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Investigation of the surface of light-curing dental
materials after pre-polymerization heating
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Abstract:

Despite the great variety and wide application of light-cured composite restorative materials for the treatment of hard tissue
diseases, the issue of longevity of restorations remains relevant to this day. One of the criteria for the long-term durability
of a composite restoration is the finish of the restoration. Poor polishing and surface roughness significantly reduce the
service life of the restoration and provide a good environment for biofilm adhesion, loss of luster of the restoration, and
caries recurrence. Thus, methods affecting the reduction of surface relief in restorations remain a current issue.

Aim. To evaluate the surface roughness and porosity of composite filling materials after pre-polymerization heating.
Materials and methods. Sixty composite samples were prepared in the form of 1 mm thick, 1.2 cm diameter disks. The
samples were divided into 2 groups depending on the presence of pre-polymerization heating. Atomic force microscopy
(AFM) was used to measure the roughness and to visualize the surface morphology of the samples. Porosity was measured
using a vacuum sputtering unit, and a scanning electron microscope was used to obtain micrographs of the sample.
Results. The use of pre-polymerization heating of composite filling materials in dental practice will allow dentists to
significantly reduce the expression of the relief of the composite restoration by reducing the roughness and pore volume in
the matrix of the composite filling material, which will certainly optimize the finishing of the restoration.

Conclusions. Pre-polymerization heating has a positive effect on the surface topography of the composite restoration,
reducing its roughness and porosity, which improves the stage of finishing: obtaining a dry gloss, ensuring the duration of
color stability, as well as reducing the adhesion of microorganisms to the filling material, thereby increasing the longevity of
the composite restoration.
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UccnepnoBaHne NnOBepXHOCTU
CBeTOOTBEpPXAaeMbIX CTOMaTOJIOrNMYyecKmnx
MaTepuasioB nocsie npegnonanmMmepunsagMoOHHOro
HarpeBa
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'Poccuinckmii yHuBepcuTeT Apy6bl Hapopos, Mocksa, Poccus
’Ka3aHCKMIN HaLMOHaNbHbIN NCCNefoBaTeNbCKN TEXHUYECKNN yHuBepcuTeT nMmeHn A. H. Tynonesa, KasaHb, Poccuna

Pesiome:

HecmoTps Ha 6onbluoe padHoobpasne 1 LLMPOoKoe NpUMEHeHNEe CBETOOTBEPXKAAEMbIX KOMMO3UTHbLIX peCcTaBpaLMOHHbIX
maTepuanos, BONPOC AONTOBEYHOCTM pecTaBpauuii OCTaeTcs akTyanbHbIM M MO cen AeHb. OgHMM 13 KpuTepues
[ONTOBEYHOCTM KOMMO3UTHOM pecTaBpauny SsBNAeTC ee kayecTBo. [1noxas nonmpoBKa 1 LWepoxXoBaTOCTb MOBEPXHOCTH
3HaYMTEeNbHO COKpalLalT CpPoK cnyxbbl pecTaBpauuMu 1 cospatoT bnaronpusTHylo cpedy ANs aare3uyn buonnexku,
noTepw 6necka pectaBpauuv n peunanea kapueca.

Lenb. OueHnTb LIEepOXOoBaTOCTb M MOPUCTOCTb MOBEPXHOCTU KOMMO3WUTHBLIX MIOMOMPOBOYHBIX MaTepuanosB nocne
npeABapuTENbHOMO NONMMEPM3aLOHHOrO Harpesa.

Mamepuansi u Mmemodsi. Bbino nogrotosneHo 60 o6pa3LoB KOMMNO3UTOB B BUAE AUCKOB TOMNWMHOW 1 MM 1 AnameTpom
1,2 cm. O6pasubl 661Nn pasgeneHsl Ha 2 rpynnbl B 3aBUCUMOCTU OT HanNM4us npefBapuTensHOro NoMmMepu3annoHHOro
Harpesa. ATomHo-cunosas mukpockonusa (ACM) ucnonbsoBanacb AN M3MEpeHWs LepoxoBaToCTu M BU3yanu3aunm
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MOPdONornM NOBEPXHOCTH 06pasLoB. MopUCTOCTb U3MEPSU C MOMOLLbIO BAKYYMHOM HaMNbINUTENbHOM YCTaHOBKK, a ANs
nonyyeHuss MMKpodgoTorpaduini 06pasLoB UCNONb30Basv CKaHUPYHOLWNIA 3NTeKTPOHHbBIA MUKPOCKON.

Pesynsmamel. Wicnonb3oBaHWe B CTOMaTONIOMMYECKON MNpakTuke MnpeanonvMMepusaunoHHOro HarpeBa KOMMO3UTHbIX
NIoMBUPOBOYHBLIXMATEPUAOB NO3BONIMT CTOMATOMNOMaM 3HaYMTETbHO YMEHbLLINTL BbIPAXEHHOCTb pefibedaKkoMno3UTHOW
pecTaBpauuy 3a CYET yMEeHbLUEeHUs LUepoX0oBaTOCTU U obbema Mnop B MaTpuLe KOMMO3UTHOro MioMGMPOBOYHOrO
maTtepuana, 4to, 6e3ycrnoBHO, ONTUMU3UPYET PUHULLHYIO 06paboTKy pecTaBpaumm.

Bbi800bI. MpeanonmmepusanMoHHbIi HarpeB NonoXUTENbHO BNMUSET Ha pefibed NoBEPXHOCTM KOMMNO3UTHOM pecTaBpaumu,
yMeHbluasi ee LepoxoBaToCTb M MOPUCTOCTb, YTO yNy4yllaeT aTan (PUHULLHON 06paboTKM: MofnyyeHne cyxoro Grecka,
obecneyeHrie 4NMTENbHOCTU LIBETOCTOMKOCTM, @ TakXe yMeHbLUeHNe aare3vn MUKpoOpraHM3MoB K MiioMBupoBOYHOMY

mMaTtepuany, TeMm caMmbiM yBenndnBaa 4ofiroBe4yHocCTb KOMMO3UTHOM pecTtaBpauunu.

KnroyeBble cnopa: npeanonnuMepusauMOHHbIN
CBETOOTBEPXAAEMbIA KOMMNO3NT.

Harpes,

LLIepOXoBaTOCTb, NMOPUCTOCTb, nonnmepunidauund,

KoHdnukT nHtepecos: ABTopbl coobatoT 06 OTCyTCTBUM KOHPNUKTA MHTEPECOB.

BnaropapHocTu: CDVIHaHCVIpOBaHVIe n nHagmnsuayarnbHblie 6ﬂar0,ﬂ,apHOCTM Ona geknapunpoBaHMA OTCYTCTBYHOT.

Ona uutupoBaHua: Xabapase 3.C., A6aynkepumoBa C.M., OpoGbiwes C.B., BopnakoBa M.M., Maromepnosa X.M.
ViccnepoBaHne NoBEpXHOCTM CBETOOTBEPXKAAEMbIX CTOMATONOrMYECKUX MaTeprManos nocne npeanonMmepu3aLlmoHHOro
HarpeBa. QHgonoHTua today. 2023; 21(4):252-262. DOI: 10.36377/1683-2981-2023-21-4-252-262.

INTRODUCTION

Composite restorative materials have excellent handling
properties, good polishability, high wear resistance, the
ability to be used for the restoration of any group of teeth due
to the variety of shades and transparency, ease of use, easy
to model regardless of the design of the restoration, give teeth
a natural look, including the preservation of enamel shine. [1]
However, despite the large number of positive physical and
mechanical properties of light-cured composite restorative
materials the results of clinical studies demonstrate that the
biggest problem of composite is the loss of surface gloss and
increased roughness. Under the influence of various factors,
the color stability of the composite material also changes.
The color stability of composite resin is an important
property affecting its clinical longevity, which remains
an inherent requirement for the material. [2] All staining
solutions (tea, coffee, wine, energy drinks and so on) affect
the color stability of the tested filling materials: solutions,
even distilled water, darken the tested composite samples
[3-6]. Authors investigating the effect of coffee on color
stability and surface roughness of single-shade resin-based
composite materials [7] also noted that composite type and
immersion time had a marked effect on color stability and
surface roughness of single-shade composite filling material
and showed "extremely" high thresholds for perceptibility
and acceptability as well as surface roughness even when
distilled water was used. The quality of aesthetic restorations
depends to a large extent on the finishing and polishing
process. A perfectly polished surface of the composite
material minimizes plaque accumulation, gingival irritation,
and discoloration of the restoration, i.e., it improves color
stability and, consequently, the aesthetics of the restoration
[8]. Color stability also depends on the surface roughness
of the composite restoration, as increased roughness (>
0.3 ym) can lead to greater plaque retention and pigment
absorption than relatively smooth surfaces [9-11]. Due
to the above factors affecting the properties of composite
restorative materials, the issue related to the longevity of the
restoration remains relevant to this day.

MATERIALS AND METHODS

Composite materials of different groups widely used in
therapeutic dentistry were selected for this study. These
materials were also selected based on the composition
of the polymer matrix, filler particle size and country of
manufacture. Composites from different manufacturers with
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similar filler particle size were used to obtain relevant results.
(Table 1). Samples in the form of disks with thickness of 1
mm and diameter of 1.2 cm were prepared for the study.

The prepared samples were divided into 2 groups
according to the presence of thermal prehistory:

Group 1 (A, B, C)-the specimens were made of composite
materials, polymerization of which was carried out without
thermal prehistory (A — domestic light-cured microhybrid
composite material Unirest (Stomadent, Russia), B—imported
light-cured microfilled composite material Enamel Plus HRi
(Micerium, lItaly), C — imported light-cured microhybrid
composite material Esthet X HD (Dentsply Sirona, USA).

Group 2 (A1, B1, C1) samples were prepared after
preliminary pre-polymerization heating of composite material
in a special furnace (Micerium; Avegno, Italy) providing two
temperature modes (the first mode — heating to 39°C, the
second mode — heating to 55°C). In our study, the second
mode — heating to 55°C was used (A1 — domestic light-cured
microhybrid composite material Unirest (Stomadent, Russia),
B1 — imported light-cured microfilled composite material
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Fig. 1. Under letters A, B, C are prepared samples that have
not undergone pre-polymerization heating; under letters A1,
B1, C1 are prepared samples heated in an oven at 55°C.
Puc. 1. Nop 6ykeamu A, B, C - noarotoBneHHbIe
obpa3ubl, He NoABepraBlWMecs NpeABapUTENbHOMY
nonuMmepusauuoHHoMy HarpeBy; noa 6yksamu A1, B1, C1 -
noaroToBrieHHble 00pa3Lbl, HarpeTble B neun npu 55°C.
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Table 1. Characteristics of the investigated light-cured composite restorative materials.

Ta6nuya 1. Xapakmepucmuku uccriedyeMbix ceemoomeepxxdaeMbix
KOMMO3UMHbIX pecmaepayuoHHbIX Mamepuasioe.

Composite |Manufacturer Composition of the monomer matrix Filler Material group
material
Unirest Stomadent |Urethane methacrylate, bisphenol A glycidyl meth-|Hybrid with an av-|Light-curing micro-
(Rissia) acrylate (Bis GMA), triethylene glycolldimethacrylate|erage filler particle hybrid  composite

(TGM), butylated hydroxytoluene, camphoroqui-
none, trimethacrylate triethanolamine (TMATEA),
fluorescent pigment, barium aluminoborosilicate
glass PM-3, glass filler GM32087, glacial acetic acid,
aluminum oxide, silane A-174, iron oxide pigments:
Red 7067, Yellow 7055, Hema Phoshate, acetone

size of 0.7 microns,
glass filler filler or-
ganic matrix filling
degree of 78+1%.

filling material

Enamel plus

Micerium

Diurethandimethacrylate, Iso-propylidene-

75% by weight (53%

Light-cured micro-

HRi (Italy) bis (2(3)-hydroxy-3(2)-4(phenoxy) propyl)-|by volume). Glasslhybrid  composite
bis(methacrylate)(Bis-GMA); 1,4 — Butanedioldi-(filler: average par-{filling material
methacrylate ticle size 0.7 um;

Highly dispersed sil-
ica: average particle
size 0.04 ym
Esthet X HD |Dentsply Bis-GMA, Bis-EMA accession product, triethylene/Barium fluoroboro-|Light-curing micro-

Sirona (USA)

glycol dimethacrylate, camphoroquinone (CQ), pho-|silicate crystals with|filled composite re-

toinitiator, stabilizer, pigments

an average particle|storative material
size of less than
1 um and silicon
nanofiller  (particle
size 0.04 pm)

Fig. 2. Furnace (Micerium; Avegno, Italy) for
heating composite materials. T2- mode 55°C.

PucyHok. 2. Meyb (Micerium; Avegno, UTanusa) ans
HarpeBa KOMMO3UTHbIX MaTepuanoB. T2-pexum 55°C.

Enamel Plus HRi (Micerium, Italy), C1 —imported light-cured
microhybrid composite material Esthet X (Dentsply Sirona,

USA). (Fig 1, 2).

Fig. 3. Bruker Innova.
Puc. 3. Bruker Innova.

Roughness evaluation

Atomic force microscopy (AFM) was used to measure the
roughness and to visualize the surface morphology of the
samples. The atomic force microscope was a Bruker Innova
instrument (Fig.3)

Image acquisition was performed in the semi-contact
mode. The probe sensor was TESP-V2 with a triangular-
shaped probe with a tip radius of 7nm. The scanning area
was 50x50um. Frequency 0.5 Hz. The study of roughness
was reduced to the processing of image data obtained using
AFM. For this purpose, three arbitrary sections were made

3udodowmun | Ton 2], NC 4/2023



UccnepgoBanua | Scientific researches ‘25 5

Fig. 4. Quorum Q150T ES - vacuum spraying machine.

Puc. 4. Quorum Q150T ES - BakyymHas
pacnbinuTenbHas MalwmnHa.

in the height map channel and the necessary roughness
parameters Ra, Rz were calculated by means of software.

Porosity estimation

To measure porosity, the sample preparation process
included:

Samples were placed in the vacuum chamber of a
Quorum Q150T ES vacuum sputtering machine to form
a thin conductive film. (Fig. 4). Graphite was chosen as
the material. The thickness of the thin film as a result of
sputtering was 10-15nm. The thin conductive film is formed
in order to remove excessive surface charge arising in the

Fig. 5. Carl Zeiss Auriga Crossheam electron microscope
Puc. 5. dnekTpoHHbI mukpockon Carl Zeiss Auriga Crossheam

dielectric sample in the process of its exposure to a focused
electron beam.

Measurement technique

A Carl Zeiss Auriga Crossbeam scanning electron
microscope was used to obtain micrographs of the sample
(Fig. 5).

During electron microscopic analysis, a secondary
electron detector was used to visualize the surface of the
samples.

An in-lens secondary electron detector (InLens) was used
to visualize the internal structure of the samples.

Mode of operation of the electron microscope:
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Fig. 6. Enamel Plus HRi heated. No sharp peaks are visually detected on the graph, almost equal width and uniformly decreasing
height as the distance from the origin indicates a decrease in surface roughness and roughness of the sample after heating.

Puc. 6. Enamel Plus HRi B HarpeTom cocTosinumn. Ha rpaduke BU3yanHo He 0GHapyXu1BaeTCcs pe3knx NuKoB,
NpaKTM4YeCcKn oiMHaKOBas WMPMHA U PaBHOMEPHO YMEHbLIAKWasncsA BbICOTa N0 Mepe yaaneHus oT Hayana koopauHat
CBUAETENLCTBYET O CHUXEHMM LIEPOXOBATOCTM NOBEPXHOCTM M LEPOXOBaTOCTU 0Opas3La nocne Harpesa.

Volume 21, no. 4/2023 | Endodontics
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Fig. 7. Enamel Plus HRi unheated. The graph visually shows a large number of sharp peaks throughout,
which indicates the rough and uneven surface of the structure of this material.

Puc. 7. Enamel Plus HRi 6e3 HarpeBa. Ha rpacuke Bu3yansHo BUAHO 6onblIoe KONMYECTBO OCTPbIX
NUKOB, YTO rOBOPUT O rpy6oN M HepOBHOM NOBEPXHOCTM CTPYKTYPbI 3TOr0 MaTepuana.
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Fig. 8. Esthet X HD heated. From the graph, it can be visually determined that the nature of the peak height and
width, as well as the nature of the scatter of the Rmax parameter between neighboring measurements for this
material showed approximately the same results as the Esthet X HD material without thermal prehistory.

Puc. 8. Esthet X HD nocne HarpeBa. U3 rpacdimka MoXHO BU3yanbHO ONpeAenuThb, YTO XapaKkTep BbICOThI U IWMPUHBI
nuKa, a Takxke xapaktep pas3bpoca napameTpa Rmax mMexay coceAHUMM U3MEPEHUAMMU ANSA 3TOTO MaTepuana
nokasan NPMMEpPHO Te Xe pe3ynbTaThl, YTo U ans matepuana Esthet X HD 6e3 Tepmuyeckoit npegbicTopum.
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Fig. 9. Esthet X HD unheated. From the graph, it can be visually determined that the nature of the peak height
and width, as well as the nature of the scatter of the Rmax parameter between neighboring measurements for
this material showed approximately the same results as the Esthet X HD preheat-treated material.

Puc. 9. Esthet X HD 6e3 HarpeBa. U3 rpacduka MoXHO BM3yanbHO onpeaeNnTb, YTO XapaKkTep BbICOThI U WUPUHbI
nuKa, a Takxe xapakTep pasbpoca napameTpa Rmax mexay cocegHUMU U3MEPEeHUAMU ANS 3TOFO MaTepuana nokasan
NpUMepHO Te Xe pe3ynbTaThl, 4To U AnsA MmaTepuana Esthet X HD, npoweawero npeaBaputenbHy0 TepMoo6paboTky.
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Fig. 9. Esthet X HD unheated. From the graph, it can be visually determined that the nature of the peak height
and width, as well as the nature of the scatter of the Rmax parameter between neighboring measurements for
this material showed approximately the same results as the Esthet X HD preheat-treated material.

Puc. 9. Esthet X HD 6e3 HarpeBa. U3 rpacdhmka MOXHO BU3yanbHO ONpeAenuThb, YTO XapaKkTep BbICOThI U WWMPUHbI
nuKa, a Takxe xapakTep pa3bpoca napameTpa Rmax mexpay cocegHUMM U3MEPEHMAMM ANA 3TOFO MaTepuana nokasan
NPMMepHO Te e pe3ynbTaThbl, YTo U Ans matepuana Esthet X HD, npoweplero npegBaputenbHy0 TepMoo6paboTky.

Volume 21, no. 4/2023 | Endodontics
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Fig. 10. Unirest heated. On the graph it is possible to visually determine smoother peaks of the same width and small
variation of Rmax parameter between neighboring measurements in comparison with Unirest material not preheated.

Puc. 10. Harpetbiit matepuan Unirest. Ha rpachuke moxHo Bu3yanbHo onpeaenuTs 6onee
rnagkue nNuku oAMHaAKOBOW WHUPUHLI M HeGoNbILON pa3bpoc napameTpa Rmax mMexay coceAHUMM

M3MepeHUsIMU Mo cpaBHeHMIo ¢ maTepuanom Unirest 6e3 npeaBapuTenLHOro Harpesa.
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Fig. 11. Unirest unheated. On the graph visually it is possible to note a large number of sharp irregular

peaks, which indicates the expression of rough and uneven surface of the structure of this material.

Puc. 11. Unirest 6e3 HarpeBa. Ha rpacdmke BU3yanbHO MOXHO OTMETUTb 6ONbLIOE KONUYECTBO Pe3KUX HEPaBHOMEPHbIX
NUKOB, YTO CBUAETENbLCTBYET O BbIPaXXEHHOCTM rpy6oi U HepOBHOM MOBEPXHOCTMU CTPYKTYPbl AAHHOTO MaTepuana.
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Fig. 12. Enamel Plus HRi heated. According to the results
of AFM images, a more homogeneous and smoothed
surface structure of the material is visually noted.

Puc. 12. Enamel Plus HRi B HarpeTom cocTosHuM.
Mo pesynbratam ACM-u3o6paxeHuii BU3yanbHo
oTMeyvaeTcs Gonee o/HOPOAHASA M CrNaXeHHas

CTPYKTypa NOBEPXHOCTW MaTepuana.

Fig. 14. Esthet X HD heated. The surface structure
of the material visually before and after heating on
AFM images showed no significant differences.

Puc. 14. Esthet X HD B HarpeTom cocTosiHumn. CTpykTypa
NoBepXHOCTU MaTepuana Ao u nocne Harpesa Ha ACM-
n306paxeHnsAX He NoKa3ana cywecTBEHHbIX Pa3Nnyui.

” %%540#111%“
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Fig. 16. Unirest heated. Based on the results of AFM
images, a more homogeneous and smoothed surface
structure of the material is visually noted.

Puc. 16. Harpetbin Unirest. Mo pesynstatam ACM-
n300paxeHun BU3yanbHO oTMevaeTcs 6onee ogHOpoaHas
M crnaxeHHas CTPYKTypa NOBEpXHOCTH MaTepunana.

Volume 21, no. 4/2023

Fig. 13. Enamel Plus HRi not heated. According
to the results of AFM images, visually more rough
and uneven surface of the material is noted.

Puc. 13. Enamel Plus HRi 6e3 HarpeBa. o pesynbratam

ACM-n3o6paxeHuit BU3yanbHo oTmeyaetcs Gonee
LwepoxoBaTas M HEPOBHAA NOBEPXHOCTb MaTepuana.

Fig. 15. Esthet X HD unheated. The surface structure
of the material visually before and after heating on
AFM images showed no significant differences.

Puc. 15. Esthet X HD 6e3 HarpeBa. CTpykTypa

NoBepXHOCTU MaTepuana Ao u nocne Harpesa Ha ACM-
n306paxeHnsx He NoKa3ana cywecTBEHHbIX Pa3Nnyui.

Fig. 17. Unirest not heated. According to the
results of AFM images, a more rough structure
of the material surface is visually noted.

Puc. 17. Unirest 6e3 HarpeBa. o pe3ynbTatam
ACM-n3o6paxeHuit BU3yanbHo oTMeyaeTcs bonee
LwepoxoBaTas CTPYKTypa NOBEPXHOCTU MaTepuana.

Endodontics
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Accelerating voltage -5 kV; Aperture diaphragm size — 30 Roughness measurement results are demonstrated and
mm; Working distance — 6 mm; Electron beam current—30pA.  described on the Figures 6-11.

Fig. 18. On electron scanning microscopy of the composite material that has not undergone pre-polymerisation heating, we note a
visually larger pore size in the matrix structure (A). In SEM images of the composite material with pre-thermal preheating (B), we
note a smoother dispersed structure of the composite matrix and smaller pore size.

Puc. 18. Ha aneKTpOHHOI CKaHMPYHOLLE MUKPOCKONKUM KOMNO3MTHOIO MaTepuana, He npoleAlwero npeaBapuTenbHbIi
npeanonMMepu3aLMoOHHbIA HarpeB, Mbl OTMeYaeM BU3yasnibHO 6oNbWwKiA pa3Mep Nop B CTPYKType MaTpuubl (A). Ha COM-
1306paxeHnAX KOMNO3NTHOTO MaTepuana c npeaBapuUTeNIbHON TepMuyecKkoi npeabictopueit (B) mbl otmeyaem bonee rmagkyto
AVCMEPCHYI0 CTPYKTYPY KOMMO3UTHON MaTpULbl M MEHbIUKUIA pa3mep nop.
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Fig. 19. Esthet X HD without pre-polymerisation heating (A), according to electron scanning microscopy data, has a higher number
and size of pores than material with thermal preheating (B), but this material showed no significant change in surface structure
before and after pre-polymerisation heating.

Puc. 19. Esthet X HD 6e3 npeaBapuTennHoOro nonMmepu3auuoHHoro Harpesa (A), cornacHo faHHbIM 3NIEKTPOHHON CKaHMpYHowwen
MWUKPOCKONUM, MMeeT Gornbluee KONMYECTBO M pa3mep Nop, YeM MaTepuan ¢ npeABapUTeNbHbIM TEPMUYECKUM HarpeBoMm (B),
OfHaKo 3TOT MaTepuan He Noka3asn 3HaYUTENIbHOTO N3MEHEHUS CTPYKTYpPbl NOBEPXHOCTH O M Nocre NpeABapuTeNbHOro
nofiMMepu3aLMOHHOro Harpesa.

Fig. 20. Electron scanning microscopy of Enamel Plus HRi composite not subjected to pre-polymerisation heating shows a
visually larger pore size of the matrix structure (A) SEM images of the composite material with thermal preheating (B) show a
smoother and more homogeneous composite matrix structure and a small number of small isolated pores.

Puc. 20. Ha aneKTpoHHON ckaHUpYtowen Mukpockonum komnosutHoro Enamel Plus HRi, He noaBeprHyToro npeasaputensHomy
npeanonMMepu3auuoOHHOMY HarpeBy, OTMeYaeTcs BU3yanbHO Gonblwuii pa3mep nop MaTpuyHoii cTpykTypbl (A) Ha CIM-
n306paxeHnUsIX KOMNO3ULMOHHOIO MaTepuana c TepMUYECKUM npeabicTopueii (B) oTmevaeTcs 6onee rnagkas u ogHOpPOAHas
CTPYKTypa KOMNO3UTHOW MaTpULbl M HE6ONbLWOE KONNYECTBO MENIKUX M30NTMPOBAHHbIX NOP.
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Table 2. The results of porosity measurement.
Tabnuua 2. Pe3ynbratbl UBMEpPEHUsi MOPUCTOCTM.

Unirest Enamel HRi Esthet-X HD
Area 1- 3,66% Area 1- 2,52% Area 1 -5,35%
Percent porosity to Area 2 — 4% Area 2— 2,25% Area 2— 5,40%

Cf. value. — 3,83%

Cf. value. — 2,38%

Cf. value. — 5,37%

Percent porosity after

Area 1- 4,05%

Area 1- 1,23%

Area1-4,1%

Area 2— 3,37%

Area 2 —-2,37%

Area 2 -3,77%

Cf. value. — 3,71%

Cf. value. — 1,8%

Cf. value. — 3,93%

Results of atomic force microscopy are demonstrated and
described on the Figures 12-17.

Measurement of porosity by SEM image processing
method are demonstrated and described on the Figures 18-20.
According to the scanning electron microscopy data, the
material with thermal preconditioning has higher density and
thus lower roughness due to greater smoothing of the dispersed
matrix structure after the composite conversion from heating.

Discussion.

From the results of the roughness study and AFM images,
it can be seen that the pattern of surface roughness has
changed for the Unirest and Enamel Plus HRi specimens.
The number of irregularities per unit length became
smaller and the specimens appear more "smoothed". This
is evidenced by the small scatter of the Rmax parameter
between neighboring measurements.

The Esthet-X sample shows no significant changes in
surface morphology.

The porosity of the samples was measured by SEM image
processing. The results of porosity measurement are given
in the table 2.
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