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ABSTRACT
Statement of the problem: Despite their outstanding esthetic characteristics, the adequacy 

of  implant-supported all-ceramic crowns under occlusal loads in the posterior segment of the jaw 
remains questionable. 

Aim of the study: Evaluation of the fracture resistance of different CAD/CAM fabricated 
implant-supported all-ceramic monolithic posterior crowns cemented on ready and custom made 
zirconia abutments. 

Materials and methods: 30 internal connection titanium dummy implants were embedded in 
epoxy resin and randomly divided into three groups (n=10 each) according to the crown material 
used; Group I: Polycrystalline ceramic (Katana Zirconia), Group II: Hybrid ceramic (Vita Enamic) 
and Group III: Lithium disilicate glass ceramic (IPS e.max CAD).All crowns were CAD/CAM 
fabricated as monolithic maxillary right first premolar.In each group, five crowns were cemented on 
ready made zirconia abutments (subgroup A) while the other five were cemented on custom made 
zirconia abutments (subgroup B). All samples were thermocycled (5o to 55o,10 seconds dwell time) 
then compressively loaded under axial static load  till fracture using a universal testing machine 
with a loadcell of 5 kN at a cross-head speed of 1mm/min. The load required to fracture was 
recorded in Newton and  failure modes were visually analyzed. Statistical analyses  were performed  
by Two-way ANOVA  and Tukey’s post-hoc test.( P ≤ 0.05)

Results: Fracture resistance of  implant-supported all-ceramic monolithic posterior crowns was 
statistically significantly affected by the ceramic crown material and abutment type (P<0.001). 
Either with ready or custom-made zirconia abutments; zirconia crowns recorded the statistically 
significantly highest fracture resistance mean value followed by IPS e.max CAD ones while Vita 
Enamic crowns recorded the lowest values with no statistically significant difference between 
them and IPS e.max CAD crowns. Zirconia and Vita Enamic crowns cemented on custom made 
abutments recorded statistically significantly higher mean fracture resistance values than those 
cemented on ready made one. However, IPS e.max Cad crowns cemented on  both abutment types 
showed statistically insignificant difference. Different failure modes were observed among the 
tested ceramic crowns without fracture of any abutment.
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INTRODUCTION 

Replacing single missing teeth in any region 
of the jaw using osseointegrated implants has be-
come a predictable treatment modality with high 
survival rates. Success depends not only on suc-
cessful osseointegration and an implant’s functional 
load-bearing capacity, but also on the harmonious 
integration of a crown into the dental arch. (1,2) Dif-
ferent materials and components were proposed for 
implant-supported single crowns. Dental abutments 
traditionally fabricated from titanium because of its 
well-documented biocompatibility and mechanical 
properties.(3)  Yet, the color of underlying titanium 
abutments negatively affected the appearance of 
peri-implant mucosa.(4,5) Even when placed subgin-
givally, a dull gray background may give the soft 
tissue an unnatural bluish appearance especially 
under all ceramic crowns.(6) Therefore, for achiev-
ing optimal mucogingival esthetics, tooth colored 
all-ceramic abutments were developed. (7) Current-
ly, Ceramic abutments are fabricated from densely 
sintered high purity alumina or partially stabilized 
zirconia. Both materials have improved optical 
properties, so a more esthetic outcome could be 
achieved compared to using titanium abutments.(8) 

Nowadays most implant companies offer prefab-
ricated ceramic abutments that can be prepared in 
the dental laboratory.(9) Often, prefabricated abut-
ments cannot provide refined morphologic en-
hancement of dental implant esthetics as they are 
available in cylindrical form which leaves the emer-
gence profile modifiable only by the final crown.
(10) An option toward perfecting the overall esthetic 
outcome is the  use of custom made all ceramic  

abutments. (11-15) Recent developments in computer-
aided designing ⁄ computer-aided manufacturing 
(CAD/CAM) technique made it possible to use 
high strength ceramics (mainly zirconia) to fabri-
cate implant-supported all-ceramic abutments with 
customized contour that match carefully the clinical  
situation.(11-16) Lithium  disilicate ceramic  
(E max cad) was also used for custom made implant 
abutments.(17)  The ceramic CAD/CAM  abutments 
combine most of the advantages of stock and cast 
custom abutments. In addition to its predictable 
fit and durability, all the prosthesis parameters are 
modifiable including the emergence profile, finish 
line thickness and location as well as external con-
tour which results in improved final esthetics of im-
plant supported restoration. (10,18) 

Implant prosthetic components should exhibit 
sufficient durability to withstand functional load-
ing without fracture. (10) The combination of a high-
strength ceramic abutment and a high-strength all-
ceramic superstructure system would enhance the 
overall resistance of the restoration as well as its final 
esthetic, (19) and has been described in the literature 
in anterior and posterior regions of the jaw(11,13,14,20-30) 
either in the form of high strength ceramic core to 
be veneered with a more esthetic ceramic or most 
recently in the form of monolithic restoration using 
the CAD/CAM technology. (31) Among the ceramic 
systems used are glass ceramics(11,20-22,25-27,29), densly 
sintered Alumina(28), zirconia(14,20,21), feldspathic ce-
ramics(22,23), hybrid ceramics (21,23-26,30), zirconia rein-
forced lithium silicate.( 25,26)

Several studies were carried out to compare the 
fracture resistance of different all ceramic crowns 

Conclusions: All tested implant-supported all-ceramic monolithic posterior crowns cemented 
on ready and custom made zirconia abutments had the potential to withstand the physiologic 
occlusal forces in the premolar region with the superiority of the zirconia crowns cemented on 
custom made zirconia abutments.
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Vita Enamic, IPS e. max CAD, fracture resistance. 
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to evaluate their appropriateness for implant 
restorations in the posterior region.(20-23,25,26,30) In a 
study  conducted in vitro by Stona  etal (22), the fracture 
resistance for three different groups of CAD/CAM 
fabrication all ceramic implant supported premolar 
crowns (feldspathic Vita Mark II, IPS Empress CAD 
and IPS e max CAD  ) was evaluated and compared 
after cyclic fatigue loading and static loading. 
They concluded that all tested ceramic materials 
showed sufficient resistance to withstand normal 
chewing forces but feldspathic Vita Mark II crowns 
were inferior to other tested materials. Similarly,  
Kim et al (20) reported that monolithic CAD/CAM 
lithium disilicate crowns are applicable to posterior 
implant supported restorations. 

Yttria -stabilized tetragonal zirconia polycrystal-
line (Y-TZP) is another all ceramic material which 
recorded high fracture strength values when used 
by many researchers for construction of implant 
supported crowns.(20,21) A group of investigators (20) 
compared the fracture load of mandibular first mo-
lar zirconia crowns (zirconia copings veneered by 
layering  or heat pressing) with that of  monolithic e 
max CAD ones. Their results showed that zirconia 
crowns with heat pressed veneer recorded the high-
est fracture load among the tested groups.  Recently, 
Kok et al(21) used ten different ceramic and compos-
ite resin materials (among which was zirconia) for 
CAD/CAM fabrication of implant supported mono-
lithic and veneered molars and compared their ini-
tial load to failure. The highest  initial load to failure 
was recorded with the monolithic zirconia crowns. 

Unfortunately, under tensile stresses ceramic 
materials are  susceptible to fracture as a result of 
their brittleness,surface and bulk defects as well 
as crack propagation under oral function.(32) In or-
der to improve the reliability of ceramics a novel 
polymer infiltrated ceramic (hybrid ceramic)was  
developed.(33,34) Due to its low modulus of elastic-
ity, the hybrid  material absorb more energy than 
ceramics and therefore lead to more damping of oc-
clusal forces, as found in earlier study.(35) 

Many investigations (21,23-26)  were designed 
to study how the new hybrid ceramic material 
performs within an implant system. Kok et al(21) 
mentioned that although monolithic ceramic 
restorations might perform better than composite 
resin one, Vita Enamic monolithic crown recorded 
initial load to failure that was higher than the biting 
force in the posterior region.Similar results were 
found in a study carried out by Weyhrauch et al(26)

who compared the fracture strength of monolithic 
all ceramic implant supported premolar crowns on 
titanium abutments and found that Vita Enamic 
showed higher fracture strength than the maximum 
occlusal forces in the premolar area. Additionally, 
Rosentritt et al (25) compared the fracture resistance 
(after thermal cycling and mechanical loading) of 
CAD/CAM fabricated implant supported molar 
crowns made of Lithium disilicate; E max CAD, 
resin infiltrated ceramic;  Vita Enamic and zirconia 
reinforced lithium silicate; Celtra Duo. They 
reported that all restorations were in the range 
where clinical application seems not restricted, but 
insertion of a screw channel might reduce stability 
of individual materials.

From the previous review in relation to the 
implant restorative material, there remains an  open 
question: which ceramic material would  behave 
better mechanically when cemented on ready and 
custom made zirconia abutments with different 
designs? Therefore, this study was conducted 
to evaluate the fracture resistance of CAD/
CAM  fabricated implant-supported monolithic 
posterior crowns that are cemented on ready and 
custom made zirconia abutments and constructed 
of Polycrystalline ceramic (Katana Zirconia), 
Hybrid ceramic (Vita Enamic) as well as  Lithium 
disilicate glass ceramic (IPS e.max CAD).  The null 
hypotheses  of this investigation were that (1) the all 
ceramic crowns tested would show no difference in 
their fracture resistance and (2) the abutment type 
would not affect the fracture resistance of the tested 
crowns.
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MATERIALS AND METHODS 

1. Construction of the implant models

30 internal connection titanium dummy im-
plants (Legacy 1 system, Implant direct, Sybron 
International, USA) with 3.7mm diameter, 13mm 
length and 3.5mm platform diameter were used in 
this study. Transfer copings supplied by the im-
plant manufacturer (3.5mm platform diameter)were 
screwed to all implants  by the aid of the implant 
system hex tool to hold the implants during fabri-
cation of the models.Each implant-transfer coping 
assembly was centrally inserted in a machine milled 
copper cylinder by the aid of a specially constructed 
parallelometer  to be parallel to the cylinder outer 
surface. To simulate an osseointegrated implant and 
because its modulus of elasticity is similar to that of 
the bone (11,14,22), an epoxy resin material (Kemapoxy 
150, CMB International, Egypt) was proportioned 
and mixed according to the manufacturer instruc-
tions then injected in the copper cylinder around the 
implant up to its first thread to resemble the verti-
cal bone loss around the implant.(11) The sample was 
left for 24 hours till complete polymerization of the 
epoxy resin then retrieved from the copper cylinder. 
This procedure was repeated till completion of the 
30 samples. Finally, All transfer copings were un-
screwed from the implants. 

2. Study design and samples grouping

The 30 implant samples were randomly divided 
into three groups (n=10 each) according to the crown 
material used (Table 1); Group I :Yttria -stabilized 
tetragonal zirconia polycrystalline (Y-TZP) (Katana 
zirconia), Group II :  hybrid ceramic (Vita Enamic) 
and Group III : Lithium-disilicate glass ceramic 
(IPS e.max CAD). All crowns were CAD/CAM 
fabricated in the form of monolithic maxillary 
right first premolar. In each group, five crowns 
were cemented on ready made zirconia abutments  
(subgroup A) while the other five were cemented 
on custom made zirconia abutments (subgroup B). 

All samples were subjected to thermocycling then 
compressively loaded till fracture and the failure 
modes were visually analyzed.

3. Abutments  placement 

3.a. Ready made Zirconia abutments 

Five implants in each group received ready 
made contoured  two-piece zirconia abutments with 
internal connection and  gold anodized titanium base 
(Implant direct, Sybron International, USA).All 
abutments had standardized dimensions of 3.5mm 
platform diameter, 0.5mm chamfer finish line(29) 
with scalloped pattern(12), 7.6 mm length above the 
collar height at the buccal side and 6.1mm at the 
lingual side as well as 8o total convergence angle.
Abutments were screwed to implants by titanium 
screws which were torqued to 30Ncm according to 
the manufacturer recommendations using calibrated 
torque wrench and hex tool (Implant direct, Sybron 
International, USA). All abutments were reduced in 
height (1.6 mm length was removed)  by  a single 
operator so their final length was  6 mm above the 
collar height at the buccal side and 4.5 mm at the 
lingual side. This was carried out  using zirconia 
bur block shaping and polishing kit (Implant direct, 
Sybron International, USA), then the length was 
checked by a digital caliber. Finally, all abutments 
were polished with the polishing tools of the kit.

3.b. Custom made Zirconia abutments  
(hybrid abutment)

The other five implants in each group received 
custom made zirconia abutment after their 
fabrication.  Each abutment consisted of a titanium 
base (with 3.5mm platform diameter) compatible 
with the implant system (Ti base, Osteoseal Co.USA) 
that was adhesively luted to a CAD/CAM fabricated 
zirconia structure. The zirconia structure was 
designed by the DOW CAD software (dental wings 
Inc. Montreal, Canada) in the form of anatomically 
prepared maxillary  first premolar (to receive all-
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TABLE (1) All-ceramic crown materials used in the study 

Material Description, properties & composition Manufacturer

Yttria -stabilized 
tetragonal zirconia 

polycrystalline 
(Zirconia )
(group I)

Katana  Zirconia ML, specialized for Full Contour Zirconia 
restorations
Multi Layered Zirconia disc with 98.5mm  diameter and 18 
mm thickness, shade  A light 
Flexural strength : 1125 MPa
Fracture toughness :5.1 MPa m½  
Elastic modulus  :  214 GPa 
Composition in Wt%:
Zirconium dioxide   ZrO2 +HfO2  90-95%
Yttrium Oxide          Y2O3              5-8 % 
Other oxides             CaO, MgO      0-2%

Kuraray Noritake Dental Inc.
Japan

hybrid ceramic
 (Vita Enamic) 

(group II)

Double network hybrid ceramic block, Shade 3M2-HT 
 EM-14
Flexural strength : 150-160 MPa 
Fracture toughness: 1.5 MPa m½  
Elastic modulus  :  30 GPa
Composition of the ceramic part :
(86 wt% / 75 vol%)
Silicon dioxide          SiO2         58 – 63%
Aluminum oxide       Al2O3      20 – 23%
Sodium oxide            Na2O        9 – 11%
 Potassium oxide       K2O          4 – 6%    
 Boron trioxide          B2O3        0.5 – 2%      
Zirconium dioxide    ZrO2         < 1%
 Calcium oxide          KaO         < 1%
Composition of the polymer part :
(14 wt% / 25 vol%) 
UDMA (urethane dimethacrylate) TEGDMA (triethylene 
glycol dimethacrylate)

VITA  Zahnfabrik
Germany

Lithium-disilicate glass 
ceramic

(IPS e. max CAD) 
(group III)

Lithium disilicate glass-ceramic block 
Shade  LT A3 
C14
Flexural strength : 360 ± 60 MPa
Fracture toughness: 2.0 – 2.5  
 Elastic modulus  :  95 ± 5 GPa 
Composition in Wt%:
Silicon dioxide             SiO2            57.0 – 80.0 
Lithium dioxide            Li2O            11.0 – 19.0
Potassium oxide            K2O              0.0 – 13.0 Phosphorus 
pentoxide   P2O5             0.0 – 11.0 
Zirconium dioxide         ZrO2            0.0 – 8.0
Zinc oxide                      ZnO            0.0 – 8.0 
Other  & coloring oxides                   0.0 – 12.0

Ivoclar Vivadent
Schaan, Liechtenstein
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ceramic crown) with 6 mm occlusocervical length 
above the collar height in all surfaces, 1mm deep 
chamfer finish line with even pattern and 12o 
total convergence angle as recommended by the 
ceramic manufacturers preparation guidelines(36). 
This design  was standardized for the 15 custom 
made abutments used in this study. The designed 
abutments were milled from Katana Zirconia HT 
disc ( Kuraray Noritake Dental Inc, Japan) using 
a 5 axis milling machine (SHERA eco-mill 5 axis, 
Shera, Germany) then sintered in a furnace (Naber 
therm HT CT, Shera, Germany) at 1500o C for 7 
hours as recommended by the manufacturer. The 
sintered zirconia structure and the titanium base 
were prepared for adhesive luting by covering the 
outer surface of the ceramic structure as well as the 
screw access hole and the emergence profile of the 
titanium base by modelling wax (Cavex Holland 
BV, Netherlands)to be protected during the air born 
particle abrasion procedure which was carried out to 
the bonding areas of the two components by 50 µm 
Al2O3 particles at 1 bar pressure, then the wax was 
removed and the components were ultrasonically 
cleaned in distilled water and dried with oil free 
air spray. The abraded bonding areas of the two 
components were conditioned with a universal 
primer (Monobond Plus, Ivoclar Vivadent, Schaan, 
Liechtenstein) which was allowed to react for 60 
seconds then air dispersed. The surface treated 
titanium base was screwed to an implant analogue 
(to be able to receive the ceramic structure) and a 
thin layer of self curing automix opaque adhesive 
resin cement (Multilink Hybrid Abutment HO 
0, Ivoclar Vivadent, Schaan, Liechtenstein) was 
applied to the bonding areas of the titanium base 
and the zirconia structure that was lightly pressed 
onto the titanium base. Excess cement at the cement 
joint and at the screw channel was removed by 
microbrush (Microbrush International, UAS) and 
glycerin gel (Liquid strip, IvoclarVivadent, Schaan, 
Liechtenstein) was applied on the cement joint (to 
prevent the formation of oxygen inhibited layer) and 

left for 7 minutes till complete polymerization of the 
cement following the manufacturer’s instructions 
then rinsed with water spray. The cement joint was 
polished with rubber polishers (Dedeco International 
Inc, USA) at low speed  and finally, the custom made 
abutment (hybrid abutment) was unscrewed from 
the implant analogue. Each custom made zirconia 
abutment was screwed to its corresponding implant 
by the aid of the titanium screw of the titanium 
base and torqued to 30Ncm as recommended by the 
manufacturer using the calibrated torque wrench 
and hex tool (Implant direct, Sybron International, 
USA).

4. CAD/CAM fabrication of all-ceramic mono-
lithic crowns

The different types of all-ceramic monolithic 
posterior crowns used in this study were CAD/CAM 
fabricated according to the following standardized 
protocol: 

4.a. Optical impression of all abutments:

For the optical impression, ready and custom 
made abutments were sprayed with titanium 
dioxide powder (Cerec. Optispray, Sirona Dental 
Systems GmbH, Bensheim, Germany)then scanned 
by In Eos scanner (Sirona Dental Systems GmbH, 
Bensheim, Germany) and the resultant 3D images 
were saved on the computer.

4.b. Virtual designing of the monolithic crowns:

By the aid of the in Lab 4.3CAD software (Sirona 
Dental Systems GmbH, Bensheim, Germany),all 
crowns were individually designed onto their 
corresponding virtual 3D abutment models. Each 
crown was designed in the form of  fully contoured 
monolithic maxillary right first premolar with 1.5-
2mm ceramic thickness at the occlusal surface (1.5 
mm at the central groove, 2 mm at the tip of the 
cusps) and 80mµ spacer following the  parameters 
needed for ceramic restoration.(27) This design was 
adopted to all tested crowns. Exceptionally for 
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zirconia crowns, this design was enlarged by 25% 
to compensate for the zirconia sintering shrinkage. 

4.c. Crowns milling procedure:

In order  to start the milling procedure data 
including the size of the ceramic disc or  the block 
was loaded in the cerec software. The in Lab 15 
CAM software was used for the milling procedure 
which was carried out in the in Lab MC x5 milling 
machine (Sirona Dental Systems GmbH, Bensheim, 
Germany).

After completion of the milling procedure, the 
followings were carried out:

The milled zirconia crowns were sintered in 
a furnace (in Fire HTC speed, Sirona) Dental 
Systems GmbH, Bensheim, Germany) for 7 hours 
at 1500o  C following the manufacturer instructions. 
The sintered crowns were polished using diamond 
polishing system specialized for zirconia (EVE  
DIACERA Set HP 321, EVE Ernst Vetter GmbH, 
Germany) 

The milled Vita Enamic crowns were polished 
with the pink polishers of the Vita Enamic polishing 
kit (VITA Zahnfabrik, Germany) followed by the 
grey polishers of the kit.

The milled IPS e max CAD crowns were 
polished while they were in the precrystallized blue 
state with a diamond polishing system for silicate 
ceramics (EVE DIAPRO Set HP 360, EVE Ernst 
Vetter GmbH, Germany) then ultrasonically cleaned 
in distilled water for two minutes. After that, the 
cleaned crowns were subjected to crystallization 
cycle in the Programat P310 furnace (Ivoclar 
Vivadent, Schaan, Liechtenstein) at 850oC for 
a total firing time of 25 minutes according to the 
manufacturer recommendations.

After finishing of the previous procedures, all 
crowns were ultrasonically cleaned in distilled 
water for two minutes and dried by oil free air spray. 

5. Surface treatments and cementation of the 
crowns 

Prior to their cementation onto their 
corresponding abutments,the different crowns 
were subjected to their manufacturer recommended 
surface treatments as follows: the intaglio surfaces 
of the zirconia crowns were air born particle 
abraded by 50 µm Al2O3 particles at 1 bar pressure 
then ultrasonically cleaned and air dried. The fitting 
surfaces of Vita Enamic and IPS e max CAD crowns 
were subjected to acid etching by hydrofluoric  acid 
5% (IPS Ceramic Etching Gel, Ivoclar Vivadent) for 
60 seconds for Vita Enamic crowns and 20 seconds 
for IPS e max CAD ones, then thoroughly rinsed 
with water and air dried. A ceramic primer (Clearfil 
Ceramic Primer, Kuraray, USA) was applied to the 
treated fitting surfaces of all crowns (zirconia, Vita 
Enamic and  IPS e max CAD) and allowed to react 
for 60 seconds then air dispersed. 

The screw access holes of ready and custom 
made abutments of all subgroups were sealed with 
cotton pellets and temporary filling material (Cavit, 
3M ESPE, USA). A specially constructed cementing 
device was used to standardize the cementing 
procedure for all samples.An automix dual cure self 
adhesive resin cement (Panavia SA cement Plus, 
white, Kuraray, USA) was  applied to the treated 
fitting surfaces of all crowns. Each crown was 
immediately seated onto its corresponding abutment 
under finger pressure then placed in the cementing 
device under constant axial load of 5 Kg.(37) Excess 
cement at the margins was light cured for two 
seconds by LED curing unit (LED curing unit  LY-B 
200, LIANG YA Dental, China) then removed by 
dental explorer.The cement was photopolymerized 
for 10 seconds /surface by the LED curing unit on 
all surfaces of the crown. All samples  were kept at 
100% humidity at 37oC for 24 hours.

6. Thermal cycling of the samples

After the 24 hours storage period, samples 
were subjected to thermocycling (Robota thermo-
cycle; BILGE, Turkey) between two water bathes  
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(5o C and  55oC)  with  10 seconds dwelling  time in 
each water bath. The number of cycles carried out  
was 500 cycle. (38)

7. Fracture Resistance testing 

Each implant -abutment-crown complex was 
individually mounted on a computer controlled 
materials testing machine (Model 3345; Instron 
Industrial Products, Norwood, MA, USA) with 
a loadcell of 5 kN and data were recorded using 
computer software (Instron® Bluehill Lite 
Software). Samples were secured to the lower 
fixed compartment of the testing machine then 
compressive load was applied on the occlusal surface 
of each crown by a metallic rod with spherical tip 
(5.8mm diameter, contacting the buccal and palatal 
cuspal inclines) attached to the upper movable 
compartment of testing machine and traveling at a 
cross-head speed of 1mm/min. A tin foil with 1mm 
thickness was placed between the load applicator 
and the occlusal surface of the crown to achieve 
homogenous stress distribution and to minimize 
the transmission of local force peaks. The load at 
fracture was recorded in Newton. 

8. Failure mode analysis

Each fractured sample was visually examined 
with a magnifying lens and the location and mode of 
failure for each sample was recorded.  Additionally, 

mobility of the abutment and any plastic deformation 
of the implant neck were recorded. The failure modes 
were categorized according to Mühlemann et al (11) 
into: 1-Partial  or catastrophic fracture of abutment 
and/or crown, 2- visible crack of abutment and/or 
crown and  3-plastic deformation of components 
(implant, abutment, screw),

9. Statistical analysis 

Two-way ANOVA was used to study the effect of 
crown material, abutment type and their interactions 
on mean fracture resistance. Tukey’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 (IBM Corporation, NY, USA) SPSS 
Statistics Version 20 for Windows (SPSS, Inc., IBM 
Company).

RESULTS

1. Statistical analysis results 

Data were presented as mean, median, standard 
deviation (SD), range (Minimum – Maximum) and 
95% Confidence interval (95% CI) for the mean 
values. Data were explored for normality by checking 
the data distribution and using Kolmogorov-
Smirnov and Shapiro-Wilk tests. Fracture resistance 
data showed parametric distribution(Table 2).

TABLE (2) Descriptive statistics for fracture resistance values of the different groups 

Crown  
material

Abutment type Mean SD Median Minimum Maximum
95% CI

Lower bound Upper bound

Zirconia
Ready made 957.9 56.8 962.5 845.8 1025.4 908.1 1836.7

Custom made 1304.3 112.9 1286.5 990.5 1402.8 1205.3 2475.4

Vita 
Enamic

Ready made 446.4 49.1 450.1 371.4 556.8 403.4 839.7

Custom made 604.4 78.5 602.5 499.5 715.7 535.6 1128.3

IPS e.max 
CAD

Ready made 685.0 79.0 688.4 591.2 720.0 615.8 1285.9

Custom made 771.9 158.5 765.8 628.7 814.4 633.0 1399.1
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Fracture resistance of implant-supported all-ce-
ramic monolithic posterior crowns was statistically 
significantly affected by the crown material as in-
dicated by two way ANOVA test (P<0.001) regard-
less of abutment type. Zirconia crowns recorded the 
statistically significantly highest fracture resistance 
mean value (1131.1±88.5) followed by IPs e.max 
CAD crowns (728.4± 158.9) while Vita Enamic 
ones recorded the lowest values (525.4 ±121.6). 
Tukey’s pair-wise post-hoc test showed non-signif-
icant difference between IPs e.max CAD and  Vita 
Enamic crowns (Table 3). 

TABLE (3) Comparison of fracture resistance results 
(Mean ± SD) for different crown materials 
regardless of abutment type 

Zirconia Vita Enamic IPs e.max CAD 
P-value

Mean SD Mean SD Mean SD

1131.1 A 88.5 525.4 B 121.6 728.4 B 158.9 <0.001*

*: Significant at P ≤ 0.05, Different superscripts indicate 
statistically significant difference

Similarly, the fracture resistance of implant-
supported all-ceramic monolithic posterior crowns 
was statistically significantly affected by the 
abutment type as indicated by two way ANOVA 
test (P<0.001) regardless of the crown material. 
It was found that crowns cemented on custom 
made zirconia abutments recorded statistically 
significantly higher mean fracture resistance values 
(893.5±211.6)  than those cemented on ready made 
ones (696.4 ±171.3)(Table 4).

TABLE (4) Comparison of fracture resistance results 
(Mean ± SD) for different abutment types 
regardless of crown material 

Ready made     Custom made
P-value

Mean SD Mean SD

696.4 171.3 893.5 211.6 <0.001*

*: Significant at P ≤ 0.05

Effect of  interaction between crown material 
and abutment type  

Comparison between crown materials, either 
with ready or custom-made abutments; it was 
found that zirconia crowns recorded the statistically 
significantly highest fracture resistance mean value 
followed by IPs e.max CAD ones  while Vita 
Enamic superstructures recorded the lowest value. 
There was no statistically significant difference 
between Vita Enamic and IPs e.max CAD groups 
for both abutment types (Table 5, Figure1).

Comparison between abutment types, either 
with Zirconia or Vita Enamic crowns; it was found 
that crowns cemented on custom made zirconia 
abutments recorded statistically significantly higher 
mean fracture resistance value than those cemented 
on ready made ones,while with IPs e.max CAD; it 
was found that there was no statistically significant 
difference between the two abutment types  
(Table 5, Figure1).

TABLE (5) Comparison of fracture resistance results (Mean ± SD) for different implant-supported all-
ceramic monolithic posterior crowns cemented on ready and custom-made zirconia abutments 

Zirconia Vita Enamic IPs e.max CAD P-value  
(Between crowns)Mean SD Mean SD Mean SD

Ready  made 957.9 A 56.8 446.4 B 49.1 685.0 B 79.0 <0.001*

Custom made 1304.3 A 112.9 604.4 B 78.5 771.9 B 158.5 0.002*
P-value 

(Between abutments)
0.034* 0.042* 0.327

*: Significant at P ≤ 0.05, Different superscripts in the same row indicate statistically significant difference
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2. Failure mode analysis results

After photographing of the cracked and fractured 
crowns, the fragments of the crowns (which were 
still attached to ready and custom made abutments) 
were removed from the underlying zirconia 
abutments to allow for abutment examination.Visual 
examination of  each abutment/crown fragments  
revealed that most of the cement remnants were 
predominantly attached to the crown fragments  and 
not to the underlying  ready or custom made zirconia 
abutments  which did not exhibit  any crack lines or  
actual fractures  after being visually inspected with 
the magnifying lens.Additionally, no mobility was 

manifested with any abutment and the  implant neck 
of all samples did not show  plastic deformation. 

Implant-supported all-ceramic monolithic posteri-
or crowns cemented on ready made zirconia abut-
ments (Figure 2 a, b, c)

Zirconia  crowns showed catastrophic fracture 
splitting it vertically,just beside the central 
developmental groove, into two parts. The short 
palatal half in all samples was detached from the 
abutments while the longer buccal one remained 
attached to it. Additionally, in the representative 
sample (Figure 2, a) an incomplete fracture line was 
extended from the central groove toward the buccal 
cusp along the proximobuccal supplemental groove 
of the triangular fossa. 

Vita Enamic crowns exhibited visible crack line 
near the central developmental groove toward the 
palatal side and extended transversely from one 
proximal side to the other. (Figure 2,b )

IPs E max CAD crowns  showed catastrophic 
fracture of the crowns, the fracture line located 
occlusally at the central developmental groove 
and extended mesiodistally till the finish line area. 
Furthermore, another mid palatal longitudinal  
fracture line was manifested splitting the functional 
palatal cusp and the short palatal surface  into two 
fragments. Similar to zirconia crowns, the longer 
buccal half remained attached to the abutments.   
(Figure 2,c )  

Fig. (1) Bar chart comparing the fracture resistance results 
(Mean ± SD) of  different implant-supported all-
ceramic monolithic posterior crowns cemented on 
ready and custom-made zirconia abutments.

Fig. (2) Representative samples of  fractured all-ceramic crowns cemented on ready made abutments
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Implant-supported all-ceramic monolithic poste-
rior crowns cemented on custom made zirconia 
abutments (Figure 3 a, b, c)

Zirconia crowns representative sample exhibited 
crescent shape catastrophic fracture in the palatal 
surface extending from the cusp tip to the thinnest 
area of crown near its margin. The fracture occurred  
occlusally  in the cusp tip just above the palatal cusp 
tip of the zirconia abutment. (Figure 3,a)  

Vita Enamic crowns cemented on custom made 
abutments exhibited similar fracture pattern to 
those cemented on ready made abutments where a  
visible crack line was extended midway between 
the central developmental groove and the  palatal 
cusp tip and transversely from one proximal side to 
the other.(Figure 3,b )

IPs E max CAD crowns  showed catastrophic 
fracture of the crown splitting it into three fragments 
similar to those cemented on ready made abutments  
(Figure 3, c )  

DISCUSSION

Implant-supported crowns are commonly 
used to replace missing teeth. These restorations 
have a good clinical survival rate and long-term 
patient satisfaction.(1,2) Abutments play a key role 
in fitting prosthesis onto dental implants and they 
are needed to create an appropriate emergence 

profile.(17) Until today, titanium  abutments  are  
considered the ‘gold-standard’ for longevity 
of implant-borne reconstructions in all regions 
of  the jaw, unfortunately, they may impair  the  
esthetic result  of  implant reconstructions.(6) As 
an alternative ceramic abutments made out of 
the high-strength ceramics alumina and zirconia 
can be used. (7) Partially stabilized zirconia 
shows superior properties to densely sintered 
high purity alumina due to such microstructural 
differences as higher density, smaller particle size 
and their polymorphic mechanism against flow  
propagation. (9) Many authors reported that all 
ceramic abutments made of alumina had unfavorable 
behavior after aging and  possessed less favorable 
properties than zirconia and titanium abutments. (39) 
Yildrim et al(40) concluded that fracture resistance in  
zirconia abutment group was more than twice that 
in alumina group. Additionally, zirconia  abutments 
had a cumulative survival rate of 100% after 
observation periods between 4 and 6 years (6,41). In 
a randomized controlled clinical trial of customized 
zirconia and titanium implant abutments for single-
tooth implants in canine and posterior regions, 
Zembic et al(42) reported that at 3 years, zirconia 
and titanium abutments exhibited same survival 
and technical, biological and esthetical outcomes. 
Because of  the increased mechanical strength  
and survival rate,it has been suggested to use 
zirconia instead of alumina as implant abutment  

Fig. (3) Representative samples of  fractured all-ceramic crowns cemented on custom made abutments
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material (9,39), hence,zirconia was the abutment 
material of choice in this study. 

Most implant companies supply prefabricated 
ceramic abutments. These abutments are readily 
available, economical, widely used and its height, 
width of the finish line and the axial walls can 
be easily modified manually by the technician 
or the dentist to accommodate a full coverage 
restoration. However, their contours are rarely 
anatomic and do not support the surrounding soft 
tissues making managing the emergence profile 
of an implant restoration difficult.(9,10) The initial 
types of prefabricated all ceramic abutments was 
totally made of zirconia including the connection 
part with the implant. With this type of abutments,it 
has been argued that the ceramo-metal interface 
(the interface between all-ceramic abutments and 
titanium implants) is prone to wear and abrasion of 
the metallic part.(43) Rounding of the corners of the 
implant external hexagon as a consequence of seating 
and reseating of ceramic abutments during the 
fabrication process has been observed.(44) Moreover, 
all-ceramic abutments cannot be machined to the 
same degree of precision as metal abutments. An 
imprecise fit between abutment and implant can 
lead to screw loosening and other clinical problems 
such as bone loss due to subsequent microbial  
infection.(7) To overcome the wear problem at 
the interface between all-ceramic abutment and 
titanium implant, an all ceramic abutment in 
which  zirconia is sintered onto  titanium base that 
covers the implant platform and hexagon had been  
developed. (45, 46) Accordingly, ready made zirconia 
abutment with titanium base was selected in the 
present study.

A significant advancement in computer-aided 
designing and computer-aided manufacturing 
(CAD/CAM) technology has shortened a series 
of laboratory and clinical steps for rehabilitating 
patients’ dentitions with dental implants. Through 
the use of this technology, professionals can design 
and manufacture custom esthetic abutments and 
all-ceramic crowns in short time and with minimal 

human intervention, therefore, controls the quality 
and reduces the  defects. (15,16) 

CAD/CAM custom made implant abutments are 
increasingly applied for the fabrication of implant-
borne reconstructions aimed at imitating the natural 
situation. These abutments are individually shaped 
according to the anatomical needs of the respective 
implant site. (11-15) The wear problem occurring at the 
implant/ceramic interface is solved by the custom 
made hybrid design in which the zirconia part is 
adhesively bonded to a titanium base so combines 
the best of the two worlds. (17) Thus, custom made 
zirconia hybrid abutment was fabricated in this 
study.

For fabrication of all ceramic implant crown, 
zirconia abutments require shoulder or chamfer 
finish line as mentioned by Sannino et al (47)  who 
reported that chamfer finish line configuration was 
found to minimize the localized stress as indicated by 
a 3D  finite element analysis than the shoulder one, 
thus chamfer finish line was selected in the present 
study. The abutments finish line thicknesses were 
thinner than those with the natural teeth,such limited 
preparations may be feasible without restraining the 
esthetic performance due to the favorable color of 
the underlying zirconia abutment.(29) 

The material of choice for implant-supported 
restorations is affected by esthetic requirements and 
type of abutment. All-ceramic crowns are better to 
use over ceramic abutments because they allow for 
better aesthetics. (48) Regarding a 5-year clinical data, 
single implant all-ceramic crowns over zirconia 
abutments showed estimated survival and failure 
rates corresponded to that of metal ceramic ones 
supported by metal abutments. (49) Consequently, all 
ceramic materials were selected in the present study 
for construction of the implant supported  crowns. 

The selected ceramic materials belong to three 
different ceramic families as categorized by  Gracis 
et al (50) who  classified  the ceramic material 
according to whether a glass-matrix phase is present 
(glass-matrix ceramics) or absent (polycrystalline 
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ceramics) or whether the material contains an 
organic matrix highly filled with ceramic particles 
(resin-matrix ceramics). IPS e max CAD belongs 
to glass-matrix ceramics and characterized by 
improved physical properties and translucency 
due to the high concentration of refined lithium 
disilicate crystals. (50,51) Katana zirconia ML belongs 
to polycrystalline ceramics  which is  a very strong 
and tough material that is difficult to crack compared 
to less dense and irregular network found in glasses. 
Katana zirconia ML is a multi-coloured zirconia 
block with  four layers of color that have different 
light transmittance capabilities, this might therefore 
be useful for enhancing the aesthetic appearance of 
full-contour zirconia restorations made from this 
material. Partially sintered zirconia blocks were 
selected in this study as  the CAM processing with 
the softer presintered material not only shortens the 
milling time but also reduces the wear of the milling 
tools. (51,52)

Vita Enamic belongs to resin-matrix ceramics;the 
material combines the properties of ceramic and 
polymer.It consists of a hybrid structure with two 
interpenetrating networks of ceramic and polymer 
(Table 1) and it’s modulus of elasticity resembling 
that of natural human dentin. The most remarkable 
property is the good machinability of the material 
which takes the leading position among all blocks 
used to date.(33,34,50)

Additionally, the ceramic crown materials were 
chosen to have different modulus of elasticity 
(Table 1) as  some authors reported that the type 
of material used for the prosthesis supported by 
the titanium implant could affect occlusal load(53). 
Many investigators recommended resilient 
occlusal material to reduce the forces exerted on  
implants.(53,54) Menini et al (55) studied the shock 
absorption capacity of restorative materials for 
dental implant prostheses and concluded that 
composite and acrylic resin crowns were more able 
to absorb shock from occlusal forces than crowns 
made of zirconia, glass ceramic and gold alloy.

All implant supported crowns tested in this study 
were fabricated in the form of monolithic crowns 
as carried out by  many authors.(20-27,30) The most 
frequent clinical complication with zirconia-based 
crowns was chipping of the veneering porcelain. 
Fabrication of monolithic full-contour zirconia 
crown is an alternative that might avoid chipping of 
veneering. (56) Beuer et al(57) showed in a laboratory 
study that anatomic contoured zirconia crowns 
demonstrated higher resistance to static loading 
tests than veneered zirconia ones.  Additionally, 
fabrication  procedure  is simplified for monolithic 
IPS e max cad and Vita Enamic crowns which 
showed good results in laboratory studies. (20-22,25,26)

Following many researchers (12,15,20-23,26,27), 
implant-supported all ceramic crowns in this study 
were cement retained to the underlying abutments as 
they are simpler to fabricate so decreasing possible 
laboratory complications. Additionally, Nogueira 
et al(14) reported that ceramic crowns cemented 
onto customized zirconia abutments offered greater 
fracture resistance than customized screw retained 
crowns.

Wolf et al (58) declared that esthetic ceramic CAD/
CAM molar implant crowns gained high strength 
with adhesive cements on both titanium and zirconia 
implant abutments compared to non adhesive 
cementation. Therefore, the ceramic crowns in this 
study were cemented to ready and custom made 
zirconia abutments using adhesive resin cement  as 
performed by a group of researchers. (11,12,15,20-23,26,27,39)

Exposure to water was found to affect 
the mechanical properties of all ceramic  
restorations. (59) Furthermore, temperature changes 
led slow flaw propagation. (60) Thus, all samples 
of this study were subjected to thermocycling 
to more closely simulate the clinical situation as 
implemented by many authors. (11,15,26,33)

This study was not only a test of the all ceramic 
crown materials but rather an investigation of  
various implant components (implant, abutment and 
crown) functioning together as a system. The first 
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null hypothesis of this study which stated that the 
all ceramic crowns tested would show no difference 
in their fracture resistance was partly rejected. The 
results showed that zirconia crowns recorded the 
statistically significantly highest fracture resistance 
mean value, followed by IPs e.max CAD crowns, 
while Vita Enamic ones recorded the lowest 
values and the difference between IPs e.max CAD 
and  Vita Enamic crowns was statistically non-
significant, regardless of the abutment type (Table 
3). The influence of the type of ceramic on the 
fracture resistance of implant supported crowns 
was confirmed earlier. (22) The results of the present 
study were in accordance with those of Kok et al(21)  

who examined the mechanical performance of 
different implant-supported posterior crowns and 
found that among the tested materials, anatomic 
contour zirconia crowns had the heights initial load 
to failure,followed by IPS e max CAD then Vita 
Enamic. The results were also in agreement with 
those of Kim et al (20) who reported that implant 
supported posterior crowns made of zirconia 
(zirconia core with heat pressed veneer) had 
significantly higher fracture load compared to  IPS 
e max CAD crowns. On the other hand,the results 
were contradicting those of Rosentritt et al (25) and 
Weyhrauch et al (26) who tested the fracture resistance 
of several CAD/CAM fabricated all ceramic implant 
supported posterior crowns and found that IPS e 
max CAD crowns registered statistically significant 
higher fracture resistance values than Vita Enamic 
crowns. Possibly, the difference with Rosentritt et 
al(25) results may be linked to the methodology as 
they used screw and cement retained crowns which 
may affect the results. Whereas, Weyhrauch et al(26) 
cemented their all ceramic crowns on titanium 
abutments.

The superior fracture resistance of zirconia 
crowns on ready and custom made abutments used 
in this study may be attributed to its metastable 
tetragonal crystalline structure at room temperature 
which are densely packed, resulting in a very 
strong and tough material that is difficult to crack 

compared to less dense and irregular network 
found in glasses.(51,61,62) This structure represents an 
efficient mechanism against flaw propagation. (61) 
Also,  there was a trend to a correlation between 
in vitro performance as well as fracture results 
and the individual material properties.(25) Zirconia 
ceramics exhibit the highest flexural strength and 
fracture toughness of all dental ceramics currently 
available(Table 1). (31)

IPS e max CAD crowns on both abutment types 
performed second best (but the difference with Vita 
Enamic crowns was not statistically significant). 
This may be linked to its chemical composition 
and fabrication technique as a block of IPS e.max 
CAD is milled at an intermediate stage, during 
which lithium metasilicate (which corresponds to 
40% of  0.2 to 1.0 µm platelet-shaped crystals by 
volume)is precipitated. In this phase, the material 
exhibits a bluish color and little chemical durability. 
Through a thermal crystallization process at 
850oC, the lithium metasilicate is transformed into 
a lithium disilicate, which corresponds to 70% 
by volume of fine-grain crystals,which provides 
mechanical strength and optical properties of glass  
ceramics.(63) Furthermore, with subsequent 
crystallization, flexural strength increases and 
induced flaws are expected to be reduced, which 
may lead to a higher resistance to fracture.(25)

Vita Enamic crowns on both abutments used 
recorded the lowest fracture resistance among the 
tested ceramic crowns. As would be expected, 
hybrid ceramics are not as strong as ceramics,(31) 
Vita Enamic is based on a network structure made 
of aluminum oxide-enriched, fine structure feldspar 
ceramic combined with a proportion of polymer 
material consisting of UDMA and TEG-DMA(33). 
Additionally, material  with lower modulus of 
elasticity and flexural strength provided lower 
fracture resistance, (Table 1).(25)  However, its lower 
modulus of elasticity made it a suitable material for 
implant supported restorations.(53-55)
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 The second hypothesis of the present study 
which stated that the abutment type would not 
affect the fracture resistance of the tested all 
ceramic crowns was rejected. The results showed  
that crowns cemented on custom made zirconia 
abutments recorded statistically significantly 
higher mean fracture resistance values than those 
cemented on ready made ones regardless of the 
crown material, (Table 4).A possible explanation 
of this finding may be related to the difference in 
the finish line pattern between the abutments, the 
scalloped pattern of the ready made abutments 
led to occluso-cervical variations in the finish 
line location which subsequently reduced the 
strength of the all ceramic crown as confirmed  
previously.(64) However, identical occluso-cervical 
locations of the finish on all axial surfaces of the 
custom made abutment used in this study  increases 
the all ceramic crown strength as reported in earlier 
study. (64)    

Furthermore, the effect of the abutment on the 
fracture resistance of all ceramic implant supported 
restoration was previously documented in the 
literature.(28,29,39,65) Wider zirconia abutments have 
higher fracture resistance than narrower ones as 
mentioned by many authors. (66,67) Additionally, 
Schepke et al (12) mentioned that stock abutments 
have a naturally smaller retention surface than the 
customized ones. Therefore, the higher fracture 
resistance of all ceramic crowns cemented on 
custom made abutments in this study may be linked 
to the abutment size, as the custom made abutment 
used is wider mesio-distally and bucco-lingually 
than the ready made abutments. 

Associated with the values of fracture resistance, 
it is also important to analyze the types of fractures 
in each experimental group. This is not only because 
the result of the fracture resistance ensures a material 
is ideal for implant restoration, but also because the 
result will show what kind of failure will occur, that 
is, if the prognosis is favorable or not. Most of the 
crowns in the present study fractured or cracked 
with cohesive failures in the ceramic, mesiodistally 

dividing the crown into buccal and palatal parts, 
although the abutment remained intact. Usually 
one part remained attached to the abutment, similar 
to the findings in previous studies. (22,68) This type 
of failure was shown with the steel ball of the 
universal testing machine that was adapted to the 
buccal and palatal cuspal inclines of the crown. 
The load applied on the crown favored the external 
displacement of the buccal and palatal cusps, with a 
tension concentration in the top of the abutment and 
a fracture line in the mesiodistal direction. (22)  

Similar  to the findings of  Stona et al (22) as well 
as  Schepke and colleagues (12) most of the cement 
remnants were predominantly attached to the crown 
fragments  and not to the underlying  ready or 
custom made zirconia abutments of this study.Its 
believed that this finding may be related to the fact 
that no surface treatment was done to the abutments 
similar to other study(22) as it is not recommended by 
the ready made abutment manufacturer. 

The fracture resistance results of  all ceramic 
crowns  cemented on different types of abutments 
in the present study were better than the normal 
masticatory forces applied on premolar teeth, which 
correspond to values of 300 N to 400 N.(69-71) This 
indicates the suitability of the tested machinable all 
ceramic materials  and abutments  for the implant 
supported monolithic posterior crowns. 

The limitations of this study  include being an 
in vitro investigation which cannot reproduce all 
clinical parameters. However, they may provide an 
insight into material characteristics, use, function and 
performance during a short time under reproduced 
and standardized conditions.  Also, the use of 
static instead of cyclic loading which would better 
simulate the clinical situation. The present study 
sets the foundation for further research that should 
include clinical trails to confirm the performance of 
this materials as a choice for monolithic posterior 
implant supported single restorations.
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CONCLUSIONS

All tested implant-supported all-ceramic mono-
lithic posterior crowns cemented on ready and  
custom made zirconia abutments had the potential to 
withstand the physiologic occlusal forces in the premo-
lar region with the superiority of the zirconia crowns 
cemented on custom made zirconia abutments.
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