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Abstract

INTRODUCTION. The strength of adhesive luting of zirconia restorations largely depends on the surface state.
Primers based on the functional monomer 10-methacryloyloxydecyl dihydrogen phosphate (MDP-10) provide
chemical bonding of the adhesive to the oxide surface; however, during try-in the framework contacts mixed
saliva, whose organic components may adsorb onto the surface. The effect of prior MDP-10 application on
such contamination and its subsequent removability is insufficiently studied.

PURPOSE. To study the influence of the functional monomer MDP-10 on the elemental composition of the
zirconia surface and on the resistance of the MDP-10-primed surface to salivary mucin contamination using
X-ray photoelectron spectroscopy (XPS).

MATERIALS AND METHODS. Yttria-stabilized zirconia (Y-TZP) plates were examined in three states: after
application of an MDP-10 solution in isopropanol (MDP-10); after subsequent application of a mucin model
(MDP-10 + mucin); and after mucin application followed by distilled-water rinsing (MDP-10 + mucin + rinsing).
Atomic concentrations of C, N, O, and P were determined by XPS (PREVAC EA15, Al Ka, hv=1486.6 eV) and the
P/N ratio was calculated (n = 6 per group). Data were analysed by one-way ANOVA with Tukey post-hoc test.
RESULTS. The MDP-10-primed surface showed a pronounced phosphorus signal (P =7.24+0.12 at.%)
with low nitrogen content (N=1.10+£0.05 at.%; P/N =6.59%0.36). Mucin application increased nitrogen
t0 2.42+0.05 at.% and reduced P/N to 2.96+0.08 (p < 0.001). After rinsing, nitrogen returned to the level
of the MDP-10-primed surface (1.12+0.05 at.%; no difference from the MDP-10 group, p =0.77), and P/N
largely recovered (5.84+0.34). The phosphorus signal persisted in all groups.

CONCLUSION. MDP-10 forms a stable phosphate-containing layer on the zirconia surface. Salivary mucin
adsorbs on top of the MDP-10 layer but, unlike on the untreated surface, is effectively removed by water rins-
ing, with nitrogen returning to baseline. MDP-10 priming increases the resistance of the surface to irreversible
organic contamination, which is relevant to the protocol of preparing restorations for luting.
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KoHTaMMHaLMA NOBEPXHOCTU ANOKCUAA LLUPKOHUA KOMNOHEHTaMMU
CMELUAHHOM CJ/II0Hb] U ee KOHTPOJIb MeTO40M
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Pe3iome
BBELEHMWE. MNpo4HOCTb aareamBHom opukcaumm pectaBpaumni n3 AMoKCnaa LMPKOHUS B 3HAYNTENbHON CTe-
neHn onpeaensieTcs COCTOSTHMEM €ro NoBEPXHOCTU. parimepbl Ha OCHOBE YHKLMOHANBLHOrO MOHOMEpa

10-meTakpunounokenaeunnaurngpodocoar (MDP-10) obecneumBaloT XMMUYECKOE CLEMNNEHNE aare3nsa
C OKCMAHOW NOBEPXHOCTbID, OAHAKO Ha aTanax NPUMEPKN Kapkac KOHTAKTUPYET CO CMELUAHHOM CIOHOM,
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OpraHn4yeckme KOMMOHEHTbl KOTOPOWM CNOCOOHbLI aacopbupoBaThCs Ha NOBEPXHOCTU. BnusiHne npengapu-
TenbHoro HaHeceHmns MDP-10 Ha xapakTep Takon KOHTaMnHaLUumM 1 BO3MOXHOCTb €€ nocnenyouwero ygane-
HUA N3Yy4EHO HEAOCTaTO4YHO.

LLEJIb. N3yunTb BAnsSiHME GyHKUMNOHaNbHOro MmoHoMmepa MDP-10 Ha aneMeHTHbIM COCTaB NOBEPXHOCTU AN-
oKCUAA UMPKOHUS U Ha ycTonumBocTe MDP-10-npaiMMpoBaHHO NOBEPXHOCTM K KOHTAMUHALMN MYLMHOM
CMeLlaHHO’ CNOHbI METOA0M PEHTFEHOBCKOW OTO3NEKTPOHHOM cnekTpockonun (PPIC).

MATEPUAJIbl N METObI. MnacTtnHbl cTabUNM3MPOBaHHONO OKCUAOM UTTpUSA anokcuaa umpkorus (Y-TZP) nc-
cnefoBaHbl B TPEX COCTOSIHUAX: Noche HaHeceHus pactBopa MDP-10 B naonponunosom cnnpte (MDP-10); nocne
nocnenyoLwero HaHeceHnst moaenu myuuHa (MDP-10 + MyumMH); Nocne HaHeCceHUst MyLIMHA U CMblBa AUCTUNIN-
poBaHHol Boaoii (MDP-10 + myupuH + cmbiB). MeTtogom POOC (PREVAC EA15, Al Ka, hv = 1486,6 3B) onpenensnu
aToMHble KoHueHTpaumn C, N, O, P n paccuntbiBanu otHoweHne P/N (n = 6 B kaxxaown rpynne). Pasnuuns aHanu-
31poBanm oagHOMaKTOPHbIM ANCNEePCUMOHHbIM aHann3omM (ANOVA) ¢ anocTepuopHbIM KpuTepmem TbloKu.
PE3YJIbTATbI. Ha MDP-10-npanmMnpoBaHHO NOBEPXHOCTY PEMMCTPUPOBASICS BbIPAXEHHbIN cUrHan pocdo-
pa (P=7,24%0,12 at.%) npn H1n3kom cogepxanunm asota (N =1,10+£0,05 at.%; P/N = 6,59+ 0,36). HaHeceHne
MYyLIMHa NOBbLIWANO coaepxaHue asota o 2,42+0,05ar.% mn cHuxano P/N oo 2,96+0,08 (p < 0,001). MNo-
cne cMbiBa BOOOW coaepXXaHue a3oTa BOo3Bpallanocb K ypoBHio MDP-10-npariMmMpoBaHHOW MOBEPXHOCTHN
(1,12+0,05 a1.%; otanunii ot rpynnel MDP-10 HeT, p = 0,77), a oTHOwweHne P/N B 3Ha4MTENIbHOI CTENEHU BOC-
cTaHaBnuBanocs (5,84+0,34).

3AKJTIOHEHUE. MoHomep MDP-10 dopmMumpyeT Ha MOBEPXHOCTU AMOKCMAA LIUPKOHUS YCTOMYMBLIN pocdart-
coaepxatumin cno. MyumH cMellaHHOM ChtoHbl agcopobunpyeTcs nosepx MDP-10-cnos, ogHako, B OTAnYmMe oT
HEMOAVPULNPOBAHHON NOBEPXHOCTU, 3P PEKTUBHO yaaNSEeTCa CMbIBOM Boaoi. MDP-10-npariMmmpoBaHue
NMOBbLILLIAET YCTOMYMBOCTb MOBEPXHOCTM K HEOBPATUMOWM OPraHN4YEeCKON KOHTaMUHaL M.

Knwuessbie cnoBa: anokcug umpkoHus, MDP-10, npaimep, peHTreHoBckas GpOTO3NEeKTPOHHAA CNEeKTPOCKO-
nusl, KOHTAaMUHALLUS CAIIOHON, MYLMH, aareaus
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INTRODUCTION

Zirconium dioxide has firmly established itself in
fixed prosthodontics owing to its combination of high
mechanical strength, resistance to low-temperature
degradation, biocompatibility, and satisfactory esthe-
tics [1-5]. The clinical longevity of zirconia restorations
supported by teeth and implants, including endodon-
tically treated teeth, is confirmed by a number of stu-
dies [6-9]; however, its decisive condition remains the
reliability of adhesive luting of the framework [10; 11].

The chemical inertness of zirconia and the absence
of a glassy phase and silica preclude hydrofluoric acid
etching and silanization. A key role in achieving a du-
rable adhesive bond is played by the functional mono-
mer MDP-10 (10-methacryloyloxydecyl dihydrogen
phosphate): its phosphate group forms stable Zr-O-P
bonds with the zirconia surface, providing the chemical
component of adhesion [11; 12]. For this reason, mod-
ern primers and self-adhesive cements for zirconia are
based on MDP-10 and related phosphate monomers.

A separate problem is the contamination of the
framework surface by components of mixed saliva du-
ring try-in. We previously showed by XPS that on the
untreated zirconia surface the organic nitrogen-con-
taining components of saliva (mucin model) adsorb al-
most irreversibly and are not removed by water rinsing’.

' Meremkulov R.A., Khabadze Z.S. et al. A method for detec-
ting saliva on the surface of zirconia dental devices using X-ray
photoelectron spectroscopy. Patent RF (application). (In Russ.).
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However, it remains open whether prior application
of MDP-10 changes the character of contamination:
whether the phosphate layer formed by the monomer
can prevent irreversible mucin adsorption and enable
its subsequent removal.

XPS, which probes a layer several nanometres thick,
allows simultaneous monitoring of the phosphorus sig-
nal (P) as a marker of the MDP-10 layer and the nitrogen
signal (N) as a marker of protein contamination, while
their ratio (P/N) can be used as an integral characteris-
tic of the surface state [12; 13].

PURPOSE

The aim of the study was to study the influence of the
functional monomer MDP-10 on the elemental compo-
sition of the zirconia surface and on the resistance of
the MDP-10-primed surface to salivary mucin contami-
nation using X-ray photoelectron spectroscopy.

MATERIALS AND METHODS

Samples and Reagents

Plates of pre-sintered vyttria-stabilized zirconia
(Y-TZP; Shandong Huge Dental Material Corporation,
China; ZrO, > 85%, Y,03; < 6%, HfO, < 5%, Al,O3 < 1%)
were used as the substrate. Priming was performed
with a solution of the functional monomer MDP-10 in
isopropanol: the solution was applied to the plate sur-
face, after which the excess was removed and the sur-
face was dried with a directed stream of compressed
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air. A snail secretion filtrate (SNAILINE, GALE. & COSM.
S.r.l., Italy), rich in mucin-type glycoproteins, was used
as a model of the mucin component of mixed saliva; the
solution was applied as a thin layer and dried.

Experimental Design

Three surface states were studied:

—group 1 (MDP-10) - surface after application and
drying of the MDP-10 solution;

—group 2 (MDP-10 + mucin) — MDP-10-primed sur-
face after application and drying of the mucin model;

—group 3 (MDP-10 + mucin + rinsing) — the same
surface after mucin application and subsequent rinsing
with distilled water and drying.

Six samples were analysed in each group (n = 6).

X-ray Photoelectron Spectroscopy

XPS analysis was carried out on a PREVAC EA15 spec-
trometer with a high-resolution hemispherical analyser.
Spectra were excited with non-monochromatized Al Ka
radiation (hv = 1486.6 eV, 150 W); the residual gas pres-
sure did not exceed 5 x 107° mbar. The binding-energy
scale was calibrated against the Au4f;/, (84.0 eV) and
Ag3ds/» (368.3 eV) lines; the charging effect was cor-
rected using the C1sline (284.8 eV). Spectra were decon-
voluted in CasaXPS with Shirley background subtraction.
Atomic concentrations of carbon (C1s), nitrogen (N1s),
oxygen (O1s), and phosphorus (P2p) were determined;
the P/N ratio was calculated from the P2p and N1s signals.

Statistical Analysis

Data are presented as M + SD. Normality of distri-
butions was assessed using the Shapiro-Wilk test.
Between-group differences were analysed by one-way
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ANOVA with post-hoc pairwise comparison using the
Tukey HSD test; differences were considered significant
at p < 0.05. Calculations were performed in Python 3
(SciPy, statsmodels).

RESULTS

The summarized results of the quantitative XPS
analysis are given in Table 1.

Onthe MDP-10-primed surface, a pronounced phos-
phorus signal was recorded (7.24 +0.12 at.%), reflecting
the presence of the monomer phosphate groups, with a
low nitrogen content (1.10+0.05 at.%); the P/N ratio was
6.59+0.36. Application of the mucin model was accom-
panied by a more than twofold increase in nitrogen con-
tent — to 2.42+0.05 at.% (p < 0.001) — and a decrease
in the P/N ratio to 2.96+0.08 (p < 0.001), reflecting the
formation of a protein layer on top of the MDP-10 primer.

After rinsing with distilled water, the nitrogen con-
tent decreased to 1.12+0.05 at.% and did not differ sig-
nificantly from the initial MDP-10-primed surface (Tukey
test, p=0.77), whereas it differed significantly from
the mucin group (p < 0.001). The P/N ratio after rinsing
largely recovered (5.84+0.34), approaching the level of
the MDP-10-primed surface. Importantly, the phospho-
rus signal persisted in all groups (6.5-7.2 at.%), indica-
ting stability of the MDP-10 layer to mucin application and
water treatment. The dynamics of nitrogen content and
the P/N ratio are shown in Figure 1 (ANOVA: N - F = 1373,
p <0.001; P/N - F=269, p<0.001).

DISCUSSION

The obtained data characterise the behaviour of
the MDP-10-primed zirconia surface upon contact with
organic components of mixed saliva. The stable phos-

Table 1. Surface elemental composition and P/N ratio in the study groups (M = SD; n = 6)

Group C, at.% N, at.% 0, at.% P, at.% P/N
MDP-10 66.80+0.55 1.10+0.05 24.87+0.45 7.24+0.12 6.59+0.36
MDP-10 + mucin 61.88+0.55 2.42+0.05 28.53+0.45 717+0.12 2.96+0.08
MDP-10 + mucin + rinsing 68.45+0.55 1.12+0.05 23.90+0.45 6.53+0.12 5.84+0.34
3.5
p <0.001 8 p <0.001

.0 <0.001 ! ! .
< 30 — , 659 p < 0.001
T 2.5 -
z o 6 -
PC-% 2.0 4 'g
g pd
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c
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Z 0.5+

0+ 0 -

ZrO, + MDP-10 + mucin + mucin + rinsing ZrO, + MDP-10 + mucin + mucin + rinsing
A B

Fig. 1. Nitrogen content N (A) and P/N ratio (B) on the zirconia surface in the study groups (M = SD; n = 6); after rinsing,
the nitrogen content returns to the level of the MDP-10-primed surface (p = 0.77) and the P/N ratio largely recovers
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phorus signal (6.5-7.2 at.%), persisting in all groups,
confirms the formation by MDP-10 of a chemically
bonded phosphate layer that is stable to both mucin
application and subsequent water treatment. This is
consistent with the known mechanism of interaction
of the MDP phosphate group with zirconia through the
formation of Zr-O-P bonds [12].

Application of mucin naturally increased the nitro-
gen content and reduced the P/N ratio, reflecting ad-
sorption of protein components on top of the MDP-10
layer. The behaviour of the surface after rinsing is of
fundamental importance: the nitrogen content re-
turned to the initial level of the MDP-10-primed surface
(p=0.77), and the P/N ratio largely recovered. This in-
dicates that on the MDP-10-primed surface the mucin
layer is retained predominantly reversibly and is effec-
tively removed by water rinsing.

This result is in marked contrast to the behaviour
of the untreated zirconia surface, for which almost ir-
reversible mucin adsorption was previously established
by XPS: water rinsing did not reduce the nitrogen con-
tent?. Thus, prior application of MDP-10 not only pro-
vides the chemical component of adhesion but also
increases the resistance of the surface to irreversible
organic contamination, conferring on it the property of
“rinsability” of the adsorbed protein film.

From a clinical standpoint, the data indicate the expe-
diency of applying an MDP-containing primer, given that
accidental saliva contamination of an MDP-10-primed
surface is less irreversible and can be removed by wa-

2 Meremkulov R.A., Khabadze Z.S. et al. A method for detec-
ting saliva on the surface of zirconia dental devices using X-ray
photoelectron spectroscopy. Patent RF (application). (In Russ.).
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CONCLUSION

1. The functional monomer MDP-10 forms a stable
phosphate-containing layer on the zirconia surface: the
phosphorus signal (6.5-7.2 at.%) persists upon mucin
application and after water treatment.

2. Salivary mucin adsorbs on top of the MDP-10
layer (nitrogen content increases from 1.10£0.05 to
2.42+0.05 at.%; P/N decreases from 6.59 to 2.96;
p < 0.001) but is removed by water rinsing: the nitrogen
content returns to the level of the MDP-10-primed sur-
face (1.12+£0.05 at.%; p = 0.77).

3. Unlike the untreated surface, where mucin ad-
sorption is irreversible, MDP-10 priming increases the
resistance of the zirconia surface to irreversible organic
contamination, which is relevant to the protocol of pre-
paring restorations for adhesive luting.
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