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The purpose of the study was to carry out a com-
parative analysis of self-etching self-adhesive dou-
ble-fixation cements for indirect restorations in terms
of physical and mechanical properties.

Materials and methods. For comparison, in terms
of physical and mechanical parameters, a self-etch-
ing self-adhesive composite cement for indirect res-
torations “Maxcem Elite”, Kerr, California, USA was
taken. “Maxcem Elite” refers to self-etching self-adhe-
sive composite cements of double fixation, which has
a number of positive qualities, such as high physical
and mechanical properties, good aesthetic properties,
radiopacity. We analyzed the following physical and
mechanical parameters: the appearance of the paste,
depth of hardening, mm, diametric strength, MPa,
conical yield point according to Heppler, MPa, hard-
ness according to Heppler, MPa, water absorption in
7 days, yg/mm?, water solubility in 7 days pg/mm3,
adhesive strength, MPa, peel strength, MPa.

Results and discussion. According to the aver-
age test depth of hardening (mm) material “Maxcem
Elite” is inferior to others: material Bifix QV by 14.9%
and Relyx U 100 by 13.3%. This does not significantly
affect the quality of the connection of the adhesive
structure with the hard tissues of the tooth, especially
due to the method we have developed for the prepa-
ration of abutment teeth in the manufacturing of ad-
hesive pads.

On the other hand, according to the average
value of the index of diametrical strength (MPa), the
studied material “Maxcem Elite” is by 17.2% better
than Bifix QV, and by 17.3% better than Relyx U 100.

Comparing these and other physical and me-
chanical properties of materials on average, one must
bear in mind the random nature of these values. From
the results of the study, it can be seen that the dif-
ference between the indicators of the Maxcem Elite
material and analogues is confirmed at a very high
level of significance.

The study of the level of water absorption indi-
cates the probable absence of variability of the indica-
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tor of the studied material in comparison with compa-
rable analogs. The value of the water solubility index
of all the composites under study practically does
not differ from the value of “Maxcem Elite” (within
(2.5+0.1) %), and corresponds to the requirements of
ISO 4046.

Conclusion. The research results show that the
investigated composite material “Maxcem Elite” in the
main parameters corresponds to analogs, in most of
the indicators it combines their best characteristics.
In it, the adhesive strength of the connection with the
hard tissues of the tooth is noticeably enhanced and
better peel strength makes it possible to profitably use
this material “Maxcem Elite” for fixing the adhesive
structures.

Keywords: bridge, self-etching self-adhesive ce-
ments, double-fixation cements, X-ray contrast, adhe-
sive strength, peel strength.

Connection of the study with planned re-
search works. This study is a fragment of the re-
search work of the Department of Orthopedic Dentist-
ry of the Bukovinian State Medical University “A multi-
disciplinary approach to the diagnosis, treatment and
prevention of major dental diseases while maintaining
the regenerative properties of tissues and restoring
the prosthetic properties of anatomical structures in
residents of Northern Bukovina” (state registration
number 0116 U 002929) and “Etiopathogenetic as-
pects of the rehabilitation of the main dental diseases
of the maxillofacial region” (state registration number
0121U109997).

Introduction. Recently, thanks to the rapid de-
velopment of materials science and innovative tech-
nologies in dentistry, adhesive bridges have been
widely used to restore the integrity of the dentition
with small included defects, combining exceptional
aesthetics, sufficiently high wear resistance, a gentle
approach to abutment teeth, production speed and,
according to the direct method, independence from
the dental laboratory [1, 2, 3, 4]. Modern methods for
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the manufacturing of these prostheses are provided
for the preparation of abutment teeth, which is signifi-
cantly different in volume from that in the case of tradi-
tional bridges and restoration of a missing tooth using
photocomposite materials reinforced with fiberglass
elements, which are enclosed in prepared cavities in
abutment teeth adjacent to the defect [5]. However, as
practical application shows, in functional terms, these
constructions are slightly inferior to traditional bridges
[6]. The reason for this is the insufficient area of the
fixing elements or their irrational arrangement [7, 8].

One of the conditions for the long-term oper-
ation of these structures is their high strength and
resistance to wear. To ensure such characteristics,
it is necessary to plan the design of prostheses and
rationally calculate the distribution of loads [8, 9, 10,
11]. Despite a series of studies in this direction, there
are many unresolved issues regarding the formation
of cavities in abutment teeth and fixation of the con-
struction of adhesive bridges [12]. These disadvan-
tages can certainly be eliminated by introducing and
improving new designs of fixed prostheses, as well as
by using new materials for their fixation [13, 14].

The purpose of the study was to carry out a
comparative analysis of self-etching self-adhesive
double-fixation cements for indirect restorations in
terms of physical and mechanical properties.

Materials and methods. For comparison, in
terms of physical and mechanical parameters, a
self-etching self-adhesive composite cement for in-
direct restorations “Maxcem Elite”, Kerr, California,
USA was taken. “Maxcem Elite” refers to self-etching
self-adhesive composite cements of double fixation,
which has a number of positive qualities, such as high
physical and mechanical properties, good aesthetic
properties, radiopacity [15, 16].

To comprehensively check the positive charac-
teristics of the self-etching self-adhesive compos-

ite cement for indirect restorations “Maxcem Elite”,
Kerr, California, USA, we examined its analogs “Bifix
QV”, VOCO, Cuxhaven, Germany, “Relyx U 100", 3M
ESPE, Minnesota, USA. We analyzed the following
physical and mechanical parameters: the appear-
ance of the paste, depth of hardening, mm, diamet-
ric strength, MPa, conical yield point according to
Heppler, MPa, hardness according to Heppler, MPa,
water absorption in 7 days, yg/mms, water solubili-
ty in 7 days, yg/mmé3, adhesive strength, MPa, peel
strength, MPa. The arithmetic mean of ten tests was
taken as the test result with an accuracy of 0.1 MPa,
if the difference between them did not exceed 5%.
Measurements of property values were carried out on
75 samples (25 samples from each material) using
the methods provided for by the international stan-
dards ISO 4049-2009, DSTU 31578-2012 and DSTU
31574-2012. The analysis and processing of the sta-
tistical data of the conducted studies was carried out
on a personal computer using the application pack-
age Microsoft Office 2013.

Results and discussion. As shown by the re-
sults of the study (Table 1), all materials during the
tests showed themselves as highly viscous, homoge-
neous pastes, in which there are no foreign impurities
and inclusions. If the average value of a certain indi-
cator for material with number k is equal to P,, then
the index |, relative to the best average value is de-
fined as (1.1) depending on whether the quality of the
material directly depends on this indicator, or it falls
with an increase in the indicator.

=P /maxP or | =minP/P,.

(1.1)

So, we see that according to the average test
depth of hardening (mm) material “Maxcem Elite” is
inferior to others: material Bifix QV by 14.9% and Re-
lyx U 100 by 13.3%. This does not significantly affect
the quality of the connection of the adhesive structure

Table 1 — Summary table of the main physical and mechanical parameters of the light-curing materials “Maxcem

Elite ™” and its analogs

Average and standard deviation for material
Indicator and its designations, “Maxcem Elite ™, “Bifix QV”, “Relyx U 1007,
units of measurement, clarification Kerr, California, |VOCO, Cuxhaven, 3M ESPE,
USA Germany Minnesota, USA
The appearance of the paste is highly VISESIE) VBl VISEEILE;
homogeneous homogeneous homogeneous
Depth of hardening, mm, not less (H) 4.62+0.25* 5.4+0.27 5.31£0.26
Diametral strength, MPa (D) 47.3412.64* 44 1+2.2 44.0+2.2
Heppler conical yield point, MPa, not less (C) 1514.72+80.3* 1476.5+73.8 1489.3174.5
Heppler hardness, MPa, not less (S) 784.66+42.3 732.61£36.6 756+37.8
Water absorption in 7 days, pg/mm?, not more (W) 7.34+0.32 7.6+0.38 7.240.36
Water solubility in 7 days, pg/mmg, not more (U) 4.23+0.17* 3.2+0.16 3.1+0.16
Adhesive strength, MPa, not less (A) 17.31+£0.54* 7.1£0.36 7.92+0.4
Peel strength, MPa, not less (R) 5.32+0.27* 4.6+0.23 5.0£0.25

Note: * — significant difference (p <0.05) “Maxcem Elite ™" in comparison with the best analog.

204

YKpaiHCbKUM XXypHan meguuuHu, 6ionorii Ta cnopty — 2022 — Tom 7, Ne 1 (35)




with the hard tissues of the tooth, especially due to
the method we have developed for the preparation of
abutment teeth in the manufacture of adhesive pads.
On the other hand, according to the average value of
the index of diametrical strength (MPa), the studied
material “Maxcem Elite” is by 17.2% better than Bifix
QV, and by 17.3% better than Relyx U 100 [12].

Comparing these and other physical and me-
chanical properties of materials on average, one must
bear in mind the random nature of these values. From
(Table 2) it can be seen that the difference between
the indicators of the material “Maxcem Elite” and an-
alogs is confirmed at a very high level of significance.

Therefore, the level of reliability of these compar-
isons can only be asserted by conducting an appro-
priate statistical analysis. None of the samples that
were analyzed was a sample with a normally distrib-
uted general population (according to the Kolmogor-
ov-Smirnov test), therefore, in our calculations, we
used the methods of nonparametric statistics.

Table 2 — Results of statistical analysis of comparisons
of physical and mechanical properties of the material
“Maxcem Elite ™” and its analogs by the Mann-Whitney
test

Indicators Significance level p
HMaxcem Elite and HRerx 2 6x 1 0-6
(versus smallest value) ’
DMaxcem Elite and DBiﬁx 7.0x108
(compared to the best value)
CMaxcem Elite and CRerx
(compared to the best value) 0.0011
SMaxcem Elite and SRelyx 92)( 1 0-5
(compared to the best value)
AMaxcem Elite and ARelyx 1 1 1 0-13
(compared to the best value) ’
CMaxcem Elite and CRel X
(compared to the E)est value) U
RMaxcem Elite Ta I?Rel X
(compared to they best value) 0.013

The results obtained relate to all comparisons
of the material “Maxcem Elite” according to the in-
dicators included in Table 2. For example, we came
to the conclusion (Table 1) about a high reliable
advantage in terms of Heppler conical yield point
over the best of comparable materials Relyx U 100
(C =1489.3174.5 MPa). Since it is the best, the pref-
erence of the material “Maxcem Elite” over others can
be asserted in no way at a lower level of reliability.
Comparing the indicators of water absorption, water
solubility and peel strength, the situation was the op-
posite [11].

The study of the level of water absorption indi-
cates the probable absence of variability of the indica-
tor of the studied material in comparison with compa-
rable analogs. The value of the water solubility index
of all the composites under study practically does
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not differ from the value of “Maxcem Elite” (within
(2.5+0.1) %), and corresponds to the requirements of
ISO 4046. These conclusions are also confirmed sta-
tistically, since none of the applied criteria were indi-
cated for the presence of significant differences. Note
that the last two indicators affect the stability of the
glue line and the toxic effect on the human body [13].

Among the most important strength characteris-
tics for fixing materials are the adhesive strength of
the connection with the hard tissues of the tooth and
the peel strength. In terms of adhesive strength of
bonding to hard tissues, the undisputed leader was
“Maxcem Elite”, which, by comparison of average
measurement values, surpasses Bifix QV by 37.2%,
and Relyx U 100 by 30%, and, according to Table 2
benefit significance is very high (p <0.001). Relative
to the peel strength index, which was approximate-
ly the same for “Maxcem Elite” (5.32+0.27) MPa and
Relyx U 100 (5.0+£0.25) MPa and better by 13.6% with
respect to Bifix. But, as can be seen from the Table 2,
the advantage of “Maxcem Elite” in relation to Relyx
U 100 can be asserted at a satisfactory level of signif-
icance p <0.01 [11].

The high level of adhesive strength of the con-
nection with hard tissues of the tooth and the peel
strength ensures the reliability and durability of the
connection of the enamel-composite-metal system.

Thus, on the basis of laboratory tests and sta-
tistical analysis of their results, we substantiated the
following conclusion.

Conclusion. The research results show that the
investigated composite material “Maxcem Elite” in the
main parameters corresponds to analogs, in most of
the indicators it combines their best characteristics.
In it, the adhesive strength of the connection with the
hard tissues of the tooth is noticeably enhanced and
better peel strength makes it possible to profitably use
this material “Maxcem Elite” for fixing the adhesive
structures.

Thus, based on the results of a comprehensive
comparative characteristic of the physical and me-
chanical properties of the composite materials under
study, it can be concluded that this material can be
offered for clinical use, namely, for fixing bridges, is
the method of choice in the treatment of small includ-
ed defects in the dentition in the frontal area. Film
thickness index (um) according to laboratory tests of
Relyx U100 and Bifix QV has a value lower than the
standards recommended by ISO. “Maxcem Elite” cor-
responds to the minimum limit of indicators, which is
(25.7+2.9) microns.

The advantage of this type of polymerization is
its reliability and it allows the physician to thoroughly
remove the excess fixative material already at the gel
stage before the final photopolymerization. Its second
advantage is that there is no adhesive in the compo-
sition, which reduces the likelihood of toxic manifesta-
tions from the pulp and periodontal tissues. Full color
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matching of “Maxcem Elite” material according to the
Vita scale allows for prosthetics of bridges in the an-
terior part of the dentition without violating the norms
of aesthetics.

Thus, “Maxcem Elite” is a material that combines
high viscosity of the polymer matrix, low dispersion
of the filler, which provides it with high plasticity. This
allows a thin layer of material to be obtained between
the adhesive pad and the hard tissues of the tooth.
High bond strength with hard tooth tissues, which is
1.6 times higher than the requirements, in combina-
tion with a high level of peel strength, which is 1.52
times higher than the requirements, allows you to ob-

tain a reliable fixation with a metal surface, which is a
prerequisite for using this type of prosthetics. The high
value of the hardening depth (4.6 mm) expands the
possibilities of using bridges with metal frameworks
due to the full polymerization due to double fixation
and mechanical retention.

Perspectives of further research. We are plan-
ning to substantiate the expediency of choosing a fix-
ing material depending on the method of preparation
of abutment teeth, structural materials of bridges with
adhesive fixation, which will help the dentist to improve
clinical efficiency and avoid possible complications.
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XAPAKTEPUCTUKA ®I3UKO-MEXAHIYHUX BIACTUBOCTEN CAMOMNPOTPABIIOKOYUX

CAMOA/rE3UBHUX LLEMEHTIB ANA HEMPAMUX PECTABPALLIA

Y NOPIBHAJIbHOMY ACMNEKTI

Benikoe O. b., CopoxaH M. M.

Pe3tome. Memoro pocrnigkeHHs 6yno npoBefeHHs1 NOPIBHANBHOIO aHarisy camornpoTpaBtioymnx, camo-
aAre3nBHMX LIEMEHTIB NoABINHOT doikcauii 4ns HeNpPsAMUX pecTaBpauin 3a 4i3nKo-MexXaHiMHUMK BNaCTUBOCTAMM.

Mamepian ma memodu. [Ina NopiBHAHHA 3a i3MKO-MEeXaHIiYHMMK NOKa3HWKamMu ByB B3SITU camonpo-
TpaBno4YMM camoagre3avBHUn KOMMO3UTHUA LIEeMEHT Ana HenpaMmmx pectaspauin «Maxcem Elite», Kerr,
California, USA. bynu gocnigxeHi aHanorn «Maxcem Elite» - Bifix QV, VOCO, Cuxhaven, Germany, Relyx
U 100., 3M ESPE, 3M ESPE, Minnesota, USA. lNpoaHanizoBaHO ¢i3MKO-MeXaHi4Hi NOKa3HWKWU: 30BHILLHIN
BUMMSA NacTu, mMubuHa 3aTteepaiHHa (MM), giameTpanbHa MibHicTe (MlMa), KoHiYHa Mexa MAMHHOCTI no Xen-
nnepy (MIa), TBepaicTe no Xennnepy, Mla, BogonornuHaHHs 3a 7 aid (mkr/mm 3), po3yunH y Bogi Yyepe3 7 aib
(Mkr/mm3), agresiiHa miyHicts (MMNa), MiuHicTe Ha Bigpus (MMa).

Pesynsmamu. 3a cepegHboto mmnbnHoto 3atBepaiHHsa (Mm) matepian «Maxcem Elite» noctynaetbcs iH-
wuM martepianam Bifix QV Ha 14,9% i Relyx U 100 Ha 13,3%. Ane ue He BMNMBaE Ha SAKICTb 3'€4HAHHS
afire3avBHOI KOHCTPYKLiT 3 TBepaAuMU TkaHMHamu 3yba. 3a cepefHiM 3Ha4YeHHAM MoKa3HuKa AiameTpanbHol
MiuHocTi (MIMa) gocnigpxkyBaHun matepian «Maxcem Elite» Ha 17,2 % kpalue, Hix Bifix QV, i Ha 17,3 % kpaLe,
Hx Relyx U 100. PisHnua mix nokasHukamun matepiany Maxcem Elite Ta aHanoris nigTBepaXyeTbCcs Ha gyxe
BMCOKOMY PiBHi 3Ha4yLocTi. [py NopiBHAHHI NOKa3HWKIB BOOOMNOMMMHAHHS, BOOOPO3YNMHHOCTI Ta MILHOCTI Ha
BiOpuB cuTyauis Oyna npoTunexHor. 3a afaresinHow MILHICTIO 34enseHHst 3 TBepAMMN TKaHnHaMmn Gessane-
peyHum nigepom crtas «Maxcem Elite», Ak npyn NOpiBHAHHI cepefHiX NOKa3HWKIB BUMIpIOBaHb NepeBuLLlye
Bifix QV Ha 37,2 %, a Relyx U 100 Ha 30 %, npuyomy 3HauyLlicTb nepeBaru pisHa 2 ayxe sucoka (P <0,0).
Moka3Huk MiLHOCTI Ha Bigpus b6y npnbnmnsHo ogHakoBum ans «Maxem Elite» (5,32+0,27) MIla ta Relyx U 100
(5,0+0,25) Ma, i kpawe Ha 13,6% no BigHoLWeHHIO Jo Bifix QV.

BucHosku. KomnosuuinHmin matepian «Maxcem Elite» 3a ocHoBHMMK napameTpamu Bignosigae aHano-
ram, no OiNbLUOCTI NMOKa3HUKIB NMOEAHYE iX Kpalli XapaKTepuCTMKu. Y HbOMY MOMITHO MiABMLLEHa agresinHa
MILHICTb 3'€eQHaHHS i3 TBepAMMM TKaHUMHamMmu 3yba, a Havkpalla MiLHICTb Ha BigpuB 4O3BOMSE BUMAHO BUKO-
puctatu uen matepian «Maxem Elite» ans ikcauii agre3avBHUX KOHCTPYKLIN.

KnrouoBi cnoBa: moctonoaibHmii npoTes, camonpoTpaemiodi CaMOaare3nBHi LLEMEHTU, LEMEHTU Mo-
OBIMHOI bikcaUii, peHTreHOKOHTPACTHICTb, agresinHa MilHICTb, MiLUHICTb Ha BigpuB.
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