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ABSTRACT

Objective: This study evaluated the marginal and internal fit of pressable versus machinable polyetheretherketone (PEEK) and 
versus zirconia copings.  Material and Methods: Twenty one copings of lower molar were used in this study, which were divided 
according to type of material used and method of manufacturing into three main groups: seven specimens each, zirconia (Zr), 
PEEK CAD (PC) and PEEK press (Pp) groups. Copings were subjected to three dimension (3D) analysis of marginal and internal 
fit by using a triple scan protocol. Results: The results of this study showed that zirconia group recorded statistically significant 
P=0.02 (P<0.05) lower absolute marginal gap mean value (60 ±10 µm) than PEEK CAD (69 ± 0.00µm) and PEEK press group 
(69 ± 10µm). Among internal fit There was no statistical significant difference between the three groups as p =0.36 (> 0.05) but 
PEEK press showed better internal fit. (126±30 µm), (130±40 µm) and (112±40 µm) for zirconia, PEEK CAD and PEEK press 
respectively. Conclusion: Marginal and internal fit for the three groups were within the acceptance range while zirconia copings 
show significance superior marginal fit than PEEK groups. 
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INTRODUCTION 

The growing interest in tooth-colored high per-
formance polymers can be attributed to improve-
ments in CAD/CAM technology, faster process-
ing and lower cost as well as improved mechani-
cal properties in combination with the advantages 
of using them in thinner thicknesses as compared 
to ceramics (1, 2). Polyetheretherketone (PEEK) is a 
synthetic, tooth colored polymeric material that has 
been used as a biomaterial in orthopedics for many 
years (3). PEEK has excellent performance such as 
high mechanical properties, good wear and heat 
resistance, and excellent chemical resistance (4, 5).  

Although it’s white color, PEEK is not used in 
monolithic form but only suitable as framework 
material veneered by resin composite.

In addition the use of Yttria-stabilized tetragonal 
zirconia polycrystalline (Y-TZP) for fabrication of 
all ceramic restorations by means of CAD/CAM is 
common, due to its unique characteristics including 
excellent biocompatibility, low plaque accumulation 
and unmatched mechanical properties(6). Moreover 
zirconia can be used in monolithic form or as a 
framework veneered by porcelain or resin composite 
veneering material to improve reparability and 
absorb the masticatory forces.  
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However, there has not been enough researches 
on the marginal and internal fit of restorations 
fabricated with PEEK as compared to zirconia. 
When the marginal and internal fit is poor, plaque 
deposition, periodontal destruction, recurrent caries, 
and ultimately, the failure of the restoration may 
occur. Therefore, the fit of the dental restoration 
plays an important role in the long-term success of 
the prostheses (7). 

Measuring the fit with the traditional methods 
such as sectioning and replica methods, have some 
problems such as data missing during sectioning and 
non-accuracy due to contact to dental objects. Triple 
scan protocol is a new technique which overcomes 
these problems depending on the revolution on 
optical (3D) scanning technologies. This method 
gives three dimensional (3D) view of the space 
between the FDP and the abutment with unlimited 
number of points more than (2D) one (8, 9).

MATERIALS AND METHODS 

Grouping:

Twenty one copings were used in this study and 
equally divided into three groups (n=7) according to 
the technique of fabrication and the type of material: 
PEEK CAD (PC): Brecam BioHPP, PEEK press 
(Pp): BioHPP granulate and zirconia (Zr): Zircon.x.

 Preparation of specimen

Typodont tooth of mandibular first molar was 
fixed in a plastic mold by self-cure acrylic resin 
(Acrostone Egypt) with the cervical line of the 
acrylic tooth was 2mm coronal to top surface of the 
mold. After setting of the self-cure acrylic resin, the 
tooth was prepared to receive circumferential deep 
chamfer finish line 1mm in thickness and 1.5 mm 
occlusal reduction by using laboratory diamond 
stone with around tip (6º taper angle and 1 mm tip 
diameter) attached to a milling surveyor (BEGO. 
PARASKOP, Germany).

Digital impression 

For the digital impression, a thin dusting with 
titanium dioxide powder was applied to facilitate 
scanning of the prepared tooth. The prepared tooth 
was scanned with Shera eco scan 7 scanner (Shera 
Werkstoff Technology, Germany powered by Dental 
Wings software); restoration parameters were set, in-
cluding the spacer thickness at (50µ) while other pa-
rameters were kept according to the software default.

After coping designing; STL file was imported to 
the milling unit (Shera eco mill 5X, Shera Werkstoff 
Technology, Germany) software which ordered for 
milling of fourteen copings (seven for Zircon.x and 
seven for brecam BioHPP) and seven CAD/milling 
wax pattern for BioHPP granulate.

Zirconia coping sintering

The resultant zirconia copings were placed on 
its occlusal surface on a special glass beads for 
sintering inside the sintering furnace  (Nabertherm, 
Germany) according to manufacture instructions. 
The starting temperature was 403 ºC and increased 
at rate of 20 ºC /min until 900 ºC and hold for 10 
min; then firing was increased at a rate of 10 ºC /min 
until 1530 and hold for 2 hours.

Fabrication of pressed Bio HPP copings

A special device (for 2 press Bredent, Germany) 
for pressable Bio HPP materials was used, to prevent 
air pockets inside the coping; a brush is used during 
the investment process. This ensures that the crown 
interior is free of bubbles. Then entire mold can 
then be filled with investment material. After 20 
min. setting time, the hot mold is removed from the 
plastic base using a slight turning motion. In order 
to enable trouble-free pressing, the muffle must 
always be positioned straight and at a right angle.

Measurement of the copings fit

 Digitizing of the copings

The master die and the intaglio of each copings 
were digitized using 3Shape TRIOS®3 (3Shape 
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A/S, Copenhagen K Denmark ,pod and wired type) 
which is a powder free 3D intra oral scanner with 
a trueness (accuracy) (6.9 ± 0.9 µm) and preci-
sion (4.5 ± 0.9 µm)(10).Three different scans were 
made according to the triple-scan protocol by Holst  
et al(11).

The prepared tooth, the outer and intaglio sur-
faces of each one of the copings, (a microbrush 
attached with flowable composite resin to the cop-
ing used to allow a free movement of the scanner 
around the coping) and each coping on the tooth in 
a clinically correct final position(12). To ensure that 
every coping correctly seated on the tooth during 
scanning we hold it by a custom made positioning 
device. 

Data alignment:

Copings STL files were sent to 3D inspection 
software (Poly Works Innovmetric 2007, Canada) 
for fit analysis and 3D color mapping as follow: 
first, the die STL file (as an object) and the coping-
die STL file (as a reference) were registered by 
manual alignment (prealignment using point 
pairs) followed by best-fit registration. The same 

procedures repeated for alignment of coping and 
coping-die STL files, then coping-die STL file was 
removed to obtain aligned coping and die data sets 
in their clinically correct position .The final step of 
the alignment procedures was to delete the outer 
surface of the coping and invert the orientation.

Fit assessment

For the 3D measurements, twenty sections, ten 
bucco-lingual and ten mesio-distal, were made 
through aligned data. The distance between the die 
and the intaglio surface of the crown were measured 
at 8 standardized points (2 on the margins, 2 at 
0.75mm above the margin, 2 on the mid axial walls 
and 2 on the occlusal surface), Fig. 1 & 2.

Data were represented by mean, standard 
deviation (SD), median (M), with 95% Confidence 
Interval (95% CI) values. One way ANOVA test, 
post hoc tuckey tests and descriptive statistics were 
used to compare between different materials.  The 
significance level was set to P ≤ 0.05. Statistical 
analysis was performed with IBM®* SPSS®Θ 
Statistics Version 20 at 95% confidence interval.

FIG (1 & 2) Ten mesio-distal, were made through aligned data. The distance between the die and the 
intaglio surface of the crown were measured at 8 standardized points (2 on the margins, 2 at 
0.75mm above the margin, 2 on the mid axial walls and 2 on the occlusal surface)
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RESULTS

Marginal fit

There was statistical significant difference 
between PC and, Pp and Zr as p = 0.004 and 
0.03 respectively while no statistical significant 
difference between PC and Pp as p =0.9, Table (1). 

TABLE (1): Descriptive statistics of marginal gap 
of main groups in (µm)

Marginal fit

Mean SD Min Max CI P

Zr 60a 11 52 74 10

0.02APC 69b 0 67 78 10

Pp 69b 12 60 81 20

Large letters for significance, small letters shows 
difference between the same columns only

Internal fit

There was no statistical significant difference 
between the three groups as p =0.36 (> 0.05) but Pp 
showed better internal fit, Table (2).

TABLE (2): Descriptive statistics of internal fit of 
the main groups in (µm)

Internal fit
Mean SD Min Max CI (95%) P

Zr 127 34 93 179 20

0.36PC 129 40 98 223 30
Pp 111 41 62 171 30

For average of axial mid points there was 
statistically significant difference between Pp, PC 
and Zr as p= 0.00. There was statistically significant 
difference between Pp and PC, as p = 0.008 and 
between PP, and Zr 0.006 respectively while there 
was no statistically significant difference between 
PC and Zr as p= 0.06.

For average of axial Cervical points there was no 
statistically significant difference between PP, PC 
and Zr groups as p= 0.3 There was no statistically 
significant difference between PP, PC and Zr 

groups at mesiodistal and buccolingual points as p 
= 0.37 and 0.16 respectively. For average of axial 
occlusal points there was no statistically significant 
difference between PP, PC and Zr groups as p= 
0.26, Table (3).

TABLE (3): Show internal fit of the main groups at 
each measuring point (µm).

Internal fit at each point

Pp PC Zr P

Axial 
points

Mid 
points

MEAN 72a 111b 102b

0.00A

SD 130 140 100

Cervical 
points

MEAN 119 120 140
0.35

SD 10 11 23

Occlusal points
SD

MEAN 98 127 106
0.26

82 94 79

Large letters for significance, small letters shows 
difference between the same columns only.

DISCUSSION

Accuracy of fit of fixed dental restorations 
is usually defined by measuring parameters like 
marginal and internal gap. Sufficient marginal 
adaptation reduces the risk of secondary caries, 
cement dissolutions and gum inflammations. 
Moreover the internal fit has a significant influence 
on the mechanical properties of the restorations in 
terms of fracture resistance and retention. The final 
fit of the restoration sums up the errors that occur 
both in the manufacturing process along with the 
clinical setting(13). 

Ayad (14) found significant differences among the 
die material used for the shoulder margin design with 
greater marginal opening than light chamfer and 
deep chamfer margin designs for both die materials. 
So in this study a deep chamfer finish line was used 
that is compatible with non-metallic restorations 
and decrease stress and its fracture liability.
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CAD/CAM technology was chosen due to 
its ability to control thickness and anatomy of 
restorations during the fabrication process. It also 
allowed the standardization of the internal fit of 
the restoration as well as the mechanical properties 
of the restorative materials. Many potentially 
confounding operator variables were avoided 
such as dental laboratory technicians’ skills and 
procedures involved in the fabrication process(15) .

For standardization for all samples, single ty-
podont prepared die scanned extraorally by one op-
erator to fabricate CAD design .we directly scan the 
prepared tooth for coping milling without making 
a die replica as the measuring technique didn’t re-
quire direct contact between tooth and the coping(16).

For pressed group we made a CAD/milling 
of wax patterns with the same parameters of CAD 
groups milling to ensure standardization of cement 
gap and coping thickness(17). Also wax patterns of 
all pressed copings invested together in same mold 
while finishing and polishing is done by one opera-
tor. During sintering of zirconia to avoid margin dis-
tortion copings put in upside down position on its 
occlusal surface on glass bead.

This study, not only tested the new technology 
available in dentistry, but also utilized similar in-
dustrial methodology in obtaining the measure-
ments of the digital specimens. The 3D data were 
obtained by digitizing the physical specimens. The 
digital models could be moved, rotated, sectioned 
and measured as many times and in any way as de-
sired. This method has the potential of providing a 
vast amount of information that was not possible 
before.

Rajshekar et al (18) stated that intra-oral 3D scan-
ner a reliable and valid method for measuring the 
key features of virtual 3D dental casts. This tech-
nique has excellent potential for recording and ac-
curately measuring dental features for forensic pur-
poses including bite-mark analysis, and for research 
purposes. Agnes et al (19) estimate dental wear using 

a digital   intra-oral optical scanner and also stated 
intra oral scanner is a potential resource to allow 
reliable comparison of measurements over time.

Park et al (11) use intra oral scanners for in 
vivo assessment of internal and marginal fit of 
fixed dental prostheses. Intraoral scanner (IOS) 
allow scanning of outer and internal surface of 
the restoration in one shot unlike of industrial 3D 
scanners or coordinate measuring machine (CMM) 
which scan the surfaces independently then ingrate 
them by software (12) .Software image integration is 
done by best fit alignment which sometimes meet 
difficulties as in case of round smooth surfaces  We 
can also use IOS to clinically check the marginal 
and internal fit of the restoration.

Where high accuracy measurements are needed 
we need to use a highly precise measuring non-
contact 3D scanner so we used in this study a 
3Shape TRIOS®3 intraoral scanner which has a 
trueness (6.9 ± 0.9 µm)and precision (4.5 ± 0.9 µm)
(10).Unlike most other scanners, 3Shape TRIOS® is 
a no-spray solution, because spraying is technique 
demanding, can affect scan accuracy, and no need 
to hold the scanner at a specific distance or angle 
for focus. To avoid surface affection of the prepared 
acrylic tooth due to repeated coping placement 
during scanning, we scan firstly the tooth which 
later used for data alignment for all samples.

The results of this study showed that zirco-
nia group recorded statistically significant P=0.02 
(P<0.05) lower absolute marginal gap mean value 
(60 ±10 µm) than PEEK CAD (69 ± 0.00µm) and 
PEEK press group (69 ± 10µm). Despite the sta-
tistical difference between zirconia and PEEK and 
the remaining three groups for the marginal fit, the 
clinical difference might not be of great importance. 
Unlike results with a study by Young Park et al (20) 
which revealed higher non-significant marginal dis-
crepancy values of Zirconia crowns (77.06 ±32.14 
μm) than those of poly etherketoneketone (PEKK) 
which is a member  of poly arylketone family 
(66.83±22.31μm).
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Also same results of study by Park et al (9) study 
stated that marginal and internal fit of both PEKK 
and zirconia copings were within the clinically 
acceptable range. However, the PEKK presented 
better fitness compared with the zirconia. In 
comparison with PEEK materials, PEKK materials 
present stronger solidification of the glass and 
polymer chains due to the high ratio of the keto 
group; hence, it has a higher melting temperature 
and greater compressive strength (21).

According to Guess et al.,(22) 100 µm is the 
clinically acceptable marginal gap for ceramics, 
while McLean and von Frauenhofer( 23) reported 
a gap of less than 120 µm. Another previous 
study reported that 100 - 200 µm is the clinically 
acceptable range for long-term preserved dental 
prostheses(24).

Among internal fit There was no statistical 
significant difference between the three groups as 
p =0.36 (> 0.05) but PEEK press showed better 
internal fit. (126±30 µm), (130±40 µm) and 
(112±40 µm) for zirconia, PEEK CAD and PEEK 
press respectively. These results coincide with other 
studies stated that pressed FDPs show superior 
fit than CAD ones (20, 25-27). It was attributed to the 
type of manufacturing of these two systems; the 
distortion of the ceramic coping was thought to be 
less in PEEK press compared with CAD/CAM, as 
the pressed technique involves a less complicated 
process, using a more manual than computer 
program computation, and is process dependent.

The present study showed that in terms of the 
occlusal region, (PP 98±82 µm), (PC 127±94 
µm) and (Zr 106±79 µm) exceeded the axial mid 
points (PP 72±130 µm), (PC 111±140µm) and (Zr 
102±100 µm) of internal adaptation. Also cervical 
points (PP 119±110 µm), (PC 120±11 µm) and (Zr 
140±23 µm) showed values greater than axial mid 
points. These results coincide with other studies (20, 

28). It could be partially explained by limitations in 
the scanner resolution, which may produce slightly 
rounded edges. A phenomenon called “overshoot” 

that occurs during the scanning process could 
be transformed by the software in an area with 
internal imperfections that can result in adaptation 
interferences in both marginal and occlusal 
areas(29,30). 

Also because the axial line angles the occlusal 
surface of the molar region was not an exact 
reproduction due to the bur diameter limitation at 
the undercut site. (20, 31)However, the measurement 
value of the occlusal region in the present study was 
clinically acceptable according to previous reports 
(32, 33).

Because of the high variation of fit within any 
particular crown system, the mean values of various 
measurement locations can demonstrate a large local 
discrepancy and may result in an increase in the 
overall standard deviations SDs. The mean values 
of the present study were accompanied by large 
SDs. The fit of a particular location might further 
be influenced be influenced by the asymmetric 
anatomical shape of the copings (34, 35).

CONCLUSION

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

1. Marginal and internal fit for the three groups 
were within the acceptance range.

2. Zirconia copings showed significance superior 
marginal fit than PEEK groups regardless of its 
technique (CAD/CAM or press technique).
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