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ABSTRACT
Statement of problem: Veneered polyether ether ketone (PEEK) is a recent alternative choice 

for fixed dental prostheses. There is a lack of data about the effect of composite veneering techniques 
of CAD/CAM PEEK cores on the marginal accuracy and fracture resistance of such restorations. 

Purpose: To investigate the different composite veneering techniques of CAD/CAM PEEK 
cores influence on the marginal accuracy and fracture resistance of posterior crowns.  

Methods: Twenty duplicated epoxy resin dies of a prepared mandibular first molar to receive 
a ceramic crown were fabricated. 20 CAD/CAM PEEK cores were fabricated and divided into 
two groups (n=10) based on the veneering technique; group (A): HIPC veneered PEEK cores and 
group (B): nanohybrid crea.lign composite veneered PEEK cores (control group). Marginal gap 
was evaluated at 4 equidistant points on each crown by a digital microscope before and after ageing 
equivalent to clinical 6 months service. The fracture load was assessed after ageing. The data were 
statistically analyzed using one-way ANOVA, pair-wise Tukey’s post-hoc and Student’s t-tests to 
reveal the significance between groups (P ≤ 0.05). 

Results: The marginal gap was significant between before (59.638±5.91 µm and 58.587±7.74 
µm) and after ageing (79.167±11.62 µm and 72.222±6.53 µm) for A and B groups respectively 
(p=0.0019/0.0039<0.05). ANOVA test showed a significant difference between groups before and 
after ageing (p= 0.0002<0.05) which was not detected by Tukey’s test (p>0.05). B group showed 
a significant higher fracture resistance mean value (1674±224.8 N) than A group (1294±282 N) 
(p=0.0164<0.05).  

Conclusions: The marginal gap and fracture load values recorded by posterior crowns 
fabricated from CAD/CAM PEEK cores veneered with HIPC or nanohybrid composite were all 
within the clinically acceptable range. 

KEYWORDS: HIPC, nanohybrid composite, PEEK, CAD/CAM, marginal gap and fracture 
resistance.
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INTRODUCTION 

Polyether ether ketone (PEEK) has introduced 
into the medical field due to its high biocompatibility 
and superior thermal, chemical and radiological 
stability.1 Those properties made PEEK used as 
an abutment or a framework for removable partial 
denture and fixed dental prosthesis (FDP).2 Two 
manufacturing ways for PEEK-FDPs are known; 
pressing using the vacuum-pressing device 
and milling utilizing computer-aided design/
computer-aided manufacturing (CAD/CAM) 
where PEEK blank is prepressed industrially 
following standardized parameters. The CAD/CAM 
technologies give lesser deformation and better 
fracture resistance performance.3,4

PEEK is characterized by its opacity and grey to 
white color. Due to this low esthetic property, the 
material cannot be used as a monolithic prosthesis, 
making an additional veneering using composite 
resins is mandatory. Hence esthetic demands remain 
an important clinical reality, assessment of veneered 
PEEK FDPs is important. 

Dhakal et al declared the possible enhancement 
of the composite’s mechanical properties by adding 
fillers to the polymer material.5 However, it has also 
been mentioned that if the percentage of filler added 
was increased, the composites strength could be 
affected negatively.

For the last few years, the in vitro experiments 
have declared that artificial ageing process had a 
dramatic effect on both mechanical and physical 
properties of composites.6,7 This made the 
composite developers take more attention to the oral 
environment effect on the durability of composite 
materials. 

Literatures about the marginal fit of veneered 
PEEK restorations are limited. It needs more 
investigations as the proper marginal fit is crucial 
to ensure a minimal cement film thickness as the 
poor adaptation is closely associated with gum 

inflammation, secondary caries, and prostheses 
failure.8

The current study aimed to investigate the vertical 
marginal gap and fracture resistance of posterior 
veneered crowns; PEEK (BioHPP) as a core material 
to be veneered with CAD/CAM composite veneer 
(HIPC) or nanohybrid conventional composite 
veneer (crea.lign). The first null hypothesis of the 
present study assumed that ageing process would 
be ineffective impact on the vertical marginal gap 
between groups. Second null hypothesis was that the 
fracture resistance of PEEK core with conventional 
nanohybrid composite veneer would be higher than 
milled HIPC veneer.

MATERIALS AND METHODS

Sample size calculation

The power analysis used fracture resistance 
as the primary outcome. Based upon the results 
of Shakal MA,9 the effect size for the difference 
between two groups was (d = 2.7). Using alpha 
(α) level of (5%) and power of 80%, the minimum 
estimated sample size was 4 specimens which was 
increased to 10 specimens in each group. Sample 
size calculation was accomplished using a statistical 
power analysis software (G*Power; Version 3.1.9.2, 
HHUD, Germany).

Preparation of specimens

A preparation for an all ceramic crown was 
performed to a typodont mandibular first molar 
tooth. The preparation guidance included 12° total 
convergence angle, 1.0 mm deep chamfer margin 
circumferentially, 1.5 mm anatomical occlusal 
preparation, 1.5 mm axial preparation and 3.0 mm 
preparation height. All sharp points and line angles 
were rounded off.10 It was then replicated to have 
20 dental epoxy resin dies.11 Each prepared die was 
scanned using 3D dental scanner (Identica hybrid; 
MEDIT corp., Seoul, Korea). Twenty cores were 
designed (exocad Dental CAD; exocad GmbH, 
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Germany) and milled (K5; vhf camfacture AG, 
Germany) from PEEK blanks (breCAM.BioHPP 
Discs; Bredent, Senden, Germany, LOT: 400177), a  
thermoplastic resin which is partially crystalline and 
reinforced with ceramic particles. The core thickness 
was set at 0.5 mm, while the cement space was set 
at 50 μm. The cores were then sandblasted (basic 
Quattro IS; Renfert, Hilzingen, Germany) using 110 
μm Al2O3 particles at 0.25 Mpa and 45° direction 
angle and 10 mm distance.  After the air abrasion 
process, the cores were drowned for 5 minutes into 
ultrasonic bath (L&R Transistor Ultrasonic T14, 
L&R, Kearny, NY, USA). Afterwards, the PEEK 
cores were treated by visio.link (Bredent, Senden, 
Germany; LOT: 141432) where a thin coat was 
applied and 90 seconds polymerization was done 
(intensity: 220 mW/cm2, Brelux Power Unit; bredent 
Senden, Germany). Then, a thin film application 
of the opaquer composite (Opaker combo.lign; 
bredent, Senden, Germany) was done, followed by 
360 seconds polymerization.

The specimens then were divided into two groups 
(n=10/group) in accordance with the veneering 
technique: (Group A) veneering with digital CAD/
CAM breCAM, HIPC (shade A3, bredent, Senden, 
Germany; Lot No. 406700) and (Group B) veneering 
with conventional nanohybrid composite resin, 
crea.lign (shade A3, bredent Senden, Germany; Lot 
No. 130513). 

For the digital veneering group, a waxed up 
master crown was manufactured. Two scans 
(Identica hybrid; MEDIT corp., Seoul, Korea) were 
carried out; one for the PEEK core on the epoxy 
resin die and one more for the master crown on 
the same die. The two scans were then subtracted 
from each other to have the digital veneer design 
with 1.0 mm thickness followed by milling (K5; 
vhf camfacture AG, Germany) from breCAM.HIPC 
blanks. The obtained veneers were dissembled 
and the mill connectors were removed. The inner 
surface of veneers was sandblasted (basic Quattro 

IS; Renfert, Hilzingen, Germany) using Al2O3 
powder of 110 μm particles size at 0.25 MPa, a 45° 
angle and 10 mm distance, and later immersed for 
5 minutes in an ultrasonic bath (L&R Transistor 
Ultrasonic T14, L&R, Kearny, NY, USA). After 
the inner surface was dried, visio.link (bredent, 
Senden, Germany; LOT: 141432) was applied and 
polymerized for 90 seconds. The cores were placed 
on the epoxy resin dies, while the veneers were 
filled with combo.lign (bredent Senden, Germany; 
Lot No. 132420) before pressing them on the cores 
utilizing a device delivering a uniform load of 5 
kg (49 N) for 10 minutes.12 Then, 180 seconds 
polymerization was performed at 220 mW/cm2 
(brelux Power Unit; bredent Senden, Germany). 
Each crown was then polished (Opal L, Renfert 
GmbH, Hilzingen, Germany; Lot No. 520-0001; 
Abraso Starglanz; bredent, Senden, Germany) after 
removing the excess.

For conventional nanohybrid composite resin 
veneering group, a mold of transparent silicone 
(visio.sil; bredent Senden, Germany) for the master 
crown was made and filled with crea.lign composite 
resin. Then, the epoxy resin die with the attached 
PEEK core was pressed into the silicone mold and 
the polymerization was carried out for 360 seconds. 
The obtained crown was polished as same as 
described previously. 

For cementation of crowns, the dies were abraded 
(basic Quattro IS; Renfert, Hilzingen, Germany) 
using 50 μm Al2O3 particles at 2.8 bars for 13 
seconds and at a distance of 10 mm, cleaned with 
water and air dried.13 A self-adhesive resin cement 
(RelyX Unicem; 3M, ESPE, St. Paul MN, USA) 
was used for the crown cementation using a special 
loading device delivering 10 kg for 10 minutes.11

Vertical marginal gap assessment before ageing

A digital image analysis system (ImageJ 1.43u; 
National Institutes of Health, MD, USA) was used 
to record the vertical marginal gap of each crown 
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(Fig. 1A, 2A). It was combined with a USB digital 
microscope of ×45 magnification power (Scope 
Capture Digital Microscope, Guangdong, China) 
that was connected to a camera and all were plugged 
to a computer. Marginal accuracy was measured 
in pixels; therefore, calibration of the system was 
carried out to get absolute units from pixels using 
tools generated by the ImageJ software to compare 
the ruler with the software scale. 

For each specimen, images for the margins 
were captured. Then, morphometric measurements 
were performed for each image and 4 equidistant 
landmarks at the midpoint along the cervical 
circumference for each surface of the specimen 
(Buccal, Lingual, Mesial, Distal). Each point would 
be recorded five times.14

Artificial ageing program of the cemented crowns

All specimens were subjected to a mechanical 
stressing using a chewing simulator (ROBOTA 
chewing simulator; ROBOTA Model ACH-
09075DC-T, LTD., Germany) applying 49 N 
maximum vertical load and 1.6 Hz cyclic frequency 
for 120,000 cycles which corresponds to 6 months 
of clinical service.15 A load was applied occlusally 
with a steel ball of 5.6 mm diameter assembled to 
the upper movable compartment of the machine.15 
During mechanical loading, the specimens were 
subjected to 5,000 thermocycles (5-55oC) with 30 

seconds dwell time and 20 seconds transfer time to 
simulate 6 months of clinical service.9 

After ageing procedure, the specimens were 
checked for a possible failure or crack using a 
stereoscope ×20 (Leica MZ 6 stereomicroscope; 
Leica Microsystems, Germany)  with direct 
examination and transillumination.16 Failed 
specimens were rejected. 

Vertical marginal gap assessment after ageing

The same measurements for vertical marginal 
gap assessment were taken after ageing process 
(Fig. 1B, 2B).

Fracture resistance evaluation 

All specimens were independently mounted in 
the universal testing machine (Model 3340; Instron 
Instruments Ltd., MA, USA) with 5 kN load cell. The 
data were documented using a computer software 
(Nexygen-MT; AMETEK M&CT Division , FL, 
USA). The specimens were fixed to the lower non-
movable compartment of testing machine using 
screws. A tin foil of 0.5 mm thickness was applied 
between the crown and the stress stamp avoiding 
force peaks. Subsequently, the load through a steel 
ball of 5 mm diameter was applied vertically with 
1 mm/min speed at the central fossa area of the 
crown with upper movable compartment of testing 
machine. The required load to fracture was recorded 

Fig. (1) Digital microscopic assessment (×45) of vertical marginal gap distance of HIPC veneered CAD/CAM PEEK core before 
(A) and after ageing (B) at the mesial surface. 
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in Newton.17,18 10% load dropping below the 
maximum point of measured force was considered 
as a failure.

Statistical analysis

Data were represented as mean and standard 
deviation (SD) values. Normality of data was 
checked using Kolmogorov-Smirnov and Shapiro-
Wilk tests. Two-way ANOVA test was performed to 
detect the significance between variables affecting 
the mean values (veneering technique and ageing). 
Significance detection between subgroups was 
performed using one-way ANOVA followed by pair-
wise Tukey’s post-hoc tests. The significance level 
was set at P≤0.05 and 95% confidence interval. For 
statistical analysis, a windows software (GraphPad 
Instat 3.1; GraphPad Software, CA, USA) was used.

RESULTS

Marginal gap

 Regarding HIPC veneered PEEK cores (A group), 
the difference in vertical marginal gap distance 
between before (59.638±5.91 µm) and after ageing 
(79.167±11.62 µm) was statistically significant 
as recorded by paired t-test (p=0.0019<0.05) and 
shown in table (1) and figure (3).

Regarding nanohybrid crea.lign veneered PEEK 
cores (B group), the difference in vertical marginal 

gap distance between before (58.587±7.74 µm) and 
after ageing (72.222±6.53 µm) was statistically sig-
nificant as marked by paired t-test (p=0.0039<0.05) 
and shown in table (1) and figure (3). 

By ANOVA test (p=0.0002<0.05), a significant 
difference between groups was shown. While 
pair-wise Tukey’s post-hoc tests revealed a non-
significant difference between groups either before 
or after ageing (p>0.05) 

Effect of material type on marginal gap 

Regardless of ageing, A group showed 
statistically a non-significant higher marginal gap 
mean value than B group as determined by two-way 
ANOVA test (P=0.4043>0.05).

Effect of ageing on marginal gap 

Regardless of veneer material, the marginal gap 
mean value after thermomechanical ageing was 
significantly higher than before thermomechanical 
mean value as revealed by two-way ANOVA test 
(P=<0.0001<0.05).

Fracture resistance

It was found that B group (1674±224.8 N) 
recorded statistically a significant higher mean 
value than A group (1294±282 N) as indicated by 
student t-test (p=0.0164<0.05) and shown in table 
(2) and figure (4) 

Fig. (2) Digital microscopic assessment (×45) of vertical marginal gap distance of crea.lign composite veneered CAD/CAM PEEK 
core before (A) and after ageing (B) at the buccal surface.
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TABLE (1): Descriptive statistics of marginal gap results (Mean values± SDs) as a function of veneer 
material group and ageing.

Variables Mean± SD (µm)
95% CI Statistics

Low High t-test ANOVA

A group
Before 59.638B±5.91 54.17 65.11

0.0019*

0.0002*
After 79.167A±11.62 68.42 89.91

B group
Before 58.587B±7.74 51.43 65.74

0.0039*
After 72.222A±6.53 66.19 78.26

Different letters in the same column indicating statistically significant difference (p<0.05).      * significant (p < 0.05).

TABLE (2) : Descriptive statistics of fracture resistance results (Mean±SD) between both groups after ageing.

Variable Mean (N) ± SD
95% CI t-test

Low High P value

Group
A group 1294 282 1033.2 1554.8

0.0164*
B group 1674 224.8 1466.1 1881.9

* significant (p<0.05).

Fig. (3) Column chart of vertical marginal gap mean values 
for HIPC (A) and crea.lign (B) groups before and after 
ageing.

Fig. (5) Chipping between veneering HIPC and PEEK cores representing an adhesive failure.

Fig. (4) Column chart showing fracture resistance mean values 
for HIPC (A) and crea.lign (B) groups after ageing,
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DISCUSSION

In the present study, a standardized epoxy 
resin master die with a heavy chamfer finish line 
was chosen following the guidance of all ceramic 
crown preparation.19-21 Many authors have used 
acrylic resin or metal dies to evaluate marginal 
precision and facture resistance.22,23 An epoxy resin 
die was used in this study for its near modulus of 
elasticity to the dentine and its clarity providing a 
good visibility in marginal gap measurements using 
digital microscopes.24,25

In this study, PEEK (BioHPP) was used for the 
acceptable mechanical properties as it contains 
20% ceramic fillers in its composition, low young 
modulus, and superior biocompatibility.26,27 PEEK 
fabrication techniques can be either by CAD/CAM 
or injection molding (pressing).3,28,29 CAD/CAM 
PEEK substructures showed excellent precise 
margins as the sintering shrinkage effect that was 
found in the pressing technique was avoided. 
Furthermore, the superior performance of the recent 
scanning technologies, the recent introduction of 
design software versions enhancing the prepared 
margin reading, and the advanced milling 
technology could promote the margin precision.3,30 
In addition, higher fracture resistance and lower 
deformation patterns of these restorations have 
been reported.3 The thickness of the material was 

standardized according to the recommended values 
which are 0.5 mm for PEEK cores9 and 1.0 mm for 
HIPC or nanohybrid veneering composite resins 
restoring the prepared abutment to receive an all 
ceramic crown.

In the current study, the cementation procedure 
was standardized for all specimens. The same cement 
space (50 μm) was set to avoid inconsistent results 
and emulate the clinical situations as investigation 
without cement does not match the real clinical 
condition.31,32 However, studies analyzing marginal 
gap before and after cementation had determined 
that the cement had a negative consequence 
on the marginal gap that was exaggerated after 
cementation.32-34

 A special loading device was used in this 
study during cementation of the specimens as 
recommended by Gorten and Probster35 to ensure 
seating over the prepared abutment dies. A 
constant load was used in a parallel direction to the 
longitudinal axis of the abutment to ensure even 
flow of cement. 

External marginal gap measurements were 
viewed directly using a digital microscope by the 
same operator for standardization. The digital 
microscopic viewing used in this study has the 
advantage of being noninvasive method. No 
sectioning was needed before measuring the 

Fig. (6) Chipping between veneering crea.lign nanohybrid composite and PEEK cores representing an adhesive failure.
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gap, this made it time and cost saving than other 
techniques and decreasing the error chance.36 

Different studies have mentioned the number 
of measurements required from four to eight, 
twelve, fifty-four, or more than 100 locations per 
crown.19,22,23,37,38 According to Groten et al, no less 
than 20 to 25 for the sum of all specimens were 
acceptable to achieve clinically reliable data.39 In 
addition, 5 to 10 specimens for each tested group 
were considered as a sample size.23,38-40 In this study, 
4 equidistant points along the cervical circumference 
in each crown were used to measure the marginal 
gap to have a total of 40 points for each group that 
were repeated 5 times.14 

Investigation of the specimen behavior under 
clinical like conditions is essential. All specimens 
were exposed to thermocycling and mechanical 
loading as materials would undergo subcritical 
cracks during mastication.41

As this study evaluated the marginal accuracy 
of PEEK cores veneered by different veneering 
composites, the null hypothesis that no influence 
of composite veneering of milled PEEK cores on 
the marginal accuracy was rejected. In this study, 
there was a significant increasing in the marginal 
gap after ageing in both groups. A group recorded 
59.638±5.91 µm and 79.167±11.62 µm marginal 
gap distance before and after ageing respectively. 
B group showed 58.587±7.74 µm 72.222±6.53 
µm marginal gap distance before and after ageing 
respectively. 

Ageing had effects on the composite veneering 
materials in two different ways. First, molecular 
interactions carried out between the water and 
the epoxy network where a macromolecular 
network plasticization was occured during water 
diffusion. These interactions lead to reduce the 
thermomechanical properties of the composites 
which reduce their use in high thermal changed and 
humid environment.42-45 In addition, hydrolysis of 
the epoxy network can promote an irreversible loss 
of composite properties.46,47 It was also stated that the 

used silane coupling agents in the glass sizing were 
affected by hydrolysis in a hot/wet environment that 
proved the sensitivity of the fibre/matrix interface to 
ageing process.48,49

The second effect of ageing process was 
detected in the macroscopic scale in a form of  fibre/
matrix debonding and material cracking that can 
be considered as a consequence of water sorption 
into the epoxy network. This is combined with 
hydrolysis and/or swelling stresses.48,50 Debonding 
and cracks can affect the water penetration 
mechanisms in composites by creating new 
channels for the moisture access resulting in more 
rapid material weakening than resulting only by 
molecular diffusion in the matrix. Regarding the 
fibre/matrix debonding, fibers become directly and 
environmentally attacked inducing dramatic loss of 
static properties due to stress corrosion.48,51 A study 
has also showed the strong effect of water exposure 
on the interfacial shear strength reducing load 
transferring during mechanical loading.52

The results of present study were agreed by El-
Dessouky et al who showed that thermo-mechanical 
loading has significantly increased the marginal gap 
measurements when carried out in temperatures 
between 5°C and 55°C.53 However, Wael et al 
assumed that the marginal discrepancies had no 
significant changes after artificial ageing.54

However, all results of vertical marginal gap in 
this study were within the acceptable range. Authors 
stated that vertical marginal gaps under 120 μm 
were accepted clinically for FDPs.55,56 Others have 
reported that 160-172 μm were accepted clinically 
for conventional crowns.57

The fracture load of B group was reported to be 
1674 N and significantly higher than A group which 
was 1294 N  after ageing. Accordingly, the second 
null hypothesis of this study had to be accepted. 
Hence, both values were about 2.5 times the posterior 
area average bite force.17,58 As all tested crowns 
showed adequate fracture resistance compared with 
the expected biting force,59  the selected thickness 
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of the core and veneering can be recommended. 
These results agreed with reported excellent in vitro 
performance of three-unit FDPs fabricated from 
veneered PEEK where they greatly exceeded the 
fracture resistance required to withstand the normal 
masticatory forces (500-600N).60-62 This could be 
explained by the mechanical behavior of BioHPP/
PEEK material. Its ideal modulus of elasticity that is 
closer to composite material and dentin might reduce 
stress induction at the different layers interface of 
the crowns.9,63,64 However, this study’s results were 
against other study showing that the composite 
veneered FDPs resulted in lower fracture loads than 
those PEEK FDPs without veneering.60 This could 
be explained due to a different restoration type.

Crea.lign (B) group showed higher fracture load 
values than HIPC (A) group. That might be due 
to inclusion of 50 % nanoceramic fillers. Adding 
nano filler particles to the resin matrix of dental 
composites improves the mechanical properties 
such as fracture resistance.65

On the other hand, Taufall et al reported 
that crea.lign veneered PEEK FDPs showed 
lower load bearing values in comparison to the 
HIPC veneering.62  This could be due to a higher 
modulus of elasticity of the die material (CoCrMo) 
compared to the hard tooth tissue, ageing process 
and restoration design. In addition, a peer-viewed 
study found that PEEK surface pre-treatment and 
veneering material had no effect of on the facture 
load of veneered PEEK FDPs.66

Although A group showed lower fracture load 
values in comparison to B group, but still higher than 
the average physiologic biting forces, due to better 
industrially fabrication processes which encompass 
high temperatures and pressures resulting in more 
consistant restoration qualities.67-70 Accordingly, 
such recently introduced CAD/CAM HIPC has the 
potential to be a substitute veneering material. 

After fracture testing, the PEEK cores showed 
no noticeable fractures in all crowns, but chipping 
between veneering composite and PEEK cores has 

been detected (Fig. 5,6). The failure type was an 
adhesive failure in both tested groups. For HIPC 
group, this could be explained as that veneer has 
a higher strength, leading to the adhesive failure 
before the break of veneer. The pre-treatment seems 
to cause the pure adhesive breakdown. On the 
other hand, the adhesive failure for crea.lign group 
could be explained as a decreased bond strength of 
the nanohybrid composite which is significantly 
affected by the pretreatment, the used adhesive and 
the kind composite to bond with where no treatment 
or adhesive application were performed according 
to the manufacturer instructions.

One of the limitations of our study was that the 
abutment teeth’s physiological movement was not 
modelling in the study. Therefore, fracture load 
test has limited clinical relevance. Furthermore, 
the effect of different milling machine axes on 
marginal accuracy should be evaluated and further 
analysis with larger specimens and clinical trials are 
recommended to reinforce the result.

CONCLUSIONS 

Based on the present study’s findings, all 
marginal gap and fracture load values were within 
the acceptable clinical range. PEEK substructures 
veneered with HIPC or conventional nanohybrid 
crea.lign composite can be alternative choices for 
single crown restorations.
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