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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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EFFECT OF SURFACE TREATMENT PROTOCOLS OF ZIRCONIUM DIOXIDE 
MULTILAYER RESTORATIONS ON FUNCTIONAL PROPERTIES OF THE HUMAN 

ORAL MUCOSA STROMAL CELLS
Mordanov O.S, Khabadze Z.S, Meremkulov R.A, Saeidyan S, Golovina V, Kozlova Z.V, Fokina S.A, Kostinskaya M.V, 

Eliseeva T.A.
Medical Institute, Peoples' Friendship University of Russia named after Patrice Lumumba (RUDN), Russian Federation.

Abstract.
Aim: To study the effect of protocols of surface treatment 

of zirconium dioxide multilayer restorations on the functional 
properties of stromal cells of the human oral mucosa using 
molecular biological methods.

Materials and methods: For all experiments, identical 
standardized specimens of different types of zirconia with a 
diameter of 10 mm and a height of 1 mm were used. These 
types included Katana (Kuraray Noritake Dental, Tokyo, Japan) 
HTML (control) UTML, STML and ZirCAD Prime (Ivoclar 
Vivadent). DMEM/F12 growth medium (Paneco, Russian 
Federation) with addition of fetal calf serum (Gibco, USA) up to 
10% and penicillin-streptomycin (Paneco, Russian Federation) 
up to 1% was used in the experiment. Cells were detached from 
the culture substrate with trypsin-EDTA solution (Paneco, RF) 
and their number and viability were assessed using an automatic 
counter TC-20 (Bio-Rad, USA). For repopulation, samples 
were transferred into wells of a 96-well culture plate (1 sample 
in 1 well) and cell suspension was layered at the rate of 12.5 
thousand or 25 thousand live cells per well. After 48 hours, the 
cytotoxic properties of the tested samples were evaluated in 
vitro.

Results: According to the results of MTT test we can conclude 
that samples of ZirCad Prime and Katana UTML groups do not 
show cytotoxic properties (score "0" on the cytotoxicity scale 
according to GOST R ISO 10993-5-2009 "National Standard 
of the Russian Federation. Medical devices. Evaluation 
of biological effect of medical devices. Part 5. Studies on 
cytotoxicity: in vitro methods"). The samples of Katana STML 
group samples were slightly reduced compared to the control 
(about 12%), nevertheless, these samples can also be considered 
non-cytotoxic (Figure xxx). Analyzing the direct contact with 
the material in all samples, a good occupancy of the material by 
cells was observed, in particular, the polished surface prevailed 
over the glazed one, however, this difference is not statistically 
significant.

Conclusion: Analysis of human oral stromal cells to 
zirconium dioxide showed no statistically significant effect of 
different surface treatment protocols.  However, the number of 
fibroblasts prevailed on the polished surface.

Key words. Human oral stromal cells, MMT-analysis, 
zirconium dioxide, roughness, glaze.
Introduction.

Zirconium dioxide (ZrO2) is widely used in dentistry due to 
its mechanical properties [1]. The first generations of zirconia 
were characterized by high strength but lacked aesthetic 
characteristics [2]. With the development of new generations 
of zirconium dioxide characterized by improved transparency, 

it became possible to use this material in a monolithic form, 
eliminating the need to use ceramic application [3].

Despite the improved aesthetic characteristics of zirconia, it 
cannot always meet the high aesthetic requirements of patients 
without additional treatment [4,5]. This treatment includes the 
application of a glaze layer or surface polishing. Some studies 
have reported advantages of polished over glazed zirconia 
surfaces [6]. However, these studies lack uniform data regarding 
surface roughness, which may vary depending on the type of 
method used [6-10]. 

Comprehensive characterization helps clinicians balance the 
aesthetics and durability of zirconia restorations, including 
biological quality. Thus, the aim is to study the effect of 
protocols of surface treatment of zirconium dioxide multilayer 
restorations on the functional properties of stromal cells of the 
human oral mucosa using molecular biological methods. 
Materials and Methods.

The same standardized samples (disks) of different types of 
zirconium dioxide with a diameter of 10 mm and a height of 1 
mm were used for all experiments. Free open-source software 
Tinkercad (Autocad) was used to create the STL file of the model. 
The 3D design of the model was created in the software. The 
basic shape of the model and model parameters were selected: 
length, width, height, radius. Then "model holders" were added 
for easy separation of the milled model from the zirconium 
dioxide block before synthesizing. The model was exported 
as an STL file and then loaded into a CAD/CAM program 
in the dental laboratory (Exocad). The models were milled 
and synthesized in accordance with standard (conventional 
sintering). Surface treatment was carried out according to the 
protocol (polishing and glazing). 

The control group included specimens made of conventional 
zirconia stabilized with 3 mol% yttrium (3Y-TZP) Katana 
HTML (High Translucent Multi Layered zirconia, Kuraray 
Noritake Dental, Tokyo, Japan). These disks have high 
mechanical strength, making them an ideal choice for extended 
bridges. The HTML has more of a tetragonal phase.  The groups 
studied included zirconia specimens with a predominantly 
cubic phase. ZirCAD Prime (Ivoclar Vivadent) is a multiphase 
multilayer material consisting of a 5Y-TZP enamel layer 
(approximately 19%), a transition layer (25%), and a 3Y-TZP 
dentin layer (56%); Katana (Kuraray Noritake Dental, Tokyo, 
Japan) UTML and Katana STML contain more than 50% and 
more than 25% cubic phase, respectively.

The samples were sterilized by UV irradiation; no contamination 
of the samples with fungi, bacteria or other agents was detected 
in further work. To test the cytotoxic properties of the samples we 
used primary cell culture of stromal cells isolated from the biopsy 
of the mucous membrane of the floor of the human oral cavity.  
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Results.
Control group. 

As can be seen from Figure 2, both types of samples were 
optically opaque, which makes it difficult to examine them by 
light microscopy. At the same time, the study showed that in 
the areas undamaged by mechanical movement, direct contact 
between cells and samples was preserved, and there were no 
cells with signs of necrotic or apoptotic death in the wells. 

It is important to note that in the wells with polished samples 
we observed small fragments of optically opaque material on 
the surface of the cell monolayer, which probably got there from 
the surface of the samples.

The method of staining with calcein-AM and propidium 
iodide is presented in Figure 3. As can be seen from Figure 3, 
red luminescence of dead cell nuclei was not detected at this 
magnification. Live cells were uniformly located on the surface 
of the tested samples, while maintaining the wave pattern 
characteristic of stromal cells in wells with higher seeding 
density.

This experiment also revealed the possibility of damage to the 
cell monolayer when removing samples from the narrow wells 
of the plate using tweezers (Figure 4).

According to the results of MTT test we can conclude that 
samples of ZirCad Prime and Katana UTML groups do not 
show cytotoxic properties (score "0" on the cytotoxicity scale 
according to GOST R ISO 10993-5-2009 "National Standard 
of the Russian Federation. Medical devices. Evaluation 
of biological effect of medical devices. Part 5. Studies on 
cytotoxicity: in vitro methods"). The samples of Katana STML 
group samples were slightly reduced compared to the control 
(about 12%), nevertheless, these samples can also be considered 
non-cytotoxic (Figure xxx). Analyzing the direct contact with 
the material in all samples, a good occupancy of the material by 
cells was observed, in particular, the polished surface prevailed 
over the glazed one, however, this difference is not statistically 
significant (Figure 5).
Discussion.

The ability of a material to coexist with living tissue 
without any deleterious effects is called biocompatibility. The 
biocompatibility of materials used in dental restorations is 
a critical issue because these materials are placed in the oral 
cavity and form an active contact.

Zirconium dioxide is a chemically stable dental ceramic; 
however, before it can be used as a biomedical material, the 
effects of exposure to different environments on the human body 
must be considered. It has been previously reported that yttrium 
is a cytotoxic element depending on the magnitude of exposure 
as well as the concentration. Therefore, the biocompatibility of 
stabilized zirconium dioxide with different yttrium content is 
described below.

Considering that biological tissues interact only with the outer 
surface of materials, several methods have been used to study 
the cytotoxic properties of the ZrO2 surface. In this research 
work, not only zirconium dioxide containing different amounts 
of yttrium, but also the glazed surface was compared. 

 Surface micro-roughness plays a conductive role in initial 
cell adhesion. To create a favourable microenvironment for 

DMEM/F12 growth medium (Paneco, Russian Federation) 
with addition of fetal calf serum (Gibco, USA) up to 10% and 
penicillin-streptomycin (Paneco, Russian Federation) up to 
1% was used in the experiment. Cells were detached from the 
culture substrate with trypsin-EDTA solution (Paneco, RF) and 
their number and viability were assessed using an automatic 
counter TC-20 (Bio-Rad, USA). For repopulation, samples 
were transferred into wells of a 96-well culture plate (1 sample in 
1 well) and cell suspension was layered at the rate of 12.5 thousand 
or 25 thousand live cells per well. After 48 hours, the cytotoxic 
properties of the tested samples were evaluated in vitro.

To evaluate the ratio of live and dead cells adhered on the 
surface of the samples, they were stained with 2 μM Calcein 
AM solution (Santa Cruz, USA) and 2.5 μg/ml propidium 
iodide solution (Santa Cruz, USA) for 30 minutes in the dark at 
37°C. The staining result was evaluated using a Leica DM 4000 
B fluorescence microscope and LAS AF v.3.1.0 build 8587 
software (Leica Microsystems, Germany).

Method for estimation of total metabolic activity of cells using 
the MTT. A colorimetric MTT assay was used to quantify the 
repopulation efficiency. MTT (Sigma-Aldrich, USA) was added 
to the wells with seeded samples in growth medium to a final 
concentration of 1.5 mg/mL and left under standard culture 
conditions for 24 hours (since the surface area of the samples is 
relatively small). During this time, succinate dehydrogenase of 
mitochondria of living cells reduced light yellow MTT tetrazolium 
(3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) 
to insoluble dark-colored formazan. The reaction development 
was monitored visually by light microscopy by the formation 
of formazan crystals. Medium with MTT was removed, 100 μl 
of solvent (DMSO, PanEco) was added to the wells to dissolve 
precipitated formazan crystals and incubated for 1 hour at 37°C 
Macrophotograph of the elution process is shown in Figure 1. 
The optical density of the eluate was measured at λ=540 nm.

Figure 1. Color development during the MTT test. Wells B1-E1 
contained polished samples, wells B4-E4 contained glazed samples. 
Macrophotograph.
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Polished samples Glazed samples

Figure 2. Direct contact areas of the tested samples. Phase-contrast microscopy, ×200.
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Figure 3. Live (stained with calcein-AM, green glow) and dead (stained with propidium iodide, red glow) cells on the surface of the tested samples. 
Fluorescence microscopy, panoramic images. 1 mm scale marker.
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cell adhesion and proliferation in vitro, type I collagen is one 
of the most widely used coating materials. Immobilized coating 
of type I collagen on zirconium dioxide surface showed good 
cell response including adhesion, proliferation, however, and 
glazed surface promotes cell attachment, proliferation, and 
differentiation, but to a lesser extent.
Conclusion.

Thus, analysis of human oral stromal cells to zirconium dioxide 
showed no statistically significant effect of different surface 

treatment protocols.  The obtained data allow us to conclude that 
the tested samples (control group, polished and glazed surfaces) 
have no cytotoxic properties (score "0" on the cytotoxicity scale 
according to GOST R ISO 10993-5-2009). However, the number 
of fibroblasts prevailed on the polished surface.
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polished Katana STML, 3b - glazed Katana STML. K - control group (cells without zirconium dioxide).
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РЕЗЮМЕ
ВЛИЯНИЕ ПРОТОКОЛОВ ОБРАБОТКИ 

ПОВЕРХНОСТИ МНОГОСЛОЙНЫХ 
РЕСТАВРАЦИЙ ИЗ ДИОКСИДА ЦИРКОНИЯ НА 
ФУНКЦИОНАЛЬНЫЕ СВОЙСТВА СТРОМАЛЬНЫХ 
КЛЕТОК СЛИЗИСТОЙ ОБОЛОЧКИ ПОЛОСТИ РТА 
ЧЕЛОВЕКА

Морданов О.С, Хабадзе З.С., Меремкулов Р.А, Саеидян 
С., Головина В, Козлова З.В, Фокина С.A, Костинская 
M.В,  Елисеева T.A.

Медицинский институт, ФГАОУ ВО «Российский 
Университет Дружбы Народов им. Патриса Лумумбы» 
(РУДН).

Цель: Изучить влияние протоколов обработки поверхности 
многослойных реставраций из диоксида циркония на 
функциональные свойства стромальных клеток слизистой 
оболочки полости рта человека с помощью молекулярно-
биологических методов.

Материалы и методы: Для всех экспериментов 
использовали идентичные стандартизированные образцы 
различных типов диоксида циркония диаметром 10 мм и 

высотой 1 мм. К этим типам относились Katana (Kuraray 
Noritake Dental, Токио, Япония) HTML (контроль) UTML, 
STML и ZirCAD Prime (Ivoclar Vivadent). В эксперименте 
использовали среду роста DMEM/F12 (Paneco, Российская 
Федерация) с добавлением фетальной телячьей сыворотки 
(Gibco, США) до 10% и пенициллина-стрептомицина 
(Paneco, Российская Федерация) до 1%. Клетки отделяли 
от культурального субстрата с помощью раствора 
трипсин-ЭДТА (Paneco, РФ) и оценивали их количество и 
жизнеспособность с помощью автоматического счетчика 
TC-20 (Bio-Rad, США). Для репопуляции образцы 
переносили в лунки 96-луночного культурального планшета 
(1 образец в 1 лунку) и наслаивали клеточную суспензию из 
расчета 12,5 тыс. или 25 тыс. живых клеток на лунку. Через 
48 часов проводилась оценка цитотоксических свойств 
исследуемых образцов in vitro.

Результаты: По результатам МТТ-теста можно сделать 
вывод, что образцы групп ZirCad Prime и Katana UTML 
не проявляют цитотоксических свойств (оценка "0" по 
шкале цитотоксичности в соответствии с ГОСТ Р ИСО 
10993-5-2009 "Национальный стандарт Российской 
Федерации. Изделия медицинские. Оценка биологического 
действия медицинских изделий. Часть 5. Исследования на 
цитотоксичность: методы in vitro"). У образцов группы 
Katana STML она была несколько снижена по сравнению 
с контролем (около 12 %), тем не менее, эти образцы 
также можно считать нецитотоксичными (рис. xxx). При 
анализе прямого контакта с материалом во всех образцах 
наблюдалось хорошее заполнение материала клетками, 
в частности, полированная поверхность преобладала 
над глазурованной, однако эта разница не является 
статистически значимой.

Заключение: Анализ отношения стромальных клеток 
ротовой полости человека к диоксиду циркония не выявил 
статистически значимого влияния различных протоколов 
обработки поверхности.  Однако количество фибробластов 
преобладало на полированной поверхности.

Ключевые слова: стромальные клетки полости рта 
человека. ММТ-анализ, диоксид циркония, шероховатость, 
глазурь.
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მოლეკულური ბიოლოგიური მეთოდების გამოყენებით.

Მასალა და მეთოდები: ყველა ექსპერიმენტისთვის 
გამოყენებული იქნა ცირკონიუმის დიოქსიდის 
სხვადასხვა ტიპის იდენტური სტანდარტიზებული 
ნიმუშები 10 მმ დიამეტრით და 1 მმ სიმაღლით. ეს 
ტიპები მოიცავდა კატანას (Kuraray Noritake Dental, 
ტოკიო, იაპონია) HTML (კონტროლი) UTML, STML 
და ZirCAD Prime (Ivoclar Vivadent). ექსპერიმენტში 
გამოყენებულია ზრდის საშუალება DMEM/F12 (პანეკო, 
რუსეთის ფედერაცია) ნაყოფის ხბოს შრატის (გიბკო, 
აშშ) 10%-მდე და პენიცილინ-სტრეპტომიცინის (პანეკო, 
რუსეთის ფედერაცია) 1%-მდე დამატებით დამატებით. 
უჯრედები გამოეყო კულტურის სუბსტრატს ტრიფსინ-
EDTA ხსნარის გამოყენებით (Paneco, რუსეთი) და 
მათი რაოდენობა და სიცოცხლისუნარიანობა შეფასდა 
ავტომატური მრიცხველის გამოყენებით TC-20 (Bio-
Rad, აშშ). ხელახალი პოპულაციისთვის, ნიმუშები 
გადაიტანეს 96 ჭაბურღილიანი კულტურის ფირფიტის 
ჭებში (1 ნიმუში 1 ჭაბურღილზე) და უჯრედის 
სუსპენზია ფენით იყო დაფენილი 12,5 ათასი ან 25 ათასი 
ცოცხალი უჯრედი თითო ჭაბურღილზე. 48 საათის 
შემდეგ შესწავლილი ნიმუშების ციტოტოქსიური 
თვისებები შეფასდა in vitro.

შედეგები: MTT ტესტის შედეგებზე დაყრდნობით, 
შეგვიძლია დავასკვნათ, რომ ZirCad Prime და Katana 
UTML ჯგუფების ნიმუშები არ ავლენენ ციტოტოქსიურ 
თვისებებს (ქულა "0" ციტოტოქსიკურობის შკალაზე 
GOST R ISO 10993-5-2009 "ეროვნული სტანდარტის" 
შესაბამისად რუსეთის ფედერაციის სამედიცინო 
პროდუქტები სამედიცინო მოწყობილობების 
ბიოლოგიური ეფექტების შეფასება ნაწილი 5. 
ციტოტოქსიკურობის კვლევები: ინ ვიტრო მეთოდები"). 
კატანა STML ჯგუფის ნიმუშებში ის ოდნავ შემცირდა 
კონტროლთან შედარებით (დაახლოებით 12%), 
თუმცა ეს ნიმუშები ასევე შეიძლება ჩაითვალოს 
არაციტოტოქსიური (ნახ. xxx). მასალასთან უშუალო 
კონტაქტის გაანალიზებისას, ყველა ნიმუშში 
დაფიქსირდა მასალის კარგი შევსება უჯრედებით, 
კერძოდ, გაპრიალებული ზედაპირი ჭარბობდა 
მოჭიქულ ზედაპირს, მაგრამ ეს განსხვავება არ არის 
სტატისტიკურად მნიშვნელოვანი.

დასკვნა: ადამიანის პირის ღრუს სტრომული 
უჯრედების ცირკონიასთან თანაფარდობის ანალიზმა 
არ გამოავლინა სხვადასხვა ზედაპირის დამუშავების 
პროტოკოლების სტატისტიკურად მნიშვნელოვანი 
ეფექტი. თუმცა, ფიბრობლასტების რაოდენობა 
ჭარბობდა გაპრიალებულ ზედაპირზე.

საკვანძო სიტყვები: ადამიანის პირის ღრუს სტრომული 
უჯრედები. MMT ანალიზი, ცირკონიუმის დიოქსიდი, 
უხეშობა, ჭიქურა.
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