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Abstract
Objectives  Successful ceramic restorations depend on the strong bonding with resin cement and even stress 
distribution. The aim of this study was to evaluate the impact of adding MDP-containing zirconia primer before self-
adhesive resin cements with different functional acidic monomers on fracture resistance of monolithic zirconia crown.

Materials and methods  Eighty defect-free human maxillary premolars were divided according to the cement type 
and application of MDP-containing zirconia primer into eight groups (n = 10): Calibra Universal (C), Calibra Universal 
combined with zirconia primer (CZ), RelyX U200 (R), RelyXU200 combined with zirconia primer (RZ), Panavia SA 
Cement Plus (P), Panavia SA Cement Plus combined with zirconia primer (PZ), Multilink Speed (M), and Multilink 
Speed combined with zirconia primer (MZ). After teeth preparation and fabrication of zirconia crowns, each crown 
was bonded to its corresponding tooth. All specimens were subjected to 10,000 thermocycles between 5 and 55°C, 
followed by cyclic load (50 N) for 240,000 cycles. Each specimen was subjected to a static axial load until fracture 
using universal testing machine and the fracture load was recorded. The fracture mode studied and recorded. The 
fracture load results were analyzed using two-way ANOVA test (α = 0.05).

Results  A significant interaction (P = 0.038) of combining MDP-containing zirconia primer and cement type on 
fracture resistance of monolithic zirconia crown was detected. The mean fracture load values of zirconia crown were 
significantly influenced by the combined application of the MDP-containing zirconia primer with Calibra Universal 
(P = 0.01), RelyX U200 (P < 0.001), and Multilink Speed (P = 0.038), while there was no significant difference with Panavia 
SA Cement Plus (P = 0.660). There was significant difference (F = 20.69, P < 0.001) between the mean fracture loads 
of groups with self-adhesive cements (C, R, P, and M groups). The highest fracture load was recorded with RZ group 
(2446.90 ± 126.72 N) while the lowest fracture load was recorded with C group (1623.18 ± 149.86 N).

Conclusions  The self-adhesive resin cement with different acidic functional monomer affects the fracture resistance 
of monolithic zirconia crown. Application of MDP-containing primer could improve the fracture resistance of 
monolithic zirconia crown with most self-adhesive cements. The application of an MDP-containing primer had no 
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Introduction
The clinical application of zirconia restoration has gained 
popularity because of its mechanical properties and bio-
compatibility [1]. However, one of the drawbacks of the 
conventional zirconia was its limited translucency [2]. 
The microstructure of subsequent generation of zirconia 
was refined so that its grain boundaries do not interfere 
with light [3]. Furthermore, the new generations of zirco-
nia have been obtained with enhanced optical character-
istics by introducing larger amounts of cubic phase [4]. 
Despite the enhanced translucency of recent zirconia, its 
high cubic content markedly decreased its strength [5].

Adhesion between the restoration and tooth is critical 
for successful clinical performance of indirect restora-
tion [6–8]. Unlike glass-ceramics, zirconia is acid-resis-
tant material because of its glass-free polycrystalline 
microstructure [9–12]. Both mechanical and chemical 
pre-treatments are recommended for zirconia bonding 
[13, 14]. It was reported that, air-borne particle abra-
sion combined with application of MPD-containing 
primer improved the bonding between zirconia and resin 
cement [15–20].

Self-adhesive resin cements were designed to adhere 
to tooth structure in one-step protocol without the steps 
of etching, rinsing as well as priming [21]. Self-adhesive 
resin cements are clinically attractive due to their one 
step application and ease of usage even though the lut-
ing procedure is technique sensitive [22]. Any self-adhe-
sive resin cement composed mainly of the predominant 
functional acidic monomers and conventional di-meth-
acrylate monomers (such as Bisphenol A glycidyl meth-
acrylate, Urethane dimethacrylate, and triethyleneglycol 
dimethacrylate) [23, 24]. The functional acidic monomers 
commonly used in self-adhesive resin cements are bis 
2-methacryloxyethyl acid phosphate (BMP), 10-methac-
ryloyloxydecyl dihydrogen phosphate (MDP), 4-methac-
ryloxyethyl trimellitic anhydride (4-META), pyromellitic 
glycerol dimetracrylate (PMGDM), 2-methacryl-oxyethyl 
phenyl hydrogen phosphate (Phenyl-P), and dipentae-
rythritol penta-acrylate monophosphate (Penta-P) [22, 
25, 26]. The initial low pH and high hydrophilicity of the 
self-adhesive resin cements promotes surface demineral-
ization similar to what occurs with self-etching adhesives 
[27]. The predominant functional acidic monomers could 
chemically interact with zirconia and hydroxyapatite in 
tooth structure [11, 28–30].

The fracture strength of a ceramic restoration is influ-
enced by a number of factors such as elastic modulus of 
the supporting substrate, loading force, and cementation 

procedures [31–34]. It was shown that the cement type 
affect the distribution of the stresses generated on the 
tooth-restoration complex and help to dissipate the 
occlusal forces applied to the restoration away from 
the tooth-restoration interface [35–37]. Weak bonding 
between the ceramic restoration and the resin cement 
results in uneven stress distribution and increased failure 
susceptibility [38]. The fracture of ceramic restoration 
can originate at the intaglio surface or the cementation 
interface at which the tensile stresses are concentrated 
[32].

When selecting a self-adhesive resin cement, the addi-
tion of MDP-containing primer to enhance the perfor-
mance of zirconia crown need to be studied. Thus, the 
aim of this study was to evaluate the fracture resistance 
of monolithic translucent zirconia crown bonded by 
using self-adhesive resin cements with different func-
tional acidic monomers. Also, the effect of combining 
MDP-containing zirconia primer with the self-adhesive 
resin cements with different functional acidic monomers 
on fracture resistance of monolithic translucent zirco-
nia crown was studied. The first null hypothesis was that 
the type of self-adhesive resin cement would not affect 
the fracture resistance of monolithic translucent zir-
conia crown. The second null hypothesis was that the 
MDP-containing zirconia primer combination with self-
adhesive resin cement with different functional acidic 
monomers would not affect the fracture resistance of 
monolithic translucent zirconia crown.

Materials and methods
The materials used in this study are presented in Table 1. 
A total of 80 human maxillary first premolars extracted 
for orthodontics purposes were collected for this study. 
The sample size was calculated based on a previous study 
using G*power version (3.0.10) where α = 0.05 and 80.0% 
power [39]. The selected teeth were debrided and exam-
ined to be free from any stains, calculus and cracks. The 
average dimensions of selected teeth were 4.5 ± 0.5  mm 
in occluso-cervical direction, 7.3 ± 0.5  mm in mesio-
distal direction, and 9 ± 0.5  mm from bucco-palatal 
direction. This study was approved by the Ethical Com-
mittee, Faculty of Dentistry, Mansoura University (Code: 
A05100221). To avoid dehydration, all teeth were stored 
in distilled water at room temperature through all testing 
period [40].

According to the cement type and application of 
ceramic primer, the teeth were randomly divided into 
eight groups (n = 10): Calibra Universal (C), Calibra 
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Universal combined with zirconia primer (CZ), RelyX 
U200 (R), RelyXU200 combined with zirconia primer 
(RZ), Panavia SA Cement Plus (P), Panavia SA Cement 
Plus combined with zirconia primer (PZ), Multilink 
Speed (M) and Multilink Speed combined with zirco-
nia primer (MZ). Panavia SA Cement Plus was the only 
self-adhesive resin cement which contain MDP in its 
composition.

The teeth were marked 2 mm away from the cemento-
enamel junction using permanent marker (0.4  mm OH 
Pen universal, Stabilo, Germany). For simulation of the 
periodontal ligaments, the root of each tooth was dipped 
into the molten wax at 2  mm away from the cement-
enamel junction and left to be hardened. The root of 
each tooth was embedded vertically within acrylic resin 
(Cold cure acrylic material, Acrostone, Egypt). Then, the 
tooth was removed from the acrylic resin blocks leaving 
an alveolus-like acrylic mold. The roots and the acrylic 
mold were cleaned carefully by hot water to remove any 
wax remnant. Then, the root and its acrylic mold were 
painted with an adhesive (Identium Adhesive, Ketten-
bach, Germany) and left to dry for 5  min [41]. A poly 
Vinyl Siloxane light body (Ghenesyl light body, LASCOD, 
Italy) was injected into the acrylic resin mold and the 
teeth were re-inserted into the acrylic resin blocks and 
pressed to the same position to simulate the periodontal 
ligament [42]. A pre-preparation silicon index (Ghenesyl 
putty soft, LASCOD, Italy) was fabricated.

The teeth were prepared, using a dental surveyor (Mar-
athon-103 surveyor, Saeyang Co., Korea), with the follow-
ing parameters: 6-degree taper, 1  mm reduction for the 
non-functional cusp, 1.5 mm reduction for the functional 
cusp, and 0.5 mm chamfer finish line (Fig. 1). The occlu-
sal preparation was performed using high speed hand-
piece (NSK-Nakanishi International, Japan) with tapered 
round end diamond stone supplied with air water cool-
ant. While the axial preparation was performed using a 
dental surveyor attached to low speed straight hand piece 
supplied with external water coolant. The preparation 
was started with black-coded, 6-degree taper round end 
diamond stone (TR-12, MANI, Tochigi, Japan). The same 
previously used stone, size and taper, red-coded round 
end diamond stone followed by yellow-coded stone were 
used for finishing the preparation. The tooth preparation 
was checked with aid of a preparation putty index. All 
preparation was performed by single operator.

Fabrication of zirconia crowns: Each tooth was 
scanned using an optical scanner (Identica hyprid, 
MEDIT corp, Korea), then the software (Dental DB 2.2 
Valletta, exocad GmbH, Darmstadt, Germany) created 
a virtual model from the scanning data. A virtual cus-
tom tooth model (alternative model) of a maxillary first 
premolar tooth was selected from the software library 
to be used with minimal modification to meet the stan-
dard design. The thicknesses of the designed restora-
tions were checked using the measurement tool and the 
cut section view. Each design file was submitted to the 

Table 1  The materials used in the study
Material Product name Patch 

number
Composition Manufacturer

Zirconia Katana Zirconia 
HTML (A2)

ECLCN Mainly ZrO2 and 5%mol Y2O3 Kuarary Noritake 
Dental, Japan

Self-
adhesive 
cement

Calibra Universal 
(Translucent)

00074644 Base: UDMA, Polymerizable trimethacrylate resin, Polymerizable dimethacrylate resin.
Catalyst: UDMA, Urethane Modified Bis-GMA dimethacrylate resin, Polymerizable 
dimethacrylate resins, PENTA

Dentsply Sirona, 
Germany

RelyX U200 (TR) 7,847,918 Base: Silane treated glass powder, 2-propenoic acid, 2-methyl-,1,1’-[1-
(hydroxymethyl)-1,2-ethanediyl] ester, reaction products wıth 2 hydroxy-1,3-pro-
panediyl dimethacrylate and phosphorus oxide, TEGDMA, silane treated silica, sodium 
persulfate, glass powder, tert-butyl peroxy-3,5,5-trımethylhexanoate.
Catalyst: Silane treated glass powder, substituted dimethacrylate1-benzyl-5-phenyl-
barbıc-acid, calcium salt, silane treated silica, sodium p-toluenesulfinate, 1,12-dodecane 
dimethycrylate, calcium hydroxide, methacrylated aliphatic amine, titanium dioxide

3 M ESPE, Neuss, 
Germany

Panavia SA 
Cement Plus 
(Translucent)

3S0232 Base: BisGMA, TEGDMA, UDMA, 10-MDP, silanized glass filler, silanized colloidal silica, 
photo-initiator, chemical-initiator.
Catalyst: Bis-GMA, dimethacrylate, silanized Barium glass filler, silanized colloidal silica, 
chemical accelerator, pigment.

Kuarary Noritake 
Dental, Japan

Multilink Speed 
(Transparent)

Z015TF Base: UDMA, TEGDMA, PEGDMA.
Catalyst: ytterbium trifluoride, UDMA, TEGDMA, methacrylated phosphoric acid, 
PEGDMA

Ivoclar Viva-
dent, Schaan, 
Liechtenstein

Zirconia 
primer

Clearfil Ceramic 
Primer Plus

3-MPS, 10-MDP, Ethanol Kuarary Noritake 
Dental, Japan

ZrO2: Zirconium dioxide, Y2O3: Yttrium oxide, BisGMA: Bisphenol A glycidyl methacrylate, TEGDMA: Triethyleneglycol dimethacrylate, UDMA: Urethane 
dimethacrylate, PEGDMA: Polyethylene glycol dimethacrylate,10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate, PENTA: Dipentaerythritol Penta-acrylate 
Phosphate, 3-MPS: 3-methacryloxypropyltrimethoxysilane
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milling machine (CORiTEC 250i touch, imes-icore, Ger-
many) for milling of the crowns from a zirconia block 
(Katana HTML, Kuraray Noritake Dental Inc., Japan). 
Then, the milled crowns were sintered (conventional sin-
tering program) using a sintering furnace (Tabeo-1/M/
Zirkon-100, MIHM-VOGT, Germany) at 1500°C accord-
ing to the instructions of the manufacturer. Finally, a 
thin glaze layer (CERABIEN ZR FC, Kuraray Noritake 
Dental Inc., Japan) was applied to the crowns and sub-
jected to glaze firing using a porcelain furnace (Multi-
mat Cube press, Dentsply Sirona, Germany) furnace. The 
intaglio surface of zirconia crown was air-borne particle 
abraded using 50 μm alumina particles at 2 bar air pres-
sure for 10 s from a distance of 10 mm [41]. After that, 
the crowns were cleaned in ultrasonic cleaner (Codyson 
CD-4820, Shenzhen Codyson Electrical Co., Ltd, China) 
for 5 min then, dried for 10 min. Cementation: For CZ, 
RZ, PZ, and MZ groups, the intaglio surface of the crown 
was rubbed carefully by MDP-containing zirconia primer 
(CLEARFIL Ceramic Primer Plus; Kuraray Noritake 
Dental Inc., Japan) for 60 s using small micro-brush. For 
all groups, the corresponding self-adhesive resin cement 
was used for cementation of its corresponding tooth. The 
cement paste was dispensed on intaglio surface of the 
crown. Subsequently, the crown was carefully seated on 
its corresponding prepared tooth and kept under a con-
stant static pressure of 10 N [43].

The crown was subjected to tack-curing (Elipar Deep 
Cure-S, 3 M ESPE Dental, St. Paul, MN, USA) according 
to the manufacturer’s instructions and the excess cement 
was removed using a scalpel. Then, each surface was 
completely cured according manufacture instructions 
with light intensity (1,470 mW/cm2) 20 s per surface for 
final curing except Panavia SA Cement Plus 10 s per sur-
face as instructed. The specimen was kept isolated for 
5 min to allow for the chemical curing. The margin was 
finished using a finishing stone (TR-25EF, 18,110,104, 
MANI, INC, Japan) and polished using an impregnated 
diamond polisher (DIACOMP PLUS RA - DCP-w11m, 
EVE, Germany). The cemented specimens were kept in 
distilled water at 37℃ for 24 h.

Aging: The specimens were subjected to 10,000 ther-
mal cycles (Thermo Scientific, ThermoFisher Scientific 
Inc., Waltham, MA, USA) with 30  s dwell time in each 
water bath (5 and 55°C) and 5 s transition time. Using a 
chewing simulation unit (Chewing Simulator CS-4.4; 
SD Mechatronik), specimens were subjected to 240,000 
cycles (frequency = 1.6  Hz) to simulate a unidirectional 
vertical force of 50 N [43]. The load was applied vertically 
parallel to the long axes of the teeth with a 6  mm ball-
shaped antagonist in the center of the occlusal surfaces 
contacting the buccal and palatal cusps of each specimen 
[40].

Fracture resistance test: all specimens were subjected 
to load-to-fracture with compressive load using a univer-
sal testing machine (3345, Instron, USA). The load was 
applied with a 5 mm stainless steel ball perpendicular to 
the occlusal surface with a crosshead speed of 0.5  mm/
min. The fracture load of each specimen was recorded 
in Newton (N). The fracture mode of each specimen was 
examined using a stereomicroscope (SZ61TR, Model 
SZ2-ILST, Olympus Co., Japan) at a magnification of x20. 
Fracture mode was classified into: minimal fracture or 
crack in the crown (Class I), less than half of the crown 
lost (Class II), half of the crown lost (Class III), more than 
half of the crown lost (Class IV), and sever fracture of the 
crown and/or the tooth (Class V) [43]. Classes I, II, III 
and IV were classified as non-catastrophic fracture, while 
class V was considered as catastrophic fracture. Repre-
sentative specimens were selected for examination using 
the Scanning Electron Microscopy (JSM.6510LV, JEOL 
Ltd., Japan) at a magnification of x14 and x20. Before 
examination, the fracture surfaces of the specimens were 
coated with a 10 nm layer of gold using a sputter coating 
evaporator (SPI Module-Sputter Carbon/GoldCoater, SPI 
Supplies, USA).

Statistical analysis: data were statistically analyzed 
using statistical software (SPSS Version 22.0, IBM Corp, 
Armonk, NY). The Shapiro-Wilk test was used to con-
firm the normality of data. The fracture load results were 
analyzed using two-way ANOVA test was performed to 

Fig. 1  Illustration showing the tooth preparation
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determine the effect of MDP-containing zirconia primer 
combination with self-adhesive resin cement. Post Hoc 
Tukey test was used for multiple comparisons. Chi-
Square test was applied to compare the fracture modes. 
Significance of the obtained results was judged at α = 0.05.

Results
The combined interaction effect of the zirconia primer 
and cement type had a significant impact (P = 0.038) on 
the fracture resistance of the zirconia crown, accord-
ing to the results of the two-way ANOVA test (Table 2). 
While Table 3 displays the mean fracture load values for 
the examined groups. The mean fracture load values of 
zirconia crown were significantly influenced by the com-
bined application of the MDP-containing zirconia primer 
with Calibra Universal (P = 0.01), RelyX U200 (P < 0.001), 
and Multilink Speed (P = 0.038), while there was no 
significant difference with Panavia SA Cement Plus 
(P = 0.660). One-way ANOVA test revealed significant 
difference (F = 20.69, P < 0.001) between the mean frac-
ture loads of groups with self-adhesive cements (C, R, P, 
and M groups). The mean fracture load value of group C 
was significantly lower than group R (P < 0.001), group M 
(P < 0.001), and group P (P < 0.001). The highest fracture 
load was recorded with RZ group (2446.90 ± 126.72  N) 
while the lowest fracture load was recorded with C group 
(1623.18 ± 149.86 N).

Chi-Square test (Table 4) showed that there was a sta-
tistically significant difference with higher catastrophic 
fracture mode among groups without MDP-containing 
zirconia primer (Fig. 2) than with MDP-containing zirco-
nia primer combination groups. Also, Stereomicroscopic 
examination of fractured specimens showed that cement 
attached to tooth structure (Fig.  3) in without primer 
groups (C, R, P, and M), while cement remnants attached 
on the intaglio surfaces of zirconia crown (Fig.  4) were 
observed in primer̸cement groups (CZ, RZ, PZ, and MZ).

SEM analysis showed that the main origin of the frac-
ture was detected at the occlusal surface from the main 
contact loading area. Few specimens had secondary 
origins near the major ones at the occlusal surface. The 
hackle lines, which represent the path and direction of 
crack propagation, were directed in corono-apical direc-
tion in all fractured specimens (Fig. 5).

Discussion
The first null hypothesis, that the type of self-adhesive 
resin cement would not affect the fracture resistance of 
monolithic zirconia crown, was rejected because the 
results of the present study revealed that the fracture 
resistance of monolithic translucent zirconia crown is 
affected by the type of self-adhesive resin cement. The 
combined application of the MDP-containing zirconia 
primer with self-adhesive resin cement with different 
functional acidic monomers, except Panavia SA Cement 
Plus, influenced the fracture resistance of monolithic 
translucent zirconia crown. Therefore, the second null 
hypothesis that the MDP-containing zirconia primer 
combined with self-adhesive resin cement would not 
affect the fracture resistance of monolithic zirconia 
crown, was partially rejected.

Self-adhesive resin cements offer application without 
the need for additional priming or bonding treatments 
[24]. However, studies reported that additional prim-
ing step improved the bond strength between zirconia 
and self-adhesive resin cements [19, 30]. MDP primer 
was chosen because it improves the wettability of the 
substrate surface for resin bonding and the resulting 

Table 2  Two-way ANOVA test for interaction effect between 
cement and primer̸cement variables on fracture resistance of 
monolithic zirconia restoration
Source Type III Sum 

of Squares
df Mean 

Square
F P

Corrected 
Model

4.463E6a 7 637616.383 26.013 0.001

Intercept 3.416E8 1 3.416E8 13937.083 0.001
Primer 590442.248 1 590442.248 24.089 0.001
Cement 3652688.423 3 1217562.808 49.674 0.001
Primer * 
Cement

220184.011 3 73394.670 2.994 0.036

Error 1764802.910 72 24511.152 - -
Total 3.478E8 80 - - -
Corrected Total 6228117.592 79 - - -
a. R Squared = 0.717 (Adjusted R Squared = 0.689)

Table 3  The mean and standard deviation (± SD) of fracture 
resistance values (N) of study groups

Without primer With primer P
Calibra Universal 1623.18 ± 149.86a 1803.01 ± 133.18c 0.01
RelyX U200 2119.94 ± 205.93b 2446.90 ± 126.72d < 0.001
Panavia SA Cement 
Plus

2091.72 ± 144.98b 2124.54 ± 181.59d 0.660

Multilink Speed 2087.28 ± 155.64b 2234.95 ± 138.59d 0.038
Different superscript letters in the same column indicate significant difference

Table 4  Comparison of failure modes between studied groups
Groups Non-cat-

astrophic 
failure

Cata-
strophic 
failure

P

Calibra Universal 7(70) 3(30) 0.263
Calibra Universal with Primer 9(90) 1(10)
RelyX U200 5(50) 5(50) 0.159
RelyX U200 with Primer 8(80) 2(20)
Panavia SA Cement Plus 6(60) 4(40) 0.121
Panavia SA Cement Plus with Primer 9(90) 1(10)
Multilink Speed 7(70) 3(30) 0.05
Multilink Speed with Primer 10(100) 0(0.0)
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physico-mechanical interaction within the adhesive 
interface results in reliable adhesion and favorable chem-
ical stability, supporting the establishment of a water-
resistant chemical bond with zirconia [29]. MDP consists 
of a terminal functional group with phosphoric acid that 
interacts with zirconia and develops P-O-Zr bonds. The 
other end of MDP presents C = C bond in vinyl terminal 
group which enables copolymerization with the resin 
cement [44].

Air-borne particle abrasion with alumina particles 
was used in the present study to increase the surface 
roughness, wettability, and surface energy of the zirco-
nia crown [13, 17]. Also, it was reported that air-borne 
particle abrasion with alumina particles create hydroxyl 

groups on zirconia surface which will aid in bonding 
with both primer and self-adhesive resin cements [7]. 
Airborne-particle abrasion in combination with phos-
phate monomer-based primer or resin cement resulted 
in a long-lasting resin-zirconia bonding [10]. How-
ever, air-borne abrasion can produce surface damage, 
micro-cracks and compromise the mechanical behavior 
of yttrium-tetragonal zirconia polycrystalline ceramic 
crowns [6, 15].

The specimens were subjected to thermomechanical 
aging to simulate approximately one year of clinical ser-
vice [1]. Thermocycling could alter the properties of resin 

Fig. 4  Stereomicroscopic image showing the fractured specimen with 
cement remnant on the intaglio surface of zirconia fragment

 

Fig. 3  Stereomicroscopic image showing the fractured specimen with 
cement attached to the tooth

 

Fig. 2  Stereomicroscopic images showing catastrophic fracture of monolithic zirconia crowns cemented with different cements. A Calibra Universal ce-
ment. B RelyX U200 cement. C Panavia SA Cement Plus. D Multlink Speed cement
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materials because the absorbed water acts as a plasti-
cizer causing unsupported areas beneath the crown and 
increasing the risk of fracture under stresses [33, 36]. 
Also, the water sorption process account for persistent 
hydrophilicity triggering hygroscopic expansion. It is 
strongly correlated to the longevity of bonded crowns [8]. 
The hygroscopic expansion stresses caused by restorative 
and luting materials were responsible for crack formation 
in ceramic crowns [24, 37].

The results of the present study revealed inferior frac-
ture resistance with zirconia crowns cemented by Calibra 
Universal self-adhesive resin cement. These results could 
be attributed to the high viscosity of PENTA, in Cali-
bra Universal, which may be an issue when the cement 
paste approaching the surface of zirconia to establish the 
chemical bonding [25, 34]. Higher viscosity causes inef-
fective wetting of the entire bonding surface as well as 
altered micromechanical interpenetration behavior [7, 
15]. This in turn have an impact on the restorative system 
due to uneven dissipation of occlusal loads throughout 
the entire surface of the crowns [45]. Additionally, it was 
found that the binding energy of PENTA and its chemical 
affinity for hydroxyapatite was lower than that of MDP 
[26]. The use of a “monoblock strategy” for bonding is 
thought to have boosted fracture strength by allowing 
the cement to behave as an elastic stress absorber while 
compensating for the stiffness of the restorative materi-
als [46]. There were no significant differences were found 

between RelyX U200, Panavia SA Cement Plus, Multilink 
Speed self-adhesive resin cement groups. Małysa et al. 
[11] reported that there was a non-significant difference 
in bond strength between Panavia SA and RelyX U200 
regardless of the ceramic type. Regarding Samran et al. 
[15] the type of self-adhesive resin cement used (Pana-
via SA Cement Plus, RelyX, SpeedCem) had no effect on 
the tensile bond strength to zirconia ceramics. Regarding 
the impact of bond strength on fracture load, these find-
ings may explain the non-significance of the mean frac-
ture load between RelyX U200, Panavia SA Cement Plus, 
Multilink Speed self-adhesive resin cement groups.

Addition of MDP-containing primer in combination 
with the studied self-adhesive resin cements, except Pan-
avia SA Cement Plus, significantly improved the fracture 
resistance of monolithic zirconia crown. The application 
of zirconia primer increased the bond strength of self-
adhesive resin cement to zirconia because of the syner-
gic effect of the MDP and acidic functional monomers [9, 
19, 28]. The presence of long carbonyl chains in the MDP 
structure makes it possible to develop a water-resistant 
chemical bonding with zirconia [29]. It was found that 
MDP-containing primer to zirconia ceramics enhanced 
its bonding quality, but the bond strength of MDP-con-
taining self-adhesive resin cement was not affected by the 
use of zirconia primer [12, 30]. Yoshida et al. [20] found 
that an excess of MDP can influence the reactivity of 
MDP-containing primer and enhance the bond strength 
of resin cement to zirconia. Chemical reaction between 
the phosphate group in MDP monomer and the zirco-
nium dioxide on the zirconia surface can be hindered by 
these groups reacting with other components in ceramic 
primers. Surface bonding of MDP with zirconia can be 
inhibited by the phosphate group reacting with other 
components present within the primer. Hence, excessive 
Functional monomers such as MDP interfere with the 
polymerization efficiency of adhesives.

Fractographic analysis showed that the main origin of 
the fracture was detected at the occlusal surface from 
the main contact loading area which has the highest ten-
sile stress level. While hackle lines indicated the path or 
the direction of crack propagation, which propagated 
corono-apically in all fractured specimens. Burke’s clas-
sification was used to identify and categorize the various 
fracture modes of fractured specimens [47]. When com-
pared to groups with MDP-containing zirconia primer 
combination, groups without MDP-containing zirco-
nia primer showed a higher rate of catastrophic frac-
ture mode. However, previous study hypothesized that 
a catastrophic failure mode could result from high frac-
ture load values [48]. This was not the case in the current 
study, since groups without an MDP-containing zirconia 
primer had lower fracture load values than combination 
groups with an MDP-containing zirconia primer.

Fig. 5  Representative SEM images of fractured zirconia fragments bond-
ed by self-adhesive cement. (A and B) without primer. C with MDP-con-
taining zirconia primer combined with self-adhesive resin cement
Asterisk: Indicates the origin of fracture has the highest tensile stress level 
which was at the occlusal loading area surrounded by rougher area called 
fracture mist (star)
Arrow head: Refers to hackle lines indicating the direction of crack propa-
gation (black arrow)
Diamond: Compression curls which is a curved lip immediately before the 
fracture changes and its direction before the final fracture occurs
C: Cement
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Increased ceramic resistance to debonding could be 
observed by fracture that occurred at greater stresses 
[49]. This might be explained by the restoration’s resis-
tance to debonding at high stress conditions. SEM anal-
ysis of combination groups with an MDP-containing 
zirconia primer has revealed forking “multiple cracks 
with high stresses” beneath the principal origin. Also, 
numerous cracks within the cement layer and debonded 
cement are further signs of excessive stress. With MDP-
containing zirconia primer combination groups, debond-
ing expressed cement retained at the shattered zirconia 
crown rather than tooth structure which could be benefi-
cial to save the underlying tooth structure. This could be 
explained by the energy of the fracture force being more 
effectively directed towards the resilient adhesive layer 
than the tooth structure itself. Consequently, the load 
accumulated at the crown/cement interface so, the force 
tends to be dissipated differently than the groups without 
an MDP-containing zirconia primer.

As limitations, only one type of zirconia crown was 
studied in this study. Further studies of various zirconia 
formulations are required. Only axial load is applied in 
the present study, which does not reveal clinically occur-
ring lateral forces. Also, further studies are needed to 
compare the performance of self-adhesive resin cements 
with other types of resin cements. Long-term clini-
cal studies are needed to evaluate the clinical outcomes 
of zirconia crowns bonded using self-adhesive resin 
cements.

Conclusions
Within the limitations of this in-vitro study, it was con-
cluded that;

1.	 The self-adhesive resin cement with different acidic 
functional monomer affects the fracture resistance of 
monolithic zirconia crown.

2.	 Application of MDP-containing primer could 
improve the fracture resistance of monolithic 
zirconia crown with most self-adhesive cements.

3.	 The application of an MDP-containing primer had 
no impact on the fracture resistance of monolithic 
translucent zirconia crown bonded by MDP-
containing self-adhesive resin cement.
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