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ABSTRACT

Statement of the problem. Implant failure due to poor biomechanical behavior is a common 
problem in dentistry. Occlusal overloading is considered the primary cause of peri-implantitis, 
implant and\or prosthesis fracture, and screw loosening or fracture.

Purpose. The purpose of this study was to investigate the effect of different restorative crowns 
on the fracture resistance and stress distribution in single implants.

 Materials and Methods. One implant was anchored in a measurement model based on a 
real-life patient situation simulating (D3) bone density. Strain gauges (SGs) were fixed mesially, 
distally, lingual and buccally adjacent to the implant. A total of 20 crowns were produced using a 
CAD\CAM machine and divided into two equal groups according to the material type; Zirconia 
and (PEEK) (n=10). The magnitude of strain was recorded in microstrains (με). Each specimen was 
loaded to fracture in a universal testing machine with a crosshead speed of 0.5 mm/min. Data were 
analyzed with 2-way univariate ANOVA and Tukey HSD test (α=.05).

Results. The mean strain values for the two groups at the different (SG) sites ranged from (26.0 
to 1033.6 μm/m). The 2-way univariate ANOVA indicated statistically significant differences (P 
<0.001) between the zirconia and the (PEEK) crowns .In addition, Mean (SD) failure loads were 
2070.5(100.24) N for zirconia crowns, 950.75(34.61) N for (PEEK) crowns. The 2-way univariate 
ANOVA showed a statistically significant difference for the fracture resistance between the zirconia 
and (PEEK) crowns (P< 0.001). 

Conclusions: Superstructure materials appear to have an influence on strain development in 
single implant restorations.  
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INTRODUCTION 

Dental implants have been used successfully 
for the rehabilitation of partially and completely 
edentulous patients since the early 1970s; 
however, failures are still unavoidable and several 
complications may arise that jeopardize the 
prognosis of the restorations. (1, 2)

Occlusal overload is considered the primary 
factor for peri-implantitis and may cause bending 
moments and high stress gradients that induce 
bone resorption around the implant collar resulting 
in implant and\or implant-supported prostheses 
failure.(3)

The manner in which stresses are transferred 
from the implants to the surrounding bone depends 
on the bone-implant interface, the length and 
diameter of the implants, the shape of the implant 
surface, the prosthesis type, the quantity and quality 
of the surrounding bone and the magnitude and 
direction of stresses and strains around implants.(4, 5)

Selection of implant-supported restorations 
is of a prime concern as destructive forces can be 
transmitted to the bone-implant interface resulting 
in marginal bone loss and catastrophic failures. 
In addition, the increased patients’ demand for 
naturally-looking esthetic materials with superior 
mechanical properties, has led to the development 
of new materials. (6)

Coupled with the CAD\CAM technology, 
monolithic zirconia restorations without veneering 
ceramic have been used in patients with limited 
interocclusal space because of its ability to withstand 
high loads with only 0.5 mm occlusal thickness.(7)

However, despite their high compressive strength, 
they are brittle materials with low tensile strength; 
in addition, temperature degradation (LTD) in the 
presence of moisture and at low temperatures (150-
400°C) is considered the main drawback of these 
restorations due to the formation of microcracks and 
strength degradation.(8, 9)

Recently, Polyetheretherketone ((PEEK)) has 
been introduced as an alternative to metal-ceramic 
and full ceramic restorations in implant-supported 
fixed partial dentures (FPDs). (PEEK) is a synthetic, 
tooth colored polymeric material that has been used 
as a biomaterial in orthopedics for many years. 
The major beneficial property is its lower Young’s 
(elastic) modulus (3-4 GPa) being close to human 
bone; thus, absorb energy from the masticatory 
cycle.(10)

It has been suggested that stress-absorbing 
superstructures supported by osseointegrated 
implants are a crucial factor determining long 
term implant stability and success, as they can 
reduce loading on the implant due to the lack of 
viscoelasticity at the bone-implant interface. (11)

Several techniques have been employed 
to evaluate the stresses on implants supported 
fixed prostheses, such as finite elements stress 
analysis, (12, 13) photoelastic stress analysis, (14, 15) 
mathematical calculations, (16) and strain gauge  
analysis.(11, 17-24)

Strain gauge analysis is a technique for measuring 
complex strain fields around a fixture, which 
involves the use of electrical resistance or strain 
gauges. Strain gauges are based on the principle that 
certain materials undergo changes in their electrical 
resistivity when subjected to a force. Materials with 
different resistivities can be measured accurately at 
the site where the strain gauge is bonded, using a 
Wheatstone’s bridge circuit. (14, 21) 

The purpose of this study was to evaluate the 
effect of different restorative crowns on the fracture 
resistance and stress distribution in single implants. 
Therefore, the hypothesis of this study was that 
different superstructure materials (PEEK) & 
zirconia has an effect on the stress distribution and 
fracture resistance of single implants.
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MATERIALS AND METHODS

A total number of twenty full anatomical crowns 
were designed and constructed using CAD\CAM 
technology. The samples were divided into two 
groups of ten samples for each restorative material.

Models Fabrication

As listed in Table I, two different types of 
superstructures were used. Two representative 
models (System Three Resins; W. Valley Hwy N, 
USA) were fabricated to mimic bone density (D3).
One model for each group simulating missing 
posterior first molar. (25)One Implant 13 mm length, 
4.2 mm diameter, 3.5 mm platform (Reactive 
implant; Implant direct LLC, CA, USA, Lot # 
69893) was inserted in place of lower first molar 
to create a bounded edentulous situation for each 
simulating model which was either restored by 
(PEEK) or zirconia crowns. Two internal titanium 
hex abutments 3.5 mm in diameter, 6 mm in length 
and 0.5 mm chamfer finishing line (Reactive 
implant; Implant direct LLC, CA, USA, Lot # 
58376) were fixed on each implant.

Construction of the full anatomical crowns

Scanning of each model was done using a 
scanner (Cerec Omnicam; Sirona Dental Systems, 
LLC, Charlotte, NC, USA). After scanning the 
geometrical data of the model, a virtual framework 
was designed by the CAD software (Inlab software 
15.0) with a standardized protocol. Biogeneric 
concept was used within the software to standardize 
anatomical configurations of the proposed virtual 
crowns. The settings were: a uniform wall thickness 

of (0.5 mm), a virtual cement layer of (60 µm) 
starting 1mm above the margin, after designing the 
crowns, checking is done for any error. (26)

Each incoris TZI medi block was then dry milled 
in a 5-axis milling machine (Cerec in lab MCXL, 
Sirona Dental Systems, LLC, Charlotte, NC, USA) 
with an oversize of approximately 20-25% to 
compensate the sintering shrinkage. Sintering of 
full anatomical zirconia crowns (n=10) was done 
in a high-temperature furnace (Sirona inFire HTC 
sintering furnace; Sirona Dental Systems, LLC, 
Charlotte, NC, USA) following the manufacturer`s 
instructions. 

The Brecam bio Hpp blank was dry milled with 
the same parameters of the previously constructed 
crowns to fabricate (PEEK) crowns (n=10).

Temporary cement (RelyX®; 3M ESPE, Seefeld, 
Germany, Lot # 632799) was used to cement 
the crowns on their respective abutments. (27)The 
abutments were carefully cleaned with gauze 
moistened with alcohol during changing the crowns.

Strain gauges analysis

Preparation of the four different sites ( Buccal , 
lingual , Mesial & Distal ) for strain gauge bonding 
was performed by abrading the epoxy model with 
400-grit silicon carbide abrasive paper to produce 
flat surfaces,(28)and then wiped clean with acetone.

The four strain gauges (CC-33A; Kyowa, 
Tokyo, Japan) were positioned parallel to their 
respective long axis and bonded to the surface of 
the epoxy resin model using strain gauge adhesive 
(cyanoacrylate resin) (Fig.1). Strain gauges were 

TABLE (I) list of used materials, composition manufacturers and specifications. 

Material Composition Manufacturer Lot #

inCoris TZI  medi block ZrO2≥99%,Y2O3>4.5,  HfO2≤5%,AL2O3≤0.04% Sirona, Charlotte,NC, USA 2014040263

Bre CAM Bio HPP blank Polyether ether ketone Bredent,Senden,Germany 450449
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left for 24 hours to ensure complete setting. All 
gauges were arranged in series to form a Wheatstone 
bridge. The lead wire from each strain gauge was 
connected to a multichannel strain-meter (Strain-
Meter; PCD-300A, Kyowa Electronic Instruments 
Co.,Ltd, Tokyo, Japan) to form one leg of the bridge 
and to record dynamic resin model microstrains 
transmitted to each strain gauge. A computer 
(Lenovo, Intel® Pentium® D; Beijing, China) was 
connected with the strain-meter to record the output 
signal of the model surface. Data acquisition system 
software (PCD-3A) was used to record the data. 

A universal testing machine (Lloyd Instruments, 
West Sussex, UK) was used to apply a vertical static 
load with the advantage of applying the load every 
time in the same magnitude and direction. The 
machine was running at a cross head speed of 0.5 
mm/min. A cylindrical rod with round tip 6 mm in 
diameter was placed as a load applicator in the fossa 
of all crowns ensuring that the round tip touches 
all surfaces. (29) A (1-mm) thick aluminum foil was 
applied below the load applicator to ensure stress 
distribution (Fig. 2).

All strain gauges were set to (zero) at the 
beginning of the experimental procedure, a defined 
force of 200 N was applied to the crown by the 

universal testing machine over 30 seconds duration 
and maintained at this load for another 30 seconds. 
Then the force was removed and residual strains 
were released for an additional 2 minutes period. 
Once the load was completely applied, readings 
of the strains were taken in microstrain unit (με) 
from the multi-channel strain-meter. Each loading 
condition was repeated five times to ensure the 
reproducibility of the results.

Load to fracture test

After strain analysis test, all crowns were 
compressively loaded until fracture at a crosshead 
speed of 0.5 mm/ min with the same load applicator 
(6-mm diameter) placed on the occlusal surface of 
the crowns. To prevent primary cracks at the point 
of loading, 0.5-mm thick tin foil A 1-mm thick 
aluminum foil was placed between the crowns 
and the opposing load applicator so that stress 
distribution on the crowns could be achieved. The 
compressive load required to cause fracture was 
recorded for each crown in Newtons. Descriptive 
statistics using the arithmetic mean and standard 
deviation (SD) of the five readings were recorded 
under each loading to fracture condition, calculated 
and tabulated.

Fig. (1) Experimental resin model and strain gauge locations.

Fig. (2) Application of load in the central fossa of the molar 
abutment.
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Statistical analysis

Statistical analysis was performed with IBM® 
SPSS® (Version 24.0, Inc., Chicago, IL, USA). 
Data explored for normality using Kolmogorov 
Smirnov test. One Way ANOVA used to compare 
between tested superstructure materials. Dependent 
t-test used to compare between tested superstructure 
within each surface and for total Strain (με).

One-way ANOVA used to compare between 
interactions of variables followed by Tukey post 
hoc test for pairwise comparison for mean Fracture 
resistance (N). All statistical testing was performed 
with (P < 0.05) as the level of significance.

RESULTS

The mean values and standard deviation (SD) of 
microstrain (με) of all groups were shown in (Table 
II). All sites showed significant differences (P<0.001) 
between the tested implant superstructures. In 
relation to the overall strains, there were significant 
differences between both superstructures (zirconia 
and (PEEK)) (Fig.3).     

The mean and standard deviation (SD) of Fracture 
resistance (N) values were 2075.50(100.24) N for 
zirconia crowns and 950.75(34.61) N for (PEEK) 
crowns. Tukey post hoc test showed statistically 
significant difference (P<0.001) between the two 
groups (Fig.4).

Fig. (3) Bar chart showing the mean strain induced (με) 
in different sites for different tested superstructure 
material over the molar abutment.

Fig. (4) Bar chart showing the mean Fracture resistance (N) for 
different superstructure materials.

TABLE (II) Mean and standard deviation (SD) for Strain (µm/m) for tested superstructure material.

Implant supported 
superstructure

(PEEK) Zirconia P-value

Site Mean SD Mean SD

Distal 495.00b 19.69 741.67a 33.63 ≤0.001*

Buccal 108.33b 20.37 235.00a 29.90 ≤0.001*

Mesial 205.56b 15.84 327.00a 20.49 ≤0.001*

Lingual 45.00b 8.66 91.67a 18.03 ≤0.001*

*Significant at P ≤ 0.05, Different letters are statistically significant different.
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DISCUSSION

The hypothesis of this study that different 
abutment superstructures play an important role in 
stress distribution and fracture resistance of implant 
supported restorations was accepted.

The highest successful rates of osseointegrated 
implants have been observed in areas with bone tissue 
type D1 and D2 according to Zarb’s classification 

(30); however, unsatisfactory results have been seen 
in predominantly bone marrow. (4) In this study, to 
better simulate clinical conditions, object with the 
same modulus of elasticity of bone marrow (epoxy 
resin=5GPa; bone marrow=4.25GPa) has been 
selected. The epoxy resin model was assumed to be 
linearly elastic and isotropic (the same properties 
in different directions); in reality the bone is 
anisotropic and it contains voids. The authors in 
previous studies used these models to eliminate the 
effects of variations in bone quality (22, 31, 32)

; however, 
other studies utilized bone blocks. (33, 34)

The cervical region of the implant is the site 
where the highest stresses occur despite of the 
bone type and the implant design. (35) In this study, 
the strain gauges were bonded tangentially to the 
implant platform on the resin block. Furthermore, 
the flat surface of the resin block facilitates the 
positioning and bonding of the strain gauges when 
compared with other studies, which are bonded to the  
implants (13) , to the metallic framework of the 
prosthesis,(19,35) and to the abutment.(36 )This positioning 
of the strain gauges method has been used in previous  
studies. (17, 19, 20-22, 37)

In this study, implant with internal hexagon 
connection was used for its greater mechanical 
friction, stability and form lock than the external 
hexagon joint. This study agrees with Freitas et 
al. study (38) that demonstrated that higher levels of 
stresses were observed in the external hex rather 
than internal hex implant abutment connection.

 In the present study, zirconia and (PEEK) implant 

superstructures were used to satisfy the patients’ 
esthetic demands. Zirconia superstructures were 
used in many studies to overcome the drawbacks 
of the porcelain fused to metal superstructures 
for its high esthetic outcome and high fracture 
resistance. (PEEK) (poly-ether-ether-ketone) is 
a high-performance thermoplastic polymer with 
excellent biocompatibility and superior mechanical 
properties that can tolerate plastic deformation, in 
both uniaxial tension and compression. (39)

The results of this study showed that the strains 
developed in the buccal surfaces were found to be 
the higher than the lingual strain gauges among the 
different tested superstructure (Table II) and (Fig.3). 
This could be explained by Alkan et al. (40) who 
found that stress concentration developed more at 
the buccal strain gauges than the strains developed 
at the other surfaces. The higher strains were 
attributed to slight anatomic lingual inclination of 
the mandibular teeth which was duplicated in the 
simulated epoxy resin model resulting in higher 
tensile and compressive stresses found on the buccal 
surface. 

Contradictory results were documented by 
Papavasilliou et al. (41) who stated that due to the 
vertical implant placement, according to the concept 
of optimal axial loading and at right angles to the 
occlusal plane which may be at the expense of the 
buccal bone volume. The decrease of cortical bone 
stimulant thickness might have increased the strain 
levels lingually. (42)

The results of this study showed that the strains 
developed around all implant superstructures 
(PEEK) and zirconia) were found to be higher at the 
distal and mesial strain gauges than the other sur-
faces (Table II).  This was supposed to be due to that 
the mesial and distal surfaces around the implants 
were nearly perpendicular to the plane of bending; 
thus, deformation at these surfaces could be attrib-
uted to both the axial forces and the bending move-
ments generated by loading the superstructure. (43)  
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Contradictory results were documented by many 
studies (44, 45) who found that the strains were higher 
at lingual surfaces than those at the mesial and distal 
surfaces of the implants. This is due to the natural 
lingual inclination of the lower teeth.

In this study, two different superstructure 
materials were used over the dental implant. The 
strains developed around the zirconia crowns 
were higher than (PEEK) crowns (TableII). The 
results of this study are in agreement with those of 
previous invitro studies, (42, 46) who found that the 
strains developed around (PEEK) superstructure 
were lower than those developed around zirconia 
superstructure due to the difference in the elastic 
modulus of each material. Supporting to the results 
of this study, Mascarenhas et al.(47) postulated that 
higher elastic modulus of superstructure material 
allowed for a more uniform stress distribution 
within the framework; thus, providing a more 
efficient and reliable load transfer to the implants. 
The large difference in the elastic moduli between 
the components of superstructure (zirconia=210 
GPa, (PEEK) =5Gpa) (29) might have changed the 
overall elastic behavior of these superstructure 
under occlusal loading. (48)

The fracture strength of monolithic zirconia 
crowns was significantly higher than the peak 
crowns (P ≤ 0.05). Mean values of the fracture 
resistance for the zirconia and (PEEK) crowns were 
(2075.50, 950 N, respectively) (Fig.4).Foong et 
al. (49) documented a higher fracture resistance of 
zirconia superstructure (1108 N), while Kurun et 
al. (50) obtained lower values of the fracture strength 
of the zirconia crowns with PFM superstructure  
(457 N).

Mericske et al. (51) reported maximum occlusal 
force of 206.1±87.6 N for the first premolars, 
209.8±88.2N for molars, and 293.2±98.3 N for 
second premolars in patients wearing implant-
supported partial fixed prostheses. Strain gauge 
studies in the implant field generally use low loads 

varying from 20 to 300 N.(13,17) Some authors in 
previous studies utilized custom load application 
devices,(13,15)while others used universal testing 
machines.(17,36) However, the force  used in the 
universal testing machine is considered too great for 
testing small values employed in dentistry, since it 
is used mainly in the engineering field that requires 
high force.(24) In this study, static axial loads of 
(200 N) were slightly higher than those reported by 
Mericske et al. (51) who found values close to those 
found in this present study.

There were limitations of this study. All specimens 
were anatomically prepared to simulate the human 
condition; however, monolithic (PEEK) crowns 
cannot be recommended for clinical application. 
This study did not simulate human mastication or the 
oral environment; therefore, clinical investigations 
with long follow up are needed to assess the clinical 
performance of these restorations.

CONCLUSIONS

Within the limitations of this in-vitro study, the 
following conclusions were drawn:

1. Different superstructure materials affect the 
stress pattern induced around dental implants.

2. (PEEK) crowns had a favorable effect on the 
stress distribution when compared to Zirconia 
crowns.

3. Fracture resistance of the zirconia crowns is 
higher than (PEEK) crowns; however, both 
crowns exceed the fracture resistance required 
to withstand masticatory forces assumed for 
posterior region.   
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