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Effect of Zirconia Core Thickness, Firing Cycle and Veneering
Technique on Biaxial Flexural Strength of Veneering Porcelain
in Porcelain Veneered Zirconia Restorations
Fahad K Alwthinani1, Pooja Arora2

A b s t r ac t
Aim: Evaluate the effect of different core thicknesses, firing cycles and veneering techniques on the biaxial flexural strength of veneering porcelain.
Materials and methods: One core material, Vita In-Ceram YZ, and one porcelain veneer material, VITA VM9, were used in this study. Vita YZ
zirconia blocks were sectioned and sintered to provide slides of 1.65, 3.25, and 6.50 mm thickness. Two techniques were used to fabricate VITA
VM9 porcelain veneer; Hand Layered (HL) and Pressed (PR). The assemblies were sintered as per three different firing cycles. Biaxial flexural
strength was determined using a universal mechanical tester. Statistical analysis was conducted for all tests using ANOVA and Tukey post hoc
test at p ≤ 0.05.
Results: In pooling all flexural strength values, for VITA VM9 porcelain, the highest value resulted by using 1.65 mm YZ core thickness (146.10 ±
23.08 MPa) while the lowest value was obtained using 6.50 mm thickness (140.91 ± 27.501 MPa). However, the difference was not statistically
significant. The highest value resulted by using Cycle 2 (Heat Rate 20 C/ Min, Hold Time 2 Minutes) (154.34 ± 22.11 MPa), while the lowest value
was measured using Cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute) (127.42 ± 26.62 MPa), and the difference was statistically significant.
In pooling all values of (HL) VITA VM9, the result was (142.66 ± 25.87) MPa which was lower than (PR) VITA VM9 (145.87 ± 25.56), but not by a
statistically significant amount.
Conclusion: The effect of different YZ core thicknesses and veneering techniques on the biaxial flexural strength of VITA VM9 veneering porcelain
was not statistically significant. Different firing cycles resulted in a significant effect on the biaxial flexural strength of porcelain veneer.
Clinical significance: The use of an appropriate firing cycle can help to enhance the biaxial flexural strength of porcelain veneer in zirconia-based
restorations.
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Introduction

1,2

Replacement of metal-based restorations is one of the main goals
in dentistry. One of the most promising non-metal-based materials
is Yttria-Tetragonal Zirconia Polycrystal (Y-TZP). Y-TZP has proved to
be very strong and reliable material.1 Zirconia is used in dentistry for
resin-bonded fixed partial dentures, implants, implant abutments,
orthodontic brackets, and endodontic posts.2-7 But it is commonly
used as infrastructures or frameworks for single crowns and
multiunit fixed partial dentures. Such frameworks are produced
with the aid of computer-assisted design/computer-assisted
machining (CAD/CAM). 8,9 Porcelain-veneered core prostheses
have been used for several applications (anterior and posterior
restorations), and these combine the strength and toughness of
ceramic cores with the esthetics of the veneering porcelains.10
Although the mechanical characteristics of core materials have
continuously been improved (i.e., increased toughness), the
mechanical properties of veneering material have largely remained
unchanged.11 For porcelain-veneered zirconia prostheses, bulk
fracture of the zirconia framework appears to be quite uncommon.
The most commonly reported complication is chipping or
cracking, which is limited to the porcelain veneer.12 Delamination
of veneering porcelain resulting in exposure of the Y-TZP core is a
common mode of failure as well.13

Some researchers reported that the rate of failure of porcelain
veneered zirconia restorations was in the range of 0–54% after one
or two years of service, whereas it was 6% for porcelain fused to
metal restorations after 10 years of service.14 The most common
complication of the anterior fixed partial dental prosthesis using
zirconia was chipping, about 14.8% after 7 years.15
Extensive laboratory studies were conducted to evaluate the
mechanical properties of zirconia-based restorations. Several
theories concerning the causes of veneer fracture have been
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presented including lack of support from the underlying zirconia
core, microstructural defects in veneering porcelain, firing
pattern, residual thermal stresses, and low thermal degradation
of zirconia.16-18 Because of the high rate of occurrence of veneer
fracture in zirconia veneered restorations, future researches are
essentially required to have a sight into this problem and to reduce
the fracture rate of veneer in the coming future.
The aim of this study was to evaluate the effect of three
different core thicknesses, three different firing cycles and two
different veneering techniques on the biaxial flexural strength of
the veneering porcelain in porcelain veneered zirconia restorations.
The null hypothesis was that the biaxial flexural strength of the
veneering porcelain was not affected by the core thickness, the
firing cycle and the veneering technique.

Materials

M at e r ia l s

Methods
YZ Slides Preparation

and

Methods

This study was designed to evaluate the biaxial flexural strength
of VITA VM9 veneering material with three different Y-TZP core
thicknesses, three different firing cycles and two different
veneering techniques.

Fig. 1: Study design
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In this study, the core material- Vita In-Ceram YZ (Vita Zahnfabrik,
Germany) was used as substrate for the veneering material- VITA
VM9 (Vita Zahnfabrik, Germany). The porcelain veneer discs were
fired on cores with different thicknesses and using different firing
cycles. Total of 144 VITA VM9 discs were prepared using two
veneering techniques, 72 were hand layered and 72 were pressed.
A total of 72 discs prepared by each veneering technique, were
equally divided into three groups of 18 each for firing on three
different core thicknesses (1.65 mm, 3.25 mm, and 6.50 mm). Each
group of 18 discs with three different core thicknesses was further
divided into three groups of six each for firing with three different
firing cycles. All the study groups with sample size are depicted in
the study design (Fig. 1).

VITA In-Ceram YZ blocks are partially sintered blocks that are
commercially available in dimensions of 55 x 19 x 15.5 mm. Blocks
were mounted in a diamond saw with high speed (Isomet 5000,
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Linear precision saw, Buehler; Buehler Ltd., Lake Bluff, IL), which was
used to cut three slices with different thicknesses from the block.
The machine used water in copious amounts as a lubricant. The
diamond wafering blade was adjusted to a speed of 600 RPM, and
a load of 200 gm. Blade position was adjusted to be 2.381, 4.381,
and 8.381 mm in compensation for the blade thickness (0.381 mm)
to obtain 2.00, 4.00, and 8.00 mm thick slides.
The slides were then sintered according to the manufacturer’s
recommendation (1530°C) in a high-temperature furnace (VITA
ZYrcomat T). After sintering, the slides were 1.65, 3.25, and 6.50 mm
thick due to shrinkage of approximately 20% (Fig. 2).
Prior to application of veneer porcelain, the sintered zirconia
slides were cleaned, washed, and dried. Conductive Carbon Paint,
(SPI supplies Division of Structure Probe, INC.) was used as a
separating medium and was applied evenly and directly on the YZ
slide. The slide was then allowed to dry for 15 minutes.

Preparation of Veneering Materials

Hand layered porcelain discs
A plastic mold 2.4 mm thick with an inner radius of 19 mm was
painted with a porcelain-separating medium (Magic separator,
Noritake, Japan) and placed on a glass slab. Porcelain powder was
hand mixed with Vita modeling liquid for VITA VM9 on a porcelain
Mixing Tray (Tropicolino, Renefert Co., USA) using recommended
instruments and brushes. The mix was condensed into the
mold under vibration. Excess of moisture was removed using an
absorbent wipe (Kimwipes, Kimberly-Clark®, USA).
The disc was removed from the mold by pressing the filled mold
against a negative imprint of the mold made in acrylic (Fig. 3). The
disc was then slid and pushed gently with a glass plate to one of the
firing slides/trays made of Vita in-Ceram YZ of different thicknesses
(1.65, 3.25, 6.50 mm).

Biaxial Flexural Strength Test
Ball-on-three-balls biaxial flexural strength test was performed
using a universal testing machine (Instron Model 4202; Instron Co.,
Canton, MA) with a crosshead speed of 0.5 mm/min, a full-scale
load of 10 KN.
Each disc specimen was positioned centrally on three hardened
steel balls (2 mm diameter, 120 0 apart) that formed a support
circle of 15 mm diameter (Fig. 6). The specimen was positioned so
that maximal tensile force was generated on the treated surface.
A compressive force was exerted on the superior surface of the
specimen, and tensile force was exerted on the inferior surface. The
machine recorded the failure load at the fracture of the specimen.
Thickness and diameter of the specimen (disc) were measured
with the help of a micrometer (Model No. CD-4 CS; Mitutoyo Corp.,
Japan). The biaxial flexural strength was then calculated using the
equation given below:
σ = -0.2387 [P (X-Y)]/d2
Where σ = biaxial tensile strength (MPa), P = total load at fracture
(N), X = (1 +v) Ln (B/C)2 +[(1-v)/2] (B/C)2, Y=(1 + v) [1 + Ln (A/C)2 ]
+(1-v) (A/C)2, v = Poisson’s ratio, A = radius of support circle (mm),
B = radius of loaded area or ram tip (mm), C = radius of specimen
(mm), and d = specimen thickness at fracture origin (mm).

Pressed porcelain discs
Each 1 gm porcelain powder was pressed uniaxially in a 19 mm
diameter steel mold at 78 MPa (11,000 psi) with a Carver hydraulic
press (Carver Laboratory Press) (Fig. 4). Then the pressed disc was
removed and placed on the firing slides/trays as was done with the
Hand Layered porcelain discs.
Each group of the assembled specimens (VITA VM9/VITA
In-Ceram YZ) was subjected to one of three firing cycles (Table 1)
using a Vita Vacumat 6000 M furnace (Vita Zahnfabrik, Germany)
(Fig. 5) in accordance with the study design (Fig. 1). The discs shrunk
after the firing.

Fig. 2: Fully separate sintered YZ slides

Fig. 3: Hand layered porcelain disc with mold

Fig. 4: Porcelain disc after pressing
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Statistical Analysis

firing cycles (Cycle 1, 2, and 3) and three different YZ thicknesses
(1.65, 3.25, and 6.50 mm) on VITA VM9 were as follows: Cycle
1 /1.65 mm (150.78 ± 23.95 MPa), Cycle 1/3.25 mm (137.043 ±
29.77 MPa), Cycle 1/6.50 mm (117.84 ± 13.68 MPa), Cycle 2/1.65 mm
(143.015 ± 31.069 MPa), Cycle 2/3.25 mm (160.359 ± 32.082 MPa),
Cycle 2/6.50 mm (148.312 ± 17.901 MPa), Cycle 3 /1.65 mm (150.187
± 24.410 MPa), Cycle 3/3.25 mm (147.912 ± 24.0372 MPa), and
Cycle 2/6.50 mm (157.397 ± 16.403 MPa) (Figs 7 and 8).

The results were recorded as means ± the standard deviations and
coefficients of variance. Differences in the biaxial flexural strengths
were analyzed using a one-way analysis of variance (ANOVA). The
Post Hoc tests were performed using the Tukey-Kramer HSD test for
multiple comparisons. A p-value ≤ 0.05 was regarded as statistically
significant. All statistical analyses were performed using JMP®
Pro 12.1.0 software (SAS Institute Inc., Cary, NC).

Effect of YZ core thickness on biaxial flexural strength of
(HL) VITA VM9 fired with three different firing cycles

R e s u lts
The veneering material (VITA VM9) was tested in this study using
two veneering techniques [Hand Layered (HL), Pressed (PR)], three
different thickness of Vita In-Ceram YZ core material (1.65 mm,
3.25 mm, and 6.50 mm), and three firing cycles: (1) According to the
manufacturer’s instructions; (2) Two cycles with different firing heat
rate temperatures below the recommended value for each veneer
material and two different holding times. A total of 18 different
combinations of veneering porcelain discs were subjected to biaxial
flexural strength testing.

There were significant differences in the effect of YZ core thickness
on VITA VM9 biaxial flexural strength using three different firing
cycles (Tables 2 and 3). The null hypothesis that there were no
differences in the effect of YZ core thickness was rejected.

Effect of firing cycle on biaxial flexural strength of (HL) VITA
VM9 fired on three different YZ core thicknesses
There were significant differences due to the firing cycle on VITA
VM9 biaxial flexural strength fired on three different YZ core
thicknesses (Tables 2 and 3). The null hypothesis that there is no
difference in the effect of firing cycle was rejected.

Biaxial Flexural Strength Test of VITA VM9
Effect of YZ Core Thickness and Firing Cycle on Biaxial Flexural
Strength of Hand Layered (HL) VITA VM9

Effect of YZ Core Thickness and Firing Cycle on the Biaxial
Flexural Strength of Pressed (PR) VITA VM9

The mean values of biaxial flexural strength (MPa) for Hand
Layered porcelain veneer VITA VM9 fired using three different

The mean biaxial flexural strength values (MPa) for Pressed
porcelain veneer VITA VM9 fired using three different firing cycles

Fig. 6: Biaxial flexural strength test

Fig. 5: Porcelain disc fired on YZ tray

Table 1: Firing chart for conventional veneering porcelains VITA VM9 (Body)
Porcelain
VITA VM®9

Firing cycle
number
Firing
Cycle 1
Firing
Cycle 2
Firing
Cycle 3

Pre-heating temp. (°C)

Drying time
(min)

Heat rate (°C/min)

Firing temp.
(°C)

Holding time
(min)

500

6

55

910

1

500

6

20

910

2

500

6

20

910

3

Table 2: Analysis of variance
Source

DF

Sum of squares

Mean square

F ratio

Prob > F

ID
Error

8
45

15,565.852
27,533.582

1945.73
611.86

3.1800

0.0061*

C. total

53

43,099.434
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(Cycle 1, 2, and 3) and three different YZ thicknesses (1.65, 3.25,
and 6.50 mm) on VITA VM9 were as follows: Cycle 1/1.65 mm
(131.779 ± 29.260 MPa), Cycle 1/3.25 mm (122.736 ± 23.421 MPa),
Cycle 1/6.50 mm (104.348 ± 18.552 MPa), Cycle 2/1.65 mm (154.587 ±
14.085 MPa), Cycle 2/3.25 mm (161.265 ± 19.608 MPa), Cycle 2/6.50 mm
(158.529 ± 14.265 MPa), Cycle 3 /1.65 mm (146.277 ± 12.231 MPa),
Cycle 3/3.25 mm (145.382 ± 14.990 MPa), and Cycle 3/6.50 mm
(159.025 ± 23.846 MPa) (Fig. 7 and 8).

Effect of YZ core thickness on biaxial flexural
strength of (PR) VITA VM9 fired with three
different firing cycles
There were no significant differences in the effect of different
YZ core thicknesses on (PR) VITA VM9 biaxial flexural strength
(Tables 4 and 5). The null hypothesis that there is no effect of YZ
core thickness on flexural strength was accepted.

Table 3: Ordered differences report
-Level

Difference

Std Err Dif

Lower CL

Upper CL

p-value

HL, 3.25mm, Cycle 2
HL, 6.50mm, Cycle 3
HL, 1.65mm, Cycle 3
HL, 6.50mm, Cycle 2
HL, 3.25mm, Cycle 3
HL, 1.65mm, Cycle 2
HL, 3.25mm, Cycle 2
HL, 6.50mm, Cycle 3
HL, 3.25mm, Cycle 2
HL, 1.65mm, Cycle 3
HL, 1.65mm, Cycle 1
HL, 6.50mm, Cycle 3
HL, 6.50mm, Cycle 2
HL, 3.25mm, Cycle 3
HL, 1.65mm, Cycle 2
HL, 1.65mm, Cycle 3
HL, 3.25mm, Cycle 1
HL, 3.25mm, Cycle 2
HL, 6.50mm, Cycle 2
HL, 3.25mm, Cycle 3
HL, 6.50mm, Cycle 3
HL, 3.25mm, Cycle 2
HL, 3.25mm, Cycle 2
HL, 1.65mm, Cycle 2
HL, 3.25mm, Cycle 2
HL, 6.50mm, Cycle 3
HL, 6.50mm, Cycle 3
HL, 1.65mm, Cycle 1
HL, 6.50mm, Cycle 3
HL, 1.65mm, Cycle 3
HL, 6.50mm, Cycle 2
HL, 3.25mm, Cycle 3
HL, 3.25mm, Cycle 2
HL, 1.65mm, Cycle 3
HL, 1.65mm, Cycle 3

Level

HL, 6.50mm, Cycle 1
HL, 6.50mm, Cycle 1
HL, 6.50mm, Cycle 1
HL, 6.50mm, Cycle 1
HL, 6.50mm, Cycle 1
HL, 6.50mm, Cycle 1
HL, 3.25mm, Cycle 1
HL, 3.25mm, Cycle 1
HL, 1.65mm, Cycle 1
HL, 3.25mm, Cycle 1
HL, 6.50mm, Cycle 1
HL, 1.65mm, Cycle 1
HL, 3.25mm, Cycle 1
HL, 3.25mm, Cycle 1
HL, 3.25mm, Cycle 1
HL, 1.65mm, Cycle 1
HL, 6.50mm, Cycle 1
HL, 1.65mm, Cycle 2
HL, 1.65mm, Cycle 1
HL, 1.65mm, Cycle 1
HL, 1.65mm, Cycle 2
HL, 3.25mm, Cycle 3
HL, 6.50mm, Cycle 2
HL, 1.65mm, Cycle 1
HL, 1.65mm, Cycle 3
HL, 3.25mm, Cycle 3
HL, 6.50mm, Cycle 2
HL, 3.25mm, Cycle 1
HL, 1.65mm, Cycle 3
HL, 1.65mm, Cycle 2
HL, 1.65mm, Cycle 2
HL, 1.65mm, Cycle 2
HL, 6.50mm, Cycle 3
HL, 3.25mm, Cycle 3
HL, 6.50mm, Cycle 2

56. 01,088
53. 04,900
45. 83,900
43. 96,406
43. 56,414
38. 66,713
37. 62,243
34. 66,055
28. 57,942
27. 45,055
27. 43,145
25. 61,754
25. 57,561
25. 17,569
20. 27,868
18. 40,755
18. 38,845
17. 34,374
16. 53,260
16. 13,268
14. 38,186
12. 44,674
12. 04,682
11. 23,568
10. 17,188
9. 48,486
9. 08,494
9. 04,301
7. 21,000
7. 17,187
5. 29,692
4. 89,701
2. 96,188
2. 27,486
1. 87,494

14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119
14. 28,119

9.4950
6.5331
–0.6769
–2.5519
–2.9518
–7.8488
–8.8935
11.8554
–17.9365
–19.0654
–19.0845
–20.8984
–20.9403
–21.3402
–26.2372
–28.1084
–28.1275
–29.1722
–29.9833
–30.3832
–32.1340
–34.0692
–34.4691
–35.2802
–36.3440
–37.0310
–37.4310
–37.4729
–39.3059
–39.3440
–41.2190
–41.6189
–43.5540
–44.2410
–44.6410

102.5268
99.5649
92.3549
90.4800
90.0800
85.1830
84.1383
81.1765
75.0953
73.9665
73.9474
72.1334
72.0915
71.6916
66.7946
64.9235
64.9044
63.8597
63.0485
62.6486
60.8978
58.9626
58.5627
57.7516
56.6878
56.0008
55.6008
55.5589
53.7259
53.6878
51.8128
51.4129
49.4778
48.7908
48.3909

0.0083*
0.0149*
0.0562
0.0772
0.0824
0.1742
0.2015
0.2950
0.5506
0.6027
0.6036
0.6858
0.6876
0.7051
0.8841
0.9294
0.9298
0.9490
0.9612
0.9664
0.9833
0.9934
0.9947
0.9967
0.9984
0.9990
0.9993
0.9993
0.9999
0.9999
1.0000
1.0000
1.0000
1.0000
1.0000

HL, 6.50mm, Cycle 2

HL, 3.25mm, Cycle 3

0. 39,992

14. 28,119

–46.1160

46.9158

1.0000

Table 4: Analysis of variance
Source

DF

Sum of squares

Mean square

F ratio

Prob > F

ID
Error

8
45

8992.846
16,882.801

1124.11
375.17

2.9962

0.0088*

C. Total

53

25,875.647
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Effect of firing cycles on biaxial flexural strength of Pressed
(PR) VITA VM9 fired on three different YZ core thicknesses
There were significant differences in the effect of firing cycle
on VITA VM9 biaxial flexural strength fired on three different
YZ core thicknesses (Tables 4 and 5). There was a statistically
significant difference in firing Cycle 1, which had lower flexural
strength values than the other groups. The null hypothesis that
firing cycle has no effect on the flexural strength of VitaVM9
was rejected.

Effect of Veneering Technique

Effect of veneering technique, firing cycle on biaxial
flexural strength of VITA VM9 fired on three different YZ
core thicknesses
Effect of veneering technique, three different YZ core thicknesses,
and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute)
Pooling the flexural strength data by veneering technique,
there were no significant differences in the effect of different
veneering techniques on VITA VM9 biaxial flexural strength fired
using firing cycle 1 and three different YZ core thicknesses.
The null hypothesis that there is no effect of the veneering
technique on the flexural strength was accepted (Table 6).
Effect of veneering technique, three different YZ core
thicknesses, and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time
2 Minutes)
Pooling the flexural strength data by veneering technique
showed that there were no significant differences in the effect of
different veneering techniques on VITA VM9 biaxial flexural strength
fired with firing cycle 2 and three different YZ core thicknesses.
The null hypothesis that there is no effect from the veneering
technique on the flexural strength was accepted (Table 7).
Effect of veneering technique, three different YZ core
thicknesses, and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time
3 Minutes)
Pooling the flexural strength data by veneering technique,
there were no significant differences in the effect of different
veneering techniques on VITA VM9 biaxial flexural strength fired
on firing cycle 2 and three different YZ core thicknesses.
The null hypothesis that there is no effect of the veneering
technique on the flexural strength was accepted (Table 8).

Fig. 7: Mean values of VITA VM9 biaxial flexural strength for three
different YZ core thicknesses
196
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Effect of veneering technique, YZ core thickness on biaxial
flexural strength of VITA VM9 fired on three different
firing cycles
Effect of three different firing cycles and veneering technique,
YZ core thickness 1.65 mm
Pooling the flexural strength data by veneering technique
shows that there were no significant differences in the effect of
different veneering techniques on VITA VM9 biaxial flexural strength
fired on YZ core thickness 1.65 mm with three different firing cycles.
The null hypothesis that there is no effect of the veneering
technique on the flexural strength was accepted (Table 9).
Effect of veneering technique, three different firing cycles,
and YZ core thickness 3.25 mm
Pooling the flexural strength data by veneering technique
one can see that there were no significant differences in the effect
of different veneering techniques on VITA VM9 biaxial flexural
strength fired on YZ core thickness 3.25 mm using three different
firing cycles.
The null hypothesis that there is no effect of veneering
technique on the flexural strength was accepted (Table 10).
Effect of veneering technique, three different firing cycles
and YZ core thickness 6.50 mm
Pooling the flexural strength data by veneering technique
indicates that there were no significant differences in the effect of
different veneering techniques on VITA VM9 biaxial flexural strength
fired on YZ core thickness 6.50 mm and three different firing cycles.
The null hypothesis that there is no effect of veneering
technique on the flexural strength was accepted (Table 11).

Discussion
Replacement of metal-based restorations is one of the main goals
in dentistry. One of the most promising non-metal-based materials
is Yttria-Tetragonal Zirconia Polycrystal (Y-TZP). Y-TZP has proved
to be an esthetic, very strong, and reliable material. The complex
relationship between the intrinsic mechanical properties of
veneering porcelain and zirconia is very important to understand in
order to have successful bilayered restorations. In addition to that,
the nature of residual stress caused by the coefficient of thermal
expansion (CTE) mismatch and volume of shrinkage after sintering,
externally applied loading stress, nature of the bond, nature of core

Fig. 8: Mean values of VITA VM9 biaxial flexural strength for three
different firing cycles

Effect of Zirconia Core Thickness, Firing Cycle and Veneering Technique
Table 5: Ordered differences report
-Level

Difference

Std err dif

Lower CL

Upper CL

p-value

PR, 3.25mm, Cycle 2

Level

PR, 6.50mm, Cycle 1

43. 42,459

11. 18,292

7.0002

79. 84,898

0.0092*

PR, 6.50mm, Cycle 3

PR, 6.50mm, Cycle 1

41. 18,497

11. 18,292

4.7606

77. 60,937

0.0163*

PR, 6.50mm, Cycle 2

PR, 6.50mm, Cycle 1

40. 68,874

11. 18,292

4.2643

77. 11,313

0.0184*

PR, 1.65mm, Cycle 2

PR, 6.50mm, Cycle 1

36. 74,737

11. 18,292

0.3230

73. 17,177

0.0465*

PR, 1.65mm, Cycle 1

PR, 6.50mm, Cycle 1

32. 93,970

11. 18,292

–3.4847

69. 36,410

0.1048

PR, 1.65mm, Cycle 3

PR, 6.50mm, Cycle 1

28. 43,734

11. 18,292

–7.9871

64. 86,173

0.2397

PR, 3.25mm, Cycle 3

PR, 6.50mm, Cycle 1

27. 54,150

11. 18,292

–8.8829

63. 96,590

0.2771

PR, 3.25mm, Cycle 2

PR, 3.25mm, Cycle 1

24. 22,198

11. 18,292

–12.2024

60. 64,638

0.4442

PR, 6.50mm, Cycle 3

PR, 3.25mm, Cycle 1

21. 98,236

11. 18,292

–14.4420

58. 40,676

0.5740

PR, 6.50mm, Cycle 2

PR, 3.25mm, Cycle 1

21. 48,613

11. 18,292

–14.9383

57. 91,053

0.6032

PR, 3.25mm, Cycle 1

PR, 6.50mm, Cycle 1

19. 20,261

11. 18,292

–17.2218

55. 62,701

0.7331

PR, 1.65mm, Cycle 2

PR, 3.25mm, Cycle 1

17. 54,476

11. 18,292

–18.8796

53. 96,916

0.8160

PR, 3.25mm, Cycle 2

PR, 3.25mm, Cycle 3

15. 88,308

11. 18,292

–20.5413

52. 30,748

0.8840

PR, 3.25mm, Cycle 2

PR, 1.65mm, Cycle 3

14. 98,725

11. 18,292

–21.4371

51. 41,165

0.9134

PR, 1.65mm, Cycle 1

PR, 3.25mm, Cycle 1

13. 73,710

11. 18,292

–22.6873

50. 16,150

0.9457

PR, 6.50mm, Cycle 3

PR, 3.25mm, Cycle 3

13. 64,347

11. 18,292

–22.7809

50. 06,787

0.9477

PR, 6.50mm, Cycle 2

PR, 3.25mm, Cycle 3

13. 14,723

11. 18,292

–23.2772

49. 57,163

0.9576

PR, 6.50mm, Cycle 3

PR, 1.65mm, Cycle 3

12. 74,763

11. 18,292

–23.6768

49. 17,203

0.9645

PR, 6.50mm, Cycle 2

PR, 1.65mm, Cycle 3

12. 25,140

11. 18,292

–24.1730

48. 67,580

0.9720

PR, 3.25mm, Cycle 2

PR, 1.65mm, Cycle 1

10. 48,488

11. 18,292

–25.9395

46. 90,928

0.9894

PR, 1.65mm, Cycle 3

PR, 3.25mm, Cycle 1

9. 23,473

11. 18,292

–27.1897

45. 65,913

0.9954

PR, 1.65mm, Cycle 2

PR, 3.25mm, Cycle 3

9. 20,587

11. 18,292

–27.2185

45. 63,027

0.9955

PR, 3.25mm, Cycle 3

PR, 3.25mm, Cycle 1

8. 33,890

11. 18,292

–28.0855

44. 76,329

0.9977

PR, 1.65mm, Cycle 2

PR, 1.65mm, Cycle 3

8. 31,003

11. 18,292

–28.1144

44. 73,443

0.9978

PR, 6.50mm, Cycle 3

PR, 1.65mm, Cycle 1

8. 24,527

11. 18,292

–28.1791

44. 66,966

0.9979

PR, 6.50mm, Cycle 2

PR, 1.65mm, Cycle 1

7. 74,903

11. 18,292

–28.6754

44. 17,343

0.9987

PR, 3.25mm, Cycle 2

PR, 1.65mm, Cycle 2

6. 67,722

11. 18,292

–29.7472

43. 10,162

0.9995

PR, 1.65mm, Cycle 1

PR, 3.25mm, Cycle 3

5. 39,820

11. 18,292

–31.0262

41. 82,260

0.9999

PR, 1.65mm, Cycle 1

PR, 1.65mm, Cycle 3

4. 50,237

11. 18,292

–31.9220

40. 92,677

1.0000

PR, 6.50mm, Cycle 3

PR, 1.65mm, Cycle 2

4. 43,760

11. 18,292

–31.9868

40. 86,200

1.0000

PR, 6.50mm, Cycle 2

PR, 1.65mm, Cycle 2

3. 94,137

11. 18,292

–32.4830

40. 36,577

1.0000

PR, 1.65mm, Cycle 2

PR, 1.65mm, Cycle 1

3. 80,766

11. 18,292

–32.6167

40. 23,206

1.0000

PR, 3.25mm, Cycle 2

PR, 6.50mm, Cycle 2

2. 73,585

11. 18,292

–33.6885

39. 16,025

1.0000

PR, 3.25mm, Cycle 2

PR, 6.50mm, Cycle 3

2. 23,962

11. 18,292

–34.1848

38. 66,402

1.0000

PR, 1.65mm, Cycle 3

PR, 3.25mm, Cycle 3

0. 89,583

11. 18,292

–35.5286

37. 32,023

1.0000

PR, 6.50mm, Cycle 3

PR, 6.50mm, Cycle 2

0. 49,623

11. 18,292

–35.9282

36. 92,063

1.0000

Table 6: Ordered differences report
Level
PR

-Level

Difference

Std err dif

Lower CL

Upper CL

p-value

HL

15. 59,957

8. 595,928

–1. 86,959

33. 06,873

0.0784

Table 7: Ordered differences report
Level

-Level

Difference

Std err dif

Lower CL

Upper CL

p-value

PR

HL

7. 564,971

7. 363,238

–7. 39,904

22. 52,898

0.3115

Table 8: Ordered differences report
Level
HL

-Level

Difference

Std err dif

Lower CL

Upper CL

p-value

PR

1. 604,013

6. 498,272

–11.6022

14. 81,019

0.8065
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surface treatment, and the presence and distribution of structural
flow are factors that may affect the survival rate of porcelain
veneered zirconia restorations.19
In the present study, three different thicknesses of In-Ceram YZ
(1.65, 3.25, and 6.50 mm) were used with 2 mm of porcelain veneer
fabricated using two different techniques, Pressed (PR) and Hand
Layered (HL) and three different firing cycles.
In pooling all (HL) and (PR) flexural strength values, for VITA
VM9 porcelain, highest value of flexural strength resulted by
using 1.65 mm YZ core thickness (146.10 ± 23.08 MPa) while the
lowest flexural strength was obtained using 6.50 mm YZ core
thickness (140.91 ± 27.501 MPa), although the difference was not
statistically significant (Table 12).
The purpose of this study was to evaluate the effect of different
YZ core thicknesses on the mechanical properties of the veneering
porcelain. The null hypothesis, that there is no difference in
flexural strength of veneer porcelain with different zirconia core
thicknesses, was accepted, since the results indicated that the mean
flexural strength of the different groups (different core thicknesses)
were not statistically different.
In the present study, three different firing cycles for the veneer
material, recommended temperature “firing Cycle 1” and two
cycles with a holding time above the recommended time with
increments of 1 minute, “firing Cycle 2 and firing Cycle 3,” were
used with heating rates below the recommended rate (20°C/Min
for VITA VM9) in each group.
In pooling all (HL) and (PR) flexural strength values, for VITA
VM9 porcelain, the highest flexural strength resulted by using Cycle
2 (Heat Rate 20 °C/ Min, Hold Time 2 Minutes) (154.34 ± 22.11 MPa),
while the lowest flexural strength was measured using Cycle 1 (Heat
Rate 55 °C/ Min, Hold Time 1 Minute) (127.42 ± 26.62 MPa), and they
were statistically significant (Table 13).
The second purpose of this study was to evaluate the effect of
firing cycle on the mechanical properties of the veneering porcelain.
The null hypothesis, that there is no difference in flexural strength
of veneer porcelain with different firing cycles, was rejected, as the

results indicated that the mean flexural strength of the different
groups (firing cycles) of veneer material were statistically different.
The role of framework thickness in the development of unstable
cracks is controversial.20 Lawn et al. concluded in an in vitro study
that critical load required for radial fracture is strongly dependent
on total thickness of crown (quadratically) as compared to the
relative thickness of veneer/core.21
Swain reported that for materials with poor thermal diffusivity,
such as porcelain and Y-PSZ, the stress development is influenced
by the total thickness of the restoration. Any change in the ratio
within the restoration does not influence the development of tensile
stresses.22 Low thermal diffusivity such as Y-PSZ veneered by a thick
layer of porcelain may generate high tensile stresses within the
porcelain layer which in turn causes unstable cracking or chipping.
According to a few other clinical studies, an increase in the
thickness of Y-PSZ and a decrease in the thickness of the porcelain
layer can reduce the chipping of the porcelain layer.16-18 Proos
et al. examined the influence of ceramic coping thickness on the
maximum stresses that arise in a first premolar all-ceramic crown.
The conclusion of this study was; the thickness of the ceramic core
has a significant influence on the resulting stresses in the coping,
porcelain, and dentin of this axially loaded crown.23
Various researchers recommended the slow cooling and slow
heating regimens when firing porcelain to zirconia. Tan JP et al.
performed a study to measure the influence of the slow heating rate
and cooling regimens on the strength of porcelain fused to zirconia.
The results revealed that slow cooling regimens and heating rates
had statistically significant effects on failure load.24
Paulaa VG et al. observed improved fatigue life in tandem with
the absence of porcelain fractures in slow cooled crowns, regardless
of framework design. Crowns fast cooled chieﬂy failed by porcelain
cohesive fractures.25
In the literature some studies found a significant impact from
the thickness of the YZ core and a slow heating rate firing cycle on
the flexural strength of the porcelain It was correlated with CTE
mismatch between the core and veneer materials. In this study

Table 9: Ordered differences report
Level
PR

-Level

Difference

Std err dif

Lower CL

Upper CL

p-value

HL

8. 887,703

7. 655,958

–6. 67,119

24. 44,660

0.2538

Table 10: Ordered differences report
Level
PR

-Level

Difference

Std err dif

Lower CL

Upper CL

p-value

HL

4. 227,174

8. 944,400

–13.9502

22. 40,452

0.6395

Table 11: Ordered differences report
Level
PR

-Level

Difference

Std err dif

Lower CL

Upper CL

p-value

HL

8. 445,647

9. 187,437

–10.2256

27. 11,691

0.3644

Table 12: Flexural strength mean and standard deviation values pooled
by YZ core thickness

Table 13: Flexural strength mean and standard deviation values pooled
by firing cycle

VITA VM9
Flexural strength
(MPa)
YZ Core Thickness (mm)
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1.65mm
3.25mm

146.10 ± 23.08
145.78 ± 26.53

6.50mm

140.91 ± 27.501
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VITA VM9
Flexural strength
(MPa)
Firing Cycle

Cycle 1
Cycle 2

127.42 ± 26.62
154.34 ± 22.11

Cycle 3

151.03 ± 19.23
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Table 14: Flexural strength mean and standard deviation values pooled
by veneer technique
Vita VM9
(MPa)
Veneer Technique

HL

140.67 ± 28.52

PR

147.86 ± 22.10

the factor of CTE mismatch was eliminated by putting separating
medium between the core material. There was no mismatch
between CTE of two different materials during the heating
and cooling regimen. Also, in this study the specimen surface
temperatures were measured using an external thermocouple on
the surface of the specimen. These readings were compare with
the furnace programmed firing cycle. Using the manufacturer’s
recommended firing cycle, firing Cycle 1, (faster heating rate,
shorter holding time) there were noticeable differences in the
surface temperature of the specimens of different YZ core thickness,
the thinnest specimen (YZ core thickness 1.65 mm) achieved the
highest surface temperature at the firing cycle peak, and reached
the optimum temperature at the beginning of the holding cycle,
while the thickest specimen (YZ core thickness 6.50 mm) reached
the lowest temperature at the firing cycle peak, and reached
the optimum temperature at the end of the holding time. Using
modified firing Cycle 2 and 3 (slower heating rate, longer holding
time), the differences between all different specimens’ surface
temperatures were not noticeable, all specimens, regardless of
YZ core thickness, reached optimum firing temperature at the
beginning of the holding cycle.
Due to the poor thermal conductivity of Y-TZP, the relationship
between the thickness of Y-TZP and the thermal conductivity is
reversed. In firing Cycle 1 (faster heating rate, short holding time) the
porcelain discs fired on different YZ core thicknesses did not receive
homogenous heat, the discs fired on thinner YZ core (1.65 mm)
received more heat, whereas the discs fired on thicker YZ core (3.25,
6.50 mm) received less heat. Using firing Cycle 2 and 3 (slower heating
rate, longer holding time) the porcelain discs fired on different YZ
core thicknesses received homogenous heat, which had an impact
on the shrinkage, density and microstructure of the porcelain discs
and ultimately had an impact on the flexural strength.
In pooling all the values of (HL) VITA VM9 the result was (142.66 ±
25.87) MPa which was lower than the (PR) VITA VM9 (145.87 ± 25.56),
but not by a statistically significant amount (Table 14).
The third purpose of this study was to evaluate the effect of the
veneering technique on the mechanical properties of the veneering
porcelain. The null hypothesis, that there is no difference in flexural
strength of veneer porcelain using veneering techniques, was
accepted, as the results indicated that the mean flexural strength
of the different groups (veneering technique) of veneer material
was not significantly different.
The press-over technique can be expected to introduce fewer
flaws than the layering technique, resulting in superior physical
properties. Also, it is more controlled and less technique sensitive
than the layering technique.26,27 In this study, the flexural strength
values of Pressed (PR) porcelain were higher than the values of
the Hand Layered (HL) porcelain. However, the difference was not
statistically significant.
In Oh JW’s study, the fracture strength of veneering porcelain
was highly affected by the veneering technique. The heat-pressed
veneering technique gave a higher fracture strength value than the
conventional bilayered veneering technique.28 This may be due to

the lesser thickness of veneering porcelain and the difference in the
pressing technique used by the researcher. Many workers like Turk AG
et al. also found that the fracture strength of a restoration with a metal
or a zirconia framework was independent of the veneering techniques.
Pressing and layering techniques did not affect the fracture loads
when they were used on the same framework material.29
The present study used only one veneering porcelain (VITA
VM9) to study the effect of different veneering techniques, core
thicknesses, and firing cycles on the biaxial flexural strength of
veneering porcelain. Further studies need to be conducted with
other veneering materials to make the results more clinically relevant.

C o n c lu s i o n
Within the limitations of this study, the following conclusions were
drawn.
The effect of different YZ core thicknesses and veneering
techniques on the biaxial flexural strength of VITA VM9 veneering
porcelain was not statistically significant. Different firing cycles
had a statistically significant effect on the biaxial flexural strength
of VITA VM9. Cycle 1 resulted in the lowest biaxial flexural strength
values of VITA VM9 whereas cycle 2 resulted in the highest values.

Clinical Significance
The use of an appropriate firing cycle can help to enhance the biaxial
flexural strength of porcelain veneer in zirconia-based restorations.
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