTO B MCIIBITyeMbIH MaTepHaJ/l CIelHab-
HBIM IIPeCCOM BJaBJIHBAIOT aJIMa3HbIe YeThIpex-
TpaHHBle IHPAaMUBI U1K MAPUKHU. 1o BelUUNHe
oTIIeYaTKa Ha IIOBePXHOCTH obpasla CyAsT o TBep-
NOCTH MaTepHajla. B cToMaTo/JOTUH TBepPHOCTh
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MO>XeT PacCMaTPHUBAThCS KaK IOJTOXKHUTeNIbHOE
CBOICTBO, II03BOJISIIOIEe [10/Ib30BAThCSI IIPOTE30M
OUTelbHOE BpeMs, HO HepeJKO IIPOSIBISIeTCS U C
OTpULIATeIbHOMN CTOPOHE. Hanmpumep, papdopo-
Bble 3yObl, Mesl TBePAOCTD B [IBA pa3a BHIIIE, YeM
y 35MaJy, BBI3BIBAIOT IIOBBIIIEHHOE CTUPAHUE ecTe-
CTBEHHBIX 3y60B - aHTAarOHUCTOB. JleTa/Iu IpoTe3a,
H3TOTOBJIEHHBIE U3 BBICOKOTBEPAOro K06aIbTOXPO-
MOBOTO CIIJIaBa, C TPYy/OM MOALAIOTCS MexaHu4e-
cKoM 06paboTKe K moaHpoBKe [3].

[IpOYHOCTB ~ 3TO CIIOCOOHOCTH MaTepHaIa COIIPO-
THUBJ/ISITbCS AEeHUCTBHUIO BHEIIHEMN CHUJIBI, KOTOPYIO
oIpenessiOT JelleHHeM BeJIHYUHBI Harpy3KH Ha
3HaueHUe IJIOMAAX [IOIIePeUHOr0 CeUeHHU s UCIIbI-
TyeMmoro obpasua. Xopolire NpOYHOCTHEIE CBOM-
CTBA — OZJHO M3 OCHOBHBIX TPeOOBaHHUN K CTOMATO-
JIOTHYeCKOMY MaTepHay.

YIOpyrocTs - 9T0 CIoCOOHOCTh MaTepHaia U3Me-
HATb GOpMYy IOA AeHCTBHeM JaBIeHUs, a II0CIe
npeKkpallleHUs JaBleHHUs BO3BPAIlaThCsl B HUCXOM-
Hoe, IIepBOHAYaJIbHOE COCTOSIHMe. MaKkCUManbHas
Harpyska, IIpH KOTOPOM MaTepHaJ elle crocobeH
BOCCTAHOBHUTH GOPMY M pPa3Mepsl, Ha3bIBaeTCs IIpe-
IenoM YIPYrocTH. ECJIM HarpysKa IIPeBbICUT IIpe-
men yIpyrocTH, a Tejao He BO3BPATHUTCS B II€PBO-
Haua/ibHOE I10JI0KeHHe, TOBOPST 06 0CTaTOUHOM
nedopmanuu. OctaTouHas AedbopMalius KpariHe
HesKeJlaTe/lbHA B IPY>KUHAIINX 3/IeMeHTax IIpoTe-
30B M aIllapaToB. Ha ympyrocTs MaTepuaaa MOKHO
BIIHSATH, U3MEHS ee CIIellMaJIbHBIMU criocobaMu [3].

[IpoYHOCTh HA M3rHb U MOAY/Ib YyOPYLOCTHU
(Momynp KOHra) TeCHO CBSI3aHBL MeXAY coboH.

anotechnologies determine

future development patterns

of not only chemistry, phys-
ics, biology and materials science
but also the whole of science and
industry in the coming decades
(1]. The term "nanotechnology”
was originally used only in quan-
tum physics and electronics, and
nowadays it penetrated into other
industries, e.g. medicine, chem-
ical industry, pharmacy etc.
Dentistry is not an exception.
The method of nano-indentation
is especially widely used in the
science. Indenter that has some
known mechanical properties,
i.e. shape, elastic modulus etc.,

is pressed with a predetermined
force in the studied sample. Then
we research the shape and size of
the contact area, or the indenter’s
position dependence on the load
is determined.

NEW MATERIALS IN DENTISTRY

One of the key innovations in
dentistry is the development
and creation of new materi-
als that combine high physical
properties (strength, endurance)
and aesthetics. The research
works that are devoted to model-
ling the properties of materials
used for sealing, restoring tooth
enamel and producing coatings

for implants are more commonly
used in practice [2, 3].

It is extremely relevant to cre-
ate composite materials with-
out any polymeric shrinkage but
this criterion is not the only one,
nor the most important one. First
of all, high requirements are set
with regard to the filler, which
ultimately determines the qual-
ity of the composite. To exercise
quality control it is required to
measure the flexural strength,
elastic modulus, surface hard-
ness, abrasion, shrinkage, ther-
mal expansion and many other
parameters in order to optimise
them [4].
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Puc.1. Mpu6bop "HaHockan-3D"
Fig.1. NanoScan-3D

[IpouHOCTh Ha HU3Trub yKkasbslBaeT, NIPHU KaKOH
BeJMYMHEe MPUJIOKEeHHON CHJIBl HUCIIBITYeMbIH
obpaser paspeiBaeTcsi. MoAylIb yIpyrocTH
XapaKTepH3yeT IPHU 3TOM, HACKOJBKO CHJIBHO
nebopMHUpyeTCsS MaTepHas Iepejl pPa3pblBOM
npu Harpyske. Ilog Harpyskou 3y6 nebopMmupy-
eTCs MUHHUMAJIPHO, CIe0BaTeJIbHO, pecTaBpa-
LU JOKHA NedpOpMHUPOBATHCS momo6HO 3yby.
CrenmyeT OTMETHTbH, YTO BBICOKASI IIPOYHOCTH
Ha u3rub He OymeT rapaHTOM AOJITOBEYHOCTH
6e3 BBICOKHX ITOKa3aTeael MOAY/S yIPYTLOCTH.
Ho CIMIIKOM BBICOKHH MOJYJIb yIIPYTOCTH MOKET
BBI3BATh HephOpPHUPOBaHKE" PACIONOKEHHOTO

HHUKe NeHTHHA. MoAylb yOpyrocTH CaMBbIX
COBepIIeHHBbIX KOMIIO3UTOB HpUOIMHKaeTCs
K MOJIyJIIO yIIPYTOCTH IeHTHHA, HO HUKOUM 06pa-
30M He JJ0JIKeH OBITH BBIIIE.

BOoNBIIMHCTBO KOMIIO3UTHBEIX MaTepHaos 6onee
yIpyrue, yem TBepJble TKaHU 3yba [6]. Xopomas
IIPOYHOCTh KOMIIO3UTOB Ha M3rub I03BOISIET UM
BbIJIeP)KUBATh BBICOKME HAarPy3KH, HO IIPH 3TOM
BO3HMKAIOT TOPHM30HTAabHble PAaCTSArHUBaONIHe
CHJIBI B OKK/II03MOHHOM 06J1aCTH, YTO MOXeT CTaTh
NPUYMHON 0TKOJIA peCTaBpalluM IIPU TOHKUX CTeH-
KaXx II0JIOCTH.

3HayeHU s KO3PUIIMEeHTA TeIJIOBOTO PaCIIH-
PeHHUs U NOJMMePHU3aLMOHHOM yCaJKH IIPH yCTa-
HOBKe IIJIOMOBI TaK’XKe Ba>KHBI. BricOKas ycagka
CTAaHOBUTCS NPUYMUHON BHYTPEHHHX HAIPS-
KeHUI B 3ybe, IMOBBINIEHUS YyBCTBUTEIBHO-
CTU 4 HapyIlleHHUSs KPaeBOro IIpUJIeTaHU S, Befy-
Iero B KOHeEYHOM HMTOre K Pa3BUTHIO BTOPHUY-
HOro Kapueca. ITomo6Hble peHOMeHBI MOTYT OBIThH
BBI3BaHBI U TeIIJIOBBIM pacliMpeHHeM. KoMIosut
T0JI>KeH OBITh B COCTOSSHUM IPUHHUMATh 60/IBITyIO
Harpy3ky He TOJbKO IIPH >KeBAaHHUH, HO U IIPHU
H3MeHeHHUU TeMIlepaTypbl. PU3MUYeCKUH ITapa-
MeTp, KOTOPBIM XapaKTepH3yeT H3MeHeHHe
obbemMa IpPU U3MeHEHHUHU TeMIlepaTyphl MaTe-
pHasa, Has3blBaeTCd KO3QPUIIMEHTOM TemJio-
BOTO pacHmiMpeHus. Jlaxke eciu o6beMHbIe H3Me-
HeHHU S U3MepSIOTCS B MUKPOMeTpPax, OHH MOTYT
uMeTh paTajabHble NOCIeACTBUSA. U KO3dOULIHEeHT
TeIlJIOBOIO pacIIMpPeHU s KOMIIO3MTa, U IoTHMe-
pH3allMOHHAA yCcaJKa TeCHO B3aMMOCBS3aHbI 1pU

Another pressing issue of den-
tistry is the creation of polymer coat-
ings for crowns. Zirconia oxide used
to make them can be characterised
by high hardness, but it is not suf-
ficiently aesthetic and contributes
to the pathological abrasion of the
antagonist teeth, so coating applied
thereto [3]. At the same time, such
characteristics of coatings are taken
into account as the shape and size of
particles, elasticity, toughness, duc-
tility, fatigue etc. [5].

The research aimed at study-
ing physical, mechanical and other
properties used in dental materials
through scanning probe microscopy
and light microscopy.
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PHYSICAL AND MECHANICAL
PROPERTIES OF THE MATERIALS

USED IN DENTISTRY

Research into the properties of den-
tal materials is of great practical
importance associated with the pos-
sibility of regulating them by chang-
ing the composition of materials and
promoting best practices as well as
the latest application technologies in
various fields of dentistry. Hardness,
strength, toughness and elasticity
are key characteristics of the materi-
alsused in dentistry.

Hardness is the body’s ability to
resist the introduction of a more
solid body. Currently, the hardness
of material is often determined by

the methods of Vickers or Brinell,
the essence of which consists in that
the quadrangular diamond pyramid
or beads is pressed into the tested
material with a special press. By the
size of the print on the surface of the
sample it is possible to measure the
hardness of the material. In den-
tistry, hardness can be regarded as
a positive feature that allows using
the prosthesis for a long time; how-
ever it often manifests the nega-
tive side. For example, the porcelain
teeth, which have hardness two
times higher than that of enamel,
cause an increased blurring of nat-
ural antagonist teeth. The parts of
the prosthesis made of high hard
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Puc.2. Mpumep u306pa>keHus 3aujUmMH0O20 NOKPbIMUS, NOAY-
YeHH020 Ha npubope "HaHockaH-3D": a - u3obpaxkeHue pebe-
¢a, b-kapma pacnpedeneHust modyasi ynpyzocmu

Fig.2. An example of an image of protective coatings, obtained
on the NanoScan-3D: a - the topography, b - the elastic modu-
lus map

OIleHKe KIUHUUYEeCKOH 3O PeKTUBHOCTU KOMIIO-
3urta [5].

[IpuBeneM ellle OOUH NpUMe]P, HOATBEPXKAAI0-
XA HeoOXOAMMOCTb KOMIIJIEKCHBIX HCCJIe[0Ba-
HHU CBOMCTB KOMIIO3UTOB. KayecTBO IIOBEePXHO-
CTH KOMIIO3UTa UMeeT Ba>KHOe 3HaUueHHe He TOIbKO
C TOYKH 3PDeHHUS ICTeTUKHU. [I0BepXHOCTbh KOMIIO-
3UTHOU pecTaBpalluU He JAOJKHA CO3LaBaTh bosee
6aromnpusATHBIE YCIOBUS AJIS KOTOHKU3A UK baKTe-
pUSMH, YeM KUBOH 3y6. I10 3TOM NPUYHHE IIPOBO-
ISITCSL MUCC/ef0BAHUS KOJOHU3AI MM IIOBEPXHOCTH
KoMIT03UTa bakTepusiMU Streptococcus mutans [4].
Ha MHTEeHCHUBHOCTb Pa3BUTHUS OAaKTepHAIbHOU
bophl oKa3bIBaeT BIMSHUE HAJIUUUe MUKpPOTpe-
IMKWH, YIAy6IeHUN U BBIIYKJIOCTEH, YTO LeaeT

Heob6XO0OUMBIM TaKke H3ydeHHe penbeda HUCIIONb-
3yeMOro MaTepHaina.

MexaHHYeCKHe H3MepeHHUS COCTABIAIOT
OCHOBHYIO 4YacCTh HCCIeJOBAHHMN KOMIIO3UTOB
M MOKPBITUH IJIs CTOMATOJIOTHYeCKUX KOPOHOK.
M3roToBUTEeNN CPAaBHUBAIOT CBOM HOBBIEe pa3pa-
OOTKHU C APyTUMHU MaTepuaaaMu. [Io BO3MOKHO-
CTH /1151 3TOT0 UCII0JIb3YIOT CTAHAAPTHU3HPOBAHHEIE
MeTozbl M3MepeHHS [3]. OQHaKO, MHOTHe H3Me-
pHUTeNlbHBIe IPUOOPH M3HAYANBHO 6BITH pa3pabo-
TaHBI He [IJIS1 CTOMATO/JOTHYeCKUX UCC/IeJOBAHHUH,
a /151 U3y4eHHUs1 MaTepPUaAJIOB C MOJIEKY/ISIPHO-0HO-
POLHON CTPYKTYpOK, HallpUMep MeTaJslJIoB, B TO
BpeMsl KaK KOMIIO3UT - IIOJIMMe]p, HallOTHEeHHBIH
YacTHULAMHU Pa3JIMYHOrO pasMepa. B cBSI3H C 3TUM
BeJlMKa BEPOSITHOCTD I10JIyUYeHH sl HeJJOCTOBePHBIX
Pe3y/IbTaToOB, U aKTyaJieH ITOKCK 6ojiee coBepIIeH-
HBIX U aJleKBaTHBIX METO/I0OB aHaJIK3a MaTepHaJIoB,
NpUMeHSeMbIX B CTOMaTOIOTHH.

UCCNEAOBAHUA METOAOM
HAHOWHAEHTUPOBAHUA
OOHUM K3 METOJOB oIlpeeneHUs QYyHKIIMOHAIb"
HBIX CBOMCTB TOHKHUX IIOKPBITHUI SIBJISeTCS HAHO-
HHIeHTUPOBaHUE (ISO 14577) ¢ IOMOIIIbIO CKAHU-
pyfomiero HaHOTBepLoMepa "HaHoCkaH-3D" (puc.l).
9TOT MeTOJ, MOKHO CUHMTATh YCIOBHO Hepa3pyllalo-
MM, IIOCKOJIBKY ITTy6HHA IIOTPYsKeHUSI HHAEHTOPa
IIPH UCIBITAHUSX He3HAUUTe/lbHa [7].
"HaHoCkaH-3D" - CKaHUPYWIUHN CHIOBOH
MHUKPOCKOII, paboTarom MU Ha OTKPBITOM BO3JyXe
B KOHTaKTHOM peXuMe. [JITaBHBIMH OTIUYHUSAMU

cobalt alloy are difficult to treat and
polish [3].

Strength is the ability of mate-
rial to resist the action of an external
force, which is determined by divid-
ing the amount of load by the value
of the cross-sectional area of the test
sample. Good mechanical properties
are among the basic requirements
for dental materials.

Elasticity is the ability of a mate-
rial to change shape under pressure,
and return to the original state after
the termination of pressure. The
maximum load at which a material
can still restore the shape and dimen-
sions is called the elastic limit. If the
load exceeds the elastic limit, and
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the body does not return to its origi-
nal position, we can speak of perma-
nent deformation. Permanent defor-
mation is highly undesirable in the
spring elements of prosthetic appli-
ances and devices. The material elas-
ticity can be influenced by changing
itin special ways [3].

The flexural strength and modu-
lus of elasticity (Young’s modulus)
are closely inter-related. Flexural
strength indicates at what value of
the applied force the test sample can
be broken. The elastic modulus thus
characterises how strongly a mate-
rial deforms under load before break-
age. Under load, a tooth is minimally
deformed; therefore, the restoration

should be deformed the same way as
the tooth. It should be noted that a
high flexural strength will not guar-
antee any high levels of durability
without the modulus of elasticity.
However a pretty high modulus of
elasticity can cause "punching"” the
dentin below. The modulus of elastic-
ity of the most advanced composites
approaches the modulus of elasticity
of dentin but it should not be higher
in any way.

Most composite materials are
more elastic than the hard tissues
of teeth [6]. A good flexural strength
of composites allows them to with-
stand high loads but there are hori-
zontal tensile forces in the occlusive




maHHOTO npubopa SIBAsSETCS BBICOKAS >KeCT-
KocTh (6x10% H/M) KepaMHUUeCKOro KaHTHUJIeBepa
Y HCII0/Ib30BaHHUe B KayeCcTBe HHJAEHTOpa aJMas-
HOM IHUPAMHUIBL UIH YIbTPATBEpPAOTo dyrepHUTa.
DTO IMO3BOJISIET He TOJBKO I10JIy4aTh UHPOPMALIHIO
0 TororpaduHu MOBEPXHOCTH, HO TaKKe B PeKHMe
>KeCTKOTO KOHTAaKTa OLleHUTh TBEPAOCTb U MOAY/Ib
YIPYTOCTH CBEPXTBEPAbIX MAaTepPHaAIOB U IOKPHI-
THH, B TOM 4YHC/Ie anmasa. [Ipubop mpoBOAUT
H3MepeHHe TOIorpaduu U MeXaHUYeCKHUX CBOMCTB
MHUKPOCKOIIMYECKOI0 y4acTKa ITOBEPXHOCTH, YTO
IDaeT BO3MOKHOCTb CPABHHUBATh XapPaKTePUCTUKHU
PasHBIX y4acTKoB obpasia.

"HanoCkaH-3D" MoXeT paboTaTh B pekHMMax
MHJEeHTUPOBAHUS U llapalaHUs IIOBEPXHOCTH.
HMHOeHTHUpPOBaHHEe IPOBOAUTCS IyTeM Harpyxe-
HUS UIJIB B OIIpe/ieIeHHOM TO4YKe IIOBEPXHOCTH,
LapalaHue - IyTeM HAarpy>keHHUS U IOCIeAYIo-
Ilero FOPU30HTAIBHOTO IIepeMellleHU s UHIeHTOopa
0]l Harpy3Kko. Pa3mep oTmevyaTKa UK I[apaluHBbL
ompepenseTcss MyTeM CKaHUPOBaHHUSA peilbeda
1,0 ¥ TIOC/Ie UHA,eHTUpoBaHU 4. OnpesesieHHe TBep-
OOCTH OCHOBAHO Ha MeTO/le CPAaBHUTEIBHOM CKJIe-
pOMeTpHH, KOIfa IJapallMHa HAHOCUTCS I00Ye-
pelnHO Ha M3ydyaeMBbIN MaTepHas U 3TAJIOH, TBep-
0OCTb KOTOPOrO M3BeCTHA. AHA/JIM3 LlapallHHBbI
3aK/JI0YaeTCs B MU3MEpPeHUHU ee CpefHel MHUPHUHBI
IIpH OIlpe/le/IeHHOM Harpyske [6, 8].

BasxHoe mpeumymectBo "HaHoCkaH-3D" - MHO-
roobpasue U3MepeHHUH, JOCTYIIHBIX Ha 6a3e ogHOTO
npubopa. B yacTHoCTH, pa3paboTaH MeTo[ onpese-
JIeHUsI U3HOCOCTOMKOCTH MaTepHasa, OCHOBAHHBIM

CONTROL AND MEASUREMENT

Puc.3. Mukpockon Nikon Eclipse MA 200
Fig.3. Nikon Eclipse MA 200 microscope

Ha rnepeMelleHMY HaKOHeYHHKA BO/b [IOBEPXHO-
CTH C IIOCTOSIHHBIM KOHTPOJIeM HOPMaJIbHOK CHJIBL
MPHKHMMa K HeH U U3MepeHHeM 3aBUCUMOCTH YIJIy-
OleHUS HAKOHEYHHKA B MaTepHas OT BpeMeHH [9].
Hns usmMepeHHS HAHOTBEPOOCTH U MOLYIISA
IOHra mokpeTHN Ha npubope "HanoCkau-3D"
K obpasLam NpeABsBASIOTCS Cllefyolide TpeboBa-
HUS: [MIepOX0BATOCTb JO/IKHA OBITH He Xyxke 12-14

create more favourable conditions for

area that can cause chipping in the
restoration of the thin walls of the
cavity.

The values of the thermal expan-
sion coefficient and polymerisation
shrinkage when putting the seal
are also important. High shrinkage
causes internal stresses in the tooth,
sensitivity enhancement and edge
conformability violations leading
eventually to the development of the
secondary caries. Such phenomena
may be caused by thermal expan-
sion. A composite should be capable
of taking more load not only during
chewing but also with some changes
in temperature. The physical param-
eter that characterizes the change

in volume when the temperature of
the material is changed, is called the
thermal expansion coefficient. Even
if the volume changes are measured
in micrometers, they can have fatal
consequences. The thermal expan-
sion coefficient of a composite and
polymerisation shrinkage are closely
inter-related with the assessment of
the clinical efficacy of a composite
(51.

Here is another example con-
firming the need for a comprehen-
sive research into the properties of
composites. The surface quality of
composites is important not only in
terms of aesthetics. The surface of
the composite restoration should not

colonisation by bacteria than a vital
tooth. For this reason, researches
into the composite surface colonisa-
tion by Streptococcus mutans bac-
teria are undertaken [4]. The inten-
sity of the bacterial flora is affected
by microcracks, pits and bumps thus
making it necessary to study the pro-
file of the material used.
Mechanical measurements con-
stitute the bulk of the research of
composites and coatings for den-
tal crowns. Producers compare
their new designs with other mate-
rials. Whenever possible, this is
done through standard measure-
ment methods [3]. However, many
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Puc.4. Mukpockonus nogepxHocmu Kepamudeckol ekaadku (a)
u kepamuyeckoli ekaadku, epaHudauieli ¢ Imaabto 3y6a (b)
Fig.4. Microscopy of the surface of ceramic inlays (a) and ceramic
inlays bordering on tooth enamel (b)

KJIaccoB; rnybuHa morpyskeHUs uHpeHrtopa (77
HM) He [0JKHA [IPeBbMAaTh 10% TOMIMHBL TOKPbI-
THS. B KayecTBe IOJJIOKEK 151 IOKPHITHH MOKHO
HCII0NIb30BaTh, HAIPUMep, 06pa3Lbl U3 KPeMHHUS
u cutaynia CT50 (14 knacc mepoxoBaroctH) [10, 11].

Ha puc.2 mpeAcTaBiIeHbl pe3ylbTaThl UCCIEL0-
BaHUU 06pa3siia CTOMATOIOTHYECKOTO 3aMIUTHOIO
MOKPBITHUS Ha Tpubope "HaHoCkaH-3D".

MCCNELOBAHME METOJOM CBETOBOM
MUKPOCKOMUU
K HepaspyIIaIIMM METOSAM MCC/IeJOBAHUS OTHO-
CHUTCS U CBETOBAass MUKPOCKOIHS. B maTepuaro-
BeJIeHUH 4acTO IpPUMeHsieTcss MUKpocKomn Nikon
Eclipse MA 200 (puc.3), KOTOpBIE MOXKeT paboTaTs
B OTPa’kKeHHOM U IIPOXOAsiIneM cBeTe. ONITUKA IIPHU-
bopa obecrmeymnBaeT MoJydeHHe YeTKHUX, BBICOKO-
KOHTPACTHBIX U300paskeHUH 10 MeTOAYy CBET/IOr0
U TeMHOTrO Iojsi, obrafamoIux B TpU pasa 60ib-
el SPKOCTbIO, YeM y APYyTUX Mojesnel [1]. YaobHa
BO3MOSKHOCTb YCTAHOBKH 00BEKTa Ha IIpeMeTHOM
CTOJIMKe, PACIIOIOKeHHOM HaJl 06 beKTUBAMHU, YTO
naeT 601K 0030p U TIO3BOJSIET U3yUaTh 00BEKT
KaK He3aKpeIlJIeHHBIM, TaK U Ha HOCHUTeJle MacCoM
oo 10 Kr.

ABTOPBI UCC/Ie0BAIN KepaMUYeCKHe BKIAJIKHU
U MJI0MOHMPOBOYHBIM MaTepHal HA yAaJeHHBIX
3ybax. MukpodpoTorpaduu, moaydeHHbIe C IIOMO-
mbio MuKpocKomna Nikon Eclipse MA, matoT mpen-
CTaBJIeHHUeE O pejibede IOBEPXHOCTH U I103BOJSIOT
OPUEHTHUPOBOYHO OLIEHUTh pa3Mep HEPOBHOCTEH,
LlapallyuH, BKIOYeHHUH.

measuring tools were originally
not designed for dental research but
study of the materials with a homo-
geneous molecular structure, for
example, metals, while a composite
is a polymer filled with particles of
different sizes. In this regard, there
is a high likelihood of obtaining
unreliable results, and it is relevant
to search for better and more appro-
priate methods of analysis of materi-
als used in dentistry.

STUDY BY NANO-INDENTATION

Nano-indentation is a method of
determining functional proper-
ties of thin coatings (ISO 14577)
with the NanoScan-3D Scanning
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nano-hardness tester (fig.1). This
method can be considered condi-
tionally non-destructive because
the depth of penetration of the
indenter during testing is negligi-
ble [7].

NanoScan-3D is a scanning force
microscope that is operated in the
open air in contact mode. The main
feature of this device is the high
strength (6x104 N/m) of the ceramic
cantilever and the use of a diamond
pyramid or ultra-hard fulerite as
indenter. This allows not only to
investigate the surface topology but
also in hard contact mode evaluate
the hardness and elastic modulus of
super-hard materials and coatings

including diamonds. The device
measures the profile and mechan-
ical properties of the microscopic
surface area thus making it possi-
ble to compare the characteristics of
different parts of the sample.
NanoScan-3D can be used in
the indentation and scratch hard-
ness test modes. Indentation is car-
ried by loading the needle at a cer-
tain point on the surface, scratch-
ing - by loading and subsequent hor-
izontal displacement of the indenter
under a load. The size of indenta-
tion or scratching is determined
by scanning the surface before and
after pressure. Determination of
hardness is based on the method



M3 mpepcraB/leHHBIX Ha puc.4d u 5 pororpa-
duH MOXHO CHelaTh BBIBOJ, YTO KepaMHuue-
CKas BKJIaZKa uMeeT Hojiee OMHOPOLHYIO IIOBEPX-
HOCTBh U ee CTPYKTypa boyiee mI0THASA, JTHUIIEH-
Has IOP, YTO YMeHbIlIaeT BepOSITHOCTh 0b6pa3oBa-
HHUS MUKPOOHOM OHOIIEHKH, U, C/Iel0BATE/IBHO,
3aboneBaHUs KapuecoM. Ha IoBepXHOCTHU CTeKIIO-
MOHOMEPHOH NI0M6b 06HAPYyKMBAIOTCSI MHOTO-
YMC/IeHHBIe MTOPHI, YTO CII0CO6CTBYeT 6aKTepHaIb-
HOM a/JITe3MH 1 Pa3BUTHIO IAPaJOHTO-TIaTOTeHHOU
dopsl. [ToMuMO 3TOT0, 0O6HAPYKEHHbIE PA3THYUS
B CTPYKType KOCBEHHO yKa3bIBAIOT Ha 60JBIIYIO
IIPOYHOCTb U TEIIJIO@MKOCTh KePaMHYeCKOr0 MaTe-
pHasia 1o CpaBHEHHIO C IIJIOMOOI.

TakuM obpa3omM, CBeTOBas MHUKPOCKOIHUS He
3aMeHSgeT HAHOMH/IeHTHUBHBIX METOLOB KCC/IeI0Ba~
HH S, HO MOKeT OBITh MCIT0/Ib30BaHA JIJISI IPe/IBapH-
Te/IbHBIX MCC/IeIOBAHUI MaTepHUaJioB, IPUMeHe-
MBIX B CTOMATOJIOTHH.

* %k k

[IpoBe/leHHBIE UCCIEL0BAHUS II03BOJSIOT CeIaTh
BBIBOJI, YTO /IJIs1 KOPPEKTHOTO CPaBHEHH I CTOMATO-
JIOTUYeCKHUX MaTepHaloB He06X0qUMO YHUPHUI -
pOBaTh METOLUKHU OIlpefeeHUsT GOPMBL U pa3Me-
POB HX YaCTHII, a TaKXKe YIPYyroCTH, TBePLOCTH,
IIPOYHOCTH, BSI3KOCTH pa3pyLIeHU s, IIJIaCTHYHO-
CTH, YCTAJOCTH U AP. MHOTHe U3MepHUTeNbHBIE
npubopsl 6611H pa3paboTaHbl JJIs1 U3YUeHHU S MaTe-
pHaJIOB C MOJIEKYISIPHO-OJHOPOJHON CTPYKTY-
POM U He MOAXOIST JJIsl KOMIIO3UTOB, IPUMeHsIe-
MBIX B CTOMAaTOJIOTHH. [lepCIIeKTUBHBIM METOL0M

CONTROL AND MEASUREMENT

Puc.5. Mukpockonust nogepxHocmu cmekAOUOHOMePHOU NAOM-
6ol
Fig.5. Microscopy of the surface of glass ionomer filling

onpeneneHus: GyHKIUOHAIBHBIX CBOMCTB TOH-
KHUX IOKPHITUH SIBJASETCS MeTON HAaHOUH[EH-
TUPOBAHUS C IIOMOILIbI0 CKAHUPYIONEro HaHOT-
BepnoMepa "HaHoCkaH-3D". CBeTOBasi MHUKPO-
CKOIIHMS He 3aMeHseT HAHOMHIEHTHUPOBaHHUe,
HO MOKeT OBITh MCIIO0JIb30BaHA /IS IPeBAPUTEIb"
HBIX UCCIeOBAaHUN MaTepHaIoB, IPHUMEeHIeMBbIX
B CTOMATOJIOTHH.
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STUDY BY LIGHT MICROSCOPY

of comparative sclerometry when a
scratch is applied alternately to the
material under study and reference
specimen, the hardness of which is
known. A scratch analysis consists
in measuring its average width ata
certain load [6, 8].

An important advantage of
NanoScan-3D is the variety of mea-
surements available on the basis of
a single device. In particular, the
developed method of the material
wear resistance determination is
based on the displacement of the
tip across the surface with constant
control of the normal hold-down
pressure thereto and the measure-
ment of the dependence of the tip’s

deepening in the material on the
time [9].

To measure nanohardness and
Young’s modulus of coatings on the
NanoScan-3D the following require-
ments to the samples should be met,
i.e. roughness should be better than
Class 12-14; the depth of penetration
of the indenter (77 nm) should not
exceed 10% of the thickness of coat-
ing. As substrates for coatings sam-
ples of silicon and glass-ceramic
CT50 (Roughness Class 14) can be
used (10, 11].

Fig.2 presents results of the
research of a dental protective coat-
ing sample on the NanoScan-3D
device.

Light microscopy can also be
regarded as a non-destructive
method of research. In material sci-
ence, the microscope Nikon Eclipse
MA 200 (fig.3), which can operate in
the reflected and transmitted light,
is commonly used. The device optics
allow obtaining clear and high-con-
trast images through the brightfield
and darkfield microscopy, the bright-
ness of which is three times higher
than by other models [1]. A conve-
nient feature is to set an object on
the sample stage located above the
lens thus making it possible to have
a better overview and allows to study
an object both in a loose state and on
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a carrier with the weight of up to 10
kg.

The authors used extracted teeth
to research ceramic inlays and the
filling material. The micrographs
obtained using the Nikon Eclipse
MA microscope give a notion of the
surface profile and allow obtain-
ing an approximate estimate of the
size of irregularities, scratches and
inclusions.

From the photos presented in fig.4
and fig.5, it can be concluded that the
ceramic tab has a uniform surface
and its structure is more dense and
non-porous. Thus diminishing the
likelihood of microbial biofilm for-
mation and of caries. On the surface
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of the glass-ionomer dental fillings
numerous pores can be found thus
promoting the bacterial adhesion
and development of the periodon-
tal pathogenic flora. In addition, the
observed differences in the structure
indirectly indicate greater strength
and heat capacity of the ceramic
material than the dental filling.
Thus, light microscopy does not
replace nano-indentation but can
be used for preliminary research of
materials used in dentistry.

KKk

The conducted research suggests
that for the correct comparison of
dental materials it is necessary to

unify methods for determining the
shape and size of the particles as well
as elasticity, hardness, strength,
fracture toughness, plasticity and
fatigue. Many measuring devices,
developed for the study of materi-
als with molecular homogeneous
structure, are not suitable for com-
posites used in dentistry. A prom-
ising method for determining the
functional properties of thin coat-
ings is the nano-indentation using
the scanning nano-hardness tes-
ter NanoScan-3D. Light microscopy
does not substitute nano-indentation
but can be used for the preliminary
research of materials used in den-
tistry. |






