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EFFECTS OF SPEED SINTERING ON MULTILAYERED MONOLITHIC
ZIRCONIA

ABSTRACT

Objectives: In dentistry, different products are being developed in order to shorten
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the chairside but the interactions between these materials needs further . )
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investigations. This study aims to investigate the two different short time sintering
protocols on monolithic multilayered zirconia’s surface roughness (SR),
translucency parameter (TP), and contrast ratio (CR).

Materials and Methods: 20 monolithic multilayer zirconia specimens were

prepared with the dimension 10x10x1 mm and divided into two sintering groups
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°C) and SEM analyzed was performed. Surface roughness tests were performed by F.S.0000-0002-4818-8562

(speed sintering group 30 min at 1510 °C, high speed sintering group 10 min 1580

using profilometer and optical measurements were performed by using
spectrophotometer. The data was statistically analyzed by using Wilcoxen test at

the 0.05 probability level.
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size difference was detected according to the SEM images.
Conclusions: High speed sintering parameters has promising effects on monolithic Received - 08.01.2019
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multilayered zirconia with combined acceptable optical properties. Because of their
different content, different layers show different reactions in terms of contrast ratio
and translucency parameters and these changes should be taken into account in
treatment planning.
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Sintering Effects on Zirconia

INTRODUCTION

The approved high flexural strength, fracture
toughness, corrosion resistance, biocompatibility,
and the chemical stability increase the acceptance and
the demand of the zirconia over metal-ceramic
restorations in prosthetic dentistry.®* Zirconia is
widely used in most prosthetic rehabilitation
scenario, the applications in prosthodontic scope are
ranged from a single framework veneered with
ceramic to the full arch monolithic restoration, from
an implant body and the abutment to the screw
retained implant supported full arch prosthesis. The
most frequent problem of zirconia restorations is
chipping, failure of the zirconia-ceramic bond
strength®, which was mentioned that the occurrence
frequency is 13% after three years.® Recently, full
anatomic  monolithic zirconia restorations are
introduced to overcome the chipping issue’ with the
advantages of the decreasing cost and production
time, sufficient fracture toughness within the minimal
invasive preparation depth®® and ease of
application.! However, such restorations are not
satisfactory for the rehabilitation of the anterior
region because of the opacity of the zirconia. The
enhancement of the crystalline content to improve the
mechanical properties, deteriorate the optical
properties owing to the discrepancies of the refractive
index of multiple crystalline structure of zirconia.'?

Making tooth like zirconia restorations, the
major concern to mimic the natural appearance is
to replicate the color of tooth. Two different
methods are performed for coloring zirconia. The
first attitude in order to obtain different shades of
color is immersing the zirconia into colorant rare
earth element chloride solution. This method is
easy to perform, time saving, and useful for the
frameworks which are veneered with ceramics
however, two failings, irregular color distribution
and different color regions after grinding for the
modification of substructure due to the amount of
infiltration depth.® Furthermore, Tuncel et al.*
mentioned that the colorant solution increase the
contrast ratio. The latter attitude to produce the
different color zirconia is adding the metal oxides
into the zirconia structure in manufacturing stage
which alters the microstructure. Adding metal
oxides to obtain 0 homogenous color distribution,
increases the translucency.’® However, adding
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metal oxide is not the only determinant for the
optical properties of the zirconia. Translucency, the
amount of light passing through the material®®,
depends on the sintering parameters and the
additives into the zirconia powders before
pressing.t” Especially, surface roughness (SR),
grain  size, amount of crystallographic
transformation (monolithic—tetragonal), density,
pores within the structure are determined by
sintering temperature and dwelling time.®

In sintering process, the pores between
particles within the granular material decreased by
atomic diffusion.’® The Increasing temperature and
dwelling time of sintering process made the grain
size larger and forms the zirconia much translucent.’
The common method of conventional sintering (CS)
process is placing the samples into the furnace at
room temperature and regulating the heat rate,
holding temperature, holding time, and cooling rate
according to the manufactures’ instructions.
However, only one sintering protocol is advised, but
there are a lot of differences in terms of sintering
protocols. For instance, unlike the routine process of
CS, in the novel sintering protocol [high-speed
sintering protocol (HS)] the samples are placed into
the furnace which have already reached the sintering
temperature (1580 °C) and hold only for 10 minutes.
For this reason, searching the interaction between
optical properties of zirconia and sintering
parameters is of great importance.

Optical properties are also depends on the
surface texture®® which arranges the direction of
light reflection; the rougher surface, the more
scattered light reflection.?! On the other hand, it is
a complex issue and hard to clarify the relation
between surface texture and light scattering.

Recently, multi-layer monolithic zirconia with
the help of state of art furnace, along with a HSP,
are more preferred over other prosthetic
restorations in order to shorten the treatment time.
However, there is no publication in the literature
searching the effect of HSP on the optical
properties of multi-layered monolithic zirconia.
Until now, only the effect of HSP on flexural
strength were investigated in literature and
mentioned that the flexural strength was higher
than CS.??
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Therefore, this in vitro study aimed to
investigate the effect of speed and high-speed
sintering protocols on surface roughness and
translucency at all layers of monolithic multi-
layered zirconia. The tested hypotheses were that
the decreased dwelling time with the increased
temperature would (a) decrease on surface
roughness and (b) improve optical properties,
decrease the contrast ratio and increase the
translucency parameter, at all layers of the multi-
layered zirconia.

MATERIALS AND METHODS
Specimen preparation

CAD-CAM-milled, square shape (10 mm x 10
mm) 20 specimens of 1 mm thickness were
prepared from pre-shaded (A light) multi-layered
monolithic zirconia (ML, Katana, Noritake, Japan).
Specimens were divided into two groups according
to the sintering parameters (n:10).

The high-speed sintering protocol (HS): The
specimens were placed in a heated furnace inFire
HTC Speed (Sirona, Bensheim, Germany) at 1580
°C for 10 min and take out for bench cooling
immediately. The total sintering protocol with
dwelling time is 10 min.

The speed sintering protocol (SS): The
specimens were placed into the furnice at room
temperature and placed for 30 min at 1510 °C than
cooled to 600 °C then bench cooling. All sintering
protocols were performed in inFire HTC Speed
(Sirona, Bensheim, Germany).

Surface roughness test

All specimens were cleaned ultrasonically with
isopropanol for 5 min before surface roughness
test. Tests were performed by using profilometer
(Surftest SJ-301; Mitutoyo, Tokyo, Japan) with a
travelling distance of 2 mm across the layers
(enamel, transition, body) of the specimens. 6
measurements from each layer were used to
determine the average Ra (um) value.

Optical Properties

The specimens from all groups were optically
analyzed by using spectrophotometer using D65
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light (Easyshade advance; Vita Zahnfabrik,
Badsackingen, Germany) according to the
CIELab* scale for three times from each layer.
Two different black (CIE L*= 1.1 a*=13.8
b*=52.2) and white (CIE L*=17.6 a*= 2.0 b*=6.6)
backgrounds were wused for measurements.
Increase in value means increase in translucency.
The formula used for the translucency parameter
(TP) calculation:

TP = [(Ls— Lw)? + (a8 — aw )? + (bs — bw )?]*?

The contrast ratio (CR) measurements were
performed using the formula:

Ye/Yw, where Y is: [(L+16)/116]° x 100
In all formulas the B represents the black

background, while W  represents  white

background.? According to the CR value

calculations ‘0’ represent translucent and ‘1’ is

opaque.

Statistical analysis

The numerical data was checked for normal

distribution using Shapiro-Wilk test and analyzed

using Wilcoxen test by SPSS 22.0 statistic (SPSS
Inc, Chicago, USA) at a significant level of P<.05.

RESULTS

The mean values of optical measurements and SR
were depicted in Table 1 and Figure 1.

Table 1. The mean values and standard deviations of
surface roughness, contrast ratio and translucency

parameter.

Groups Enamel Transition Body
SR HS 0.64+0.13 0.61+0.07 0.55+0.09
SS 0.61x0.1 0.55+0.15 0.57+0.11
CR HS 0.82+0.01 0.80+0.02 0.82+0.03
SS 0.83+0.02 0.83+0.02 0.810.02
TP HS 9.59+0.67° 9.7+1.05¢ 9.89+1.119
SS 3.09+0.11° 3.1£0.17° 3.14+0.18°

* Surface roughness (SR); contrast ratio (CR); translucency parameter
(TP); high speed sintering (HS); speed sintering (SS). The values with
same superscript means statistically significant difference (p<.05.)
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Figure 1. The mean values and standard deviations of obtained optical
properties, and surface roughness. Translucency parameter (TP);
contrast ratio (CR); surface roughness (SR); high speed (HS); super
speed (SS).
As it was mentioned, SR didn’t show significant
difference at any layer between sintering groups.
The mean CR showed no significant difference on
any part of the zirconia in all sintering groups. The
only significant difference was obtained on
translucency, in all groups significant difference
was detected between sintering groups and the
mean TP values were always higher in HS groups
and the difference showed an increase from enamel
to body. Molecular diversity among layers was
detected according to SEM images however, the
difference between the grains was not clearly
determined (Figure 2).

Figure 2. SEM images of the samples. Speed sintering enamel (SS-
E), speed sintering transition (SS-T), speed sintering dentin (SS-D),
high speed sintering enamel (HS-E), high speed sintering transition
(HS-T), high speed sintering dentin (HS-D).

DISCUSSION

According to the results of the study which
compare the surface textures and optical properties,
decreased dwelling time with the increased
temperature would not have a significant effect on
SR and CR of the zirconia, however the TP values
were improved, so the first hypothesis was
rejected.

The first mentioned topic would be the effect
of high speed sintering protocol on mechanical
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properties of zirconia, since the specimens were
sintered at a pre-heated furnace. Internal stresses
are expected to occur as the material is subjected to
sudden heat changes and these stresses must
deteriorate the mechanical properties of the
material. However, Ersoy et al.?? compared the
flexural strength of different zirconia brands which
were sintered at 1510° for 120 min, 1540° for 25
min, and 1580° for 10 min and mentioned that the
highest flexural strength values for all brands were
obtained at 1580° for 10 min groups. The optical
improvement of anatomic monolithic zirconia
sintered at high speed parameter was detected in
this research and this is due to the fact that the last
temperature applied in the sintering process was
higher.

In the present study, the SR of the different
sintered monolithic zirconia was evaluated. The
obtained data showed that there was no significant
difference between groups. Although, increasing
the sintering temperature reduce the SR via
decreasing the gaps between zirconia molecules,
the results obtained in this study did not support
this situation and it is thought to be due to the short
duration of high temperature application.

In this research, a SEM evaluation was used to
determine the grain size changes. However, due to
the molecular diversities, precise indication of the
effect of the two different sintering processes on
grain size has become complicated and needs
guantitative analyses. For this reason, the
interpretation of grain size changes in zirconium
after different sintering protocols is based on the
value of translucency.

In literature, the relation between grain size
and translucency of zirconia mentioned in many
research and indicated that the translucency was
increased parallel with the increasing grain size.”?
However, this optical improvement is not endless;
the scattering effect of the zirconia increased when
the grain size becomes equivalant to the
wavelenght of the light (400-700 nm) and this
make the material opaque.? Besides, it can not be
obtained an expansion of grain size at this level by
the sintering process that have been prefered in the
literature or adviced by the manufactures. Despite
the short dwelling time in the HS group, higher
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molecular expansion is obtained due to the higher
sintering temperature and as a result much
translucent material is formed. This result
emphesises that the sintering temperature is the
major determinant for the grain size.

According to the results of recent study,
monolithic zirconia became more translucent in HS
group and the most translucent part was identified as
the body part of the multi-layered zirconia which is
darkest region to mimic the dentinal part of the
tooth. Such a result may be attributed to the
increment of the zirconia grain caused by the higher
sintering temperature. While the higher TP may be
a positive factor to meet aesthetic expectations, no
matter which sintering parameter is preferred, there
is no change in the CR of monolithic zirconia. For
this reason, the prosthetic treatment on anterior
region to fulfillment of the aesthetic expectation,
must be considered carrefully.

The limitation of this study is the performing
the tests on only one zirconia brand. The results
may not be convenient for other commercial
products with different grain sizes, different
content, and different manufacturers. Furthermore,
each manufacturer may recommend a different
sintering parameter for its product.

CONCLUSIONS

According to the results of the study within the
limitations, it can be summarized that:

Time-saving sintering process made the zirconia
much translucent.

Although sintering process carried out in reverse,
no adverse effect is caused on optical properties of
zirconia.
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farkhilik  tespit edilmedi.

Hizli Sinterlemenin Cok-Katmanli Monolitik Zirkonya

Uzerine Etkisi
0z

Amag: Dis hekimliginde, koltukta gecirilen  siirenin
kisaltilmast adina farkly diriinler gelistirilmektedir fakat bu
tiriinlerin birbiriyle olan etkilesimleri daha ileri arastirmalara
ihtiva¢ duymaktadir. Bu ¢alisma, monolitik ¢ok-katmanli
(SR),

parametresi (TP) ve kontrast orani (CR) iizerine iki farkl kisa

zirkonyamin  yiizey  piiriizliiligii transliisentlik

siireli ~ sinterleme  protokoliiniin  etkilerini  incelemeyi
amacglamaktadir. Gere¢ ve Yontemler: 20 adet 10x10x1 mm
boyutlarinda monolitik  ¢ok-katmanli  zirkonya ornekler
hazirlanmip, iki farkl sinterleme grubuna ayrildi (1510 0C’ de
30 dk’ ik hizly sinterleme grubu, 1580 0C’ de 10 dk’ Ik yiiksek
hizly sinterleme grubu) ve SEM analizleri gerceklestirildi.
Profilometre  yardimiyla  yiizey  piiriizliiliik ~ degerleri
olciiliirken, spektrofotometre kullamilarak optik ozellikleri
tespit edildi. Elde edilen verilerin analizinde Wilcoxen testi
kullanild

Bulgular: Gruplar arasinda yiizey piiriizliiliik degerleri ve

ve anlamhhk diizeyi 0,05 olarak ayarland..

kontrast oranlart bakimindan istatistiksel olarak énemli bir
Sinterleme gruplari arasinda,

monolitik  ¢ok-katmanli  zirkonya  orneklerin  biitiin

katmanlarimin - translusentlik ~ degerleri arasindaki  fark
istatistiksel olarak onemli olarak tespit edildi (p<.05).
Sonuglar: Yiiksek hizli sinterleme parametreleri, monolitik
kabul edilebilir optik

ozelliklerle birlikte umut verici etkilere sahiptir. Farkl

¢ok-katmanli  zirkonya iizerinde

icerikleri nedeniyle, farkli katmanlarin kontrast orami ve
farkl

gosterebilmektedir ve bu farkhiiklar tedavi planlamasinda

translusentlik parametreleri reaksiyonlar

dikkate alinmalidir. Anahtar Kelimeler: Zirkonya, sinterleme,

kontrast orani, translusensi.
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