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ABSTRACT
Statement of problem.  Demand is increasing for polyetheretherketone (PEEK) as a fixed 

dental prosthesis core material. However, there is a lack of information about how the accuracy of 
these restorations is affected by the fabrication procedures. 

Purpose. The purpose of this study was to investigate the effect of different fabrication tech-
niques on the marginal accuracy of polyetheretherketone single crown copings.

Material and methods. A stainless steel master die was designed to simulate a prepared second 
lower molar to receive all-ceramic crowns. Thirty PEEK copings were produced and divided 
into three groups (n=10) according to the fabrication technique, as follows: (PC): milled from a 
pre-fabricated PEEK blank using a CAD/CAM system; (PP): pressed from pre-fabricated PEEK 
pellets; and (PG): pressed from PEEK granules, in addition; ten zirconia copings were produced 
using the same CAD/CAM system and served as control.  Marginal accuracy measurements (in 
micrometers) were recorded at 4 reference points on each coping with a digital microscope. Data 
were statistically analyzed using One-way Analysis of Variance (ANOVA) followed by pair-
wise Tukey Honestly Significant (HSD) test to study the difference between groups mean values  
(P ≤ 0.05).

Results. The overall mean (SD) marginal gap at the marginal opening for the copings 
was (78.69±10.7µm) for Peek granules copings, (72.38±9.75µm) for Peek pellets copings, 
(45.22±6.09µm) for Peek CAD/CAM copings, and (45.22±1.3µm) for zirconia CAD/CAM copings 
(control). There was a statistically significant difference between the (milled and pressed) copings 
as indicated by ANOVA-test (P=<0.0001<0.05). Pair-wise Tukey Honestly Significant (HSD) test 
showed non-significant difference (P>0.05) between milled zirconia and milled PEEK copings; 
moreover, there was no significant difference (P>0.05) between PEEK copings pressed from pellets 
or granules. 

Conclusions. The marginal accuracy of PEEK CAD/CAM fabricated copings showed 
significantly lower mean marginal gap values than PEEK pressed copings. The marginal discrepancy 
mean values recorded were all within the clinically acceptable range (120 μm). 

Clinical implications. PEEK reinforced with ceramic fillers can be considered a promising 
alternative material in single restorations. 
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INTRODUCTION 

Nowadays, all-ceramic restorations are consid-
ered an alternative option for metal-ceramic res-
torations because of their desirable aesthetics, ex-
cellent biocompatibility, color stability, high wear 
resistance, superior mechanical properties and low 
thermal conductivity. (1, 2) The development of these 
materials, such as lithium-disilicate or yttria-sta-
bilized zirconia coupled with the new processing 
techniques enable their use in the prosthetic field; 
however, brittleness and the adequacy of the accu-
racy have been questioned. (3) 

To overcome the latter problem, a new generation of 
composites in the field of prosthetic dentistry has been 
introduced as a promising alternative to all-ceramic 
materials, known as PAEK (polyaryletherketone) 
or PEEK (polyetheretherketone) or PEKK 
(polyetherketoneketone) materials.(4) PAEK 
(polyaryletherketone), has been used in industry 
and aerospace for many years, and showed 
excellent results in the area of orthopedic surgeries, 
e.g. as a bone substitute material for load bearing 
spinal cage devices due to their biocompatibility, 
mechanical stability and resistance against stress 
and corrosion. (5) PEEK (polyetheretherketone); 
so far, is the most widely used form of the PAEK 
family. It is a partially crystalline thermoplastic high 
performance polymer (HPP), which consists of an 
aromatic backbone molecular chain, interconnected 
by ketone and ether functional groups. (6) The 
PEKK (polyetherketoneketone) material is the 
latest generation of the PAEK family with 80% 
higher compressive strength than PEEK materials. 
PEKK displays both amorphous (used for fixed 
dental prostheses; FDPs) and crystalline (used for 
removable partial dentures) material properties 
giving it unique mechanical, physical and chemical 
properties. (7) 

In addition to its excellent biocompatibility, 
PEEK material is highly resistant to thermal 
degradation with a glass transition temperature 

of around 1430C and a melting temperature of 
approximately 3340C. (8) The modulus of elasticity 
(expression for stiffness) describes the resistance of 
the material against flexible deformation. For PEEK, 
the young,s modulus amounts to approximately 
3-4 GPa similar to human bone, compared to 200 
GPa for zirconia. (9) Flexural strength of PEEK is 
140-170 MPa; thus, providing restorations with 
less susceptibility to bulk fractures. (10) In addition, 
PEEK has low thermal conductivity, 0.29 W-1/
Mk-1 compared to 2 for zirconia, so it prevents the 
sensitivity of the abutment tooth during temperature 
changes in mouth, (11,12) low water sorption and low 
density of 1.28-1.32 g/cm3 compared to 6.49 gm/cm3 
for zirconia, enabling construction of the prosthesis 
in light weight. (13) 

PEEK FDPs can be fabricated by pressing 
using either pellets or granules under standardized 
parameters such as pressure, temperature and 
time or computer aided design/computer aided 
manufacturing (CAD/CAM) technology. (10) 
However, PEEK has low transparency and a 
grayish-brown discoloration when compared 
to dental ceramics, so it is not suitable for use in 
the aesthetic region as a monolithic restoration; 

therefore, the framework must be veneered with a 
composite veneering material. (14)  

Marginal accuracy is considered a crucial factor 
in the success of restorations. Ill fitting margins 
may lead to cement dissolution, tooth sensitivity, 
recurrent caries, pulp exposure and periodontal 
problems. (15, 16) The clinically acceptable maximum 
marginal gap has been reported to be 120 μm, 
although there is no standard criterion for marginal 
accuracy to be clinically acceptable. (17) Molin et 
al. also revealed that marginal gap of 50-100 μm is 
considered appropriate for successful restorations. (18)  

Several factors influence the marginal discrepancy 
of crowns such as: fabrication technique, type 
of abutment, measurements of cemented or not-
cemented crowns, type of microscope, sample size, 
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finish line configuration, and measurements per 
specimens. (19, 20) 

Limited data in the literature is available on the 
effect of different fabrication techniques on the 
marginal accuracy of PEEK restorations. Therefore, 
the purpose of this study was to evaluate the effect 
of different fabrication techniques on the marginal 
accuracy of PEEK copings. The null hypothesis 
tested in this study was that there would be no 
difference in the marginal accuracy of PEEK copings 
produced by different fabrication techniques. 

MATERIAL AND METHODS

All the materials used in this study are presented 
in (Table I) and shown in (Fig. 1). A stainless steel 
master die (Fig. 2) was designed to simulate a 
prepared second lower molar to receive all-ceramic 
crowns. The stainless steel master die was machinery 
milled to the dimensions of 4.5 mm height, with a 
uniform heavy chamfer finish line of 1.0 mm width, 
and an axial taper angle of 6 degrees. (21) 

Thirty PEEK copings were produced according 
to the fabrication technique and divided into three 
groups of ten copings each; Group (PC): milled from 
a pre-fabricated PEEK blank using a CAD/CAM 
system, Group (PP): pressed from pre-fabricated 
PEEK pellets, and Group (PG): pressed from PEEK 
granules, in addition; ten zirconia copings were 

produced using the same CAD/CAM system and 
served as control. 

For group (PC): the stainless steel master die 
was scanned in a lab-based blue laser scanner 
(Dental Wings, Montréal (Québec), Canada), and 
the copings were designed on the CAD program 
(DWOS V.8, Dental Wings, Montréal (Québec), 
Canada) with a standardized protocol. The settings 
were: a uniform wall thickness of 0.5 mm and a 
virtual cement layer of 30 mm starting 1 mm above 
the margin. The data obtained were sent to the 4-axis 
milling machine (SHERA Werkstoff-Technologie, 
Lemforde, GmbH) where ten BioHPP copings were 
constructed from milling blanks (Ø 98, 5 mm).

For groups (PP) and (PG): Twenty wax copings 
were milled with the same parameters used for 
scanning, designing and milling of the previously 
constructed CAD/CAM BioHPP copings. The wax 
copings were randomly divided into two groups 
of ten copings each i.e. pressed using either PEEK 
pellets (diameter; 20 mm) or PEEK granules. Sprues 
with a diameter of (4mm), and a length of (4 mm) 
were attached to the wax copings and then invested 
(Brevest; Bredent, Senden, Germany) in a silicon 
mould according to the manufacturer’s instruction. 
After 20 min., the silicon mould was heated up in 
the burn out furnace to (6300C for 60/90 min. for 
PEEK granules/pellets, respectively), and then 

TABLE (I) Materials evaluated in the present study (fig.1)

Trade name Manufacturer Composition Lot  No.
Fabrication 
technique

breCAM. BioHPP Bredent, Senden, Germany. 80% PEEK with 20% nanoceramic filler 450449 CAD/CAM

BioHPP Pellets Bredent, Senden, Germany. 80% PEEK with 20% nanoceramic filler 441913 Pressing

BioHPP Granules Bredent, Senden, Germany. 80% PEEK with 20% nanoceramic filler 456192 Pressing

KATANA Zirconia Kuraray Noritake, Aichi, Japan. 97%ZrO2stabilized by 3%Y2O3 DVOVO CAD/CAM

KATANA™ wax Kuraray Noritake, Aichi, Japan. Paraffin wax %55-45 NB07 CAD/CAM
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cooled to 4000C at a cooling rate of 80C/min. 
Subsequently, the pre-heated mould was filled with 
PEEK granules/pellets, and kept in the pre-heating 
oven for 20 min. at 4000C. Then, the copings were 
pressed at (2.3/4.5 bar pressure for PEEK granules/ 
pellets, respectively) in a special vacuum-pressing 
device (For 2 press; Bredent, Senden, Germany). 
The pressing process lasted for 25 min. and one 
disposable plunger for each muffle was used. After 
cooling, the investment material was divested in a 
sandblasting unit (Eurocem s.r.l., Milanese, Italy) 
using 110 μm aluminum oxide particles (Protechno, 
Girona, Spain, LOT 06-9513) at 2 bar pressure. 
All copings were finished using a silicone polisher 
(Ceragum Wheel; Bredent, Senden, Germany) 
and a polishing paste (Abraso-Starglanz; Bredent, 
Senden, Germany). Then, the copings were steam 
cleaned for 15 seconds using a steam cleaner (EGV 
18; Eurocem Srl, Milanese, Italy) and left to dry for 
10 minutes prior to testing.

For control group: ten zirconia copings were 
fabricated  with the  same parameters used in group 
(PC), except that after designing the coping, the 
data obtained were enlarged by 20% to compensate 
for sintering shrinkage and then sent to the 4-axes 
milling machine to fabricate ten copings. The 
enlarged copings were milled from a pre-sintered 
zirconia (D98.5mm, T14mm) blank using tungsten 
carbide burs Ø 1L and Ø 2L. After milling, the 
copings were placed in a firing dish and finally 
sintered to full density in a special furnace at a 
temperature of 1500oC for 10 hours. All copings 
were examined for deformity and cleaned in a steam 
cleaner. Subsequently, the copings were adapted 
to the stainless steel die until the best possible 
accuracy was achieved. Using a digital caliper 
with an accuracy of 0.1 mm, the wall and occlusal 
thickness were measured for each coping at 6 and 2 
preselected measuring points, respectively.

Fig. (1) PEEK material as a, CAD/CAM blank for milling 
technique as well as b, pellets and c, granules for 
pressing technique .
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Each coping was photographed using USB Digi-
tal microscope with a built-in camera (Scope Cap-
ture Digital Microscope, Guangdong, China) con-
nected with an IBM compatible personal computer 
using a fixed magnification of X45.  A digital image 
analysis system (Image J 1.43U, National Institute 
of Health, USA) was used to measure and evaluate 
the vertical marginal discrepancy. Within the Image 
J software, all limits, sizes, frames and measured 
parameters are expressed in pixels. Therefore, sys-
tem calibration was done to convert the pixels into 
absolute real world units. Calibration was made by 
comparing an object of known size (a ruler in this 
study) with a scale generated by the Image J soft-
ware. 

A spring-loaded holding device was designed 
to apply a uniform static load on the copings 
during measuring and to ensure a stable measuring 
position for capturing the digital image by a camera. 
A centrally located hole at the base of the device 
engaged the pointer rod incorporated in the device, 
which allowed the die and the coping to be rotated 
for measurement. In addition, an indentation was 
done by using a fine diamond disk at the base of 
the device to coincide with the scribed indentations 
on the stainless steel die to ensure precise 
measurements. For all groups, forty copings were 
repositioned on the original master die and axially 
loaded in the holding device to avoid seating error 
by application of finger pressure.

To determine the measuring points on the 
stainless steel master die, four indentations were 
done to represent the: mid-labial, mid-lingual, 
mid-distal, and mid-mesial surfaces of the die, by 
using a fine diamond disk , and defined as a line 
with a fine pencil under the microscope. This 
line remained constant during all four rounds of 
circular measurements. Measurement at each point 
was repeated five times. The mean values of the 
marginal discrepancy of the ten copings in each 

group for each fabrication technique were recorded, 
and considered to be the gap measurement. The data 
obtained were collected, tabulated then subjected to 
statistical analysis.

Data were presented as mean, standard deviation 
(SD), range (Minimum-Maximum) for values. Data 
were explored for normality by checking the data 
distribution and using Kolmogorov-Smirnov and 
Shapiro-Wilk tests. One-way ANOVA followed by 
pair-wise Tukey Honestly Significant (HSD) test 
were used to study the difference between groups 
mean values. The significance level was set at P 
≤ 0.05 and 95% Confidence interval. Statistical 
analysis was performed using Graph Pad Instat 
(Graph Pad, Inc.) software for windows.

RESULTS

Descriptive statistics, showing mean values 
and standard deviations (SD) of marginal gap 
measured in micron (µm) recorded for all groups 
are summarized in (Table II) and graphically 
represented in (Fig. 2). 

It was found that Peek granules copings 
recorded statistically significant highest marginal 
gap mean value (78.69±10.7µm) followed by Peek 
pellets copings (72.38±9.75µm) then Peek CAD/
CAM copings (45.22±6.09µm), while the lowest 
statistically significant marginal gap mean value 
was recorded with Zirconia CAD/CAM copings 
(43.98±1.3µm). The difference between the (milled 
and pressed) groups was statistically significant as 
indicated by ANOVA-test (P=<0.0001<0.05). Pair-
wise Tukey Honestly Significant (HSD) test showed 
non-significant difference (P>0.05) between milled 
Zirconia and Peek copings fabricated by CAD/
CAM; moreover, no significant difference was 
found between the PEEK copings pressed from 
pellets or granules.



(1658) Mazen A. AttiaE.D.J. Vol. 65, No. 2

DISCUSSION

This in vitro study examined the marginal 
accuracy of PEEK copings fabricated by different 
fabrication techniques. The null hypothesis, that the 
marginal gap is not influenced by the fabrication 
techniques, was rejected. 

In the present study, a stainless steel master die 
was used as an abutment and designed with a heavy 
chamfer finish line to meet the requirements of all-
ceramic crowns preparation. Several authors have 
used metal (22, 23) or acrylic resin dies (24) to measure 
the marginal accuracy. The advantages of the 
stainless steel die are standardized preparation and 
abrasion resistance of the die during the fabrication 
processes and final measurements. All procedures 
for all groups were standardized; identical cement 

spaces (30 µm) were used to achieve consistent and 
reliable results; in addition, the copings investigated 
were not cemented as cementation procedures 
may affect the marginal accuracy because of the 
differences in viscosity of luting agents and seating 
forces. (16)

Modified PEEK material (BioHPP) containing 
20% ceramic fillers (size 0.3-0.5 microns) has 
been used in this study for its good mechanical 
properties, low modulus of elasticity and excellent 
biocompatibility. (25-27) Because of their micro size, 
homogeneity and high degree of polishability are 
achieved in the macrostructure of the polymer 
resulting in a lack of plaque retention and long-time 
color stability. (28) It can be used for the fabrication 
of FDPs either by injection molding (pressing) or 
CAD/CAM techniques. The latter shows better 
marginal accuracy because of the absence of 
a sintering process and subsequently, absence 
of shrinkage; in addition, lower deformations 
pattern and higher fracture load values have been  
proposed. (10)

In this study, the mean marginal gap values were 
(78.69±10.7 µm) for the PEEK granules group, 
(72.38±9.75 µm) for the PEEK pellets group, and 
(45.22±6.09 µm) for the PEEK CAD/CAM group. 
The proper marginal accuracy of PEEK CAD/CAM 
group could be attributed to the recent advance-
ments in the scanning technology (laser line scanner 
for digitizing the surface topography of the prepared 

TABLE (II) Descriptive statistics of marginal gap results (Mean values ±SDs) for all groups

Variables Mean± SD Min. Max.
95% CI Statistics 

Low High  P value

Zirconia CAD/CAM 43.98b±1.3 42.68 45.28 42.78 45.18
<0.0001*

Peek  

CAD/CAM 45.22b±6.09 33.09 70.24 39.58 50.86

Pellets 72.38a±9.75 51.57 92.29 64.75 82.79

Granules 78.69a±10.7 53.61 102.38 67.61 87.49

Different letters indicating significant difference (p<0.05) *; significant (p<0.05) ns; non-significant (p>0.05)

Fig. (2) The machined die with heavy chamfer preparation.



MARGINAL FIT OF POLYETHERETHERKETONE SINGLE CROWN COPINGS (1659)

die), (29) newly released version of the designing 
software leading to precise detection of the prepa-
ration margin, and advanced milling technology. (30) 

The obtained results of the PEEK CAD/CAM group 
was in accordance with those of Adil et al.(31) who 
found mean gap value of (46.75 µm). 

The mean marginal gap value for zirconia 
copings in the “as-machined state” fabricated 
by different CAD/CAM systems ranged from 
(57.94±6.5 µm) to (71.01±10.8 µm). This finding 
was in good accordance with the findings of 
the present study (43.98±1.3 µm); however, the 
statistically significant difference between the 
pressed and milled groups is not relevant, since both 
techniques still exhibit a clinically acceptable gap 
range of less than (100μm). (32) 

The number of measurement points per crown 
used in previous studies has varied considerably.
(22,24,33) Groten et al,(34) suggested that, ideally, 50 
points, or at least 20-25 measurements, should be 
made for each crown to obtain clinically relevant 
information.(35) In many studies, the number of sites 
measured per crown varies considerably (ranges 
from 4 (21,22) to 8(24), 12 (36), 54(20) , and more than 100( 

37) sites per crown). Furthermore; sample sizes range 
from 5 to 10 specimens for each crown system are 
reported in previous studies. (20-23) This may explain 
the confusion concerning the clinically acceptable 
gap size for dental restorations. Therefore, in this 
study, 4 measurement points and 10 specimens for 
each fabrication technique were selected, so that the 
mean vertical margin discrepancy value obtained 
from measurement points of each specimen could 
provide a reasonable representative quantity.

The spring-loaded holding device used in this 
study was designed to apply a uniform static load 
to the copings on their respective stainless steel die 
during measurement and to ensure a stable measuring 
position for capturing the digital image by a camera. 
In order to ensure that the copings were measured 
in the same position, four equidistant linear marks 

were made on the stainless steel die to coincide with 
the indentation scribed at the base of the device. (38) 

Although studies on the marginal accuracy of 
PEEK restorations are limited, the results of this in 
vitro study demonstrated excellent marginal integrity 
when compared to other all-ceramic systems. 
However, it is difficult to extrapolate the results of 
this study directly to a clinical situation, and data 
obtained from current study must be supported by 
clinical investigations. Future investigations that 
better simulate the oral environment and including 
veneering are recommended to validate the results.

CONCLUSIONS

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

1. The marginal accuracy of PEEK CAD/CAM 
fabricated copings was significantly better than 
PEEK pressed copings.

2. The marginal accuracy of zirconia copings was 
significantly better than PEEK copings.

3. The vertical marginal discrepancy mean values 
recorded for all groups were all within the clini-
cally acceptable range (120 μm).
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