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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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СOMPARATIVE SPECTROPHOTOMETRY ANALYSIS OF ZIRCONIUM DIOXIDE WITH 
THE CUBIC AND TETRAGONAL PHASE AFTER ARTIFICIAL AGING

Mordanov O.S, Khabadze Z.S, Meremkulov R.A, Mordanova A.V, 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 evaluate optical features of the 3, 4 and 5Y-TZP 

zirconium dioxide with the spectrophotometry analysis under 
artificial aging procedure.

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). Artificial aging (low-temperature degradation) was 
performed using the following autoclaving regime: 134 degrees 
Celsius, 2 atmospheres, 5 hours. 

A Shimadzu UV-3600 spectrophotometer was used to study 
the spectral characteristics of the provided samples. Since the 
samples have low bandwidth, it was decided to investigate the 
reflectance spectra. For this purpose, a Shimadzu SR-1503 
integrating sphere was installed on the spectrophotometer.

Results: All samples of Prime manufacturer show an increase 
in the reflected signal intensity in the range of 650-820 nm. This 
range corresponds to red and orange colors, which means that 
as a result of autoclaving the beige tint of the materials will 
become more pronounced. The intensity of scattered light of 
the sample UTML-glaze and STML-glaze has lower values 
in the whole visible wavelength range. However, the intensity 
decrease in this case is not uniform. In the range above 500nm 
the intensity decrease is more pronounced, which means that 
as a result of artificial aging the beige tint of the materials will 
become somewhat less pronounced.

Conclusion: Zirconia restorations with a predominantly 
tetragonal phase with polished and glazed surfaces will not 
change reflectance during artificial aging.

Key words. Spectrophotometry, zirconium dioxide, roughness, 
glaze.
Introduction.

The biomaterial zirconium dioxide (zirconia) has found 
widespread use as a restorative material over the years due to 
its tooth-colored appearance and favorable material properties 
[1]. However, due to its rather dense opacity, zirconia did not 
have the aesthetic qualities of glass. ceramic-based materials. 
Therefore, it was mainly used either as a framework supporting 
layered but weaker glass-ceramic materials (restorations made 
of porcelain fused with zirconia [PFZ]) or as a monolithic 
restoration made entirely of zirconia only in the lateral areas 
[2,3].

To overcome these disadvantages and to extend the application 
of monolithic zirconia restorations to the aesthetic zone, more 
transparent forms of zirconia materials, such as gradient 
multilayer zirconia, have recently been introduced to the 

dental market. Multilayer zirconia can serve as an alternative 
to overcome the monochromatic appearance of conventional 
zirconia and eliminate the need to layer feldspathic porcelain 
on a zirconia framework. These new materials are available in 
different types of zirconia: 3, 4 and 5Y-TZP [3-5].

Zirconia stabilized with 3 mol% yttrium (yttrium-stabilized 
tetragonal tetragonal zirconia polycrystal, 3Y-TZP) has the 
highest bending strength of any other type of monolithic 
zirconia [6,7]. However, 3Y-TZP is inherently opaque, which 
can produce undesirable aesthetic results when used as a 
monolithic restoration [8,9]. Thus, increasing the transparency 
of zirconia is an important step toward improving the aesthetic 
appearance of monolithic restorations.14 By increasing the 
yttrium content, the transparency of zirconia is also increased; 
however, this results in decreased mechanical properties [10]. 
Zirconia stabilized with 5 mol% yttrium (5Y-TZP) provides 
improved transparency over other types of zirconia because it 
contains approximately 50% cubic phase relative to the pre-
tetragonal phase,15,17 but its mechanical properties limit its use 
on chewing teeth [6,7]. Zirconia stabilized with 4 mol% yttrium 
(4Y-TZP) contains up to 30% cubic phase crystals, resulting in 
intermediate optical and mechanical properties [11].

The aim of the study is to evaluate optical features of the 3, 
4 and 5Y-TZP zirconium dioxide with the spectrophotometry 
analysis under artificial aging procedure. 
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 
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All samples of Prime manufacturer show an increase in the 
reflected signal intensity in the range of 650-820 nm. This range 
corresponds to red and orange colors, which means that as a 
result of autoclaving the beige tint of the materials will become 
more pronounced.

The intensity of scattered light of the sample UTML-glaze and 
STML-glaze has lower values in the whole visible wavelength 
range. However, the intensity decrease in this case is not 
uniform. In the range above 500nm the intensity decrease is 
more pronounced, which means that as a result of artificial 
aging the beige tint of the materials will become somewhat less 
pronounced.

It should also be noted that in the spectral characteristics of all 
Prime samples there are several clear absorption lines - 483nm, 
516nm, 540nm, 651nm and 783nm.
Discussion.

The most significant disadvantage of zirconia restorations is 
their relatively opaque appearance, which is determined by the 
material's ability to absorb and scatter light. Transparency is an 
important optical property for mimicking the natural appearance 
of neighboring teeth. Knowledge of transparency can help the 
clinician select the most appropriate material. Factors such as 
chemical composition, phase content, amount of Y2O3, and 
artificial aging are reported to affect the translucency of zirconia.

This study investigated the characteristics of accelerated 
hydrothermal aging of the material in vitro using an autoclave 
at 122℃ under a pressure of 2 bar for 8 h. It can be assumed 
that 1 h of aging under such conditions has the same effect as 
1 year under clinical conditions. It can be assumed that 1 h of 
aging under such conditions has the same effect as 1 year under 
clinical conditions.

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.

Artificial aging (low-temperature degradation) was performed 
using the following autoclaving regime: 134 degrees Celsius, 2 
atmospheres, 5 hours. 

A Shimadzu UV-3600 spectrophotometer was used to study 
the spectral characteristics of the provided samples. Since the 
samples have low bandwidth, it was decided to investigate the 
reflectance spectra. For this purpose, a Shimadzu SR-1503 
integrating sphere was installed on the spectrophotometer. 
Evaluation of spectral characteristics was performed mainly 
in the visible range. The measurement range was 300-820 nm. 
Since in this range the samples do not have pronounced spectral 
lines and, therefore, high spectral resolution is not required, the 
step corresponded to a value of 1 nm. The slit size was 4 nm. 
The range of visible light is 400-780 nm. An increase in the 
spectrum means an increase in the reflectivity of the material, 
i.e. an increase in its opacification.
Results.

The results below show the spectra of each group of samples. 
The group consists of samples from the same manufacturer in 
the "before" and "after" state of artificial aging (Figures 1-8).

As a result of temperature exposure, the spectral characteristics 
of most materials underwent some change. For samples 
of manufacturer STML and UTML the change of spectral 
characteristics of the glazed surface did not change, however, 
the polished surface after hydrothermal aging became more 
transparent. 

Figure 1. STML glaze - no change in the artificial aging process is noted.
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Figure 3. UTML glaze - no change in the artificial aging process is noted.

Figure 2. STML polishing - the increase in transparency of the material during the artificial aging process is noted.
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Figure 5. Prime glaze - no changes in the process of artificial aging are noted.

Figure 4. UTML polishing - the increase in transparency of the material during artificial aging is noted.
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Figure 7. Control glaze - no change in the artificial aging process is noted.

Figure 6. Prime polishing - no changes in the artificial aging process are noted.
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In the analysis of spectroscopy in all samples after hydrothermal 
aging, the shade of the material became more pronounced 
corresponding to red and orange colors, which means that as a 
result of autoclaving beige shade of materials will become more 
pronounced at the content of tetragonal phase (more red). The 
scattered light intensity of UTML sample (5 mmol yttrium) will 
become slightly less pronounced (less beige), and the intensity 
of STML samples (4 mmol yttrium) will not change. This can 
be explained by the influence of hydrothermal degradation of 
the material caused by exposure of the surface to humidity and 
moderate temperatures, which entails a change in grain order 
[12]. This order is also confirmed by the change in peak intensity 
during phase analysis. 

Transparency is considered to be one of the main parameters 
determining aesthetics, which is a decisive step when selecting 
a restorative material. New generations of zirconia have 
intermediate light permeability compared to conventional 
zirconia and lithium disilicate-based glass-ceramics, which 
increases their potential use as aesthetic monolithic restorations. 
Creating a strong bond to these new generations of zirconia is 
critical to their long-term clinical success.
Conclusion.

The effect of artificial aging on the spectroscopy of the 
specimens is noted. Zirconia restorations with a predominantly 
tetragonal phase with polished and glazed surfaces will not 
change reflectance during artificial aging. Glaze applied to the 
surface of cubic phase dominated zirconia restorations stabilizes 

and will also not change reflectance during artificial aging. 
Polished specimens of cubic zirconia restorations will increase 
the light absorption capacity, i.e. they will become less opaque.
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РЕЗЮМЕ
Сравнительный спектрофотометрический анализ 

диоксида циркония с кубической и тетрагональной 
фазой после искусственного старения

Морданов О.С, Хабадзе З.С, Меремкулов Р.А, 
Морданова А.В, 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: Оценить оптические характеристики диоксида 
циркония 3, 4 и 5Y-TZP с помощью спектрофотометрического 
анализа в условиях искусственного старения.

Материалы и методы: Для всех экспериментов 
использовались идентичные стандартизированные образцы 
диоксида циркония различных типов 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). Искусственное 
старение (низкотемпературная деградация) проводилось с 
использованием следующего режима автоклавирования: 
134 градуса Цельсия, 2 атмосферы, 5 часов. 

Для изучения спектральных характеристик 
предоставленных образцов использовался спектрофотометр 
Shimadzu UV-3600. Поскольку образцы имеют низкую 
пропускную способность, было решено исследовать 
спектры отражения. Для этого на спектрофотометр была 
установлена интегрирующая сфера Shimadzu SR-1503.

Результаты: Все образцы производителя Prime 
демонстрируют увеличение интенсивности отраженного 
сигнала в диапазоне 650-820 нм. Этот диапазон 
соответствует красному и оранжевому цветам, что означает, 
что в результате автоклавирования бежевый оттенок 
материалов станет более выраженным. Интенсивность 
рассеянного света образцов УТМЛ-глазури и СТМЛ-глазури 
имеет более низкие значения во всем видимом диапазоне 
длин волн. Однако снижение интенсивности в данном 
случае происходит неравномерно. В диапазоне выше 500 

нм снижение интенсивности более выражено, а это значит, 
что в результате искусственного старения бежевый оттенок 
материалов станет несколько менее выраженным.

Заключение: Реставрации из диоксида циркония с 
преобладанием тетрагональной фазы с полированными 
и глазурованными поверхностями не изменяют 
отражательную способность при искусственном старении

Ключевые слова: спектрофотометрия, диоксид циркония, 
шероховатость, глазурь.

რეზიუმე
ხელოვნური დაბერების შემდეგ კუბური და 

ტეტრაგონალური ფაზის ცირკონიის შედარებითი 
სპექტროფოტომეტრიული ანალიზი.

მორდანოვი ო.ს, ხაბაძე ზ.ს, მერემკულოვი რ. ა, 
მორდანოვა ა.ვ, საეიდიანი ს, გოლოვინა ვ, კოზლოვა ზ. 
ვ, ფოკინა ს. ა, კოსტინსკაია მ. ვ, ელისეევა თ. ა.

სამედიცინო ინსტიტუტი, უმაღლესი განათლების 
ფედერალური სახელმწიფო ავტონომიური 
საგანმანათლებლო დაწესებულება „რუსეთის ხალხთა 
მეგობრობის უნივერსიტეტის სახელობის. პატრის 
ლუმუმბა“ (RUDN უნივერსიტეტი).

სამიზნე: ცირკონიის 3, 4 და 5Y-TZP 
ოპტიკური მახასიათებლების შესაფასებლად 
სპექტროფოტომეტრიული ანალიზის გამოყენებით 
ხელოვნურად დაძველების პირობებში.

ასალა 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). ხელოვნური დაძველება 
(დაბალი ტემპერატურის დეგრადაცია) განხორციელდა 
შემდეგი ავტოკლავირების რეჟიმის გამოყენებით: 134 
გრადუსი ცელსიუსი, 2 ატმოსფერო, 5 საათი.

მოწოდებული ნიმუშების სპექტრული 
მახასიათებლების შესასწავლად გამოყენებული იქნა 
Shimadzu UV-3600 სპექტროფოტომეტრი. ვინაიდან 
ნიმუშებს აქვთ დაბალი გამტარუნარიანობა, გადაწყდა 
არეკვლის სპექტრების შესწავლა. ამ მიზნით 
სპექტროფოტომეტრზე დამონტაჟდა Shimadzu SR-1503 
ინტეგრაციული სფერო.

შედეგები: ყველა Prime ნიმუში აჩვენებს ასახული 
სიგნალის ინტენსივობის ზრდას 650-820 ნმ დიაპაზონში. 
ეს დიაპაზონი შეესაბამება წითელ და ნარინჯისფერ 
ფერებს, რაც ნიშნავს, რომ მასალების კრემისფერი 
ელფერი უფრო გამოხატული გახდება ავტოკლავირების 
შედეგად. UTML-მინანქარი და STML-მინანქრის 
ნიმუშების გაფანტული სინათლის ინტენსივობა უფრო 
დაბალია ტალღის სიგრძის მთელ ხილულ დიაპაზონში. 
თუმცა, ინტენსივობის შემცირება ამ შემთხვევაში 
ხდება არათანაბრად. 500 ნმ-ზე ზემოთ დიაპაზონში 
ინტენსივობის დაქვეითება უფრო გამოხატულია, რაც 
იმას ნიშნავს, რომ ხელოვნური დაბერების შედეგად 
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მასალების კრემისფერი ელფერი გარკვეულწილად 
ნაკლებად გამოხატული გახდება.

დასკვნა: ტეტრაგონული ფაზის უპირატესი ცირკონიის 
რესტავრაციები გაპრიალებული და მოჭიქული 

ზედაპირით არ ცვლის არეკვლას ხელოვნურად 
დაძველებისას

საკვანძო სიტყვები: სპექტროფოტომეტრია, 
ცირკონიუმის დიოქსიდი, უხეშობა, ჭიქურა.
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