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ABSTRACT  

Aim of the study Multilayer monolithic zirconia, which includes polychromatic layers that reflect natural tooth 

color gradients, gives an enhanced properties and advanced fabrication efficiency. Controversy, still present 

regarding the fracture resistance and marginal adaptation of multilayer monolithic zirconia restorations after 

application of variable sintering protocols. Thus, the aim of this study was to evaluate and compare the effect of 

sintering protocol on marginal adaptation and fracture resistance of zirconium oxide based three units FPDs. 

Materials and methods A total of 24 three-unit monolithic zirconia FDPs, with one premolar pontic and two 

retainers, were fabricated. The FDPs were divided into two groups (n=12) according to the material used for 

construction of FPDs Group I: White peak Copra supreme hyperion monolithic zirconia, Group II: White peak 

Copra supreme Symphony monolithic zirconia. Then each group was further divided into two equal subgroups 

according to the sintering protocol. Sub group 1: Regular (Normal) sintering protocol, sub group 2: Speed sintering 

protocol. The master cast was scanned with a laboratory scanner, the scanned data was used to design monolithic 

FDPs based on manufacturer instructions. The received CAD data were milled for each group of material. FPDs 

were sintered according to the manufacturers’ instructions. Vertical margin gap distance was measured using a 

stereomicroscope before cementation as control. The FPDs were cemented using self-adhesive resin cement (Rely 

X Unicem), and then samples were subjected to thermocycling and cyclic fatigue loading. The vertical marginal 

gap distance for all samples was subsequently re-measured. Fracture resistance test was done using universal 

testing machine. The fracture load was recorded in Newton. Data was collected, tabulated and statistically 

analyzed. Repeated measures ANOVA test was used to study the effect of variables and their interactions on mean 

marginal gap distance. Two-way ANOVA test was used to study the effect of variables and their interactions on 

mean fracture resistance. The significance level was set at P ≤ 0.05. Results In all tested groups and subgroups, 

regular sintering showed statistically significantly lower mean gap distance than speed sintering, while there was 

a statistically significant increase in mean gap distance after cementation, ceramic material regardless the sintering 

protocol had no statistically significant effect on mean fracture resistance (P-value = 0.821). Sintering regardless 

of ceramic type had a statistically significant effect on mean fracture resistance (P-value = 0.002). Conclusions 

The sintering protocol is shown to affect both the marginal adaptation and fracture resistance of multi-layered 

zirconia FPDs.  

 

Key words: Speed sintering, Regular sintering, Monolithic zirconia, Marginal gap, 

CAD/CAM, Fracture resistance. 

 

INTRODUCTION 

Zirconia (ZrO2) is a strong, versatile and 

durable ceramic material that has gained 

extensive acceptance in different dental 

treatments [1-4] due to its unique properties, 

including high flexural strength, fracture 

toughness, as well as dimensional stability [5]. 

These properties are of greatest importance for 

the application of ZrO2-based materials in 

dentistry. 

Since the nineties, yttria-stabilized 

tetragonal zirconia polycrystal (Y-TZP) has 
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been extensively used in dentistry, due to its 

strength and toughness properties, rendering it 

an ideal substitute for metal in metal-ceramic 

restorations [1, 2]. 

Zirconia is a metastable polycrystalline 

ceramic structure composed of monoclinic, 

tetragonal, and cubic phases, with the phase 

transitions occurring at different temperatures. 

One of these phases, the tetragonal phase, 

which shows the highest mechanical 

properties such as strength, is held at room 

temperature with the addition of oxide 

stabilizers, especially 3Y [1-3]. 

New multilayered translucent zirconia 

materials have recently appeared in the dental 

field and progressed for full-contoured 

(monolithic) restorations [6-9]. The name 

“multilayer” has been applied for many 

zirconia products, which are relatively 

different in terms of color additives and 

chemical composition. Manufacturers 

improved multilayered zirconia materials with 

a gradient shade technology, as the 

multilayered zirconia disc has different color 

additives in each layer to direct and control the 

translucency of the constituent layers, 

imitating the natural tooth appearance [8, 9]. 

These multilayered zirconia materials can be 

used for both posterior and anterior 

restorations [10].  

Multilayered materials have the same 

chemical configuration, in terms of yttria 

contents, for constituent layers with almost 

equivalent mechanical properties by layer [10, 

11].  Although, balancing mechanical and 

optical properties using a gradient shade 

technology in those multilayered zirconia 

materials might be considered a difficult and 

demanding procedure. Selecting monolithic 

fully contoured fabrication approach gives the 

advantage of reducing the possibility of 

chipping accompanied with the bilayered 

zirconia design [12]. Furthermore, the 

conservative preparation guidelines associated 

with monolithic zirconia have been presented 

to preserve hard tooth structures as well as 

pulpal integrity. Moreover, monolithic 

zirconia has been recommended to permit for 

the reuse of vertical margin design during 

preparation for these restorations [13].  

One of the benefits of using Y-TZP as the 

material of choice for dental applications is 

well-matching with computer-aided design 

(CAD) and computer-aided manufacturing 

(CAM) technology and becomes the material 

of choice for the fabrication of high-quality  

all-ceramic dental restorations [14–16] The 

integration between CAD/CAM technologies 

and digital era have simplified and accelerated 

the advancement of fabrication of dental 

prostheses, making them more accurate and 

reproducible. [17]. Zirconia offers many 

advantages such as the ability to mimic tooth 

shades although of its opacity, superior 

mechanical properties, radiopacity, reduced 

susceptibility to corrosion, dimensional 

stability, and an elastic modulus comparable to 

that of metal restorations [18]. 

During the fabrication of different dental 

prosthesis from zirconia-based materials, they 

are sintered in a dental furnace at high 

temperatures. Sintering process can 

significantly affect the micro-structure and 

properties of zirconia. In the process of 

sintering, heat is transferred from the surface 

to the core to obtain a matured sintered 

zirconia restoration [19]. Sintering 

temperature is an important aspect influencing 

the size and density of zirconia particles, 

which directly control on the degree of 

porosities and the rate of particles growth. The 

sintering temperature can also affect the 

strength and resistance of zirconia. In the 

process of sintering, zirconia goes through 

considerable shrinkage. By adjusting the 

sintering protocol through placing the 

restorations into the furnace at room 

temperature and regulating respectively the 



Romanian Journal of Oral Rehabilitation 

Vol. 17, No.2 April-June 2025 

 

589 
DOI : 10.62610/RJOR.2025.2.17.53 

heating rate, holding temperature, holding 

time, as well as the cooling rate based on the 

manufactures instructions. Therefore, 

variations in sintering parameters of zirconia 

can directly affect its properties [20, 21]. 

Poor marginal adaptation of FDPs can 

enhance plaque retention and change the 

distribution of the microflora, which might 

lead to the occurrence of microleakage, 

secondary caries, root canal infection, and can 

encourage the onset of periodontal diseases 

[22]. For most researchers, a marginal fit of 

below 120 μm in in vivo studies is clinically 

acceptable [22, 23]. However, there is no clear 

agreement regarding the appropriate marginal 

adaptation of FDPs on advanced dentistry. So, 

clinicians should attempt for the best FDPs 

marginal fit as possible to decrease threatening 

potential complications. 

The mechanical properties of brittle 

ceramic materials play a crucial role in 

preventing crack propagation and ensuring the 

durability of restorations. These ceramics are 

more prone to cracking under tensile stress 

[11]. The mechanical properties that have an 

important role and characterize the long term 

function in all ceramic restorations are flexural 

strength and fracture toughness [24]. 

Preventing chipping is one of the factors 

toward using monolithic complete contour 

zirconia restorations. Monolithic zirconia 

materials with higher translucency have 

reduced mechanical properties [25]. 

Marginal gap distance and fracture 

resistance are important characteristics that 

can contribute to clinical performance of all 

ceramic restorations. Thus this study seeks to 

evaluate and compare the effect of sintering 

protocol and thermocycling on marginal 

adaptation and fracture resistance for 

zirconium oxide based three units’ fixed 

partial dentures. The null hypothesis is stated 

that the sintering protocol has no influence on 

the vertical marginal gap or the fracture 

resistance of zirconia based fixed partial 

dentures. 

 

MATHERIALS AND METHODS 

Sample size calculation: 

This power analysis used marginal gap 

distance as the primary outcome. Based upon 

the results of a pilot study conducted using 

three specimens per subgroup, the effect size 

for repeated measures ANOVA test (Partial 

Eta squared) was 0.053 and the correlation 

among repeated measures was 0.7. Using 

alpha (α) level of (5%) and Power = 80%, the 

minimum estimated sample size was a total of 

24 specimens (Six samples per subgroup). 

Sample size calculation was performed using 

G*Power Version 3.1.9.2. 

  

Samples preparation  

A total of 24 three-unit monolithic zirconia 

FDPs, with one premolars pontic and two 

retainers, were fabricated. The FDPs were 

divided into two groups (n=12; Fig.2) 

according to the material used for construction 

of FPDs Group I: White peak Copra supreme 

hyperion monolithic zirconia (Whitepeaks 

Dental Solutions GmbH, Germany), Group II: 

White peak Copra supreme Symphony 

monolithic zirconia (Whitepeaks Dental 

Solutions GmbH, Germany).  

 Two abutment teeth, the canine and the 

second premolar, were prepared in a plastic 

model of the upper jaw (Kavo YZ, Kavo 

Dental, Biberach, Germany) to receive a three 

unit monolithic FDP with one premolar pontic. 

The abutment tooth preparations were 

designed to allow for an all-ceramic 

restoration with a 120° chamfer finish line and 

15° convergence angle. A sectional-arch 

impression (President, Coltene, Altstätten, 

Switzerland) was taken, boxed and poured 

using a die stone (Vel-Mix, Kerr, Orange, CA, 

USA) and a master cast was created. The 

master cast was then scanned with a laboratory 
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scanner (D900L, 3Shape, Copenhagen, 

Denmark). The scanning data was uploaded to 

a computer that had CAD software installed 

(Exocad , Darmstadt, Germany). The software 

was used to design monolithic FDPs with the 

following design parameters based on the 

instructions of the manufacturer: the connector 

dimensions were set to 3×3 mm, the minimum 

wall thicknesses were set to 1 mm, and the 

cement gap was set at 45 µm. In all groups, the 

gingival and occlusal radii of the embrasures 

in the connector areas were set to default CAD 

software settings (Fig.1). twenty four sectional 

impression (President, Coltene, Altstätten, 

Switzerland) were taken for the prepared 

abutments, boxed and poured into epoxy resin 

(Polypoxy700, polymer, chemical industries 

for construction Co., CIC, Egypt) as it 

simulates the modulus of elasticity of dentin, 

facilitate marginal gap distance measurements 

before and after cementation as well as 

fracture resistance testing procedures. 

                     
Figure 1. Scanning and designing of the 

3 units FPDs.                                  

Sample grouping 

The FDPs were divided into two equal 

groups (n=12; Fig.2) according to the material 

used for construction of fixed partial dentures. 

Group I: White peak Copra supreme hyperion 

monolithic zirconia (WPH), Group II: White 

peak Copra supreme Symphony monolithic 

zirconia (WPS). Then each group was further 

divided into two equal subgroups according to 

the sintering protocol. Sub group 1: Regular 

(Normal) sintering protocol, sub group 2: 

Speed sintering protocol. 

 

FPDs fabrication                          

The milling unit (InLab MC X5, Dentsply 

Sirona, Charlotte, NC, USA) received the 

CAD data to produce 12 monolithic FDPs 

made of multilayered zirconia material (White 

peak Copra supreme hyperion monolithic 

zirconia (WPH)) and 12 monolithic FDPs 

made of multilayered zirconia material (White 

peak Copra supreme symphony monolithic 

zirconia (WPS). The multilayered disc for 

white peak material composed of five layers, 

with a total thickness of 16 mm (Enamel 1, 

Enamel 2, Dentin 1,  Dentin2 and Margin). For 

group 1(WPH): The first enamel layer 

represented 16.66% of the total thickness of 

the disc, the second enamel layer represented 

16.66%, and the first dentin layer represented 

16.66%,the second dentin layer represents 

25% and the margin layer represents 25%. For 

group 2 (WPS): each of the five layers 

represents 20% of the total thickness of the 

disc. 

 

Sintering protocols 

Fixed partial dentures were sintered 

according to the manufacturers’ instructions 

(Table 1) in calibrated sintering furnace 

(Programat S1 1600, Ivoclar Vivadent-

Technical). Each group will be subdivided into 

two equal subgroups according to sintering 

protocol .Sub group 1: Regular (Normal) 

sintering protocol, sub group 2: Speed 

sintering protocol. 

For subgroup 1; the samples was sintered at 

a heating rate of 10 ◦C/min up to 950 ◦C and 

subsequent heating at 6◦C/min up to 1500 ◦C, 

followed by a dwell temperature and sintering 

time of 1500 ◦C for 90 min, and a cooling rate 

of 10 ◦C/min from 1500 ◦C to 900 ◦C and 8.3 

◦C/min from 900 ◦C to room temperature. For 

subgroup 2; the samples was sintered at a 

heating rate of 50 ◦C/min up to 1100 ◦C and 
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subsequent heating at 20◦C/min up to 1500 ◦C, 

followed by a dwell temperature and sintering 

time of 1500 ◦C for 30 min., and a cooling rate 

of 10 ◦C/min from 1500 ◦C to 900 ◦C and 8.3 

◦C/min from 900 ◦C to room temperature. 

 

  

 

Figure 2. Diagram representing samples 

grouping. 

 

 

 

 

 

 Table 1.The sintering protocols used in the 

study. 

 Regular(Normal) 

Program 

Speed 

Program 

Heating rate 10° per minute to 

950°C 

50°C per 

minute to 

1100°C 

Holding 

time 

None None 

Heating rate 6°C per minute to 

1500°C 

20°C per 

minute to 

1500°C 

Holding 

time 

at final 

temperature 90 

minutes 

at final 

temperature 

30 minutes 

Final 

temperature 

1500°C 1500°C 

Cooling unregulated in the 

closed furnace 

unregulated 

in the closed 

furnace 

 

Testing procedures  

Vertical marginal gap distance 

measurements  

Vertical margin gap distance for all 

retainers was measured using an image 

analysis system. This method uses image 

analysis software (Image J-1b, USA) in 

combination with a stereomicroscope 

(Olympus, SZ-PT: Japan) [26]. For all 

samples, four points were marked with an 

indelible marking pen in the middle of the 

buccal, lingual, mesial and distal surfaces of 

each retainer (canine & premolar). For each 

retainer, the area of interest was captured by 

CCD digital camera (DP-10 Olympus, Japan) 

mounted on the stereomicroscope. The vertical 

margin gap distance between the cervical 

margin of the crowns and the finish line was 

assessed at the previously marked points for 

each retainer on their corresponding dies 

before cementation as control. These readings 

were calculated using the image analysis 

software. Then FPDs were cemented using 

self-adhesive Rely X Unicem (3M, ESPE) 

resin cement following the manufacturer’s 

instructions. A static load of 3Kg (finger 

pressure) was applied on the occlusal surface 

of the cemented crowns using a specially 

designed loading device. The excess cement 

was removed, and light curing was done for 20 

seconds for each surface using light curing unit 

(Mini LED, 1250 mw/cm2, Satelec, Acteon). 

The load was applied for 10 minutes.  

 

Cyclic fatigue loading  

Mechanical aging was performed using 

programmable equipment; the newly 

developed four stations multimodal ROBOTA 

White peak Copra 
supreme hyperion 

monolithic zirconia 
FPDs n=12

Regular Sintering 
protocol  n=6

Speed Sintering 
protocol  n=6

White peak Copra 
supreme symphony 
monolithic zirconia 

FPDs n=12

Regular Sintering 
protocol n=6

Speed Sintering 
protocol n=6
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chewing simulator integrated with thermo-

cyclic protocol (Model ACH-09075DC-T, 

GERMANY). The specimens were embedded 

in Teflon housing in the lower sample holder. 

A weight of 10 kg, which is comparable to 100 

N of chewing force, was exerted. The test was 

repeated 60000 times to clinically simulate 6 

months chewing condition, according to 

previous study [27]. Then, vertical marginal 

gap distance for all samples were subsequently 

re-measured after cyclic fatigue loading 

testing using the same method described 

previously. 

 

Fracture resistance testing  

All samples were individually mounted on 

a computer-controlled material testing 

machine (Model 3345; Instron Industrial 

Products, Norwood, MA, USA) with 5 kN 

loadcell and data were documented using 

computer software (Instron® Bluehill Lite 

Software). Samples were secured to the lower 

fixed compartment of testing machine by 

tightening screws (Fig. 3). Fracture test was 

done by compressive mode of load applied 

occlusally using a metallic rod with spherical 

tip (5.8 mm diameter) attached to the upper 

movable compartment of testing machine 

traveling at cross-head speed of 1mm/min with 

tin foil sheet in-between to achieve 

homogenous stress distribution and 

minimization of the transmission of local force 

peaks( Fig. 3). The load required to fracture 

was recorded in Newton (N).All testing 

procedures sequence were illustrated in 

(Fig.4). 

 

 

Figure 3. The fracture resistance testing  

for the samples 

  Figure 4. Diagram illustration for the 

sequence of testing procedures 

 

 Data analysis 

Numerical data were explored for 

normality by checking the distribution of data 

and using tests of normality (Kolmogorov-

Smirnov and Shapiro-Wilk tests). All data 

showed normal (parametric) distribution. Data 

were presented as mean and standard deviation 

(SD) values. Repeated measures ANOVA test 

was used to study the effect of ceramic type, 

sintering, cementation, tooth, surface and their 

interactions on mean marginal gap distance. 

Two-way ANOVA test was used to study the 

effect of ceramic type, sintering and their 

interactions on mean fracture resistance. 

Bonferroni’s post-hoc test was used for pair-

wise comparisons when ANOVA test is 

significant. The significance level was set at P 

≤ 0.05. Statistical analysis was performed with 

IBM SPSS Statistics for Windows, Version 

23.0. Armonk, NY: IBM Corp. 

  

RESULTS  

 

Marginal gap distance (µm) 

Repeated measures ANOVA results 

The results showed that ceramic type 

regardless of other variables had no 

statistically significant effect on mean 

Vertical marginal gap distance 
measurments before cementation for 
all FPDS (control)

- Cementation for all FPDs -
Thermocycling

-Cyclic Fatigue loading

- Re measurements for vertical 
marginal gap distance for allamples

-Load to failure (fracture resistance)
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marginal gap distance. While sintering 

regardless of other variables had a statistically 

significant effect on mean marginal gap 

distance. The interaction between variables 

had no statistically significant effect on mean 

marginal gap distance. Since the interaction 

between the variables is non-statistically 

significant, the variables are independent from 

each other. (Table2). 

 Comparing both ceramic materials used 

regarding the marginal gap distance, there was 

no statistically significant difference for both 

tested groups (WPH&WPS) regardless the 

sintering protocol used for both before and 

after cementations measurements at all 

surfaces (mesial, distal, buccal &palatal). 

 Comparison between surfaces regarding the 

marginal gap distance for the anterior retainer 

(Canine), for hyperion and regular sintering 

protocol before cementation, there was a 

statistically significant difference between 

surfaces. Pair-wise comparisons revealed that 

distal surface showed the statistically 

significant highest marginal gap distance.  

There was no statistically significant 

difference between buccal and palatal 

surfaces; both showed statistically 

significantly lower mean value. Mesial surface 

showed the statistically significantly lowest 

mean gap distance. 

  After cementation, there was a statistically 

significant difference between surfaces. Pair-

wise comparisons revealed that distal surface 

showed the statistically significantly highest 

gap distance. There was no statistically 

significant difference between mesial, buccal 

and palatal surfaces; all showed statistically 

significant lower mean values, whereas with 

hyperion and speed sintering protocol whether 

before or after cementation, there was a 

statistically significant difference between 

surfaces. Pair-wise comparisons revealed that 

distal surface showed the statistically 

significantly highest gap distance. There was 

no statistically significant difference between 

mesial, buccal and palatal surfaces; all showed 

statistically significantly lower mean values. 

(Table 3) 

With Symphony and regular sintering 

protocol before cementation, there was a 

statistically significant difference between 

surfaces. Pair-wise comparisons revealed that 

distal surface showed the statistically 

significantly highest gap distance. Buccal 

surface showed statistically significantly 

lower mean value. There was no statistically 

significant difference between mesial and 

palatal surfaces; both showed statistically 

significantly lower mean values.  

For white peak symphony after speed 

sintering protocol before cementation, there 

was a statistically significant difference 

between surfaces. Pair-wise comparisons 

revealed that distal surface showed the 

statistically significantly highest gap distance. 

There was no statistically significant 

difference between mesial, buccal and palatal 

surfaces; all showed statistically significantly 

lower mean values. White peak symphony 

ceramic material for both sintering protocol 

after cementation, showed that there was a 

statistically significant difference between 

surfaces. Pair-wise comparisons revealed that 

distal surface showed the statistically 

significantly highest gap distance. There was 

no statistically significant difference between 

buccal and mesial surfaces; both showed 

statistically significantly lower mean values. 

Palatal surface showed the statistically 

significantly lowest mean gap distance. (Table 

3). 

For the posterior retainer (premolar), 

Hyperion and regular sintering before 

cementation, there was a statistically 

significant difference between surfaces. Pair-

wise comparisons revealed that mesial surface 

showed the statistically significantly highest 

gap distance. There was no statistically 
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significant difference between distal, buccal 

and palatal surfaces; all showed statistically 

significantly lower mean values. After 

cementation, there was a statistically 

significant difference between surfaces. Pair-

wise comparisons revealed that mesial surface 

showed the statistically significantly highest 

gap distance. There was no statistically 

significant difference between distal and 

buccal surfaces; both showed statistically 

significantly lower mean values. Palatal 

surface showed the statistically significantly 

lowest mean gap distance. (Table 3). 

Regarding hyperion ceramic material and 

speed sintering whether before or after 

cementation, there was a statistically 

significant difference between surfaces. Pair-

wise comparisons revealed that mesial surface 

showed the statistically significantly highest 

gap distance. There was no statistically 

significant difference between distal, buccal 

and palatal surfaces; all showed statistically 

significantly lower mean values. For 

Symphony ceramic material and regular 

sintering protocol for both before or after 

cementation, there was no statistically 

significant difference between surfaces.  

With Symphony and speed sintering before 

cementation, there was no statistically 

significant difference between surfaces. After 

cementation, there was a statistically 

significant difference between surfaces. Pair-

wise comparisons revealed that mesial surface 

showed the statistically significantly highest 

gap distance. There was no statistically 

significant difference between distal, buccal 

and palatal surfaces; all showed statistically 

significantly lower mean values. (Table 4). 

In all tested groups and subgroups, regular 

sintering showed statistically significantly 

lower mean gap distance than speed sintering, 

while there was a statistically significant 

increase in mean gap distance after 

cementation for all tested groups and 

subgroups. Canine retainers showed 

statistically significantly lower mean gap 

distance than premolar retainers except at the 

distal surface of hyperion before cementation 

where there was no statistically significant 

difference between canine and premolar 

retainers for marginal gap distance 

measurements.(Table 4). 

 

Fracture resistance (Newton) 

- Two-way ANOVA results showed that 

ceramic material regardless the sintering 

protocol had no statistically significant effect 

on mean fracture resistance (P-value = 0.821). 

Sintering regardless of ceramic type had a 

statistically significant effect on mean fracture 

resistance (P-value = 0.002). (Table 5) The 

interaction between variables had no 

statistically significant effect on mean fracture 

resistance. Since the interaction between the 

variables is non-statistically significant, the 

variables are independent from each other. 

With both sintering protocols, there was no 

statistically significant difference between 

both tested ceramic materials (WPH&WPS). 

Whereas with hyperion or symphony ceramic 

material, regular sintering showed a 

statistically significant lower mean fracture 

resistance than speed sintering. (Table 5).

 

Table 2.Repeated measures ANOVA results for the effect of different variables on mean marginal 

gap distance (µm) 

 

Source of variation 

Type III Sum of 

Squares df 

Mean 

Square F-value P-value 

Effect size (Partial 

eta squared) 

Ceramic type 129.5 1 129.5 0.894 0.356 0.043 

Sintering 2526.6 1 2526.6 17.449 <0.001* 0.466 
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Cementation 18550.9 1 18550.9 418.841 <0.001* 0.954 

Tooth (Canine or Premolar) 37703.2 1 37703.2 188.091 <0.001* 0.904 

Surface 2546.2 3 848.7 11.015 <0.001* 0.355 

Ceramic type x Sintering x 

Cementation x Tooth x Surface 

interaction  

12.3 3 4.1 0.284 0.837 0.014 

       

      df: degrees of freedom = (n-1), *: Significant at P ≤ 0.05 

 

Table3.The mean, standard deviation (SD) values and results of repeated measures ANOVA 

test for comparison between marginal gap distance (µm) of the two ceramic types and comparison 

between surfaces within each group 
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*: Significant at P ≤ 0.05, Different superscripts in the same column indicate statistically 

significant difference between surfaces 

 

Table 4.P-values for comparisons between sintering types, values before and after cementation 

as well as premolar and molar 

 

Sintering Cementation Tooth Surface 
Hyperion Symphony 

P-value  
Mean SD Mean SD 

Regular 

Before 

cementation 

Canine 

Mesial 39.2 C 4.8 40.5 C 3.7 0.738 

Distal 54.7 A 4.4 52.5 A  5.6 0.465 

Buccal 44 B 4.1 45.2 B 5 0.690 

Palatal 42 B 6.8 39.5 C 7.1 0.545 

Overall 45  3.8 44.4  4.2 0.815 

P-value <0.001* <0.001*  

Premolar 

Mesial 73 A 6 68.7  4.2 0.341 

Distal 59.3 B 6.8 61.5  5 0.679 

Buccal 59.8 B 10 59.5  6.5 0.954 

Palatal 57.8 B 7.5 58.8  2.5 0.868 

Overall 62.5  5.8 62.1  3 0.906 

P-value 0.001* 0.068  

After 

cementation 

Canine 

Mesial 51.3 B 5.6 55.8 B 8 0.302 

Distal 63.2 A 5.1 63.8 A 6.8 0.845 

Buccal 53.5 B 6.3 57.5 B 5.7 0.322 

Palatal 51.3 B 7.2 47.7 C 7 0.408 

Overall 54.8  3.1 56.2 5.3 0.523 

P-value 0.001* 0.002*  

Premolar 

Mesial 84.7 A 6.3 84 5.4 0.882 

Distal 72.3 B 10.5 73.3 9.6 0.869 

Buccal 73.8 B 9.1 76.8 5.8 0.483 

Palatal 68.7 C 9 76.3 7.7 0.129 

Overall 74.9 5.5 77.6 4.3 0.095 

P-value 0.002* 0.059  

Speed 

Before 

cementation 

Canine 

Mesial 49.5 B 7.4 54 B 9.7 0.266 

Distal 61.2 A 5.8 59.8 A 4 0.651 

Buccal 51.7 B 6 52.5 B 4.8 0.776 

Palatal 51.8 B 7.8 52.5 B 6.3 0.871 

Overall 53.5 5.4 54.7 4.3 0.618 

P-value <0.001* 0.002*  

Premolar 

Mesial 86.8 A 9.7 82.5 9.4 0.341 

Distal 74.7 B 14.3 75.7 6.6 0.848 

Buccal 72.7 B 12.6 75.8 9.5 0.586 

Palatal 73 B 
14.

3 
75.3 12.5 0.698 

Overall 76.8 8.4 77.3 6.2 0.705 

P-

value 
0.002* 0.147  

After 

cementation 

Canine 

Mesial 64.3 B 6.3 66.5 B 9 0.616 

Distal 78.7 A 6 77.2 A 5.3 0.661 

Buccal 64 B 8.6 68.5 B 6.3 0.267 

Palatal 64 B 7.5 59.3 C 8.3 0.295 

Overall 67.8 3.1 67.9 5.3 0.915 

P-value  <0.001* <0.001*  

Premolar 

Mesial 95.7 A 10.3 100.2 A 7.9 0.323 

Distal 86.2 B 14.3 91 B 5 0.430 

Buccal 84.7 B 7 89.2 B 6.7 0.296 

Lingual 88 B 9.9 87.7 B 6.7 0.946 

Overall 88.6 5.3 92 5.8 0.472 

P-value 0.034* 0.014*  
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*: Significant at P ≤ 0.05 

 

Table 5 .The mean, standard deviation (SD) values and results of two-way ANOVA test for 

comparison between fracture resistances (N) with different interactions of variables  

  
Hyperion Symphony 

P-value  
Mean SD Mean SD 

Regular 

sintering 
1087.6 131.7 1079 78.2 0.902 

Speed 

sintering 
1264.7 132.8 1251.1  123.9 0.845 

P-value 0.018* 0.021*  

Comparison Ceramic Surface         Canine         Premolar 

   Before 

cementation 

After 

cementation 

Before 

cementation 

After 

cementation 

Regular Vs. 

Speed sintering 

Hyperion  

Mesial 0.016* 0.006* 0.005* 0.022* 

Distal 0.037* <0.001* 0.007* 0.032* 

Buccal 0.015* 0.015* 0.036* 0.018* 

Palatal 0.025* 0.008* 0.019* 0.001* 

Overall 0.005* 0.009* 0.010* 0.012* 

Symphony 

Mesial 0.003* 0.021* 0.005* 0.002* 

Distal 0.020* 0.001* 0.012* 0.008* 

Buccal 0.019* 0.011* 0.010* 0.008* 

Palatal 0.004* 0.014* 0.011* 0.030* 

Overall 0.010* 0.002* 0.006* 0.007* 

Comparison Ceramic Surface 

Canine Premolar 

Regular 

sintering 

Speed 

sintering 

Regular 

sintering 

Speed 

sintering 

Before Vs. 

After cementation 

Hyperion  

Mesial <0.001* <0.001* 0.017* 0.048* 

Distal 0.002* <0.001* 0.027* 0.047* 

Buccal 0.005* 0.001* 0.002* 0.007* 

Palatal 0.001* <0.001* 0.009* 0.001* 

Overall <0.001* <0.001* 0.015* 0.021* 

Symphony 

Mesial <0.001* <0.001* 0.003* 0.001* 

Distal <0.001* <0.001* 0.042* 0.011* 

Buccal 0.001* <0.001* <0.001* 0.003* 

Palatal 0.002* 0.009* <0.001* 0.003* 

Overall <0.001* <0.001* 0.001* 0.005* 

Comparison Ceramic Surface 

Regular sintering Speed sintering 

Before 

cementation 

After 

cementation 

Before 

cementation 

After 

cementation 

Canine Vs. 

Premolar   

Hyperion  

Mesial <0.001* <0.001* <0.001* 0.023* 

Distal 0.273 0.007* 0.004* <0.001* 

Buccal 0.005* <0.001* <0.001* <0.001* 

Palatal 0.011* 0.003* 0.001* <0.001* 

Overall 0.035* <0.001* <0.001* <0.001* 

Symphony 

Mesial 0.023* 0.042* 0.006* <0.001* 

Distal <0.001* 0.010* <0.001* 0.001* 

Buccal <0.001* 0.003* <0.001* <0.001* 

Palatal <0.001* <0.001* <0.001* <0.001* 

Overall <0.001* 0.005* <0.001* <0.001* 
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*: Significant at P ≤ 0.05 

 

 

DISCUSSION 

This study was conducted to investigate the 

effect of sintering protocol  on marginal 

adaptation and fracture resistance of zirconium 

oxide based three unit fixed partial dentures. 

The null hypothesis is rejected, suggesting that 

that the sintering protocol has no influence on 

the vertical marginal gap distance or the 

fracture resistance of zirconia based fixed 

partial dentures for the two types of material 

used. 

Pure zirconia is a ceramic material that 

occurs in three phases based on the 

temperature: monoclinic, from room 

temperature to 1170 ◦C; tetragonal, from 1170 

to 2370◦C; and cubic, higher than 2370 ◦C [28, 

29]. Although, monoclinic zirconia has 

lowered mechanical properties, restricts its 

clinical application. In order to stabilize 

tetragonal zirconia at room temperature, 

Y2O3, CaO, MgO, or CeO2 stabilizers are 

incorporated in the zirconia-crystal structure 

during sintering. Amongst these stabilizers, 

yttria (Y2O3) is the utmost popular for dental 

zirconia. Based upon the Y2O3 content, YSZ 

is categorized as tetragonal zirconia 

polycrystals (TZP), containing 3-mol% Y2O3 

and being denoted to as 3Y-TZP, containing 

4–6 mol% Y2O3 and being referred to as 4–

6Y-PSZ. YSZ has superior mechanical 

properties because of the stress-induced 

transformation, which raises the fracture 

toughness of the material.  

Conventionally, the manufacturing of 

zirconia prostheses involves a long sintering 

process [30]. Whereas, due to the growing 

request for one-day fabrication of a dental 

prosthetics, manufacturers introduced speedy 

sintering schedules, such as speed sintering 

and, recently, high-speed sintering, which 

attain higher heating and cooling rates 

compared to that obtained with 

conventional(regular) sintering protocols[30]. 

Throughout high speed sintering, zirconia 

undergoes rapid temperature changes as it is 

rapidly heated to the sintering temperature and 

then rapidly cooled. The 3~6Y-zirconia, 

primarily used for dental prosthetics, 

undergoes phase transformations according to 

the sintering temperature used [31-33]. 

CAD/CAM technology used computer-

aided design and fabrication of ceramic 

prostheses and the process is more time 

consuming than conventional techniques [34]. 

Sintering is responsible for offering the 

strengths properties to the zirconia restoration. 

Several sintering approaches have been 

improved and they affect the microscopic 

structure, mechanical properties, as well as 

esthetics of zirconia [35].There is no clear 

definition of speed-sintering of dental 

zirconia. However, speed-sintering typically 

consists of a fast heating step, a short dwell 

time at the sintering temperature, and a fast 

cooling step, enabling sintering in less than 

240 min. Speed-sintering of YSZ within only 

10–30 min has even been reported[34-36].  

In this study, cementation for all FPD 

samples, thermocycling  as well as cyclic 

fatigue loading was applied to all samples to 

test the ceramic material performance under 

clinical simulating condition. 

Marginal gap distance was measured before 

cementation (as control group) to study the 

effect of the cement upon the gap distance. 

Regarding marginal gap distance testing 

method, many alternatives in the testing 

approaches, and measuring tools is possible, 

however, the direct view method is more 

accessible, easy, rapid, and non-destructive 

and the crown is retrievable, contrasting 

sectioning method which causes destruction of 
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the crown [37].All measurements were made 

on the corresponding epoxy die. Each surface 

was measured three times and the mean value 

was obtained for more accurate findings. All 

the measurements were made by one operator 

to lower the statistical errors as much as 

possible. This was in accordance with 

Sulaiman et al, [38]. Image analysis software 

was used to identify the amounts of space from 

the values obtained by drawing approximately 

6000 perpendicular lines per cross section to 

obtain more reliable data [37]. And this 

software has been used in several other studies 

and has proven its reliability in evaluation of 

the fit [39, 40].  

The results of the present study revealed 

that in all tested groups and subgroups, regular 

sintering showed statistically significantly 

lower mean gap distance than speed sintering, 

while there was a statistically significant 

increase in mean gap distance after 

cementation for all tested groups and 

subgroups. Canine retainers showed 

statistically significantly lower mean gap 

distance than premolar retainers except at the 

distal surface of hyperion before cementation 

where there was no statistically significant 

difference between canine and premolar 

retainers for marginal gap distance 

measurements. 

This was in accordance with Kunii et al. 

[41] evaluated the fit of the pontic and non-

pontic sides of three and four-unit zirconia 

FDPs. They found that the non-pontic side 

developed a better marginal fit. The cause for 

this is that the volume of zirconia at the pontic 

area, which is higher than that of the retainer, 

affected the amount of shrinkage occurring 

during secondary firing. The difference in the 

amount of shrinkage between the pontic area 

and the retainer  side caused a dimensional 

change in the FDPs.The same as our results 

which showed that the highest marginal gap 

distance was recorded in the distal surface for 

the canine retainer and the mesial surface for 

the premolar retainer regardless the type of 

multi-layered zirconia used. In the three-unit 

zirconia FDPs, it should be considered that the 

danger of causing marginal discrepancy is 

higher on the pontic side than on the non-

pontic side.  

It is important to mention that the results of 

the vertical marginal gap distance for all 

samples in this study are within the clinically 

acceptable ranges of 120µm even after cyclic 

fatigue loading for all measurments before and 

after cementation[37-40]. 

The transformation to the monoclinic phase 

can disturb the mechanical properties and 

stability of Y-TZP materials [40]. The 

mechanical properties of Y-TZP rely on the 

aforesaid tetragonal to monoclinic 

transformation [25, 42]. Whereas, the 

tetragonal phase on the Y-TZP surface can 

change into the monoclinic phase, which is 

supplemented by an increase in volume (4–

5%) that cause compressive stresses [43, 44]. 

This transformation can produce severe 

clinical implications, such as an increased risk 

and tendency of fracture during function. The 

multilayered zirconia materials are commonly 

accompanied by high-speed sintering 

protocols recommended by the manufacturers. 

As these high-speed sintering schedules turn 

out to be more commonly available. [45]. 

Research on the effects of the sintering speed 

on the optical and mechanical properties of 

zirconia is being actively conducted.Many 

studies studied and compared different (slow 

and fast) sintering protocols of zirconia 

[46,47]. Juntavee and Attashu evaluated the 

role of sintering duration and temperature on 

the mechanical properties of zirconia and 

concluded that a long sintering time with high 

sintering temperature causes a higher flexural 

strength of zirconia [48]. The speed sintering 

had increased biaxial flexural strengths which 

might be due to changes in the material 



Romanian Journal of Oral Rehabilitation 

Vol. 17, No.2 April-June 2025 

 

600 
DOI : 10.62610/RJOR.2025.2.17.53 

structure from the degradation of the metal 

salts [38]. 

     This study assessed the effect of sintering 

tprotocol  on the fracture resistance of WPH 

&WPS zirconia blocks.Two-way ANOVA 

results showed that ceramic material 

regardless the sintering protocol had no 

statistically significant effect on mean fracture 

resistance (P-value = 0.821). Sintering 

regardless of ceramic type had a statistically 

significant effect on mean fracture resistance 

(P-value = 0.002). 

This was in accordance with Armaghat et 

al, who found that increasing the sintering 

temperature increased the flexural strength of 

zirconia . The maximum flexural strength was 

noted in specimens sintered at 1500°C[49].  

The highest fracture resistance was 

recorded for speed sintering protocol with both 

ceramic material ,this was contrary to the 

results reported by Ersoy et al,evaluated 120 

In-Coris ZI zirconia specimens sintered in 

three groups: at 1510°C for 120 min, 1540°C 

for 25 min, and 1580°C for 10 min. They 

measured the flexural strength of specimens, 

and reported maximum flexural strength in 

specimens sintered at 1580°C for 10 min. 

Also, the flexural strength of specimens 

sintered at 1540°C was significantly higher 

than that of specimens sintered at 1510°C[50]. 

This study investigated the influence of 

marginal adaptation as well as fracture 

resistance of FDPs in vitro in addition to trials 

to simulate the clinical condition by 

performing thermocycling and cyclic fatigue 

loading to all samples. Hence, there was no 

clear consensus on whether the differences in  

in each group as shown in the results of this 

study had a clinical impact. Therefore, it is 

thought that further clinical research (in-vivo) 

is necessary to see how each factor compared 

in this study affects clinically. 

 

CONCLUSIONS 

 

Based on the results of this study, the 

following conclusions can be drawn: 

 (1) The sintering protocol of the three-unit 

zirconia FDPs affected the marginal gap 

distance.(2) The sintering protocol of the 

three-unit zirconia FDPs affected the fracture 

resistance.(3)The regular sintering protocol 

showed  a lower significant statistical results 

for both marginal gap distance and fracture 

resistance for all tested samples. 
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