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Abstract: 

Objective: To evaluate the effect of different implant-abutment angulations on the fracture resistance of anterior three-

unit implant-supported zirconia fixed dental prosthesis. Materials and Methods: Five groups (n=10) were fabricated to 

represent maxillary anterior three-unit zirconia fixed dental prosthesis supported by two implants with different 

implant-abutment angulations including group 0
o
-0

o
, group 0

o
-17.5

o
, group 0

o
-35

o
, group 17.5

o
-17.5

o
 and group 35

o
-35

o
. 

Zirconia FDPs were cemented by self-adhesive resin cement. All specimens were subjected to thermocycling (5000 X 

5
o
C/55

o
C) and mechanical loading (50 N X 120,000 cycles /1.6Hz). Static loading was applied using the universal 

testing machine at a crosshead speed of 1 mm/min. One-way ANOVA and Post hoc Tukey test were applied and 

statistical significance was set at P value < 0.05. Results: All specimens subjected to TCML survived without 

mechanical failure. Group 0°-35°, group 17.5°-17.5° and group 35°-35° (654.24 ± 81.66 N; 551.34 ± 87.79 N; 382.42 ± 

52.07 N, respectively) showed a significant decrease in fracture resistance compared to that in group 0°-0° which 

showed the highest fracture resistance (759.72 ± 88.33 N) (P=0.04, <0.001, <0.001 respectively). There was no 

significant difference between group 0°-17.5° (746.04 ± 85.02 N) (P=0.99) compared to that in group 0°-0°. 

Conclusions: The fracture resistance of zirconia FDPs decreased as implant-abutment angulation increased. Angled 

abutments of 0
o
, 17.5

o
, and 35

o
 could be used as a suitable option for restoration of nonideally placed implants but 

within limitations, because there was a significant decrease in fracture resistance in group 17.5°-17.5° and group 35°-

35°.  
 

Introduction:  

ental implants are most commonly used for 

rehabilitation of the partially or completely 

edentulous cases.
1
 It is known that missing 

teeth in the esthetically anterior maxillary area leads to 

alveolar bone resorption from the labial aspect which 

compromised the positioning of the implant making it 

difficult for the clinician to restore with conventional 

abutments and influencing the final esthetics of 

prosthesis.
2
 

The use of angled abutments was recommended to 

facilitate prosthesis fabrication. The clinician used 

angled abutments to avoid anatomical structures when 

placing the implants.
3
 In a study performed by Tian et 

al.
4
, they concluded that stress distribution decreased in 

the peri-implant bone of angulated abutments under 

certain conditions. This result suggested the use of 

angled abutments as a suitable option for the 

restoration of implants placed in nonideal locations. 

Zirconia was widely used for implant-supported 

restoration because of its mechanical and esthetic 

properties.
5
Tetragonal crystalline structure of zirconia 

enabled it to undergo a transformation toughening 

under critical load that enhanced its mechanical  
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resistance against microcracks propagation.
6
 In a study 

performed by Traini et al.
7
, they evaluated the fracture 

resistance of single implant-supported crowns 

fabricated from different restorative materials. They 

concluded that the implant-supported zirconia core 

group showed a significantly higher fracture strength 

value (1638 ± 662 N). 

Using yttrium-stabilized zirconium dioxide in the 

esthetic anterior area was highly useful. However, their  

mechanical behavior upon loading was still critical 

because unfavorable forces could be transmitted to the 
implant or the restoration by the angulated abutments, 

thereby compromising the treatment prognosis.
8 

Despite the high mechanical properties of zirconia-

based restorations, clinical failures still occur, usually 

at the connector area. Similarly, Saker et al.
9 

evaluated 

the resistance to fracture of prefabricated straight and 

angulated zirconia implant-abutment-supported 

anterior three-unit lithium-disilicate prostheses. The 

fracture was located between the loading point and one 

of the connectors. The occlusogingival dimension of 

all-ceramic implant-supported fixed dental prosthesis 

should be maximized at the connector area.  

The present study aimed to evaluate the fracture 

resistance of implant-supported anterior three-unit 

zirconia fixed dental prosthesis with different abutment 

angulations. The null hypothesis was to test that there 

was no difference in the fracture resistance of anterior 

three-unit zirconia FDP supported by two implants 

with different abutment angulations.The sample size 

was calculated by G*Power (3.1) with effect size   
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(0.5739725), α level )0.05(, minimum power )0.80 (and 

maximum power )0.99(. The calculated total sample 

size was 25 (minimum) and 65 maximum). Thus, the 

total sample size in the present study was determined to 

be (50) which was equally distributed in five groups 

(n=10 for each group). Five groups (n=10) of different 

abutment angulations were designed. Group (0
o
-0

o
) 

represented the ideal implant position which made it 

possible to use straight prefabricated titanium 

abutments. The other test groups represented 

compromised implant positions that required angled 

abutments 17.5
o
 and 35

o
.
01

 To create an edentulous 

area, maxillary right central, lateral, and canine teeth 

were removed from a typodont model (Pro2001-UL-

sp-FEM-32, Nissin, Japan) of the maxilla. After this, 

the sockets of teeth were sealed with wax. The 

duplicating silicon material was used to accurately 

replicate the typodont and created a silicon mold. In 

turn, the mold was poured with an epoxy resin material 

to obtain a maxillary model with an anterior edentulous 

area. Two implants were drilled in each model in the 

position of maxillary right central and canine at 

different angulations (0
o
, 17.5

o
, and 35

o
) with the aid of 

the surgical stent. Abutments were attached to their 

implant fixtures at torque 25 Ncm according to 

manufacturer recommendations.  Group (0
o
 -0

 o
) 

consisted of two implants attached to straight 

abutments, group (0
o
 -17.5

o
) consisted of two implants 

attached to straight and 17.5
o
 angled abutments while 

group (0
o
-35

o
) consisted of two implants with straight 

and 35
o
 angled abutments. Group (17.5

o
-17.5

o
) 

consisted of two implants with 17.5
o
 angled abutments 

and group (35
o
-35

o
) consisted of two implants with 35

o
 

angled abutments. Anterior three-unit fixed dental 

prostheses were designed by using CAD/CAM 

software (Dental CAD 3.0 Galway, Exocad GmbH, 

Germany) with minimum wall thickness (0.6 mm), 

connector dimensions 9 mm
2
 and screw channel 

diameter (2.3 mm). Anterior three-unit fixed dental 

prostheses were fabricated from super translucent 

multilayered zirconia by CAD/CAM system. The outer 

surface of the titanium prosthesis cap and the fitting 

surface of zirconia were treated with (50 μm) 

aluminum oxide powder (cobra aluminum oxide, 

Renefert, USA) at 4- pressure and 6- pressure, 

respectively at a distance of 10 mm. FDPs were 

cleaned and dried, then one coat of zirconia primer was 

applied (MKZ Primer, Bredent, Germany) for 60 

seconds and dried gently for 3-5 seconds according to 

the manufacturer's recommendations. Zirconia-fixed 

dental prostheses were cemented to their corresponding 

abutments by self-adhesive dual-cure resin cement 

under constant load. Excess cement was removed then 
light curing was applied for 20 seconds for each side 

according to the manufacturer's recommendations. 

Zirconia FDPS were subjected to thermocycling (5000 

cycles 5
 o

C to 55 
o
C; dwell time: 20 seconds; transfer 

time: 5 seconds) and then mechanical cycling was 

applied with a cycling device with 1.6 mm diameter 

that induced 50 N loads for 120,000 times with a 

frequency of 1.6 Hz. Static load to fracture test was 

applied to all survived specimens using a computer-

controlled universal testing machine (Instron universal 

testing machine, Model 3345, Instron, USA). The 

upper compartment consists of a metallic rod with a 

spherical tip of 5 mm diameter. A 0.5 mm tin foil sheet 

was positioned in between to ensure even stress 

distribution.  The force was applied by a load cell of 5 

kN at a crosshead speed of 1 mm/min.
20

 The load was 

transferred to the palatal surface of the pontic 2 mm 

below the incisal edge at an angle of 135-degree angle 

from the horizontal plane.
10

 The failure load data were 

recorded in Newton using the machine’s software  

 

 

 

 

 

 

 

 

       Figure. Specimen fixed to the customized lower compartment of 

computer-controlled universal testing machine. 

 (BlueHill 3 software version 3.3, Instron, USA),      

Figure1. 

   Statistical Analysis: Data normality was detected by 

using Shapiro–Wilk test which revealed that all data 

were in a normal distribution. Statistical analysis and 

data interpretation were performed using the computer 

program IBM SPSS (Statistical package for social 

science). One-way ANOVA (analysis of variance) was 

used to compare more than two groups of numerical 

(parametric) data followed by the Post Hoc Tukey test. 

Statistical significance was set at P value < 0.05. 

Results: 

  The fracture resistance values for all groups were 

presented in Table . All tested specimens subjected to 

artificial aging survived with no fractures of FDPS or 

abutments. Group 0°-35°, group 17.5°-17.5° and group 

35°-35° (654.24 ± 81.66; 551.34 ± 87.79; 382.42 ± 

52.07 N, respectively) showed a significant decrease 

compared to that in group 0°-0° (759.72 ± 88.33 N) 

(P=0.04, <0.001, <0.001, respectively) which showed 

the highest fracture resistance value. Group 0°-17.5° 

(746.04 ± 85.02 N) (P=0.99) showed non-significance 

compared to that in group 0°-0°. Group 17.5°-17.5° 

and group 35°-35° (551.34 ± 87.79 N; 382.42 ± 52.07, 

respectively) showed a significant decrease compared 

to that in group 0°-17.5° (746.04 ± 85.02 N) 

(P=<0.001, <0.00, respectively) while group 0°-35° 

(654.24 ± 81.66 N) (P=0.095) showed non-significance 

compared to that in group 0°-17.5°. Group 17.5°-17.5° 

and group 35°-35° (551.34 ± 87.79 N; 382.42 ± 52.07 

N, respectively) showed a significant decrease 

compared to that in group 0°-35° (654.24 ± 81.66 N) 

(P=0.047, <0.001, respectively). Group 35°-35° 

(382.42 ± 52.07 N) (P=<0.001) showed a significant   
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   Table: Comparison of fracture resistance (N) between group 0°-0°, group 0°-17.5°, group 0°-35°, group 17.5°-

17.5° and group 35°-35° 

Data expressed as mean ± SD  

SD: standard deviation        P: Probability     *: significance <0.05              

The test used: One-way ANOVA followed by post-hoc Tukey 

 

  decrease compared to that in group 0°-35° (654.24 ± 

81.66 N) (P=0.047, <0.001, respectively). Group 35°-

35° (382.42 ± 52.07 N) (P=<0.001) showed a significant 

decrease compared to that in group 17.5°-17.5°.       

    

Discussion: 

 

The present in vitro study evaluated the influence of 

different implant-abutment angulations on the 

resistance to fracture of zirconia anterior fixed dental 

prosthesis. The null hypothesis of the current study was 

rejected as implant-abutment angulation was found to 

be a statistically significant variable on the fracture 

resistance of the zirconia anterior fixed dental 

prosthesis. 

To simulate clinical conditions, bar-like specimens 

were not used, instead of that the specimens in the 

current study were designed as three-unit fixed dental 

prostheses with normal anatomic shapes. It was known 

that the elastic modulus of epoxy resin material was 

detected as the elastic modulus of cancellous bone and 

dentin.
11 

Epoxy resin material was selected as the 

material that supports all specimens.
 
 In this study, all 

tested groups had the same implant diameter (4 mm) to 

avoid the potential influence of diameter changes on 

results.
12

 

The morphology of existing bone in the premaxilla 

often required that implants are placed at angles that 

are difficult to restore with conventional abutments.
13 

Angulated abutments were used to correct this 

condition and make prosthesis fabrication easier. In the 

present study, the static load was applied with a labial 

apical direction near the cingulum area of mandibular 

incisors to simulate centric occlusion.
14

 

Yttrium-stabilized zirconium dioxide showed the best 

mechanical properties of all dental ceramics.
15 

In the 

present study, monolithic zirconia restorations were 

used due to the improved behavior of monolithic 

restorations compared to bi-layered restorations, when 

used for crowns and FPDs. The interface between the  

 
P1: significance relative to Group 0°-0° 

P2: significance relative to Group 0°-17° 

P3: significance relative to Group 0°-35° 

P4: significance relative to Group 17.5°-17.5° 

core and veneer layers was detected as the weakest part 

in a veneered system, but it was eliminated in a 

monolithic restoration, thus the chipping problem was 

overcomed.
16

 

From the results of the current study,
 
group 0°-35°, 

group 17.5°-17.5°, and group 35°-35° showed a 

significant decrease in fracture resistance (654.24 ± 

81.66; 551.34 ± 87.79; 382.42 ± 52.07 N, respectively) 

compared to that in group 0°-0° that showed the highest 

fracture resistance among all groups (759.72 ± 88.33 N) 

(P=0.04, <0.001).  The results of the present study 

showed that as angulation increased, the greater off-

axis force induced more stress and strain in implant 

components. These results come in agreement with a 

study performed by EL-Sheikh et al. 
17 

in which they 

concluded that there was a statistically significant 

increase in stress and strain when abutment angulation 

increased. Similar findings are observed by Bholla et al.
 

08 
that

 
showed a 26% increase in stress in the 25° 

angulated abutment than in the straight abutment.  

Opposite to the results of the present study,
 

Katsavochristou et al.
19 

investigated the fracture 

resistance of screw-retained implant-supported 

monolithic zirconia custom abutments with different 

angulations (0
 o

, 15
o
, and 25

o
). They concluded that the 

abutments with 15
o
 angulation showed the highest 

resistance to fracture (962.37 ± 93.81 N) compared to 

25
o
 and 0

o
angled zirconia abutments. Fracture 

resistance significantly increased as angulation of the 

custom zirconia abutment increased. This result could 

be due to different abutment thicknesses at the cervical 

region of the zirconia abutments fabricated for each 

group.According to the results of the current study, 

group 0°-17.5° (746.04 ± 85.02 N) showed a non-

significant difference in fracture resistance compared to 

that in group 0°-0° (759.72 ± 88.33 N) (P=0.99). The 

results of the present study come in agreement with a 

study performed by Shende et al.
3
 in which they 

studied stresses patterns within bone surrounding a 

dental implant when abutments with different 

angulations 0°, 15°, and 20° were used in the anterior 

maxillary region.                              .  

 
Group 0°-0° Group 0°-17.5° Group 0°-35° Group 17.5°-17.5° Group 35°-35° P 

Fracture 

Resistance 

(N) 

759.72 ± 88.33 746.04 ± 85.02 654.24 ± 81.66 551.34 ± 87.79 382.42 ± 52.07 <0.001* 

Post-hoc  P1=0.99 P1=0.04* 

P2=0.095 

P1=<0.001* 

P2=<0.001* 

P3=0.047* 

P1=<0.001* 

P2=<0.001* 

P3=<0.001* 

P4=<0.001* 
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They concluded that only an 11% increase in shear 

stress was detected when the abutment angulations 

were increased from 0° to 25°.  

On analysis of the results of the present study, it was 

detected that group 0°-35° (654.24 ± 81.66 N) showed a 

non-significant difference in fracture resistance 

compared to that in group 0°-17.5° (746.04 ± 85.02 N) 

(P=0.095). Similar findings were shown by Wu et al.
20

 

detected a decrease in the magnitude of stress with 

oblique loading in angulated abutments up to 27°. The 

results of this study could be explained that as the 

direction of load is opposite to the direction of the 

angled abutment, the stress on the surrounding bone and 

the implant decreased.  

 The current study showed that group 17.5°-17.5° and 

group 35°-35° (551.34 ± 87.79; 382.42 ± 52.07 N, 

respectively) showed a significant decrease in fracture 

resistance compared to that in group 0°-17.5° (746.04 ± 

85.02 N) (P=<0.001, <0.001 respectively). Similar 

findings were observed in a study by Kapoor et al.
13

 in 

which they evaluated the stress distribution in an 

anterior maxillary implant-supported prosthesis with 0°, 

15°, and 25° angulated titanium and zirconia abutments. 

They concluded that stress was shown to increase with 

an increase in angulation. This result could be because 

when angled abutments are used, the stress is 

distributed asymmetrically with an increase in stress in 

the area opposite the direction of the abutment. 

On assessing the results, it was observed that group 

17.5°-17.5° and group 35°-35° (551.34 ± 87.79; 382.42 

± 52.07 N, respectively) showed a significant decrease 

in fracture resistance compared to that in group 0°-35° 

(654.24 ± 81.66 N) (P=0.047, <0.001, respectively). 

Similar to the results of the current study, Anitua et al.
21

 

assessed the effect of implant length and tilting on bone 

stresses in single-unit implant restorations. The implant 

titling of 0, 17◦, 30◦, and 45◦ was analyzed. Finite 

element analysis indicated that tilting the implant by 17◦ 

doubled the stress received by the bone. The highest 

increase was in the case of implant tilting at 45◦. 

The purpose of restoration is to maintain strength 

while resisting the forces of occlusion. Saker et al.
9
 

reported that maximum masticatory forces varied 

greatly, from 190 to 290 N, in the anterior region and 

could reach up to 360 N in the molar region, 

depending on facial morphology and age. The results 

of the present study showed that all tested specimens 

have the potential to withstand anterior physiologic 

forces. Thus, the current study suggested that angled 

abutments of 0
o
, 17.5

o
, and 35

o
 could   be a suitable 

option for restoration of implants placed in nonideal 

locations but within limitations, because there was a 

significant decrease in fracture resistance observed 

when both implants received angled abutments as group 

17.5°-17.5° and group 35°-35°.  

The limitations of this study included being an in vitro 

study. In vitro studies cannot reproduce all clinical 

parameters. The tests were performed only in the 

maxillary anterior region and the results may vary in 

posterior teeth due to morphological differences. 

Conclusions: 

Within the limitation of this in vitro study, the 

following conclusions were drawn: The fracture 

resistance of implant-supported zirconia FDPs was 

significantly decreased as implant-abutment 

angulations increased. 

Although all tested specimens have the potential to 

withstand physiologic forces applied in the anterior 

region there was a significant decrease in fracture 

resistance observed when both implants received 

angled abutments as group 17.5°-17.5° and group 35°-

35°.  

Angled abutments (17.5
o
 and 35

o
) could be used 

clinically as a suitable option for restoration of implant 

placed in a nonideal location. 
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