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Abstract
Title: Comparative analysis of the effect of adhesive systems on the microelement composition of the dentin of the
crown part of the tooth.
Purpose: To research the microelement composition of the «filling-tooth» interactive zone, the morphological
characteristics of its border, to assess the effect of adhesive systems of the V and VII (self-etching) generations on
the ion-exchange composition of the dentin of the crown part of the tooth, and to qualitatively assess the microelement
composition of the hybrid dentin zone.
Materials and methods: Extracted teeth with preserved crown part (n=20), enamel etching gel (Vladmiva), V
generation Singlebond - 2 adhesive system (3M ESPE), self-etching adhesive system Prime-Bond Universal
(Dentsply Sirona), light-cured composite material Migrofil (Republic of Belarus). The research of the microstructure
of samples with formed and sealed Class | cavities according to Black was carried out on a certified high-resolution
scanning electron microscope «Mira» by Tescan (Czech Republic). The research of the microelement composition of
the «filling-tooth» border was carried out by X-ray spectral analysis, which consisted of 2 blocks: using the adhesive
system of the fifth generation and the seventh generation of the adhesive system.
Conclusions: 1. A comparative analysis of the results of using the fifth-generation adhesive system and the self-
etching adhesive system showed that when using the total etching technique, trace elements Ca and P migrate from
the tooth dentin structure into the hybrid zone. When using the adhesive system VII, the migration of elements was
not established, due to the lack of demineralization of the dentin structure and the modification of the smeared layer.
2. Qualitative assessment of planar spectrograms revealed an increase in the carbon element in the modified adhesive
layer. which is due to the presence of a smeared layer after odontopreparation of hard tissues of teeth destroyed by a
carious process
3. The migration of the Si element indicates the chemical interaction of the adhesive and the filling material, as well
as the filling material and the dentin of the tooth through the adhesive layer.
4. The use of the adhesive system of the fifth generation provides a higher quality of the marginal fit of the filling
material to the surface of the dentin than when using a self-etching adhesive system.
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In modern restorative dentistry, adhesive systems
are used, designed not only to ensure better adhesion
of the filling (micromechanical adhesion), but also to
migrate useful microelements into the hard tissues of
the tooth (chemical adhesion) and vice versa.??

After preparation of the carious cavity, a so-called
smear layer is formed on the surface of the dentin,
which forms a film 2-10 pm thick on the surface of
the dentin, closing the intra- and peritubular spaces of
the den-tin, thereby preventing the penetration of the
components of the adhesive system into its structures.
In the early 90s. XX century in dental practice, the
sixth and seventh generations of adhesive systems
appeared, represented by self-etching systems. Their
development for use was determined by the desire of
manufac-turers to reduce the number of stages of
working with adhesive systems and, thereby, reduce
the number of dentist errors when working with
adhesive systems. The development of the strategy of
self-etching of den-tal tissues was due to the high
sensitivity to violations of adhesive preparation when
using adhesive systems of the IV and V generations
and, as a consequence, the frequent occurrence of
postoperative sensitivity. In addition, the use of self-
etching systems reduced the number of work steps
and, accordingly, reduced the number of errors at the
stages of working with the adhesive system.

The advantages of self-etching systems are a
shorter adhesive preparation time, a very simple
operating procedure, and a low risk of postoperative
sensitivity. However, the absence of the stage of
etching and removal of the smear layer from the
surface of the dentin of the tooth after preparation of
the carious cavity doubt remains full. The
disadvantages of using self-etching adhesive systems
were considered to be large differences in adhesion to
enamel and dentin. These indicators, presented by
manufacturing companies as higher values than those
of the IV and V generations, as well as the low
efficiency of etching of intact enamel and sclerotic
dentin, the high hydrophilicity and acidity of the
components did not always lead to good final results.
In connection with the above, when using self-etching
systems, a selective etching tech-nique is used.! At
present, the degree of influence of various adhesive

systems on the ion-exchange composition of dentin of
the tooth crown has not been fully revealed.

Thus, studies of the effect of adhesives not only on
the structural characteristics of the tooth (components
of the hybrid zone), but also on the metabolism of its
tissues, in particular, on the mineral component, and
the possibility of penetration of tooth microelements
into the bonding system, remain relevant.

This research is aimed at studying the replacement
therapy of the tooth crown in the context of
establishing the microelement composition of the
dentin of the crown of the tooth after restoration using
adhesive sys-tems of the V and VII (self-etching)
generations in vitro.

The purpose of the work was to research the
microelement composition of the interactive «filling-
tooth» zone, the morphological characteristics of its
border, to assess the influence of adhesive systems of
the V and VII (self-etching) generations on the ion-
exchange composition of dentin in the coronal part of
the tooth and to qualitatively assess the microelement
composition of the hybrid dentin zone.

Research materials: extracted teeth with the crown
part preserved (n=20), gel for etching enamel
(Vladmi-va), fifth generation adhesive system
Singlebond - 2 (3M ESPE), self-etching adhesive
system Prime-Bond Universal (Dentsply Sirona),
light-curing composite material Migrofil (Republic of
Belarus). The experi-ment used teeth removed for
medical reasons. The score of tested samples for the
research is divided into two groups: group 1 (n=10)
and group 2 (n=10) - experimental with cavities of
Black class | formed, de-pending on the type of
adhesive system used. In the first group, total etching
and a fifth-generation adhesive system were used to
fill cavities; in the second experimental group, a
seventh generation (self-etching) ad-hesive system
was used. After filling, the teeth were placed in a
thermostat for 72 hours at a temperature of 37°C and
100% humidity. To obtain samples, longitudinal and
transverse cuts of the tooth crown were made.
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The microstructure of the samples was studied
using a certified high-resolution scanning electron
micro-scope «Mira» from Tescan (Czech Republic)
with a field emission cathode. To research in a
scanning elec-tron microscope, the surface of polished
sections of tooth samples was sprayed with conductive
cathode chromium under vacuum conditions for 10 s.
The research of the elemental composition was carried
out using a micro-X-ray spectral analyzer from
Oxford Instruments (England).

Sections of tooth samples were placed in a
scanning electron microscope camera for X-ray
spectral analysis at various magnifications.

The scanning areas were the following zones:
«composite material - adhesive layer - hybrid zone —
dentinx.

The research of the microelement composition of
the «filling-tooth» interface was carried out using X-
ray spectral analysis, which consisted of 2 blocks:

1-block: Micro-X-ray spectral analysis of the
«filling-tooth» boundary when using the fifth
generation of adhesive system.

Figure 1. Scanning area within which MRSA was
performed (1 block of the research - when using the
V generation adhesive system)
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Figure 2. Planar spectrogram 1 - Concentration
curves of distribution of elements (1 block of
research - when using adhesive system of the fifth-
generation)

The figure 1 shows the scanning area of the test
sample of block 1.

Based on the sounding performed, planar
spectrogram 1 was obtained (Figure 2), which reflects
the microele-ment composition in the scanning area.

Interpretation of planar spectrogram 1.

On the Oy axis: changes in the intensity value of
the secondary characteristic radiation excited by a
directed electron beam within the designated scanning
line. The line thickness is about 1 um. On the Ox axis:
dis-tance and total length of the scan line in 1 pm.

1) Concentration curves of the following elements
were obtained: Si, P, Ca, C, Na, Mg. Migration is
deter-mined only for Si, P, Ca.

2) Qualitative analysis of planar spectrograms in
filling areas using V generation adhesive systems
revealed accumulation of P and especially Ca in
the hybrid zone. The increased concentration of
Ca in the hybrid zone is primarily due to
decalcification of dentin after exposure to 37%
orthophosphoric acid. At the border of the
adhesive layer and the filling material, a high
concentration of trace elements calcium and
phospho-rus was also established, but trace
elements such as Si, P, Ca, C, Na, Mg were also
identified. Interactive zones, where a dense
contact zone is established, confirms the presence
of chemical adhesion, which is determined by the
mutual penetration of elements from the adhesive
system into the structure of the materi-al, and vice
versa. The chemical interaction of the adhesive
and the filling material, as well as the filling
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material and tooth dentin through the adhesive
layer is evidenced by the migration of the Si
element (Figure 1).

2-block: Micro-X-ray spectral analysis of the
«filling-tooth» interface using a self-etching
adhesive system.

Figure 3. Scanning area within which MRSA
%2000 was performed (2 block of the research -
when using a self-etching adhesive system)
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Figure 4. Planar spectrogram 2. Concentration
curves of distribution of elements (2 block of
research - when using a self-etching adhesive system)

The interpretation of Figure 3 and planar
spectrogram 2 (Figure 4) is similar to the
interpretation of Figure 1 and planar spectrogram of
block 1.

1) Concentration curves of the elements Si, P, Ca, C,
Na, Mg were obtained. Traces of microelements
Si, P, Ca are determined in the modified zone.

2) A qualitative analysis of spectrogram 2 revealed
the absence of Ca and P in the hybrid zone in a
compar-ative analysis with spectrogram 1 when
using the fifth-generation adhesive system, which
is due to the non-removal of the smear layer, and
the modification of the smear layer when using a
self-etching adhesive sys-tem.

In this research, it is not possible to assess the
migration of microelements, as well as the depth of
their penetration, but it allows us to give a qualitative
assessment of the migration of microelements from
the adhesive system to dentin and in the opposite
direction.

Qualitative analysis of the spectrogram revealed
the absence of Ca and P in the hybrid zone, which is
due to the presence of a modified smear layer when
using a self-etching adhesive system.

Figures 5 and 6 show sections of teeth showing the
«filling-tooth» boundary when using the fifth-
generation adhesive system (Figure 5) and a self-
etching adhesive system (Fig. 6). A qualitatively
tighter fit of the filling material and the adhesive
system was established in samples using the V
generation of the adhesive system (Figure 5). When
analyzing samples from the second block of research
(using a self-etching adhesive system), areas of
impaired contact of the modified adhesive layer with
the surface of the dentin of the tooth were identified,
as well as single areas of impaired contact of the
modified adhesive layer with the filling material
(Figures 3, 6). During the analysis of planar
spectrograms, an increase in element C in the zone of
modified adhesive layer, which is due to the presence
of a smear layer after odontopreparation.

Chistyakova G. Comparative Analysis Of The Effect Of Adhesive Systems On The Microelement Composition Of The
Dentin Of The Crown Part Of The Tooth. Bulletin of Stomatology and Maxillofacial Surgery. 2023;19(4):5-11. doi:

10.58240/1829006X-2023.19.4-5

8



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 19 Ne 4

Figure 5. Section of the «filling-tooth» border
when using the adhesive system of the V generation

Figure 6. Section of the «filling-tooth» border
when using the adhesive system of the VII generation

Thus, during the research was established that the
sealing density of the filling to the dentin when using
a self-etching adhesive system is lower than when
using a V generation adhesive system, which is due to
the modification of the smear layer on the dentin
surface after odontopreparation.

When conducting comparative analysis of the
results, it was found that only when using the fifth-
generation adhesive system does migration of trace
elements Ca and P occur from the structure of tooth
dentin into its hybrid zone, as well as migration of the
element Si from the filling material through the
adhesive layer into tooth dentin. The data obtained are
combined with previously conducted studies in the
mode of total etching of hard dental tissues.®

Based on the results of the research, we formulated
the following conclusions:
1. A comparative analysis of the results of using the
fifth-generation adhesive system and a self-

etching adhesive system showed that when using
the total etching technique, trace elements Ca and
P mi-grate from the tooth dentin structure to the
hybrid zone.

When using the VII generation adhesive system,
no migration of elements was detected due to the
lack of demineralization of the dentin structure
and the formation of a modified smear layer.

2. A qualitative assessment of planar spectrograms
revealed an increase in the carbon element in the
modified adhesive layer. which is due to the
presence of a smear layer after odontopreparation
of hard dental tissues destroyed by the carious
process

3. Migration of the Si element indicates the chemical
interaction of the adhesive and the filling material,
as well as the filling material and tooth dentin
through the adhesive layer.

4. The use of aV generation adhesive system ensures
a higher quality of marginal seal of the filling
material to the dentin surface than when using a
self-etching adhesive system.
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USUUbh MUUWYP +6vShvh UPULASUMLELP UUEQUD UMY UIKE2PI SUUTURUU 96 D
W2163NFE-3U L <UUGBUUSUILUUL Y6 LOFONFE-30FL

Guhtin Qhumyuynyu

Phjmnniuh  ywhnwyubt pduyut hwdwuwpubh vnndwnnnghujut . ypnytnbmhuph L
tynipwghwmnipyubl wiphnbh nngtitn, Uhtay, Ajunniu

Wdthnthnid
Lywmwljp. NFunidtwuhpt «guiynip-umud» htmbpulnhy gnnne shijpnunwpptiph uqdp, npu kgpugoh
Unpdninghujub piinipwgptipp, qwhwwnty V W VII ubiptinh winkhghy hwdwlupgbph wgnbgnipniop
ntuthnpiumbtmjdwt pununpnipyubt ypu, wnmudh ntitnhth b nitimhtth hhpphnuyhtt gnnne shijpnumwipptinh
puwnunnpnipjwh npuljuljub ghwhwwmnid:
Uymptp b dhpnpitp. <thwguwd wwnwddtp’ yuwhyuwiguwd wuuyny (n=15), tduyp Guwibnt hudwp
twhiuntiudwd g (djunihyuw), hhtigbpnpn utipinh wnthghy hwdwluwnpg Singlebond - 2 (3M ESPE), pniin
Prime-Bond Universal (Dentsply Sirona), jnLuwfupwdpwugnn Yndynghwughtt ynip Migrofil (Rtjunniup
{wipwwtinnipynit): | puuph dbwynpuwd W gwd  funnnsbtipng  Ginipbph - dhypnjunniggudph
niunidiwuppnipynilip” pun Black-h, hpwlwbwgyty £ Tescan-h (Qbhuhw) hwumwnywd  ujubuynpnn
btunpniughtt dwipunhuowyh dhengny (Qufupw):
«Lgmiyn p-unud» htnmbipuljunhy gnunnt ntunidbwuhpniyniip hpujubtwgyty £ nhitngtityud uytijopuyghi
whuwihgny, npp punugwd £ tnt 2 pnijhg” oqumugnpdting hhgtipnpn utiptinh wntihghy hwdwlupg W
Jnptinnpn ubipinh wintihghy hwdwung:
Gqpuljugnipynibbtip. 1. <pbgtipnpn utpinh wnthghy hwdwlwpgh b htipdwlnn wntihghy hwdwlwpgh
wprynLipbbiph hwdtiiwmwjub Ytpnidni pyniiin gnyg £ wyt, np pinhwbtnip dujdwd mbuthiju fhpuntihu
Ca L P dhypnunupptipp wnwdh nittnhtth juinnigguidphg wmtinuthnjpuynid G hhpphnuyhtt gnnh:
VIl utipinh wntihghy hwdwlupg oqumugnpdtijhu wmwpptiph dhgpughw sh hwymbwpbipgtp ntbmhdh
Junnigywoph nithtmhqughuwyh W puniph 2tipmh thnthnpunipjut yuwmbtwnny:
2. Mubwyhtt uybumpngpuddtiph npujujub gbwhunndp pugwhwyntg hnhnpujuwd wntihghy tpumnid
wdhuwdth wmwpph wytijugnid, htyp yuydwbwynpgud £ juphtuwhtt wypngtuhg puypuwyguwd wnmudh Ynynm
hyntuguodpiitiph onnimnuuunpuunniithg htimn puniph 2tipmh wnjuynipjunip.
3. Si mupph dhgpughwi gnyg L wmwjhu winthghy b iguiynipeh, htsytiu twl iguiyniph L winwdh nhinhth
phihwlwl hnfuwqntignieyniip wnbkhqhy 2tpnh dheny:
4.V utininh wntihghy hadwjupgh oquugnpdniip wywhnynid kiguiyniph dwupghbiug Jusninipjub wytjh
pwndp npul nhtnhith dwtptiuht, pub hopdywnn wnthghy hwdwljupg ogqumugnpodbhu:
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KOMIIAPATUBHBIA AHAJIN3 BJIUSAHUA AITE3UBBIX CACTEM HA MUKPOJSJEMEHTHBIN
COCTAB JJEHTUHA KOPOHKOBOI YACTHU 3YBA

I'amunaa Yuctsakosa

Jouent benopycckoro rocyZapCTBEHHOTO MEAHMIIMHCKOTO YHUBEpCHUTETa, Kadempa CTOMATONIOTHIECKON
MPOIEIEBTHKY U MaTepuanoseneHus, MuHck, bemapych

AOCTpaKT
Hean: HccrnemoBanue MHUKPORJIEMEHTHOTO COCTaBa MHTEPAKTUBHOW 30HBI «IIoMOa-3yo», Mopdororuueckoi
XapaKTEPUCTHKH €€ TPAaHUIIBI, OIICHKA BIUSHUS aare3uBHBIX cucteM V 1 VI (caMompoTpaBInBaroniero) moKoICHI
Ha HOHHO-OOMEHHBIN COCTaB IEHTHHA KOPOHKOBOM YacTH 3y0a 1 KauyeCTBEHHAs OLIEHKAa MUKPO3JIEMEHTHOI'O COCTaBa
THOPUIHOM 30HBI IEHTHHA.
Martepuajibl U MeTOAbI: DKCTpParupoBaHHBIC 3yObl C COXpaHEHHOW KOPOHKOBOW dYacThio (N=15), remp mst
TpaBnenus oSManu (BrnagmuBa), anresumBHas cucrema V o mokonenus Singlebond - 2 (3M ESPE),
caMoIpoTpaBiuBatomas aaresuBHas cucrema Prime-Bond Universal (Dentsply Sirona), cBetooTBepikaaemblii
KOMIO3UIMOHHBINH Matepuan Murpodun (Pecniyommka benapycs). HccieqoBanne MEKpOCTPYKTYPBI 00pas3IioB cO
c(hOpMHUPOBAaHHBIMU M 3aIUNIOMOMPOBAaHHBIMH TONOCTAMHM | Kiacca mo Bidky mpoBoaMiu Ha aTTeCTOBAHHOM
CKaHHPYIOLIEM JJIEKTPOHHOM MHKPOCKOIE BBICOKOro paspemenus «Mira» d¢upmbr  «Tescan»  (Yexwusi)
HccnenoBanre MUKPO3JIEMEHTHOTO COCTaBa TPAHHUIIBI «IIJIOMOa-3y0» MPOBOIUIIN METOJIOM PEHTT€HOCIIEKTPAITLHOTO
aHaJIn3a, KOTOPOE COCTOSIO M3 2 OJIOKOB: C IPUMEHCHHEM aAre3uBHOM cuctembl V mokoseHus u VI mokonenus
aJre3UBHOI CUCTEMBI.
BoiBoabi: 1. KommapaTHBHBIN aHamM3 pe3yJbTaTOB HCIOJIL30BAHUS aAre3UBHON CHUCTEMbl V TIOKOJEHUS U
CaMONPOTPABIMBAIOLIECH air€3UBHOM CHCTEMBI ITOKa3aJl, YTO MIPU HCIIOJIb30BAHUHM TEXHUKH TOTAIBHOI'O TPABICHHUS
MPOUCXOAMUT MUTPAI¥sl MUKPO3JeMeHTOB Ca u P U3 CTpyKTYyphI JICHTHHA 3y0a B THOPUIHYIO 30HY.
[Ipu wucnonp3oBanuu aare3uBHOil cuctembl VI Murpamum >71eMEHTOB HE YCTaHOBIEHO, H3-3a OTCYTCTBHUS
JeMUHEPAIN3alIH CTPYKTYPhI AEHTHHA U MOJU(PHUKALUN CMAa3aHHOTO CJIOSI.
2. Tlpyn xa4yecTBEHHOH OILIEHKE IUIAHAPHBIX CHEKTPOTpaMM YCTAaHOBJIGHO TIOBBIIICHHE JJIEMEHTa Yriepoja B
MOIUGHUIMPOBAHHOM  aAre3UBHOM CJIO€. YTO OOYCJIOBIEHO MPUCYTCTBHEM CMa3aHHOTO CJOS  IOCie
OJIOHTOIPENApUPOBAHNUS TBEPABIX TKaHEH 3y00B, 1ECTPYKTUPOBAHHBIX KAPHO3ZHBIM IIPOLIECCOM
3. Murpanus sneMenTa Si CBHAETENLCTBYET O XMMHUYECKOM B3aUMOIEHCTBMM aare3nBa M IUTOMOMPOBOYHOTO
MaTepHaia, a TakXke INIOMOMPOBOYHOIO MaTepHaia 1 ICHTHHA 3y0a yepes CJI0i aare3una.
4. Vcnonp3oBaHHWe aJare3WMBHOW cUCTeMBbl V TIOKOJICHMs OOecrednBaeT 0ojee BBICOKOE KAauecTBO KpPaeBOI'O
OpWiIeraHus IUIOMOMPOBOYHOTO  MaTepHana K IIOBEPXHOCTH JCHTHHA, YeM MPH  HCIHOJIb30BAaHUH
CaMONPOTPABIMBAIOLIECH aAT€3UBHOIN CUCTEMBI.
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