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Abstract

To evaluate the impact of yttria content and sintering temperature on flexural strength of
three different positions within yttria graded translucent zirconia blanks made with different
multilayering strategies. Ninety disc shaped specimens were made from three different mul-
tilayered zirconia materials: Yttria Multilayer (KATANA), ZirCAD Prime and ZirCAD Prime Es-
thetic (IVOCLAR), samples were divided into nine groups (n=10) based on materials used and
individual layers within blank for each material: yttria multilayer top, yttria multilayer middle,
yttria multilayer bottom, ZirCAD Prime top, ZirCAD Prime middle, ZirCAD Prime bottom, Zir-
CAD Prime Esthetic top, ZirCAD Prime Esthetic middle and ZirCAD Prime Esthetic bottom.
Top specimens were cut 1 mm below uppermost blank surface, middle specimens were taken
from midpoint, and bottom specimens were cut from 1 mm above lowermost surface of
blank. For 2 hours all specimens were sintered to final temperature according to manufac-
turer, then exposed to biaxial flexural strength test using the universal testing machine. Sig-
nificant differences (P<0:001) were observed among individual three positions (Top, Middle
and Bottom) within same blank of all three different multilayered zirconia materials. No sig-
nificant differences (P>0:05) were noticed between bottom layers of yttria multilayer and
ZirCAD Prime and between top layers of ZirCAD Prime and ZirCAD Prime Esthetic. The ZirCAD
Prime bottom layer showed highest flexural strength (1130+3.333 MPa) and lowest value was
for ZirCAD Prime Esthetic top layer (632.6+1.955MPa). Yttria gradient multilayered blanks
have great reduction in flexural strength from bottom to the top incisal part irrespective
strategy used for multilayering, yttria content was most influencing factor on layer strength
compared to position within blank and sintering temperature. Therefore, several factors such
as nesting strategies inside zirconia blank, prostheses type and desired aesthetical needs
must keep in mind when using yttria graded multilayered zirconia blanks.

made up of the tetragonal (t) phase. The tran-

Introduction

As peoples aesthetic demand rise, zirconia ce-
ramic restorations which are both highly bio-
compatible and aesthetically acceptable have
emerged as a powerful alternative to metal ce-
ramic restorations [1,2].

Three percent yttria tetragonal zirconia poly-
crystals (3Y TZP) were the initial zirconia
launched to the market which was principally
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sitional toughening process, which occurs
when the t phase transforms to the monoclinic
(m) phase, is responsible for the exceptional
strength that is characteristic of 3Y TZP., when
cracks start to appear they cause nearby t crys-
tals to convert into larger more volumetric m
crystals, which puts compressive stress on the
crack and stops it from spreading [3,4].
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Unluckily, the esthetic results of 3Y TZP were
poor, and the presence of a tetragonal crystal
phase is responsible for the inferior optical
qualities of the zirconia material. Due to high
opacity of 3Y TZP zirconia it could only be used
as a framework for permanent fixed prosthesis
and need to be overlaid with aesthetically
pleasing feldspathic veneering materials [3,4].
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The addition of the cubic ¢ phase and raise the
yttria concentration allowed the dental indus-
tries to enhance the translucency of zirconia so
new generations were developed 4Y and 5Y
PSZ (4 and 5 yttria partially stabilized zirconia),
unfortunately new versions showed a lower
strength than 3Y TZP and more liable to frac-
ture when used for making a fixed dental pros-
thesis [5].

As part of the process of developing monolithic
restorations that are like natural teeth, manu-
facturers of zirconia have developed a novel
multilayer yttria gradient zirconia. This zirconia
has been launched in order to obtain both ad-
vantages of translucency of 4Y -5Y PSZ and the
strength of 3Y TZP zirconia [6-8], the blank is
made of strength graded translucent zirconia
with varying crystal compositions and yttria
concentration  each layer, whereas high
strength 3Y-TZP is used in the body cervical
area, while a higher yttria 4-PSZ and 5Y-PSZ are
utilized in top regions for greater translucency
[6-8].

Because of the harmonious combination of its
strength and its aesthetics, yttria graded multi-
layer zirconia is appropriate for wide range of
indications from single unit crown to full arch
esthetic restorations, because of its structural
gradient which enables it to attain both good
esthetics and mechanical performance, there-
fore gained a widespread agreement in the
field of clinical practice.

Recent research has demonstrated that multi-
layer zirconia systems display significant varia-
tions in microstructure, yttria content, and
phase composition that are depending on the
layer, these variations have a significant influ-
ence on the mechanical qualities of fixed den-
tal restorations, the findings of research con-
ducted by Gomes and colleagues [9]. indicated
that differences in the yttria concentration of
multilayer zirconia had a considerable impact
on the flexural strength of the material.
Furthermore, research [10] pointed that yttria
strength gradient multilayered zirconia are
planned to bring together very translucent
with mechanically stronger layers, providing
enhanced functional and cosmetic perfor-
mance in monolithic restorations. Correspond-
ingly, yttria content and size of the grains and
their distribution are intimately related to mi-
crostructural features in multilayer zirconia, as
demonstrated by Cho et al. [11]. Likewise, ac-
cording to Ham et al. [12] flexural strength and
surface characteristics can vary significantly
across various multilayer zirconia systems,
which are influenced by the composition and
gradient patterns.

Besides compositional impacts, sintering con-
ditions may also affect the resultant zirconia
properties. For instance, Alatrash and Nalbant
[13] established that sintering parameters
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substantially influence the microstructure and
mechanical properties of multilayer zirconia
ceramics.

Research on how multilayered zirconia’s me-
chanical characteristics are affected by its loca-
tion inside the blank is still few and has pro-
duced conflicting findings. Significant differ-
ences in the restoration strength made from
various locations inside multilayer zirconia
blanks were documented by Li et al. [14]. Fur-
thermore, a considerable variation in the flex-
ural strength and fracture toughness of cylin-
drical and bar shaped specimens composed of
various yttria gradient multilayered zirconia
layers have also been documented in several
investigations [9,15-20].

On the contrary a numerous studies found little
effect of positioning on prosthesis strength and
statistically non-significant variations in the
strength of restorations constructed from vari-
ous locations inside yttria multilayered zirconia
blanks [21-23].

Various multilayering technologies were used
to create multilayered zirconia materials that
available in the dental market. In this study,
three translucent variable yttria content multi-
layered translucent zirconia blanks were used:
ZirCAD Prime esthetic and ZirCAD Prime (lvo-
clar Vivadent Inc., Schaan, Lichtenstein) and
YML yttria multilayer (katana Noritake Kuraray
Japan), manufactured with different multi-
layering strategies were used. Few studies on
the mechanical properties of multilayered zir-
conia have explored the correlation between
yttria content, the sintering temperature and
location within zirconia blanks made with dif-
ferent manufacturing techniques, the aim of
this study was to investigate the impact of po-
sition within zirconia blank and final sintering
temperature on biaxial flexural strength of var-
iable layers of yttia gradient zirconia blanks
manufactured with variable multilayering
strategies.

The null hypothesis proposed that biaxial
strength of zirconia at three variable layers of
each yttria graded blank are same, also the
flexural strength at specific layer position of
different yttria gradient zirconia blanks manu-
factured with various multilayering strategies
and subjected to different final sintering tem-
perature are same.

Materials and Methodos

Sample preparation

Disc sample designed with a 12 mm diameter
and a 1.2 mm thickness (Figure 1) utilizing Au-
todesk meshmixer program (Autodesk, Inc.
USA). A total ninety of discs shape samples
were produced from three different yttria gra-
dient multilayer zirconia blanks manufactured
using various multilayering strategies, A thirty
samples(n=30) were made from each zirconia
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blank, which subdivided into 3 subgroups of 10
samples (n=10) according to position within
blank from which samples were taken (top T,
middle M and bottom B), all blanks used were
98.5mm diameter and 14 mm thickness. Blank
thickness selected was 14 mm as it available in
market for all three types of zirconia. Three
commercial materials were chosen for this in-
vestigation based on their distinct gradient
profiles as stated by the manufacturers
[24,25]: Yttria multilayered YML from KATANA
(Kuraray Noritake Dental, Japan), Zircad PRime
ZPR and Zircad PRime Esthetic ZPRE from (lvo-
clar, Lichtenstein). Based on data provided by
the maker, both Zircad Prime ZPR and Zircad
PRime Esthetic ZPRE composed of three layers:
incisal 3 mm, transition layer 4 mm and the re-
maining 7 mm represented cervical body, the
incisal layer of Zircad PRime Esthetic ZPRE
formed 21% of blank height made from 5Y,
transition layer constituted 29% of blank
height and manufactured from mixture of 4
and 5 YPSZ while remaining 50 % of blank was
for cervical layer which made from 4Y PSZ. For
Zircad PRime ZPR the percentages of three lay-
ers remained the same with variation that yt-
tria contents were different as follow: 5Y, 3-5Y
and 3Y for incisal, transition and cervical layer
respectively. The Yttria multilayered YML blank
consists of four layers: The incisal esthetic
translucent layer 4.9 mm formed 35% of blanks
with 4Y content, intermediate layer 4.2 mm
subdivided into two layers of thickness 2.1 mm
made 30% of blank synthesized from 3-4Y PSZ,
while the bottom layer constituted the residual
35% and 4.9 mm of blank height manufactured
from 3Y TZP (Figure 2).

The specimens were dry milled after the stere-
olithography (STL) file for the design was sent
to the Coritec 350i milling machine (IMES-
ICORE, Germany). To avoid any interference
with the manufacturer's finishing touches or
printed labels on the zirconia blank, outmost 1
mm on both top and bottom extremities of the
blanks were excluded during the nesting pro-
cess in CAM software. The top specimens (T)
positioned 1 mm below the uppermost point of
the blank incisal portion, whereas bottom
specimens (B) were placed 1 mm above the
lowermost point of the cervical bottom of the
zirconia blank while the Middle specimens (M)
were placed in the midpoint of the middle third
(Figure3). All zirconia samples were prepared
by same person, using a diamond cutting bur,
the samples were detached from the zirconia
blank following milling and their surfaces were
dry polished 1200 grit silicon carbide abrasive
(SiC abrasive paper P1200;Buehler USA) to re-
tain the same level of surface smoothness
Compressed dry air was used to clean each
specimen surfaces completely, for removing
any residual dust from the milling and polishing



Dentistry 3ty

Vol 14, No 2 (2026) DOI 10.5195/d3000/2026.1480
processes then using a zirconia-sintering Vita
Zircomat 6000 MS furnace (Vita Zahnfabrik,
Germany) all samples were conventionally sin-
tered according manufacturer instructions
with 2 hours holding time at final sintering
temperature. Sintering's heat rise and cooling
speeds were 8 degrees Celsius per minute 8°C,
based on manufacturer instructions the sinter-
ing temperature was 1550° C for YML and
15000 C for both Zircad PRime Esthetic ZPRE
and Zircad Prime ZPR, the control panel of fur-
nace was adjusted to change sintering temper-
ature. Table 1 shows the studied groups speci-
fications and sintering temperature of each
one.

Strength test

Piston-on-3 ball test (the biaxial flexural
strength BFS) test was performed for assessing
the zirconia flexural strength of according to
ISO 6872:2015 [26]. Biaxial flexural tests for
disc samples were accomplished by placing
specimens on 3 steel balls and piston apply
load until fracture (Figure 4). A universal test-
ing apparatus was employed to carry out the
test (LLOYD LRX, AMETEK), the maximum load
cause fracture of specimen was calculated us-
ing following standard formula in accordance
with previous studies [27-31].

o0 =-0.2387P(X-Y)/d2

X= (1+v)In(ra/r3)?+[(1-v)/2](r2/r3)?

Y= (1+v)[1+In(r1/r3)?]+(1-v)(r1/r3)?

whereas o is biaxial flexural strength in Mega-
pascal (MPa), P is load at fracture in newton, d
= specimen thickness at fracture origin in milli-
meters, v is Poisson ratio of ceramic, r1= radius
of support circle in millimeters. r2 = radius of
piston tip in millimeters, r3=radius of specimen
in millimeter.

Statistical analysis

One-way analysis of variance (ANOVA) test fol-
lowed by post hoc test for pairwise comparison
were employed to identify which of the nine
layers differed significantly from each other
with a significance level of P<0:05 Using SPSS
program version 27.0 (IBM SPSS Statistics; SPSS
Inc. USA).

After that, a two-way analysis of variance
ANOVA was performed for estimation the im-
pact of position within blank, sintering temper-
ature and the impact of their interaction on
strength of variable yttria content zirconia.

Results

Means, standard deviation and level of signifi-
cance of flexural strength data are shown in Ta-
ble 2. Figure 5 displays bar graph of strength
results. Significant differences were observed
among the means of variable three positions
(top, middle and bottom) within same blank of
all three different multilayered blanks which
constructed with different multilayering strat-
egies (P<0:05).
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Highest flexural strength belonged to ZPRB
group 1130+3.333 MPa followed by YMLB
1128+6.306 MPa while the lowest strength re-
sults was affiliated to ZPRET 632.6x1.955MPa
group. When comparing a same layer position
within different blanks the results as follow: for
Top layers YMLT 740+1.763 MPa showed a sig-
nificant  difference  with  both  ZPRET
632.6£1.955 MPa and ZPRT 635+2.449 MPa
while a non-significant difference was found
between ZPRET and ZPRT, for Middle layers a
non-significant difference was observed be-
tween YMLM 999.2+8.134 MPa and
ZPRM1000.4+10.564 MPa although both
groups were significantly differed concerning
strength values when compared with ZPREM
800+1.563 MPa , for Bottom layers ZPREB
840+2.788 MPa was significantly differed with
other two bottom groups although no statisti-
cal difference was noticed between ZPRB
1130+43.333 MPa and YMLB 1128+6.306 MPa
groups. Mean flexural strength of three posi-
tions for YML zirconia samples (955.7 MPa) was
higher than that of ZPR (921.8 MPa), whereas
mean of all samples produced from ZPRE ma-
terials (757.5 MPa) showed the least flexural
strength values. Table 3 shows 2-way ANOVA
results as a significant impact of zirconia mate-
rial layers and sintering temperature on
strength was noticed although a non-signifi-
cant finding appeared related to the influence
of their interaction on strength results.

Discussion

Monolithic fixed restorations made from yttria
stabilized zirconia ceramic showed an exten-
sive use in dental market due to their excep-
tional strength, superior aesthetics, simplicity
of manufacture and increase productivity [32].
The flexural strength of zirconia dental materi-
als is one of most important mechanical prop-
erty used to evaluate their long-term clinical
effectiveness [33].

International Organization for Standardization
ISO defines standardized testing procedures
for estimating the flexural strength of ceramics
recommends the 4-point bending test, 3-point
bend test and piston-on-3 ball test biaxial flex-
ural strength (BFS) [26].

The present study examined flexural strength
using piston on 3-balls (P3B) biaxial flexural
strength tests due to the method's lengthy his-
tory of usage and recognized as one of most
common methods for evaluating mechanical
properties of brittle materials like zirconia ce-
ramics [34-36].

Based on the BFS results the first part of hy-
pothesis was rejected as our research findings
presented that the strength values of various
positions within same blank of each one of
three different yttria graded multilayered
blanks which manufactured using various
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multilayering strategies (YML, ZPR and ZPRE)
used in this study were significantly differ from
each other.

Current research revealed that the strength
characteristic at different positions within
same yttia gradient zirconia blank vary signifi-
cantly from one another irrespective manufac-
turing strategy used during production process
for different blanks.

The second part of hypothesis was partially ac-
cepted as non-significant differences were
found between YMLB and ZPRB and between
YMLM and ZPRM although each two groups
were located within same level within blank,
manufactured using different multilayering
strategy and subjected to different final sinter-
ing temperature.

The harmony between the strength and trans-
lucency features of newly introduced multi-
layered highly esthetic zirconia materials con-
siderably affects their clinical performance
[4,37].

This study assessed the flexural strength of var-
iable layers of yttria gradient zirconia blanks
were produced using three different multi-
layering strategies, the YML blank from Kurary
Noritake manufactured with four layers one
cervical bottom 35%, one incisal 35%and two
intermediate layers 15%+15%, the yttria grad-
uation of layers was 3Y, 4Y and 3-4Y respec-
tively. The other two blanks ZPR and ZPRE were
produced from same manufacturer Ivoclar
composed of three layers cervical, intermedi-
ate and incisal layers, both blank shared a cri-
teria that incisal layer constitute uppermost
3mm of blank and the following 4 mm for in-
termediate layer whereas the remaining milli-
meters represents the cervical layer irrespec-
tive blank thickness, however these two blanks
were differ in yttria multilayering strategy
whereas incisal 3mm of both of them made
from 5Y, bottom of ZPR from 3Y and bottom of
ZPRE from 4Y and according manufacturer in-
formation the intermediate 4 mm layer of each
one composed from blend of two zirconium ox-
ide raw materials of incisal and bottom ingre-
dients of same blank.

Our study revealed a significant difference in
flexural strength between different layers posi-
tion within same blank, these variations be-
tween layers showed a strength-gradient be-
haviors in descending order from highest
strength at bottom to lowest strength at top,
these results are consistent with earlier work
[9,16,17]. Gomes et al. [9] study demonstrat-
ing that yttria graded zirconia blanks has a top
esthetic layer with strength equivalent to
higher yttria content zirconia and a bottom
layer strength similar to results previously pub-
lished for lower yttria content zirconia, our re-
search findings corresponds closely with those
of Strasser et al. [16] who demonstrated a
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higher cubic phase fractions and lower
strength in 5Y-TZP enamel top layers compared
to 3Y-TZP dentin bottom layers, and with the
data of Inokoshi et al. [17] who observed an
analogous correlation between phase compo-
sition, yttria content and flexural strength
which confirms that higher Y203 contents re-
duce the potential for stress-induced transfor-
mation toughening due to greater cubic phase
[38,39]. This explains why strength of middle
layer of all three blanks possess an intermedi-
ate strength between top and bottom layer of
each yttria graded blank as this layer composed
from material mix ingredient of top and bot-
tom and containing yttria higher than bottom
and lower than top to emphasize homogenous
graduation strategy and get a seamless pro-
gression transitional zone.

According to the present study , ZPRB group
exhibited the highest strength, followed by
YMLB, the reason why these two bottom layers
have the highest strength due to fact that
these both two bottom layers were made from
3Y TZP, which is totally composed of a t phase
that is capable of undergoing transition tough-
ening when subjected to stress [3,40], this pro-
cess involves t-m phase conversion, which
causes a raising the grain volume making a
compression on material surface, this process
resists cracks initiation that happened
throughout the restorative manufacturing
step, and it stops future cracks from propagat-
ing which ultimately results in an improvement
in the strength properties [36,40], and for the
same reason strength of these two bottom lay-
ers was significantly differ from ZPREB due to
fact that the letter made from 4Y PSZ so it con-
taining a less t phase and more high esthetic
low strength cubic phase making it weaker and
less capable of withstanding a high flexure
forces.

The lowest flexural strength results were for
top layers ZPRT and ZPRET whereas no signifi-
cant difference was found between these two
groups, this may be attributed to that both lay-
ers were made from same ingredient high yt-
tria content 5Y PSZ and high amount of low
strength cubic (c) phase and subjected to the
same sintering temperature and holding time,
this confirmed with a study declared that no
differences was noticed microstructurally re-
garding grain size between the layers of gradi-
ent multilayered have the same yttria content
when subjected to conventional sintering [41].
Another study [10] confirms these results re-
vealed that the quantity of yttria found in the
Zircad PRIME cervical layer was consistent with
a material that contained 3Y%, but the amount
of yttria found in the incisal translucent layers
was 5Y PSZ, , the incisal layer is more aestheti-
cally pleasing but has the lowest values for flex-
ural strength, this may be attributed to it
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stabilized with a higher yttria concentration of
5 mol% and contains a higher content of weak
¢ phase. When the yttria concentration and cu-
bic phase are increased, the microstructural
level of the created metastable tetragonal
phase is reduced [39, 42-43]. Because zirconia-
containing higher cubic materials influence
transformation toughness, the strength of this
layer will be reduced [42,43], consequently,
compared to the cervical layer, the incisal
translucent layers flexural strength negatively
affected by a higher level of yttria and cubic
phase.

The above mentioned reasons explains why
the mean of all YML specimens was higher than
ZPR specimens and ZPRE was the least, as YML
block compose of 3Y and 4Y and not containing
5Y, ZPR block made from 3Y and 5Y with fact
that half of the block was constituted from 3Y
and ZPR constructed from 4Y and 5Y, whereas
YML had a least cubic followed by ZPR and the
highest amount of cubic phase was existed in
ZPRE block, consequently because of the differ-
ences in ¢ phase and yttria content the strength
varies Even though adding more yttrium oxide
improved the translucency of zirconia, the ma-
terial's mechanical strength decreased.
Results of current study no coincide with re-
sults of a recent study Inokoshi [17] which
showed a much lower values than our meas-
urements regarding flexural strength for differ-
ent layer within blank of yttria graded YML and
Zircad Prime, additionally study found a statis-
tic difference between intermediate layers of
ZRP and YML bottom layer although used the
same blanks and same sintering conditions as
applied in our study, this may related to the
different methodology and sampling as Inoko-
shi [17] used the 4 point flexural strength test
for Plate shaped specimens manually made
with the specimens' edges were chamfered at
a 45° angle instead of disc shape samples de-
signed through software and milled with ma-
chine as done in our study, furthermore a dif-
ference in in samples location was noticed
whereas the Prime transition layer samples in-
corporated some enamel layer, the YML body
1 layer samples involved some enamel incisal
layer and YML body 2 layer samples included
some body 3 layer.

Our research results revealed a strong correla-
tion between flexural strength of zirconia and
percentage of yttria, consequently from scien-
tific viewpoint the impact of sintering temper-
ature may be applicable only when making a
comparison between groups sharing same yt-
tria content and varies only in sintering tem-
perature as a comparison between YMLB and
ZPRB whereas both layers were made from
same yttria content 3Y, but YMLB sintered at
15500C and ZBRB sintered at different temper-
ature 1500°C. Current research results showed
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a non-significant differences between them,
this agrees with result of recent study [2] re-
sults which also showed a no differences statis-
tically between dentine bottom layers of two
types of multilayered zirconia (shade gradient
and yttria gradient) sintered at different tem-
perature but share in same yttria content in
bottom layer, this emphasize crucial effect of
cubic phase and yttria content on material
strength and this explains why a significant dif-
ference was found between ZPRM and ZPREM
although both layers shared same position
within blank and same sintering temperature
and same multilayering strategy but differ in
yttria content, this confirm that yttria content
with cubic phase most influencing rather than
temperature on strength of conventionally sin-
tered zirconia , additionally the previously
mentioned reasons clarify why no significant
difference was found between ZPRB and YMLB
although both were sintered at different final
temperature but made from same yttria con-
tent zirconia.

For our study bottom dentin layer of YML ma-
terial which sintered at 1550°C was lower but
without statistical different when compared to
bottom of ZPR which sintered at 1500°C alt-
hough both were made from similar yttria con-
tent 3Y, this slight variation of result is in a
line with previous study [44] stated that for
the 3Y zirconia ceramic when sintered for 2
hours, microstructurally a reduction in the av-
erage size of pores was detected when a de-
crease in sintering temperature from 15500C
through 1500°C, it is proposed that raising the
sintering temperature to 1550°C causes the
original powder to recrystallize more quickly
and grains grow, then there will be shrinking
in the spots where the original powder was not
evenly distributed, subsequently a number of
large pores were created under these condi-
tions as these pores consider as cleavage frac-
ture area reducing strength of material.
Computer-assisted design and computer-as-
sisted manufacturing (CAD/CAM) systems
were used in dental laboratories to create fixed
dental restorations using multilayered zirconia
blanks [45]. The dental technician can utilize
computer-aided manufacturing (CAM) soft-
ware to position up and down the planned
prosthesis precisely within the zirconia blank
that is mounted later to the machine. How-
ever, technician must be careful at the step of
fixed prosthesis placement inside translucent
zirconia yttria multilayered blank during ma-
chine milling procedure as strength of its differ-
ent layers not same. These procedures greatly
affect the clinical outcome of fixed dental pros-
theses, especially when sensitive parts like
connectors are situated in the incisal or transi-
tional layers [22,46-48].
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Understanding exactly how variations in multi-
layering construction technologies impacts the
strength characteristics of multilayered zirco-
nia are essential for both dental professionals
and technicians, and this study's findings show
that different manufacturing strategies can
considerably affect the flexural strength of the
zirconia material.

Dentists and technicians can make better treat-
ment planning decisions and higher prognosis
restorations by having a comprehensive under-
standing of the mechanical and esthetic char-
acteristics of multilayered zirconia. By having
comprehensive information of the strength
and aesthetics of the many multilayered es-
thetic zirconia blank options in market, they
can select the material that is the best suitable
for the specific requirements of each individual
patient enabling improved functional and aes-
thetic performance of monolithic restorations.
The technician should perform correct posi-
tioning of the STL of the designed fixed dental
prosthesis within yttria graded blank in CAM
software during manufacturing process to
achieve maximum of restoration strength with-
out compromising esthetic outcomes, as the
nested positions inside CAM software for yttria
graded blocks will affect their strength and
translucency. Dentists and technicians’ com-
munication promote an effective teamwork
which accomplishes durable and long lasting
fixed dental prosthesis for optimal patient out-
come,

Use of disc shaped specimen for testing is one
of the limitations of our study, therefore for
valuable understanding the flexural strength of
different yttria graded esthetic multilayered
zirconia blanks future research should use
samples that are analogous to restorations
such as crowns and three-unit fixed prosthesis
in order to mimic failures as it occurs in clinical
situations. Further studies are necessary for
evaluating how placement techniques and lo-
cation inside blank influences strength of full
anatomic prostheses made from yttria graded
blank. Additionally, the grain geometry and mi-
crostructural composition of each layer must
be analyzed in further studies.

Conclusion

The study's findings lead to the following con-
clusions:

1-Flexural strength values for yttria graded zir-
conia varied across three layers, irrespective
strategy employed during manufacturing pro-
cess, regarding strength features yttria content
is most influencing factor compared to position
within blank and sintering temperature.

2-The bottom dentine layer of all yttria graded
zirconia blanks stronger than all other layers
within same blank and top incisal layer

http://dentistry3000.pitt.edu

strength was the lowest among three layers
within same blank.

3-Strength characteristics are not the same for
specific layer position within blanks of yttria
graded zirconia blank made with different mul-
tilayering strategy so technician must have
knowledge about mechanical and esthetic
properties of different zirconia blanks to select
appropriate blank for each specific clinical situ-
ation.

4-Multilayered blanks with different content of
yttria per layer have excessive decrease in flex-
ural strength from bottom to the top incisal
part so position of prosthesis within the blank
during nesting process in CAM software is crit-
ical for balancing between strength criteria and
aesthetic outcome for restoration.

5-Specific layers of same position within blanks
manufactured with different multilayering
strategy and sintered conventionally for 2
hours but sharing the same yttria content their
strength not highly affected when sintered at
1500°C and 1550°C.

Funding
This research received no external funding.

Conflicts of Interest
The author declares no conflicts of interest in
this work.

Acknowledgments
We would like to thank Dr. Osama Alheety for
their valuable guidance.

References

1-Sen N, Sermet IB, Cinar S. Effect of coloring
and sintering on the translucency and biaxial
strength of monolithic zirconia. J Prosthet
Dent. 2018 Feb;119(2):308.e1-308.e7. doi:
10.1016/j.prosdent.2017.08.013.

2- Bakitian F. Flexural Strength of Translucent
Zirconia Materials Produced with Different
Multilayer Technologies: An In Vitro Study. Int
J Dent. 2024 Mar 27;2024:8410101. doi:
10.1155/2024/8410101.

3- Denry |, Kelly JR. State of the art of zirconia
for dental applications. Dent Mater. 2008
Mar;24(3):299-307. doi: 10.1016/j.den-
tal.2007.05.007.

4- Shahmiri R, Standard OC, Hart JN, Sorrell CC.
Optical properties of zirconia ceramics for es-
thetic dental restorations: A systematic review.
J Prosthet Dent. 2018 Jan;119(1):36-46. doi:
10.1016/j.prosdent.2017.07.009.

5-Zhang F, Inokoshi M, Batuk M, Hadermann J,
Naert I, Van Meerbeek B, Vleugels J. Strength,
toughness and aging stability of highly-translu-
cent Y-TZP ceramics for dental restorations.
Dent Mater. 2016 Dec;32(12):e327-e337. doi:
10.1016/j.dental.2016.09.025.

Impact of Position Within Blank and Sintering Temperature on Biaxial Strength of Yttria Gradiant Zirconia

6- Silmeoglu Yagli O, Talay Cevlik E, Kurklu
Arpacay D. The impact of aging and thickness
on flexural strength of various zirconia ceram-
ics. BMC Oral Health. 2024 Aug 20;24(1):967.
doi: 10.1186/s12903-024-04745-1.

7- Labeti¢ A, Klaser T, Skoko Z, Jakovac M, Zic
M. Flexural Strength and Morphological Study
of Different Multilayer Zirconia Dental Materi-
als. Materials (Basel). 2024 Mar 1;17(5):1143.
doi: 10.3390/mal17051143.

8- Michailova M, Elsayed A, Fabel G, Edelhoff
D, Zylla IM, Stawarczyk B. Comparison between
novel strength-gradient and color-gradient
multilayered zirconia using conventional and
high-speed sintering. J Mech Behav Biomed
Mater. 2020 Nov; 111:103977. doi:
10.1016/j.jmbbm.2020.103977.

9- de Lima Gomes, P.; dos Santos, C.; Fer-
nandes, A.M.; Amarante, J.E.V.; dos Santos,
H.E.S.; Elias, C.N. Mechanical and optical prop-
erties of multilayer yttria-stabilized zirconia for
dental prostheses. Journal of Materials Re-
search and Technology. 2024, 31, 760-771.
ISSN 2238-7854
https://doi.org/10.1016/j.jmrt.2024.06.066.
10- Maharishi A, McLaren EA, White SN. Color-
and strength-graded zirconia: Strength, light
transmission, and composition. J Prosthet
Dent. 2024 Jun;131(6):1236.e1-1236.e9. doi:
10.1016/j.prosdent.2024.03.015.

11- Cho MH, Seol HJ. Impact of Speed Sintering
on Translucency, Opalescence and Microstruc-
ture of Dental Zirconia with a Combination of 5
mol% and 3 mol% Yttria-Stabilized Zirconia.
Materials (Basel). 2024 Oct 22;17(21):5148.
doi: 10.3390/mal17215148.

12- HamJM, Lee JH, Ha SR, Seo DG, Ahn JS, Choi
YS. Changes in the flexural strength and surface
characteristics of different zones of mult-
layered translucent zirconia during aging pro-
cess. J Mater Sci Mater Med. 2025 Oct
11;36(1):78. doi: 10.1007/s10856-025-06938-
8.

13- Alatrash L, Nalbant AD. The Effect of Differ-
ent Sintering Protocols on the Mechanical and
Microstructural Properties of Two Multi-
layered Zirconia Ceramics: An In Vitro Study.
Inorganics. 2025; 13(11):366.
https://doi.org/10.3390/inorganics13110366.
14- Li X, Wang Q, Qiu X, Zhao B. Effect of differ-
ent CAD/CAM cutting depths on the post-fa-
tigue load-bearing capacity of novel multilayer
zirconia  restorations. J Dent. 2021
Aug;111:103709. doi:
10.1016/j.jdent.2021.103709.

15-. Winter A, Schurig A, Odenthal AL,
Schmitter M. Impact of different layers within
a blank on mechanical properties of multi-lay-
ered zirconia ceramics before and after ther-
mal aging. Dent Mater. 2022 May;38(5):e147-
el54. doi: 10.1016/j.dental.2022.03.009.



Dentistry 3ty

Vol 14, No 2 (2026) DOI 10.5195/d3000/2026.1480

16-. Strasser T, Wertz M, Koenig A, Koetzsch T,
Rosentritt M. Microstructure, composition,
and flexural strength of different layers within
zirconia materials with strength gradient. Dent
Mater. 2023  May;39(5):463-468.  doi:
10.1016/j.dental.2023.03.012.

17- Inokoshi M, Liu H, Yoshihara K, Yamamoto
M, Tonprasong W, Benino Y, Minakuchi S,
Vleugels J, Van Meerbeek B, Zhang F. Layer
characteristics in strength-gradient multi-
layered vyttria-stabilized zirconia. Dent Mater.
2023 Apr;39(4):430-441. doi: 10.1016/j.den-
tal.2023.03.015.

18- Vardhaman S, Borba M, Kaizer MR, Kim DK,
Zhang Y. Optical and Mechanical Properties of
the Multi-Transition Zones of a Translucent Zir-
conia. J Esthet Restor Dent. 2025
Feb;37(2):525-532. doi: 10.1111/jerd.13319.
19- Soares PM, Souza LFB, da Rosa LS, Valandro
LF, Dorneles LS, Holkem AP, Mello PA, Miller
El, Bacchi A, Pereira GKR. Evaluation of Me-
chanical Strength, Translucency, and Micro-
structure in Graded Zirconia Layers Before and
After Hydrothermal Aging. J Biomed Mater Res
B Appl Biomater. 2025 Mar;113(3):e35550.
doi: 10.1002/jbm.b.35550.

20- Johansson C, Larsson C, Papia E. Biaxial flex-
ural strength and surface characterization of
multilayer zirconium dioxide after polishing,
glazing and clinical adjustments. ) Mech Behav
Biomed Mater. 2025 Jun;166:106930. doi:
10.1016/j.jmbbm.2025.106930.

21- Rosentritt M, Preis V, Schmid A, Strasser T.
Multilayer zirconia: Influence of positioning
within blank and sintering conditions on the in
vitro performance of 3-unit fixed partial den-
tures. J Prosthet Dent. 2022 Jan;127(1):141-
145. doi: 10.1016/j.prosdent.2020.11.009.

22- Heidari N, Amawi R, Seweryniak P, Bakitian
F, Vult von Steyern P. Fracture Resistance and
Fracture Behaviour of Monolithic Multi-Lay-
ered Translucent Zirconia Fixed Dental Pros-
theses with Different Placing Strategies of Con-
nector: An in vitro Study. Clin Cosmet Investig
Dent. 2022 Mar 22;14:61-69. doi:
10.2147/CCIDE.S344941.

23-Strasser T, Schmid A, Huber C, Rosentritt M.
4-Unit Molar Fixed Partial Dentures Made from
Highly Translucent and Multilayer Zirconia Ma-
terials: An In Vitro Investigation. Ceramics.
2022; 5(1):99-107. https://doi.org/10.3390/ce-
ramics5010009

24- https://www.ivoclar.com/en_us/eifu?ref-
number=697457 .

25- https://www.kuraraynoritake.eu/file/bro-
chure-katanatm-zirconia-yml-en.

26- International Organization for Standardiza-
tion, Geneva, Switzerland ISO 6872:2015, Den-
tistry—Ceramic Materials, Geneva, Switzer-
land https://www.iso.org/stand-
ard/59936.html.

http://dentistry3000.pitt.edu

27- Durkan R, Deste Gokay G, Simsek H, Yilmaz
B. Biaxial flexural strength and phase transfor-
mation characteristics of dental monolithic zir-
conia ceramics with different sintering dura-
tions: An in vitro study. J Prosthet Dent. 2022
Sep;128(3):498-504. doi:
10.1016/j.prosdent.2021.04.003.

28- Song JY, Park SW, Lee K, Yun KD, Lim HP.
Fracture strength and microstructure of Y-TZP
zirconia after different surface treatments. J
Prosthet Dent. 2013 Oct;110(4):274-80. doi:
10.1016/50022-3913(13)60376-5.
29-Bankoglu Giingor M, Yilmaz H, Karakoca
Nemli S, Turhan Bal B, Aydin C. Effect of surface
treatments on the biaxial flexural strength,
phase transformation, and surface roughness
of bilayered porcelain/zirconia dental ceram-
ics. J Prosthet Dent. 2015 Jun;113(6):585-95.
doi: 10.1016/j.prosdent.2014.12.002.

30- Inokoshi M, Shimizubata M, Nozaki K, Tak-
agaki T, Yoshihara K, Minakuchi S, Vleugels J,
Van Meerbeek B, Zhang F. Impact of sandblast-
ing on the flexural strength of highly translu-
cent zirconia. J Mech Behav Biomed Mater.
2021 Mar;115:104268. doi:
10.1016/j.jmbbm.2020.104268.

31- Wang G, Zhang S, Bian C, Kong H. Fracture
mechanics analyses of ceramic/veneer inter-
face under mixed-mode loading. J Mech Behav
Biomed Mater. 2014 Nov;39:119-28. doi:
10.1016/j.jmbbm.2014.07.019.

32- Stawarczyk B, Keul C, Eichberger M, Figge
D, Edelhoff D, Limkemann N. Three genera-
tions of zirconia: From veneered to mono-
lithic. Part I. Quintessence Int. 2017;48(5):369-
380. doi: 10.3290/j.9i.a38057.

33- Lin WS, Ercoli C, Feng C, Morton D. The ef-
fect of core material, veneering porcelain, and
fabrication technique on the biaxial flexural
strength and weibull analysis of selected dental
ceramics. J Prosthodont. 2012 Jul;21(5):353-
62. doi: 10.1111/j.1532-849X.2012.00845.x.
34- Da J, Fraga S, Vogel GF, May LG. Influence
of the geometry of ceramic specimens on biax-
ial flexural strength: experimental testing and

finite element analysis. Ceramica 2018;
64:120-5, http://dx.doi.org/10.1590/0366-
69132018643692287.

35- Wendler M, Belli R, Petschelt A, Mevec D,
Harrer W, Lube T,. Chairside CAD/CAM materi-
als. Part 2: flexural strength testing. Dent Ma-
ter 2017; 33:99-109,
http://dx.doi.org/10.1016/j.den-
tal.2016.10.008.

36-Wendler M, Belli R, Petschelt A, Mevec D,
Harrer W, Lube T, Danzer R, Lohbauer U. Chair-
side CAD/CAM materials. Part 2: Flexural
strength  testing. Dent Mater. 2017
Jan;33(1):99-109. doi: 10.1016/j.den-
tal.2016.10.008.

37- Reale Reyes A, Dennison JB, Powers JM, Si-
erraalta M, Yaman P. Translucency and flexural

Impact of Position Within Blank and Sintering Temperature on Biaxial Strength of Yttria Gradiant Zirconia

strength of translucent zirconia ceramics. J
Prosthet Dent. 2023 Apr;129(4):644-649. doi:
10.1016/j.prosdent.2021.06.019.

38- Zhang F, Reveron H, Spies BC, Van Meer-
beek B, Chevalier J. Trade-off between fracture
resistance and translucency of zirconia and
lithium-disilicate glass ceramics for monolithic
restorations. Acta Biomater. 2019 Jun;91:24-
34. doi: 10.1016/j.actbio.2019.04.043.

39- Zhang Y, Lawn BR. Novel Zirconia Materials
in Dentistry. J Dent Res. 2018 Feb;97(2):140-
147. doi: 10.1177/0022034517737483.
40-Hannink, R.H.J., Kelly, P.M. and Muddle,
B.C. Transformation Toughening in Zirconia-
Containing Ceramics. Journal of the American
Ceramic Society, 21 December 2004, 83: 461-
487. https://doi.org/10.1111/j.1151-
2916.2000.tb01221.x .

41- Cho MH, Seol HJ. Optical Properties, Micro-
structure, and Phase Fraction of Multi-Layered
Monolithic Zirconia with and without Yttria-
Gradient. Materials (Basel). 2022 Dec
21;16(1):41. doi: 10.3390/ma16010041.

42- Elsayed A, Meyer G, Wille S, Kern M. Influ-
ence of the yttrium content on the fracture
strength of monolithic zirconia crowns after ar-
tificial aging. Quintessence Int.
2019;50(5):344-348. doi: 10.3290/j.qi.a42097.
43- Holman CD, Lien W, Gallardo FF, Vande-
walle KS. Assessing Flexural Strength Degrada-
tion of New Cubic Containing Zirconia Materi-
als. J Contemp Dent Pract. 2020 Feb
1;21(2):114-118. https://doi.org/10.5005/jp-
journals-10024-2762

44- Kulyk V, Duriagina Z, Kostryzhev A, Vasyliv
B, Marenych O. Effects of Sintering Tempera-
ture and Yttria Content on Microstructure,
Phase Balance, Fracture Surface Morphology,
and Strength of Yttria-Stabilized Zirconia. Ap-
plied Sciences. 2022; 12(22):11617.
https://doi.org/10.3390/app122211617.

45- Miyazaki T, Hotta Y, Kunii J, Kuriyama S,
Tamaki Y. A review of dental CAD/CAM: cur-
rent status and future perspectives from 20
years of experience. Dent Mater J. 2009
Jan;28(1):44-56. doi: 10.4012/dm;.28.44.

46- Plengsombut K, Brewer JD, Monaco EA Jr,
Davis EL. Effect of two connector designs on
the fracture resistance of all-ceramic core ma-
terials for fixed dental prostheses. J Prosthet
Dent. 2009 Mar;101(3):166-73. doi:
10.1016/50022-3913(09)60022-6.

47- Subsomboon C, Urapepon S. Effect of con-
nector configuration on the fracture load in
conventional and translucent zirconia three-
unit fixed dental prostheses. J Adv Prostho-
dont. 2023 Aug;15(4):171-178. doi:
10.4047/jap.2023.15.4.171.

48- Bakitian F, Seweryniak P, Papia E, Larsson
C, Vult von Steyern P. Load-Bearing Capacity of
Monolithic Zirconia Fixed Dental Prostheses
Fabricated with Different Connector Designs



Dentistry 3ty

Impact of Position Within Blank and Sintering Temperature on Biaxial Strength of Yttria Gradiant Zirconia

Vol 14, No 2 (2026) DOI 10.5195/d3000/2026.1480

and Embrasure Shaping Methods. J Prostho-

dont. 2019
10.1111/jopr.1300.

Jan;28(1):64-70.

doi:

Figure 1. Disc shape sample using designing meshmixer software.
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Figure 2. Different multilayered zirconia blocks used and features of each specific layer.
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Figure 3. Position within blank of specimens in CAM software during nesting process.
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Figure 4. Piston on three balls biaxial strength test for of zirconia disc specimen.
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Figure 5. YMLT yttria multilayer top, YMLM yttria multilayer middle, YMLB yttria multilayer bottom, ZPRT ZirCAD Prime top, ZPRM ZirCAD Prime
middle, ZPRB ZirCAD Prime bottom, ZPRET ZirCAD Prime Esthetic top, ZPREM ZirCAD Prime Esthetic middle and ZPREB ZirCAD Prime Esthetic bottom.

Table 1. Classification depending on yttria content, sintering temperature and specimens layer position within blank and of each group.

Group Blank type Sample position Yttria content Sintering  Tempera-
ture
YMLT YTTRIA MULTILAYER KATANA Top A 15500C
YMLM YTTRIA MULTILAYER F KATANA Middle 3-4Y 15500C
YMLB YTTRIA MULTILAYER KATANA Bottom 3Y 15500C
ZPRET ZIRCAD PRIME ESTHETIC IVOCLAR Top 5Y 1500°C
ZPREM ZIRCAD PRIME ESTHETIC IVOCLAR Middle 4-5Y 1500°C
ZPREB ZIRCAD PRIME ESTHETIC IVOCLAR Bottom A 1500°C
ZPRT ZIRCAD PRIME IVOCLAR Top 5% 1500°C
ZPRM ZIRCAD PRIME IVOCLAR Middle 3-5Y 1500°C
ZPRB ZIRCAD PRIME IVOCLAR Bottom 3Y 1500°C
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Table 2. Means and standard deviation SD for | strength values of the study.

a, b, ¢: No significant difference between groups shares the same letter, YMLT yttria multilayer top, YMLM yttria multilayer middle, YMLB yttria
multilayer bottom, ZPRT ZirCAD Prime top, ZPRM ZirCAD Prime middle, ZPRB ZirCAD Prime bottom, ZPRET ZirCAD Prime Esthetic top, ZPREM ZirCAD
Prime Esthetic middle and ZPREB ZirCAD Prime Esthetic bottom.

GROUP Flexural Strength Mean (MPa) SD Minimum Maximum
YMLT 740 1.76383 737.00 743.00
YMLM 999.22 8.13497 988.00 1010.00
YMLB 1128 6.30696 1115.00 1135.00
ZPRET 632.6¢ 1.95505 629.00 635.00
ZPREM 800 1.56347 798.00 802.00
ZPREB 840 2.78887 835.00 845.00
ZPRT 635¢ 2.44949 630.00 640.00
ZPRM 1000.42 10.56409 980.00 1010.00
ZPRB 1130b 3.33333 1124.00 1136.00

Table 3. Two-way ANOVA results of zirconia material layers, sintering temperature and effect of their interaction on strength.

Source Type Il Sum of Squares Degree of Free- Mean Square F p-
dom value

Corrected Model 2393832.622 5 478766.524 64.491 0.000

Intercept 64469223.2 1 64469223.2 8684.172 0.000

layer 1929548.8 2 964774.4 129.958 0.000

Temperature 269429.422 1 269429.422 36.293 0.000

layer * Temperature 7426.844 2 3713.422 0.5 0.608

Error 623596 84 7423.762

Total 7245319 90

Corrected Total 3017428.622 89
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