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Abstract

The objective of this study is to investigate the magnitude of structural degradation of a monolithic
translucent zirconia caused by clinically relevant grinding and polishing procedures, when
associated or not with low temperature degradation (LTD), induced by accelerated hydrothermal
aging using autoclave or thermocycling Ninety disks (@12 x 1 mm) were prepared from dental
zirconia for monolithic restorations (Vipi Block Zirconn Translucent, Vipi). The specimens were
divided into 3 groups (n = 30) according to surface treatment: As Sintered (untreated), Grind
(diamond bur), Grind + Polish (diamond bur + polish); and then subdivided according to aging
method (n = 10): Baseline (no aging), Autoclave (134°C, 2.2 kgf/cm? pressure for 5 h), and
Thermocycling (200,000 cycles, 5°C and 55°C, for 15 s each). Roughness, biaxial flexural
strength and percentage of monoclinic phase were evaluated. Regarding surface treatment, the
Grind group presented higher roughness and greater flexural strength compared to As Sintered
group, while Grind + Polish showed intermediate roughness and flexural strength similar to Grind
group. Aging had little effect on roughness, but yielded a significant reduction in flexural strength.
Tetragonal to monoclinic phase transformation was observed in all groups, caused by both
mechanical stresses (grinding and polishing) and LTD, which was similarly induced by the
traditional autoclave method, as well as the thermocycling method The use of diamond burs to
grind zirconia surface may result in deleterious effects on the surface quality of monolithic
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zirconia restorations, yet has a potential toughening effect by phase transformation. However,
when zirconia is exposed to LTD, regardless of the surface treatment, degradation of the surface
quality and strength are observed.
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1 INTRODUCTION

Traditional dental zirconia, 3Y-TZP (3 mol% yttria-stabilized tetragonal zirconia
polycrystal), contains alumina (Al,O3) as a promoter of densification, presenting high
opacity and superior mechanical properties [1, 2]. The development of the zirconia for
dental restorations followed a movement to increase the translucency and aesthetics of the
final product This result can be obtained by various strategies that may or may not be
combined: (i) reducing or eliminating alumina while increasing the density of zirconia, to
reduce light scattering by pores and secondary phases; (ii) sintering at a temperature higher
than that required for densification to increase the tetragonal grain size and / or increase the
cubic phase content, which is more translucent than the tetragonal; and (iii) adding a greater
amount of yttria, 4 mol% (4Y-PSZ, 4 mol% yttria partially stabilized zirconia) or 5 mol%
(5Y-PSZ), to increase the cubic phase content All these strategies also influence the
crystalline stability of zirconia and consequently its mechanical properties [1, 3-8].

Yttria stabilized zirconia has traditionally been used in single or multiple fixed prostheses as
a coping material, which is subsequently coated with porcelain for better aesthetics using the
layering technique However, such (layered) structures are prone to adhesive failures —
between the infrastructure and the porcelain (delamination) — or cohesive failures, which
occur within the porcelain (chipping) Chipping has been the most frequent type of
complication reported in indirect restorations with zirconia infrastructure [9-14]. To reduce
the chances of fracture (delamination and chipping), monolithic restorations have been
introduced to the clinical practice [3, 15-17]. Monolithic zirconia restorations are made
from more translucent zirconias obtained through the strategies described earlier.

However, during clinical use, monolithic zirconia is in constant contact with saliva and
exposed to chewing loading and the person’s diet. Such environment makes zirconia
susceptible to the phenomenon of low temperature degradation (LTD) [18, 19], which is
characterized by the spontaneous transformation of the tetragonal phase into monoclinic
when the material is exposed to moisture over time at low temperatures. LTD occurs
primarily on the surface, which is originally composed of densely sintered tetragonal grains
that undergo transformation to monoclinic grains, involving a 3-5% increase in grain
volume, thereby creating micro-defects on the surface Water then penetrates into the
intergranular defects causing phase transformation to occur progressively into the
subsurface. In addition to an increase in surface micro-roughness, there happens a decrease
in hardness; and, with the progression of LTD in depth, there is also the degradation of the
mechanical strength of the material. The microstructure and chemical and crystalline
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composition of zirconia define its susceptibility to LTD: bigger tetragonal grains are
critically susceptible to LTD, whereas cubic-containing zirconias are more stable [20-24].

Despite significant advances in the accuracy and external and internal adaptation of
computer-aided design/computer-aided machining (CAD/CAM) systems, final adjustment of
indirect restorations is still needed in order to improve the precise fitting and the occlusal
contacts with the antagonist [25, 26]. These adjustments can be made with diamond burs,
abrasive stones, and ideally should be followed by careful surface polishing with a sequence
of diamond-impregnated rubber burs with decreasing abrasiveness. When the surface of the
zirconia is ground during the testing and adjustment phases, surface defects are introduced:;
and some phase transformation (tetragonal — monoclinic) occurs, induced by mechanical
stresses from the grinding and polishing procedures. The tetragonal and cubic phase
fractions and the tetragonal grain sizes are key factors defining the susceptibility of the
zirconia to phase transformation [1, 3—8]. The relationship between the depth of the
transformed layer (consequently, the compressive stresses in such layer) and the size of the
defects present on the zirconia surface can facilitate crack growth in the material, making it
susceptible to premature failure at loads below the critical value [22, 25]. Furthermore, it is
known that the polishing systems available on the market are not efficient in polishing
sintered zirconia when it has an extremely rough surface produced by diamond burs [27].

Therefore, this study investigates the magnitude of degradation of a monolithic translucent
zirconia caused by clinically relevant grinding and polishing procedures, associated or not
with LTD. Two methods to induce LTD are also evaluated: (1) autoclave accelerated
hydrothermal aging — traditionally used to evaluate zirconia phase transformation, but with
limited clinical relevance; and (2) thermocycling, which is a widely used aging method for a
clinically relevant evaluation of the degradation of various dental materials; yet little is
known about its effect on the LTD of zirconia. The tested hypotheses are: i) the different
grinding and polishing methods used influence the surface micro-morphology, phase
transformation and biaxial flexural strength of a monolithic translucent zirconia; and ii) the
different aging methods negatively influence the micro-morphology of the surface, phase
transformation and biaxial flexural strength of a monolithic translucent zirconia.

2 MATERIALS AND METHODS

2.1 Specimen preparation

Ninety disk-shaped specimens were prepared from pre-sintered blocks of a monolithic
translucent Y-TZP zirconia (Vipi Block Zirconn Translucent, Vipi, Brazil). This is an
alumina-free 3 mol% yttria-stabilized zirconia, with high pre-sintered density. For
standardization and removal of surface irregularities introduced by the cutting, the surface of
the samples was finished with 1200-grit silicon carbide sandpaper and cleaned in an
isopropy! alcohol ultrasound bath for 10 min.

The specimens were sintered at 1450°C for 2 h, with a heating rate of 8°C/min, according to
manufacturer recommendations. After sintering specimens had the final dimensions of @12
mm x 1 mm (x 0.05 mm). The ninety specimens were then randomly distributed according
to surface treatment and aging type.
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2.2 Grinding and polishing methods

A group without any surface treatment after sintering (As Sintered) was used as reference.

The instruments used for grinding and polishing are described in Table 1. A single operator,
trained in a pilot study, performed grinding and polishing on one side of each disc using
diamond and rubber burs attached to a low-speed hand-piece using 8,000 to 10,000 rpm
according to the manufacturer recommendations. Diamond bur were replaced after every
five specimens. To standardize the grinding and polishing procedures, oscillatory
movements were performed with diamond and rubber burs, simulating clinical grinding
movements, introducing surface defects in all possible directions. To ensure stability,
specimens were fixed with a double-sided tape to a stiff and flat base. The specimens were
then marked with a permanent marker to standardize the thickness of grinding and ensure
that the entire surface of the sample was treated Grinding and polishing were performed with
oscillating movements and under gentle pressure (digital pressure) until the pen mark was
completely eliminated.

2.3 Aging methods

For groups undergoing accelerated hydrothermal aging (Autoclave), treatment was
performed in an autoclave at 134°C under pressure of 2.2 kgf/cm? for 5 h, corresponding to
a clinical use of about 21 years at 37°C [18, 21].

Thermocycling (OMC200, Odeme, Brazil) groups underwent 200,000 cycles of 15 s each, at
a temperature of 5°C and 55°C, corresponding to approximately 20 years of physiological
aging in the oral cavity [28].

After aging, all specimens were carefully cleaned in an isopropyl alcohol ultrasonic bath for
10 min.

2.4 Roughness analysis (Ra)

For surface roughness analysis, the specimens were fixed to a glass plate and taken
individually to the profilometer (1700 Surf-Corder, Kosaka, Japan), equipped with a 5 um
radius diamond tip). The specimens were carefully handled with plastic tweezers, avoiding
contamination of the treated surface. Before the readings began, the device was calibrated
according to the manufacturer’s recommendations. For each reading, the needle ran a 2.5
mm stretch on the surface, at a constant speed of 0.5 mm/s, with a cut-off length of 0.25 mm
to maximize surface ripple filtration.

Three roughness measurements, 45° rotation apart, were taken on the specimen treated
surface. The average of the three readings was used as the Ra value for each specimen.

2.5 Biaxial flexural strength

Biaxial flexural strength (n = 10) was investigated with a piston-on-three-ball test using a
universal testing machine (EMIC DL 2000, S&o José dos Pinhais, Brazil). Each specimen
was positioned with the treated surface under tension. The tests were performed with the
device and specimens immersed in artificial saliva at 37°C (150 mmol/L KCI, 1.5 mmol/L
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CaCl,, and 0.9 mmol/LKH,POy4 in 0.1 mol/L buffer) CH3COONza, pH 7.0). A flat loading
piston with a diameter of 1.7 mm was used and the test was performed at a speed of 1
mm/min until catastrophic fracture of the specimens The biaxial flexural strength (in MPa)
was calculated using equations 1-3, defined in the ISO6872 [29]:

—0.2387P(X — Y)
o= 2 (Eq. 1)

X=(+ v)ln(%)z + [(1 > ”](%)2 (Eq.2)

Y=(+ v)ll +ln(%)2

2
+(1-v(F) ] (Eq.3)
where Pis the maximum load at fracture (N), vis the Poisson’s ratio of the ceramic, ¢is the
specimen thickness (mm), ais the radius of the support ring (mm), cis the radius of the
loaded area (mm), and R is the specimen radius (mm).

2.6 Phase transformation and X-ray diffraction

Phase transformation analysis was performed to elucidate the relative amount of monoclinic
phase (V) present in each of the evaluated conditions. The analysis was performed using an
X-ray diffractometer with a CuKa radiation, with 26 scanning between 25° and 35°, with a
0.03° step and a speed of 1 s per step. The quantification of the volumetric fraction of the
monoclinic phase was calculated from the intensities of the monoclinic peaks (111), and the
tetragonal peak (101 or 111);, according to equations 4 and 5 [30, 31]:

_1311X,
m=T10311X,, (Ea-4)
-111 111
R
X (Im m ) (4.5

m = ~__
(Imlll+Ir1nll)+It101

where (111), it is located at 26 = 28°, (111), at 26 = 31.2°, (101 or 111); at 26 = 30°, and
represent the intensity of the diffracted peaks in the monoclinic planes (111), and (111),
and the tetragonal plane (101 or 111);

2.7 Scanning electron microscopy (SEM)

In order to evaluate surface modifications caused by grinding and polishing before and after
aging, specimens were coated (BAL-TEC SC_RD 005, BAL-TEC AG, Balzers,
Liechtenstein) with Au/Pd alloy. Then surface images were taken at 500, 1000 and 5000
times magnifications, with 5 to 10 kV energy using a high resolution field-emission
scanning electron microscope (FE-SEM MIRA3 LM, Tescan, USA).
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2.8 Statistical analysis

Flexural strength and roughness data were normal and homoscedastic. Therefore, two-way
ANOVA (surface treatment and aging method) and Tukey test with significance level 0.05
were performed. The correlation between roughness and biaxial flexure was analyzed using
Spearman’s correlation test.

3 RESULTS

For mean roughness (Ra), statistical significance was observed for factors surface treatment
(p <0.001) and aging (p = 0.025), as well as for the double interaction surface treatment x
aging (p <0.001) The results of the multiple pairwise comparisons are presented in Figure 1.

For the biaxial flexural test, there was statistical significance for factors surface treatment (p
<0.001) and aging (p <0.001), while the double interaction surface treatment x aging (p =
0.239) was not statistically significant. Regarding surface treatment, pooled means of biaxial
flexural strength (MPa) were: As Sintered = 775 (190)B; Grind = 1078 (235)A; Grind +
Polish = 1129 (139)A. For the aging factor, pooled means of biaxial flexural strength (MPa)
were: Baseline = 1149 (232)A; Autoclave = 939 (211)B; Thermocycling = 916 (230)B.
Means and standard deviations of all groups are presented in Figure 2.

The results of the correlation analysis between flexural strength and roughness are presented
in Figure 3. A weak positive correlation is observed when all groups are analyzed and a
strong positive correlation when only the baseline groups (without aging) are analyzed
However, none of the conditions had statistical significance (p >0.05), indicating the
presence of confounding factors not considered in the analysis.

Table 2 shows the means and standard deviations for roughness and biaxial flexural strength
for each group, as well as the monoclinic phase volumetric fraction associated with each
condition (surface treatment / aging).

The X-ray diffraction spectra shown in Figure 4 demonstrate that both surface treatments
and aging methods yielded crystallographic changes in the tested zirconia. Tetragonal to
monoclinic phase transformation is visible in all treated groups by the presence of the
monoclinic peak at 28° 26. This transformation occurred by two processes: (1) akin
transformation-toughening, surface treatments introduce mechanical stresses that lead to
phase transformation; and (2) both aging methods have yielded low temperature degradation
(LTD), whereby, in the presence of moisture and heat, spontaneous transformation from
tetragonal to monoclinic phase occurs. Moreover, an enlargement of the base of the
tetragonal peak 30° 26 is observed in the surface treated groups, indicating plastic
deformation of the crystalline lattice due to the presence of stress.

Qualitative analysis of surface topography by SEM imaging (Figure 5) showed that grinding
with diamond burs changed the zirconia topographic pattern by introducing marked surface

defects, following a major direction with some lateral projections. After the rubber polishing
sequence, it was observed that the surface defects were significantly reduced, both in length

and depth, showing a smoother surface than that obtained after using only diamond burs.
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Aging in both autoclave and thermocycling caused no noticeable surface change, regardless
of surface treatment.

Figure 6 shows two representative fields of the As Sintered group, without aging, showing
the microstructural characteristics of the evaluated zirconia. It can be seen that the material
presents densely sintered grains with evenly distributed grain size.

4 DISCUSSION

Zirconia is the most versatile ceramic material for use in indirect dental restorations, as it
has a variety of levels of mechanical strength and translucency [5, 6, 8], allowing it to be
used for applications from infrastructures to aesthetic monolithic restorations [1, 2]. Similar
to other dental ceramics, zirconia is sensitive to surface defects that can be introduced at
various stages of the rehabilitation process [22, 24]. These aspects motivate the present
study, which demonstrates that the mechanical strength of a monolithic zirconia results from
a complex balance between surface defect population and modifications on surface
crystalline structure introduced by grinding and polishing procedures and low temperature
degradation. This is particularly important in zirconias with similar composition to the one
used herein, an alumina-free 3 mol% yttria-stabilized zirconia, with high pre-sintered
density. The predominant tetragonal crystalline structure makes the material susceptible to
tetragonal to monoclinic phase transformation and the discussed consequences of that.
Distinctively, the cubic-containing translucent zirconias are generally more stable, meaning:
neither very capable of undergoing transformation toughening, nor very susceptible to LTD
[1, 3-8].

The first hypothesis of this study, that different clinically relevant methods for zirconia
grinding and polishing influence the structural integrity of this material, was accepted.
Significant effects were observed on both roughness (Fig 1) and on the flexural strength (Fig
2) of the specimens that went through grinding (Grind) and grinding + polishing (Grind +
Polish). The use of diamond burs in the superficial grinding of zirconia restorations is
required for adjustments of the piece at the internal, proximal, and emergence profile areas
during the fitting tests, as well as for occlusal adjustments after the restoration is cemented.
High roughness in these areas can lead to poor clinical performance, namely: (i) patient
discomfort due to roughness; (ii) biofilm accumulation in the cervical region, which
increases the risk of caries and periodontal disease; (iii) cervical margin fractures due to the
presence of hoop stresses in this region; (iv) radial fracture at the intaglio surface of the
restoration due to the occurrence of occlusal loading induced flexural stresses; (v) excessive
wear of antagonist enamel; and (vi) crack propagation caused by repetitive contact fatigue in
chewing function [10, 16, 32-37].

It is therefore crucial to emphasize that the use of fine and extra fine diamond burs should be
preferred by dentists and dental technicians, as the present study shows that the surface
defects introduced by medium grain diamond burs used under low-speed were not
completely removed after standard polishing (Fig 4). Surface roughness (Fig 1) was reduced
by polishing but did not reach the same level of initial smoothness (As Sintered). It is known
that the coarser the diamond bur used to grind the ceramic surface, the greater the resulting
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surface roughness [22, 24]. A systematic review of the literature [25] assessing the effect of
grinding on Y-TZP mechanical properties, structural stability and surface characteristics,
showed that grinding generally decreased the flexural strength and increased roughness of Y-
TZP ceramic. However, the use of equipment that allows better grinding accuracy (low-
speed + fine grained burs) seem to be the major factors in reducing the introduction of
defects and allowing the occurrence of toughening mechanism, minimizing the occurrence
of degradation of the mechanical properties of zirconia. In addition, compared to other
surface finish forms such as glaze, polishing is the most appropriate surface treatment for
zirconia and is considered mandatory [38]. In this sense, there is still much room for the
development of new polishing systems with greater efficiency in zirconia [27].

Surface roughness plays a crucial role in ceramic strength, and generally has a significant
negative correlation with flexural strength; the greater the roughness, the larger the surface
defects and, consequently, the lower the fracture strength of the ceramic [16]. However,
when the material in question is zirconia, the interpretation of the effect of surface roughness
is not as simple, as observed in the correlation analysis between roughness and fracture
strength in this study: a strong positive correlation was observed between these properties in
the Baseline groups (without aging). Zirconia, when subjected to mechanical stresses, such
as crack propagation or grinding and polishing, undergoes transformation from tetragonal to
monoclinic phase, which is accompanied by a volumetric expansion of the grains of 3 to 5%,
generating compressive stresses in the transformed area. These compressive stresses hinder
crack propagation, absorbing part of the energy required for crack growth and, consequently,
increasing the fracture toughness of zirconia [39-41]. Such effect is corroborated by the X-
ray diffraction results of this study, which showed, in addition to the monoclinic peak (28°
20), the widening of the tetragonal peak (30° 26) for the surface treated groups, indicating
plastic deformation of the crystal lattice of zirconia. When a balance is reached between the
depth of surface defects introduced by grinding / polishing and the compressive stresses
generated by zirconia phase transformation, the material has high fracture resistance, as
observed in this study. At baseline, surface treatments yielded phase transformation that
resulted in surface compressive stresses and, consequently, resulting in greater flexural
strength compared to the As Sintered group, despite the also greater roughness yielded by
surface treatments. Similar results with increased biaxial flexural strength for groups with
higher roughness have been reported in the literature [24].

In addition to surface treatments, the effect of two aging methods on the structural stability
of zirconia was investigated. The second hypothesis that aging would result in structural
degradation of zirconia was also accepted. Autoclave aging yielded higher roughness than
baseline (without aging), while fracture resistance was compromised by both aging methods
compared to baseline. One of the main limitations of zirconia is known to be its
susceptibility to low temperature degradation (LTD). This phenomenon occurs when the
material is exposed to moisture and heat for long periods of time, leading to progressive
transformation from tetragonal to monoclinic phase and consequent introduction of
microcracks in the transformed area, which results in increased roughness and decreased
mechanical properties [20—-24]. The literature, however, presents conflicting results
regarding the effect of hydrothermal aging on fracture resistance and other properties of
zirconia. This phenomenon seems to be material dependent, since Flinn et al (2017) [42]
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report that fracture resistance decreased markedly or remained unchanged depending on the
brand of zirconia used. Other studies have not shown deleterious effects of hydrothermal
aging on the flexural strength of zirconia [43, 44]. In this study, the fraction of monoclinic
phase on the surface increased after aging for the As Sintered group, while remained
similarly high for surface treated groups before and after aging. It is important to highlight
that XRD has limited surface penetration, thus the in-depth transformation, which explains
the strength degradation, was not accounted for in the phase fraction analyses. As discussed
earlier, the effect of phase transformation on the mechanical properties of zirconia depends
on the balance between the depth of surface defects and compressive stresses introduced by
phase transformation — from both mechanical stresses and LTD.

Another interesting result of the present study is the similar aging effect observed by
autoclave and thermocycling. The authors acknowledge that thermocycling is far more time
consuming than autoclave, which still is the best accelerated hydrothermal aging method to
evaluate zirconia phase transformation. However, thermocycling is the preferred artificial
aging method used in studies about bonding properties of zirconia [45, 46]. The explicit
results of the present study, along with a previous study [46], showing LTD of zirconia
caused by thermocycling indicate the formation of micro-defects that grow progressively
into the subsurface of the material. Therefore, one must notice there is a poorly explored
research question here: How the surface degradation yielded by LTD affect the zirconia
bonding properties over time?

Finally, it should be emphasized that it is essential that dentists and technicians be thoughtful
when working with zirconia restorations, as surface treatment during the fitting and
adjustment phases, before and after cementation, may affect zirconia’s monoclinic phase
content, roughness, mechanical properties and wear of antagonist enamel. The use of
zirconia with better optical properties and greater resistance to hydrothermal aging may also
improve long-term clinical performance of monolithic zirconia restorations.

5 CONCLUSION

Clinically relevant grinding and polishing procedures can potentially be deleterious to the
surface quality of monolithic zirconia restorations, while introducing crystalline phase
transformation that may result in a toughening effect. Nonetheless, when zirconia is exposed
to hydrothermal aging at low temperatures, which can be similarly induced by the traditional
autoclave method or by thermocycling method, further degradation of surface quality may
result in a compromise of its mechanical properties.
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Figure 1:

Mean and standard deviations of roughness (Ra, in um) Distinct capital letters indicate
statistically significant differences between aging methods for the same surface treatment.
Distinct lowercase letters indicate statistically significant differences between surface
treatments for the same aging method.
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Figure 2:

Means and standard deviations of biaxial flexural strength (MPa).
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Figure 3:
Exponential correlation between flexural strength and roughness for (A) all groups and (B)

for Baseline groups only (no aging).
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Figure 4:

X-ray diffraction (XRD) spectra evaluating 26 angles between 26° to 34° with relative

intensity for all groups evaluated.
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Figure 5:
SEM images (1000 times magnification), showing the surface characteristics and topography

of the evaluated groups, as a function of surface treatment and aging method.

Ceram Int. Author manuscript; available in PMC 2021 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

DE SOUZA et al. Page 18
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Figure 6:
SEM images (5000 times magnification) of As Sintered Baseline specimens (without aging),

showing the evaluated zirconia microstructure.
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Table 1:

Experimental design and description of surface treatments

Page 19

SURFACE TREATMENT

Aging Method (n = 90)

Without treatment (As Sintered)

Without aging (Baseline) (n = 10)

Autoclave (n = 10)

Thermocycling (n = 10)

Grinding (Grind)
Sintered diamond bur (medium grain, D.5118.HP / E, Frank Dental, Germany)

Without aging (Baseline) (n = 10)

Autoclave (n = 10)

Thermocycling (n = 10)

Grinding + Polish (Grind + Polish)
Sintered diamond bur + Zr polishing rubbers [sequential diamond polishers, PCEME8G.HP (coarse),
P.CEME8M.HP (intermediate finish) and P.CEME8SF.HP (final finish), Frank Dental, Germany]

Without aging (Baseline) (n = 10)

Autoclave (n = 10)

Thermocycling (n = 10)
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Mean (standard deviation) of roughness and biaxial flexural strength and percentage of monoclinic phase for

each condition.

Table 2:

Surface treatment | Aging Ra (um) Biaxial strength (MPa) | Monoclinic phase (vol%o)
Baseline 0.32 (0.10) | 908 (131) <1
As Sintered Autoclave 0.33(0.15) | 724 (188) ~8
Thermocycling | 0.31(0.10) | 689 (185) ~11
Baseline 0.87 (0.16) | 1298 (194) ~32
Grind Autoclave 1.32 (0.30) | 1009 (147) ~33
Thermocycling | 1.00 (0.19) | 926 (182) ~31
Baseline 0.55(0.12) | 1224 (149) ~28
Grind + Polish Autoclave 0.43(0.12) | 1085 (77) ~27
Thermocycling | 0.55(0.15) | 1086(144) ~28
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