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Abstract:

Background: to evaluate the color stability and marginal gap of different types of
zirconia crowns with two preparation designs.

materials and methods: two upper left centrals typodonts were prepared with two
different preparation designs; vertical preparation and horizontal preparation with
shoulder finish line0.5mm depth. Each typodont was scanned for designing full coverage

Crtlicle Histlory - crowns and duplication to 3D printed dies (n=21).21 crowns were milled for each
Roveivec 25 Moy 2004 preparation design and furtherly divided according to the material into three groups(n=7)
Accepted: 29 May 2024 as follows; zirconia YZ XT, IPS e-max zircad prime and vita suprinity then each crown
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Marginal gap analysis for both vertical and horizontal crown samples were measured
using stereomicroscope with (300X) power. Color analysis of the crowns was performed
by means of Agilent Cary 5000 spectrophotometry before and after 5000 thermal cycles
to calculate AE, the data were analyzed statistically significant using two-way anova at
significance value (p<0.05).

Results: the type of the material(p<0.001) as well as the preparation type(p=0.004)
resulted in significant change in AE, zircad crowns with horizontal finish lines showed
the highest color stability with AE=2.51, regarding the marginal gap analysis the
preparation type only showed significance (p<0.001) with higher gap values to vertical
preparations samples.

Conclusion: the color stability before and after thermocycling is affected with both the
type of material and preparation type, yet the marginal gap only affected by the
preparation type with no correlation with color stability.

Key words: color stability, marginal gap measurement, monolithic zirconia, Verti
preparation.
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Introduction:

Over the past four decades, there have been significant technological advancements in dental
ceramics.l. As with all contemporary restorations, zirconia ceramic monolithic crowns target the
optimum shape, function, and color of natural teeth. The objective nowadays of different studies is to
evaluate monolithic translucency and to what extent recent generations have achieved aesthetic
optimization.

Dental Zirconia can be divided into three main groups based on the concentration of yttria. The initial
group is the most rigid, consisting of 3 mol.% Y-TZP (predominantly tetragonal). The second group,
comprising 4 mol.% Y-TZP, possesses greater transparency, while the third group contains 5 mol.% Y-
TZP and displays reduced mechanical properties. The variation in mechanical and physical
characteristics within each Zirconia class is influenced by the mole percentages. Opaque Zirconia,
with approximately 3 mol.% yttria (85-90% tetragonal phase), is the strongest. Transparent Zirconia,
with around 5 mol.% yttria exhibits approximately 50% cubic phase.?

This most recent innovation of 50% cubic zirconia (zirconia YZ XT) is used in several clinical
applications, ranging from singular anterior crowns to three-unit bridges. 3

Further development in manufacturing technology was performed in gradient technology, utilizing of
a single blank comprising diverse generations of zirconia was adopted to attain the advantageous
attributes of conventional and extra-translucent zirconia. This approach combines the esteemed high-
flexural strength 3Y-TZP in the dentin/body region, which augments stability, with the high-
translucency 5Y-TZP in the incisal or occlusal area, thus improving appearance.® similarly, since
2016, manufacturers incorporated lithium disilicate with zirconia particles to gain benefit from both
materials by launching Vita Suprinity ceramic material.*

The longevity of monolithic zirconia crowns is influenced by various factors related to tooth
preparation, such as total occlusal convergence (TOC), presence of undercuts, amount of occlusal
reduction, finish line form and depth, line angle form, and surface texture. In the case of computer-
aided design/computer-assisted manufacture (CAD/CAM) crowns, additional principles become
important. These include the quality of the finish line form, the line angle form, and the design of the
occlusal surface preparation (anatomical, semi-anatomical, or non-anatomical).®

There are two main approaches for tooth preparation: Horizontal preparation (preparations with
defined margins) and vertical (or feather edge) preparations. ©

the horizontal preparation technique with chamfer and shoulder finish lines has been widely accepted
as the preferred method for preparing the teeth to receive all-ceramic restoration, yet the introduction
of high-strength polycrystalline materials has permitted the use of vertical preparation as a less
extensive alternative to the traditional horizontal approach (chamfer and shoulder). Vertical margins

offer the advantage of providing the most conservative restoration with minimal removal of sound
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tooth structure. This is particularly important for vital teeth and teeth with root canal fillings, as it
helps reduce stress on the abutment tooth when restored with a crown.’

For the horizontal preparations, several margin designs have been utilized, such as the chamfer
margin, which adds volume to the cervical limit. Also, the shoulder margin, one of the oldest cervical
limits, with various angulations (90 degrees, obtuse angles of 120 to 135 degrees, and rounded
internal angles with or without a bevel. For the vertical preparations, also known as a shoulder-less
approach, is a technique where the abutments are prepared by using a diamond rotary instrument in
the sulcus to remove the cementoenamel junction and establish a new prosthetic cementoenamel

junction determined by the prosthetic margin.®

Color stability is an inevitable factor in prothesis success. The quality and life span of dental prothesis

depend partially on the color stability of the restoration .°

The final color and the translucency of the highly translucent zirconia restorations not only influenced
by the restoration thickness due to different finish line design but also with tooth shade background as

well as the type of ceramic material selected °

clinical implementation for full crown preparations, the Verti preparations are the future of highly
translucent full coverage crowns not only for the conservation of tooth structure but for the color
stability and optimum translucency of the restoration ', Use of monolithic zirconia for fabrication

of all-ceramic crowns eliminates several drawbacks of layered zirconia crowns.

Long-term success of prothesis highly depends on the marginal fit. The crown thickness is one of the
most important factors that affect marginal integrity. The marginal fit is affected by several factors
such as different preparation designs, fabrication methods, sintering techniques, and CAD-CAM
systems.?One of the influencing factors is the material thickness, Controversies exist about the effect
of zirconia thickness on the marginal fit of zirconia-based crowns.'?*.Conclusively the color stability
as well as the marginal gap both affected with the preparation type and the restoration thickness as

well as type of ceramic material used 4
Due to the aforementioned reasons, these materials were selected to assess their color stability before

and after thermocycling with different finish line preparations with correlation with the marginal gap

regarding each preparation design.

The aim of this study:
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1.To determine the effect of change in preparation design and different zirconia crown material on
color stability after aging.

2.evaluating the marginal gap of different zirconia crown material with different margin designs.
3.determining the correlation between color stability and marginal gap.

The null hypothesis of this study was that there would be no difference in color stability nor the
marginal gap by varying the type of zirconia crown material or the preparation.

Materials and methods
Sample preparation:
Two upper left central typodont were prepared for a full coverage crown with two finish line designs.
The first one was prepared with horizontal preparation design with 90° shoulder finish line (0.5mm
depth) were prepared using diamond burs flat end cylinder. The axial wall was 12° convergent. The
other typodont was prepared with vertical preparation design using a batt bur with a 1 mm noncutting
end to utilize 8° taper.
To achieve standardization, preparations were performed with the same operator using a dental
surveyor (AF 30 Nouvag AG, Switzerland) with straight hand piece for axial wall preparation for each
sample to ensure consistent degree of taper *°.

The two typodonts were finished by rubber cups followed by scanning with a laser scanner (3 Shape
D810; 3 Shape, Copenhagen, Denmark) to digitize the dies. The data was transferred to computer
software exo-cad in lab designing software (EXOCAD, GmbH, Darmstadt, Hessen, Germany) for
designing a model for each typodont.

The digitalized dies were transferred to a 3D printer (Any cubic, any cubic technologies, hongkong) to
print the model for each die type with polyetherimide resin (pro shape digital
solutions,Cairo,Egypt) The designed shade A2 models were subjected to an accuracy check with the

help of a digital protractor and a stereomicroscope (Amscope, CA, USA).

All models were first powdered using the scan spray (VITA CEREC; Bad Sackingen, Germany) with
the aid of a propellant that offered an even, thin powder layer. Then scanned by DZ Mizer extra oral
scanner for generating STL files which were then transferred to CAD software (EXOCAD, GmbH,
Darmstadt, Hessen, Germany) for designing the crowns with the same parameters 6

Crown fabrication was done Using a 5-axis computerized numerically controlled (CNC) milling
machine (Shera eco-mill 5x). (14) zirconiaYZ_XT and (14) IPS zircad prime crowns divided evenly
according to the type of their respective materials CAD/ CAM blanks under dry milling. To eradicate

any potential effects of translucency on color measurement, all specimens were obtained in the same
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color (shade A2) across all materials. To standardize the surface quality, 600, 800, and 1200 grit
silicon carbide paper was used to refine all sides of the crowns for 60 seconds after milling.*’

Zirconia YZ-XT, Ips e-max zircad prime crowns were then rapidly sintered with
IvoclarVivadentProgramat S1 Sintering Furnace (Furstentum, Liechtenstein) as per manufacturer
instructions. The specimens were then cleaned with steam. Ultra-fine diamond bur (Diamond bur;
Microdont) was used for surface smoothing under water cooling using a high-speed dental micro
motor and standard movements followed by glazing (Ivocolorfluor, Ivoclar, Schaan, Liechtenstein).

The burs were changed after three specimens and then rubber abrasive cups were used.’

While For vita suprinity crown samples, 14 crowns(n=7) for each finish line type were milled under
wet milling using (Shera eco-mill 5x) milling machine then the crowns further crystallized using a
ceramic furnace (programat p310, ivoclarvivadent) as per manufacturer instructions to accomplish full
crystallization.8

Materials details and specifications are on table (4).

Marginal gap analysis:

Marginal gap measurements were taken before cementation. Measurements were taken by connecting
a stereo microscope to a PC with a USB with 300x magnification Amscope, CA, USA. Using the
definition of the marginal gap the perpendicular distance from the margin of the finishing line
preparation to the margin of the restoration were measured *°. The digital microscope was positioned
so that its long axis lined up with the long axis of the tooth. The handle was secured, preventing it
from being changed vertically without altering the microscope’s horizontal tilt. Image-processing
application (Image J 1.50i, USA) allowed for the measurement of the marginal gap in pixels after
Dino-capture software 50i was used to process two photographs for each surface of the tooth sample.
The measurements were taken at four spots on each tooth’s surface %°. The largest gap was selected to
reflect the sample’s marginal gap 2. All measurements were carried out by the same researcher. All
estimated measurements were transformed from pixels to um.2 figure (1)

The mean = standard deviation (SD) values were calculated for each sample.

The crowns were cemented to corresponding 3D printed dies with transparent self-adhesive resin
cement. (breeze self- adhesive resin cement). The cement was injected into the respective crowns
using the Auto mix syringe system, as provided by the manufacturer, and removal of excess cement
was done with a scalier tip and cotton pellet. Each crown was subjected to a standard load of 5.0

newton (N)to optimize standardization.?®?* figure (2)
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Color analysis:

Specimens were chromatically analyzed using (Agilent gray 5000) spectrophotometer (Agilent
technologies, USA) for color coordinates calculation (L, A, B). All the crowns were exposed to the
light at the same location throughout the study period. The calibration parameters of the
spectrophotometer included a slit of 1.5 nm, a scan speed of 600 nm/min, light range of 300—900 nm
(visible and ultra-violet) with a data interval of 1 nm, resolution 0.02/nm and dwell time of 0.1 s. We
used an internal diameter of 110 mm. For calculation, we used the wavelengths in the range of 380-
700 nm (visible light) %. The Integrated Sphere accessory can measure both the diffused and specular

light waves, meaning that no light will be lost in our measure.

The measurements were established in mathematic coordinates referred to the international color
space Commission Internationale de I’Eclairage L* a* b*. For each crown, three readings at the labial
surface cervically were taken. The average L*, a*, and b* values for the three readings were

calculated and tabulated as the baseline color measurements 28

Aging of the specimens:

After initial color measurements, samples were individually immersed in Thermocycler (SD
mechatronic, feldkirchen-westerham, Germany ) all crowns were subjected to cold water bath
immersion for 30 seconds at 5 degrees and hot water bath immersion for 30 seconds at 55 degrees

dwell time 10 seconds for 5000 cycles for 5 days equivalent to 6 months intra oral.?’

After the aging process, new color measurements were performed in the same way as described

previously, the color stability of the restorations was calculated using the formula.

AE=\(L1-L2) +(al-a2)2+(b1-b2)2

Statistical analysis:

Numerical data was represented as mean and standard deviation (SD) values. Normality

and variance homogeneity assumptions were validated by viewing data distribution and by

using Shapiro-Wilk's and Levene's tests respectively. Data were analyzed using two-way.

ANOVA. Statistical analysis was performed with R statistical analysis software version 4.3.2 for
Windows1.
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Results:

Results of two-way ANOVA presented in table (1), showed that for color change there a was a
significant interaction between both tested variables (p=0.012), while for marginal gap only

the effect of preparation type was statistically significant (p<0.001). Summary statistics and
Comparisons of simple effects for color change are presented in table (2) and in figure (3) . Results
showed that, regardless of preparation type, there was a significant difference between tested
materials with Vita Suprinity samples having the highest change, AE followed by Vita YZ XT
Zirconia and with the lowest color change found with Zircad (regular) (p<0.001). For Vita Suprinity,
color change measured in samples with vertical preparation was significantly higher than those with
horizontal preparation. While for other materials, the difference was not statistically significant
(p>0.05). Summary statistics and comparisons of main effects for marginal gap are presented in table
(3) and in figure (4). Results showed that samples made with vertical preparation had significantly
higher gap values (p<0.001) and that there is no significant difference between materials regardless
the preparation design(p=0.476). There was no significant correlation between color change and
marginal gap values (rs=0.218, p=0.247). Scatter plot for the correlation between both variables is

presented in figure (5)

Discussion:

The objective nowadays to the different studies evaluated monolithic ZrO2 translucency and to what
extent its recent generations have achieved aesthetic optimization.® As with all contemporary
restorations, zirconia (ZrO2) ceramic monolithic crowns target the optimum shape, function, and

color of natural teeth *

In this study, we compared the cumulative effect of material type, preparation type, and thermocycling
on color stability and marginal gap of zirconia crown before and after cementation and

thermocycling.?®

Tooth preparation with horizontal finish line requires aggressive tooth reduction at the cervical area
which affects the remaining tooth structure 2°. Therefore, more conservative preparation design such
as Verti preparation or biologically oriented preparation technique (BOPT) might be needed to save
tooth structure at the cervical area '? , the Verti preparations are the future of highly translucent full
coverage crowns not only for the conservation of tooth structure but for the color stability and
optimum translucency of the restoration £.abno(2020)andCarlos A. Jurado(2024) et al.” claimed that

the color and the translucency of the highly translucent zirconia restorations was influenced by both
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restoration thickness and tooth shade background®.The selection of the A2 shade of the 3D printed
model and milled crowns in the present investigation was based on its prevalence as one of the most

commonly observed tooth shades. *

Measurement of color was calculated with AE1976 because it’s the most commonly used in color
measurement and Various studies on acceptable AE and AEOO values in clinical and in vitro studies
have been published 3, Agilent cary 5000 spectrophotometers for optimum color measurement with

low percentage of errors& record minute color change.Perroni AP( 2017) 2

Marginal gap analysis was done using stereomicroscope for 300X magnification before cementation
as the cement layer has been reported to interfere with measurements of the gap due to variations in

cement type and cementations techniques 3.

The null hypothesis was rejected.

Regarding the results of color stability, zircad crowns had the best color stability results with AE
(2.51) this was explained by the gradient technology as a multi composition material which help in
natural light performance and the effect of the chemical composition of each type on the

microstructure.®

The AE value indicates the extent of color change: 0-2 signifies no observable color change, 2-3
indicates a slight change, and 3-8 or higher suggests a noticeable color change. Values of AE equal to
or below 3.7 are considered clinically acceptable **, which makes the IPS e-max zircad prime (2.51)

and zirconia YZ XT (3.10) within the acceptable range.

The preparation type considered insignificant for all tested materials except for vita suprinity, vertical
preparations samples were higher in color change than horizontal samples. vita suprinity had least
color stability as well, the significant color change may be related to its zirconia content. Zirconia
may undergo phase transition from tetragonal to monoclinic phases when it is contained in water (low
thermal degradation). This will be accompanied by displacement of particles from the surface of the
material, leading to surface roughness and the infiltration of the solution into the material. This
transformation can occur after a week of exposure 34 beside the glazing procedure, high temperature
exposure, and the high crystalline content. Moreover, the presence of metal oxide in the Vita Suprinity

may have resulted in the increased color change.®
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regarding thermocycling, there is significant color change in color before and after aging in all tested
materials, these results was in agreement with Aljanoubi et al(2020)%*as well, but in contrast to hamza
et al.(2017)% that all thermocycling didn’t have significant effect on AE.

Regarding the marginal gap results, it was affected by the preparation type with more gap values
related to vertical preparation which was in accordance with Jalalian et al(2014)% who found that
increasing the zirconia core thickness reduces the marginal gap. These results are in agreement with
Comlekoglu et al(2009)*and Almahdy et al(2022)* but in contrast with Nasir mq(2023)* as he
concluded that the vertical preparation design illustrated better marginal adaptation than the horizontal
preparation design, this may be due to milling discrepancies and scanner accuracy. While Eldamaty et
al(2020)*? concluded that there no statistically significant differences in the marginal accuracy of
monolithic zirconia crowns with chamfer and vertical margins this may be attributed that they used

metal dies.

Marginal gaps that were less than 120 pm were considered clinically acceptable as claimed by
Nizaroglu et al(2024)*, Our results revealed that the marginal gap was 121.35+6.81 pm when vertical
preparation is applied and 102.30+7.08um for horizontal preparation making the letter in the

clinically acceptable range and the vertical preparations slightly inacceptable.**

Limitations:

Mentioning the limitations of This study, it was carried out in vitro with typodonts as the substrate,
which may vary in size and form from natural teeth. Even though in vitro studies can provide
controlled conditions, other aspects associated with the aging of the restoration, such as low-
temperature degradation and stress-induced toughening of zirconia as well as the presence in oral
cavity due to the presence of saliva. Plus, under clinical conditions, as the restorations are bonded to
the tooth, they are exposed to the staining liquids unequally. Additionally, oral hygiene maintenance

habits (toothbrushing, use of mouthwash) could also affect the color stability of restorations in vivo.*
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Figures:

Figure (1): milled crown checking over 3D printed die prior cementation procedure.
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Figure (2): marginal gap analysis under X300 stereo microscope with measuring caliper.

4.5

=

3.5

3
25
15
0.5

0

Vita YZ XT Zirconia Zircad (regular) Vita Suprinity

o]

[y

Color change after thermocycling

W Horizontal preparation  mVertical preparation
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Figure (5): Scatter plot showing the correlations between color change and marginal gap.
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Tables:
Table (1): Two-way ANOVA test results for color change (AE).
Measurement Parameter Sum of squares df Mean - p-value
(In) square value
Material 16.74 2 8.37 658.17 | <0.001*
Color change . .
Preparation 0.13 1 0.13 10.48 | 0.004%
(AE)
Material 0.14 2 0.07 532 | 0.012*
Preparation
Material 76.61 2 38.31 0.76 0.476
Marg'l':;)' ap Preparation 4352.35 1| 435235 | 85.84 | <0.001%
Material 13.41 2 670 | 013 | 0877
Preparation
*Significant (p<0.05).
Table (2): Summary statistics and simple main effects comparisons for color change
) ' C . +
Materi Color change (AE) (Meant+SD) £ value
Vita YZ XT Zircad Vita value | P
Preparation Zirconia (regular) Suprinity
Horizontal 3.10+0.148 2.52+0.10¢ 4.16+0.124 272.56 | <0.001*
Vertical 3.20+0.098 2.51+0.14°¢ 4.47+0.054 390.93 | <0.001*
f-value 1.97 0.03 19.13
p-value 0.226 0.882 <0.001*

Values with different superscript within the same horizontal row are significantly different

*Significant (p<0.05)
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Table (3): Summary statistics and main effects comparisons for marginal gap.

Parameter Marginal gap (um) (Mean+SD) | f-value | p-value
Vita YZ XT Zirconia 112.10+£11.78
Material Zircad (regular) 110.16£10.35 0.76 0.476
Vita Suprinity 113.22+13.68
Horizontal 102.30+7.08
Preparation 129.99 | <0.001%
Vertical 121.35+6.81

Table (4): different materials used in the study

Table (4): Different materials, brand name, manufacturer and composition used in the
study.
Lot
Brand Manufacture
Material Composition numbe
name r
r
Extra VITA
translucen | VitaYZ- | Zahnfabrik, Zr0O, (86 - 91 %), Y,03 (8 - 10 %), XZM21
t 2ro XT Bad HfO, (1 - 3%), Al,Os3 (0 - 1%) and
rO;. 29004
Zirconia | Sackingen, pigments (0 - 1%).
Germany
IPS Ivoclar
Multi- ZrO, ( 88.0 —95.5 %), Y03 (>4.5%
e.max® Vivadent, Z03M3
layered —<7.0%), HfO, (£ 5.0%), Al,Os (<
ZirCAD Zurich, 3
ZrO, 1.0%) and oxides (< 1.5 %)
Prime Switzerland
VITA
Zirconia
Vita Zahnfabrik, ZrO; (8-12 %), SiO, (56-64%), Li,O
reinforced
suprinit | Bad (15-21%), La>03 (0.1%), pigments 66613
lithium
y Sackingen, (<10%) and various (>10%)
silicates
Germany
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Mixture of BISGMA
,UDMA,TEGDMA,HEMA&4-MET
Duel Breeze
Breeze resins , silane treated barium-
cured
resin Pentron borosilicate glasses ,silica with 609425
resin
cement initiators ,stabilizers &UV absorber
cement USA
,organicand inorganic pigments
,opacifiers
Conclusion:

With limitations of this study, the following conclusion can be drawn:

1.color stability before and after thermocycling is affected with both the type of zirconia crown
material and preparation type.

2.zirconia crown with horizontal preparations has less marginal gap than with vertical preparations.

3.no correlation between marginal gap and color stability.

Acknowledgements:

No external funding resourcesavailable.

Ethical matter:

This research has been exempted from ethical reviewing as it’s quite laboratory research i.e no
patients or experimental animals.moreover,the research does not include any human samples.
the exemption of research ethics committee auditing for master’s degree no. is (FDASU-Rec

IM092202)



Page 7770 of 7773

Salma Salah Eldin Answer Elnaghy/Afr.J.Bio.Sc. 6(5)(2024).7755-7773

References:

[1] Pjetursson BE, Sailer I, Makarov NA, Zwahlen M, Thoma DS. All-ceramic or metal-ceramic
tooth-supported fixed dental prostheses (FDPs)? A systematic review of the survival and complication
rates. Part Il:  Multiple-unit FDPs. Dent Mater. 2015 Jun;31(6):624-39. doi:
10.1016/j.dental.2015.02.013. Epub 2015 Apr 30. Erratum in: Dent Mater. 2017 Jan;33(1):e48-e51.
PMID: 25935732.

[2] Millar, B.J. (2017) An Assessment of Burs Designed to Cut Zirconia. Open Journal of
Stomatology, 7, 277-282. https://doi.org/10.4236/0jst.2017.75021 doi: 10.4236/0jst.2017.75021.
[3]Zhang, Y. (2014) Making Yttria-Stabilized Tetragonal Zirconia Translucent. Dental Materials, 30,
1195-1203. https://doi.org/10.1016/j.dental.2014.08.375

[4] Ibrahem, A.S., Mandour, M.H. and EI-Mekkawi, W.O., 2022. Optical Properties of Zirconia
Monolithic Crowns Constructed Using Speed Sintering Cycle. Al-Azhar Dental Journal for Girls,
9(2), pp.211-217. DOI: 10.21608/adjg.2022.76676.1393

[5] Porojan L, Toma FR, Vasiliu RD, Topala F-I, Porojan SD, Matichescu A. Optical Properties and
Color Stability of Dental PEEK Related to Artificial Ageing and Staining. Polymers. 2021;
13(23):4102. https://doi.org/10.3390/polym13234102

[6] Boushell, L.W., Roberson, T.M. and Walter, R., 2014. FundamentalsPreparation and of Pulp Tooth
Protection. Sturdevant's Art & Science of Operative Dentistry-E-Book, p.141.

[7] Jurado CA, Alhotan A, Mekled S, Cho SH, Afrashtehfar KI. Impact of restoration thickness and
tooth shade background on the translucency of zirconia laminate veneers: An in vitro comparative
study. Saudi Dent J. 2024 Jan;36(1):140-145. doi: 10.1016/j.sdentj.2023.10.019. Epub 2023 Nov 2.
PMID: 38375383; PMCID: PMC10874791.

[8] Loi I, Di Felice A. Biologically oriented preparation technique (BOPT): a new approach for
prosthetic restoration of periodontically healthy teeth. Eur J Esthet Dent. 2013 Spring;8(1):10-23.
PMID: 23390618.

[9] Imburgia M, Cortellini D, Valenti M. Minimally invasive vertical preparation design for ceramic
veneers: a multicenter retrospective follow-up clinical study of 265 lithium disilicate veneers. Int J
Esthet Dent. 2019;14(3):286-298. PMID: 31312814.

[10] Agustin-Panadero R, Sola-Ruiz MF, Chust C, Ferreiroa A. Fixed dental prostheses with vertical
tooth preparations without finish lines: A report of two patients. J Prosthet Dent. 2016
May;115(5):520-6. doi: 10.1016/j.prosdent.2015.11.011. Epub 2016 Jan 8. PMID: 26774314.

[11] Labno P, Drobnik K. Comparison of horizontal and vertical methods of tooth preparation for a
prosthetic crown. J Pre Clin Clin Res. 2020;14(1):25-28. doi:10.26444/jpccr/116672.

[12]Elhelbawy, N., 2021. Shade Matching of CAD/CAM Lithium Silicate Ceramics Veneered on
Newly Introduced Foundation Material. Egyptian Dental Journal, 67(1-January (Fixed Prosthodontics,
Removable Prosthodontics and Dental Materials)), pp.563-570.DOI: 10.21608/EDJ.2020.46823.1294



Page 7771 of 7773

Salma Salah Eldin Answer Elnaghy/Afr.J.Bio.Sc. 6(5)(2024).7755-7773

[13] Meirowitz A, Bitterman Y, Levy S, Mijiritsky E, Dolev E. An in vitro evaluation of marginal fit
zirconia crowns fabricated by a CAD-CAM dental laboratory and a milling center. BMC Oral Health.
2019 Jun 13;19(1):103. doi: 10.1186/s12903-019-0810-9. PMID: 31196041; PMCID: PMC6567516.
[14] Contrepois M, Soenen A, Bartala M, Laviole O. Marginal adaptation of ceramic crowns: a
systematic review. J Prosthet Dent. 2013 Dec;110(6):447-454.e10. doi:
10.1016/j.prosdent.2013.08.003. Epub 2013 Oct 10. PMID: 24120071.

[15]AbdullahLS,ibraheem AF (2017)the effect of finish line designsand occlusal surface reduction
schemes on vertical marginal fit of full contour CAD/CAM zirconia crown restorations( a
comprehensive in vitro study) int j dent oral health4(1) doi http://dx.doi.org/10.16966/2378-7090.247
[16] Evaluation of the Effects of Digital Manufacturing, Preparation Taper, Cement Type,and Aging
on the Color Stability of Anterior Provisional Crowns Using Colorimetry Mohammed E. Sayed et al.
e-ISSN 2325-4416© Med Sci Monit Basic Res, 2023; 29: €941919 DOI: 10.12659/MSMBR.941919
[17] Manmohan, Dr. Vishal Gulati. Marginal Gap Analysis of 4-axis and 5-axis Milled Crown
Copings, International Research Journal of Engineering and Technology (IRJET) 04 Issue: 04 | April-
2017

[18] Kwon WC, Park MG. Evaluation of mechanical properties of dental zirconia in different milling
conditions and sintering temperatures. J Prosthet Dent. 2023 Dec;130(6):909-916. doi:
10.1016/j.prosdent.2021.12.006. Epub 2022 Feb 1. PMID: 35115161.

[19] Wolfart S, Wegner SM, Al-Halabi A, Kern M. Clinical evaluation of marginal fit of a new
experimental all-ceramic system before and after cementation. Int J Prosthodont. 2003 Nov-
Dec;16(6):587-92. PMID: 14714835.

[20] Holden JE, Goldstein GR, Hittelman EL, Clark EA. Comparison of the marginal fit of pressable
ceramic to metal ceramic restorations. J Prosthodont. 2009 Dec;18(8):645-8. doi: 10.1111/j.1532-
849X.2009.00497.x.Epub 2009 Aug 4. PMID: 19682215.

[21] Lombardas P, Carbunaru A, McAlarney ME, Toothaker RW. Dimensional accuracy of castings
produced with ringless and metal ring investment systems. J Prosthet Dent. 2000 Jul;84(1):27-31. doi:
10.1067/mpr.2000.107783. PMID: 10898838.

[22] Romeo E, lorio M, Storelli S, Camandona M, Abati S. Marginal adaptation of full-coverage
CAD/CAM restorations: in vitro study using a non-destructive method. Minerva Stomatol. 2009
Mar;58(3):61-72. English, Italian. PMID: 19357612.

[23] Ng J, Ruse D, Wyatt C. A comparison of the marginal fit of crowns fabricated with digital and
conventional methods. J Prosthet Dent. 2014 Sep;112(3):555-60. doi: 10.1016/j.prosdent.2013.12.002.
Epub 2014 Mar 11. PMID: 24630399.

[24] Lepe X, Bales DJ, Johnson GH. Retention of provisional crowns fabricated from two materials
with the use of four temporary cements. J Prosthet Dent. 1999 Apr;81(4):469-75. doi: 10.1016/s0022-
3913(99)80016-x. PMID: 10095219.



Page 7772 of 7773

Salma Salah Eldin Answer Elnaghy/Afr.J.Bio.Sc. 6(5)(2024).7755-7773

[25] Dolve E, Ben-lzhack G, Meirowitz A, Erel H, Rosner O, Biadsee A, Lugassy D, Shely A. The
Light Reflection Changes of Monolithic Zirconia and Lithium Disilicate after Using Two External
Staining Kits following by Thermocycling. Materials (Basel). 2023 Mar 2;16(5):2057. doi:
10.3390/mal6052057. PMID: 36903172; PMCID: PMC10004587.

[26] Elagra MI, Rayyan MR, Alhomaidhi MM, Alanaziy AA, Alnefaie MO. Color stability and
marginal integrity of interim crowns: An in vitro study. Eur J Dent. 2017 Jul-Sep;11(3):330-334. doi:
10.4103/ejd.ejd_66_17. PMID: 28932142; PMCID: PMC5594961.

[27] Maha S Mezied, Fawaz Algahtani,The effect of in vitro aging on the color stability of cubic and
tetragonal zirconia materials, August 2020Saudi Journal of Oral Sciences 7(3),DOI:
10.4103/sjos.SJOralSci_26 20

[28] Fathy SM, Al-Zordk W, E Grawish M, V Swain M. Flexural strength and translucency
characterization of aesthetic monolithic zirconia and relevance to clinical indications: A systematic
review. Dent Mater. 2021 Apr;37(4):711-730. doi: 10.1016/j.dental.2021.01.022. Epub 2021 Feb 10.
PMID: 33581910.

[29] Kilinc E, Antonson SA, Hardigan PC, Kesercioglu A. Resin cement color stability and its
influence on the final shade of all-ceramics. J Dent. 2011 Jul;39 Suppl 1:e30-6. doi:
10.1016/j.jdent.2011.01.005. Epub 2011 Jan 15. PMID: 21241766.

[30] Elamin HO, Abubakr NH, Ibrahim YE. Identifying the tooth shade in group of patients using Vita
Easyshade. Eur J Dent. 2015 Apr-Jun;9(2):213-217. doi: 10.4103/1305-7456.156828. PMID:
26038652; PMCID: PMC4439848.

[31] Akl MA, Sim CPC, Nunn ME, Zeng LL, Hamza TA, Wee AG. Validation of two clinical color
measuring instruments for use in dental research. J Dent. 2022 Oct;125:104223. doi:
10.1016/j.jdent.2022.104223. Epub 2022 Jul 15. PMID: 35839964

[32] Perroni AP, Bergoli CD, Dos Santos MBF, Moraes RR, Boscato N. Spectrophotometric analysis
of clinical factors related to the color of ceramic restorations: A pilot study. J Prosthet Dent. 2017
Nov;118(5):611-616. doi: 10.1016/j.prosdent.2016.12.010. Epub 2017 Apr 3. PMID: 28385444.

[33] Malekipour MR, Sharafi A, Kazemi S, Khazaei S, Shirani F: Comparison of color stability of a
composite resin in different color media. Dent Res J (Isfahan). 2012, 9:441-6.

[34] Ozturk I, Caglar I, Duymus ZY. The effect of adjustment and finishing procedure on roughness,
strength, and phase transformation of monolithic zirconia. Clin Oral Investig. 2022 Jul;26(7):4761-
4768. doi: 10.1007/s00784-022-04440-x. Epub 2022 Mar 16. PMID: 35292846.

[35] Ozyillmaz et al. Effects of Glazing Procedures on the Color Stability of Conventional and
CAD/CAM Hybrid Ceramics: A Comparative Study©Meandros Medical and Dental
Journal,InternationalLicence (CC BY-NC 4.0) Turgut S, and Bagis B. Color stability of laminate
veneers: an in vitro study. J Dent 2011; 39:57-64. doi:10.4274/meandros.galenos.2019.49369



Page 7773 of 7773

Salma Salah Eldin Answer Elnaghy/Afr.J.Bio.Sc. 6(5)(2024).7755-7773

[36] Aljanobi G, Al-Sowygh ZH. The Effect of Thermocycling on the Translucency and Color
Stability of Modified Glass Ceramic and Multilayer Zirconia Materials. Cureus. 2020 Feb
12;12(2):6968. doi: 10.7759/cureus.6968. PMID: 32190514; PMCID: PMC7067582.

[37] Hamza, Tamer A., Ahmed A. Alameldin, Ahmed Y. Elkouedi, Alvin G. Wee. 2017. "Effect of
artificial accelerated aging on surface roughness and color stability of different ceramic restorations"
Stomatological Disease and Science. 1: 8-13. http://dx.doi.org/10.20517/2573-0002.2016.05

[38] Jalalian E, Sadegh M, Masoomi S, Jalalian S, EvaziZiyaei A. Effect of thickness of zirconia core
on marginal adaptation of all-ceramic restorations. J Islam Dent Assoc Iran. 2014; 26:158-62.

[39] 34. Comlekoglu M, Dundar M, Ozcan M, Gungor M, Gokce B, Artunc C. Influence of cervical
finish line type on the marginal adaptation of zirconia ceramic crowns. Oper Dent. 2009;34(5):586—
92. doi: 10.2341/08-076-I.

[40] Almahdy RM, Mandour MH, El Sharkawy ZR. Marginal Accuracy of Monolithic Zirconia
Crowns with Vertical and Horizontal Margin Configurations after Thermomechanical Fatigue. Al-
Azhar Dent J Girls. 2022;9(1):55-60. doi: 10.21608/adjg.2021.63755.1340

[41] Nasir MQ, Kadhim AJ. Marginal adaptation of different monolithic zirconia crowns with
horizontal and vertical finish lines: A comparative in vitro study. J Dent Res Dent Clin Dent
Prospects. 2023 Fall;17(4):235-241. doi: 10.34172/joddd.2023.40589. Epub 2023 Dec 30. PMID:
38584994; PMCID: PMC10998165.

[42] Eldamaty M, Abdel-Aziz M, El-Kouedi A, Hamza T. Effect of finish line design and cement
space thickness on the marginal accuracy of monolithic zirconia crowns. Braz Dent Sci.
2020;23(3):1-8. doi: 10.14295/bds.2020.v23i3.1908.

[43] TemizkanNizaroglu, R; Kigcuk, C. Evaluation of Marginal and Internal Adaptation of Crowns
Fabricated with Three Different Zirconia CAD/CAM Materials. Nigerian Journal of Clinical Practice
27(1):p 54-61, January 2024. | DOI: 10.4103/njcp.njcp_410_23

[44] Ibraheem AF, Abdulkareem AM. Comparison of the marginal fitness of the ceramic crowns
fabricated with different CAD/CAM systems (an in vitro study) J Baghdad Coll Dent. 2016;28(4):28—
33. https://doi.org/10.12816/0033207



