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ABSTRACT

Purpose: The aim of this study was to evaluate the marginal and internal fitness 
of PEEK and Zirconia crowns fabricated by three different impression techniques. 
Materials and methods: Thirty standardized acrylic die models were prepared. 
Dies were divided into two main groups (n= 15):  Group 1: CAD/CAM fabricated 
zirconia crowns. Group 2: CAD/CAM fabricated PEEK crowns. Each group was 
subdivided into three subgroups (n= 5), according to the impression technique using 
for data acquisition: Sub-group (A): direct digital scans of the model used intraoral 
digital scanner. Sub-group (B): indirect digital scans of the silicon impressions using 
extraoral scanner. Sub-group (C): indirect digital scans of the stone casts obtained from 
silicon impressions using extraoral scanner. Crowns were then designed and fabricated. 
Marginal and internal gaps were measured using silicone replica technique and field 
digital microscope. Results: Independent t-test was used for comparison between 
groups. Comparisons between subgroups were performed by one-way analysis of 
variance (ANOVA) test, followed by Bonferroni’s post hoc test. In Zirconia group, 
the highest mean value was recorded in stone cast scan group, followed by intraoral 
scan, with the least value recorded in impression scan subgroup. In PEEK group, the 
highest mean value was recorded in stone cast group, followed by impression scan, with 
the least value recorded in intraoral scan subgroup. Conclusions: All tested crowns 
showed marginal gap distance values within the clinically acceptable levels. PEEK 
crowns had lower vertical marginal gap distance than zirconia crowns with different 

scanning techniques.
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INTRODUCTION

The growing interest in tooth-colored high-
performance polymers attributed to the sustained 
support in CAD/CAM technology, easier processing 
and cheap cost as well as enhancement of mechanical 
properties in combination with the advantages of 
using them in thinner thicknesses as compared to 
ceramics(1). 3D scanners are considered one of 
the digital methods used for this purpose which 
composed of a light source, camera and a motion 
system supporting several axes for positioning 
the scanned object towards the light source and 
camera(s).  The light source focuses a well-defined 
line into the surface of the object, and the camera(s) 
capture images of the lines. 

Depending on the known angle and distance 
between camera and light source (jointly called 
the scan head), the 3D position (s) where the 
projected light is reflected can be calculated using 
trigonometry. The marginal fit of any restoration is 
one of the important factors for successful prosthetic 
treatment(2). An ideal marginal fit maintains a 
healthy periodontal status and prevents failure of 
restoration(3). On the other hand, improper marginal 
fit has a negative effect on the periodontium, making 
it difficult to perform long-term maintenance of the 
patient’s health following restoration cementation(4). 
SRT (silicone replica technique) is one of the 
methods used to measure marginal accuracy by 
injecting silicone material inside the prosthesis. This 
method is easier and simple; it has been utilized in 
many studies (5). however, it can make assessments 
only using two-dimensional (2D) analysis.

The triple scan method (TSM) technique depends 
on scanning of abutment and prosthesis during 
try in step to calculate the internal and marginal 
gap by software. It is a nondestructive but have 
some drawbacks due to possible inaccuracy and 
overlapping of the scanned data (6). Micro-computed 
tomography (MCT) technique depends on obtaining 
a 3d image (7). Optical coherence tomography (OCT) 
technique is a non-destructive, non-radiological 

method using higher resolution 2D or 3D images 
in optical scattering media using coherent light (9). 
The present study will be directed to investigate the 
influence of direct and indirect digital data capturing 
techniques on marginal accuracy and internal fit of 
CAD/CAM fabricated peek and zirconia crowns. 
The null hypothesis for this in vitro study is rejected 
as there is a statistically significant differences in 
marginal and internal gaps values between zirconia 
and PEEK crowns in the three scanning techniques.

MATERIALS AND METHODS

Sample size estimation and statistical power: 

The calculation was estimated using CDC 
Epi Info program version 7.2.0.1 (Atlanta, USA) 
assuming a power of 80% and alpha=0.05 to detect 
significant difference in marginal and internal 
fitness of peek and zirconia crowns fabricated by 
three different impression techniques.  A total of 30 
samples (10 each subgroup) is needed based on an 
estimated difference in mean of vertical marginal 
gap distance values of 42.34 ± 2.54 in Sub-group 
directly scanned by intraoral scanner and 48.48 ± 
1.01 in Sub-group scanned silicon impressions 
by extraoral scanner compared to 64.74 ± 3.32 in 
Subgroup scanned stone cast by extraoral scanner(10). 

Teeth selection and preparation:

Thirty standardized typodont acrylic die 
models(Frasaco GmbH, Tettnang, Germany) were 
prepared representing first molar all-ceramic prep-
aration with 4mm preparation height, 6-degree 
convergence angle and 1.5mm shoulder margin(11). 
Crowns were fabricated and divided into two groups 
(15 crowns each) according to the type of material.

Group I: CAD/CAM fabricated zirconia 
(Nacera Kurary Noritke dental Ince Germany) 
crowns. Group II: CAD/CAM fabricated PEEK 
(breCAM GmbH&Co.KG Germany) crowns. Each 
group was subdivided into three sub groups (n=5) 
according to the scanning technique. Sub-group 
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(A): direct digital scans of the model using intraoral 
digital scanner (Trios 3, 3 shape, Copenhagen, 
Denmark). Sub-group (B): Indirect digital scans 
of silicon impressions using extraoral scanner (E2 
Lab scanner, 3 shape, Copenhagen, Denmark). 
Sub-group (C): Indirect digital scans of stone casts 
obtained from silicon impressions using extraoral 
scanner (E2 Lab scanner, 3 shape, Copenhagen, 
Denmark).

Scanning of acrylic models (direct scanning): 

The acrylic models were digitally scanned 
(ten scans) using an intraoral scanner (Trios 3, 3 
shape, Copenhagen, Denmark) with a powder-free 
technology. The scanner was held closely over 
acrylic die. The resulting scans were then converted 
to STL format and sent directly to the lab. At the 
dental lab, the digital data obtained from the 
scanning process was processed to create virtual 
models using CAD system software. Data were 
transported to a computer connected to the milling 
machine to analyze and start milling full-contour 
monolithic zirconia and PEEK crowns.

Scanning of the silicon impressions (Extraoral 
scanning):

A single-step, double consistency ten full-arch 
addition silicon impressions of the typodont models 
were made by injecting light body material (Elite, 
Zhermack, Italy), after being auto-mixed over the 
prepared acrylic die meanwhile the heavy body 
addition silicon was loaded in a custom tray and 
seated over the model. The silicon impressions were 
removed from the typodont model after complete 
setting, and sprayed with light reflecting powder 
(Occlutec ,Scanspray .Renfert GmBh .U.S.A).
Finally, they underwent extraoral scanning using 
a laboratory scanner (E2 Lab scanner, 3 shape, 
Copenhagen, Denmark).The resulting scans were 
then converted to STL format and sent directly to 
milling machine.  

Scanning of stone casts (Extraoral):

A single-step full-arch ten silicon impressions 
(Elite, Zhermack, Italy) were taken as described be-
fore. After 30 minutes, each impression was poured 
in Type IV dental stone (Shera premium type IV, 
SHERA, Germany)  by the same technician manu-
ally following the manufacturer’s recommendations 
on a vibrator to obtain ten stone casts free from any 
voids. After setting of the stone (16 min), the casts 
were separated from the impressions, sprayed by 
telescan spray (DFS-DIAMON, GmbH) and then 
scanned using the same laboratory scanner. Design-
ing and milling processes were performed similar to 
subgroup A.

Construction of zirconia Crowns:

The crowns design was manipulated by Dental 
system software (2016v 1.6.3, 3Shape, Copenhagan, 
Denmark) and sent to the milling machines to 
fabricate Zirconia (Nacera blanks) crowns.

Milling of Zirconia Crowns:

Zirconia discs were inserted into 5-axis milling 
machine (Roland DWX-51D, Japan). The crowns 
were milled with 25% enlargement in size to 
compensate for the sintering shrinkage. After the 
milling process the crowns were separated from 
the zirconia disc by using a specific finishing bur. 
All crowns were then cleaned using an ultrasonic 
bath of distilled water for 10 minutes to remove 
any residues. The crowns were then placed into 
the drying system for 5 minutes at a temperature of 
80°C.

Sintering of Zirconia Crowns:

The crowns were then placed into inFire HTC 
speed furnace (Sirona, Germany)  and sintered at 
1600oC for a total firing time of 12 hours as rec-
ommended by the manufacturer. Finally, all crowns 
were cleaned with distilled water for 5 minutes in 
ultrasonic bath cleaner to remove any contamina-
tion from the manufacturing process.
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Construction of PEEK crowns:

For the PEEK (bre-CAM BioHpp) group, 
models were scanned as previously described for the 
zirconia group. Designing was done by dental CAD/
CAM Software (2016v 1.6.3, 3Shape, Copenhagan, 
Denmark). The material thickness was standardized 
according to the recommended values which are 0.7 
mm PEEK and a spacer of 40µ between the coping 
and the prepared tooth. The PEEK blank was milled 
using 5-axis milling machine.  

PEEK veneering: 

Surface treatment of Peek copings was made 
to improve the wettability of copings by airborne-
particle abrasion followed by adding the bond 
(visio. link) with as recommended by manufacturer 
instructions. Composite veneer builds up was 
achieved by manual layering of composite (crea. 
Lign).

Testing procedures:

Marginal and internal gap measurements: 

A non-destructive impression method (silicone 
replica technique) was used to measure the marginal 
and internal gaps for all crowns. This method 
duplicates the distance between the inner surface of 
the crowns and master model surface by measuring 
the thickness of light body silicon impression.

Replica technique: 

The internal surface of the crown was injected 
by Polyvinyl siloxane addition silicone impression 
materials a light body blue-colored (Elite, Zhermack, 
Italy) then seated on the master die simulating the 
cementation procedure. A constant load (50 N) was 
applied for 2 minutes along the major axis of the 
crown using a holding device until the impression 
material completely sets.  Once the material set, the 
crown was gently separated from the die to obtain a 
thin layer of material adhering to the internal surface 
of the crown.  This film was supported by adding 
a by Polyvinyl siloxane addition material(Express 

XT, medium body, 3M ESPE, Germany) (violet 
color).  to fill the fitting surface of the crown. Once 
the medium body completely set, the replicated 
die was gently separated from the crown and then 
evaluated for detection of any defect or tearing. 

A plastic cylinder was selected (1.2cm height 
&1.5 cm diameter) for construction of the silicone 
replica block.   A half-scoop of Polyvinyl siloxane 
addition material( Express XT, putty, 3M ESPE, 
Germany) (orange color).was mixed with the 
appropriate amount of catalyst according to 
manufacturer’s instructions and kneaded in the 
palm of the hand until all streaks of the catalyst 
had disappeared. Then it was packed immediately 
inside the plastic cylinder. The replicated die was 
embedded into un-polymerized heavy body addition 
silicone material till it completely polymerized the 
silicone replica block was marked to determine the 
direction of (buccal, lingual, mesial and distal). By 
aid of imes-icore milling machine. The silicon block 
was sectioned into four equal sections by cutting 
two central cross cuts at buccolingual and mesio 
distal directions. The process was repeated for all 
crowns in both groups.

Gap measurement: Each silicone replica was 
then sectioned in a bucco-palatal direction and then 
in a mesiodistal direction using a cutting blade in 
a specially designed sectioning base. The thick-
ness of the light body silicone impression material 
representing the marginal and internal gaps was 
measured at 21 predetermined points using a digi-
tal microscope (Scope Capture Digital Stereo Mi-
croscope, Guangdong, China) at a magnification of 
32x. These measuring points represent four different 
areas: margin, chamfer, axial, and occlusal areas(12).

For each specimen, the internal gap was 
measured by calculating the mean value of the 
chamfer, axial and occlusal area gaps. Image 
analyzing software (Image J, Version 1.51) which 
was used for the measurement of the gap width at 
these predetermined points determined in microns, 
figure 1.
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Figure (1) Digital microscopic image of sectioned replica in 
buccolingually direction. H: heavy orange – colored 
body silicone, M: medium violet – colored body 
silicone, L: light blue - colored body silicone.

Statistical analysis

Data were explored for normality by checking the 
data distribution and using Kolmogorov-Smirnov and 
Shapiro-Wilk tests. Independent t test was used for 
comparison between groups with respect to normally 
distributed numeric variables. Comparisons between 
subgroups was performed by one-way analysis of vari-
ance (ANOVA) test, followed by Bonferroni’s post hoc 
test. All p-values are two-sided. P-values ≤0.05 were 

Table (1) Descriptive statistics and Comparison of marginal gap (µm) in group 1 (Zirconia).

Marginal fit Mean Std. Dev
95% Confidence Interval for Mean

Min Max F P
Lower Bound Upper Bound

Intra-oral scan 65.66b 7.43 56.44 74.89 59.71 78.38

4.857 0.028*Impression scan 63.20b 7.52 53.87 72.53 51.49 71.96

Stone cast scan 90.52a 24.36 60.27 120.77 68.63 129.09

Significance level p≤0.05, *significant, ns=non-significant.
Bonferroni post hoc test: Within the same comparison, means with different superscript letters are significantly 
different

considered significant. 

RESULTS

 Marginal gap distance:

1- Zirconia group

In Zirconia group, the highest mean value was 
recorded in stone cast scan subgroup,followed by 
direct scan sub groupA, with the least value was 
recorded in impression scan subgroupB. ANOVA 
and post hoc test revealed that, the mean value in 
stone cast scan was significantly higher than the 
other two groups (p=0.028), (Table 1).

2. PEEK group:

In PEEK group, the highest mean value was 
recorded in stone cast scan subgroupC, followed by 
impression scanB, with the least value recorded in 
intraoral scan subgroupA. ANOVA and post hoc test 
revealed that the mean value in Stone cast scan was 
significantly higher than intraoral scan (p=0.04), 
(Table2).
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Internal fit

Results are summarized in Table 4

Regarding subgroupA, a higher value was 
recorded in Zirconia group, however with no 
statistically significant difference between groups 
(p=0.222) 

Regarding subgroupB, a higher value was 
recorded in Zirconia group, however with no 
statistically significant difference between groups 
(p=0.958) 

Regarding subgroupC, a higher value was re-
corded in PEEK group, however with no statistical-
ly significant difference between groups (p=0.710) 

Table (2) Descriptive statistics and Comparison of marginal fit (µm)in group 2 (PEEK)

Marginal fit Mean Std. Dev
95% Confidence Interval for Mean

Min Max F P
Lower Bound Upper Bound

Intra-oral scan 40.7b 7.05 31.94 49.45 31.89 49.96

4.27 0.04*Impression scan 54.0 a,b 17.78 31.91 76.08 31.81 77.38

Stone cast scan 63.43a 9.58 51.53 75.32 54.18 78.79

Significance level p≤0.05, *significant, ns=non-significant
Bonferroni post hoc test: means with different superscript letters are significantly different

Table 3: Comparison of Marginal Fit values of Two groups  

Subgroup Groups Mean Std. Dev Mean 
difference

Std error of 
difference t p

Intra-oral scan Zirconia 
Peek

65.66
40.70

7.43
7.05

24.97 4.58 5.449 .001*

Impression scan Zirconia 
Peek

63.20
54.00

7.52
17.78

9.21 8.63 1.066 .317 ns

Stone cast scan Zirconia 
Peek

90.52
63.43

24.36  
9.58

27.09 11.71 2.314 .049*

Significance level p≤0.05, *significant, ns=non-significant 

Table (4) Internal fit values of Two groups

Subgroup Groups Mean Std. Dev Mean difference Std error of 
difference t p

Intra-oral scan Zirconia 
Peek

96.58
77.18 31.65 8.44 19.40 14.65 1.324 .222 ns

Impression scan Zirconia 
Peek

101.29
100.73

10.14
20.71

.56 10.31 .055 .958 ns

Stone cast scan Zirconia
Peek

117.04
121.34

9.12
23.21

-4.30 11.15 -.386 .710 ns

Significance level p≤0.05, ns=non-significant
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DISCUSSION

After the introduction of CAD/CAM system for 
in-office fabrication of dental prosthesis (CEREC, 
Sirona Dental Systems St. Paul, MN, USA), 
remarkable changes have led to improvements 
in the quality of digital scans and subsequent 
restorations Success of any restoration depends on 
accuracy of margin of restoration. Any marginal gap 
and improper fit lead to bacteria leakage, recurrent 
caries and failure of restoration (13).

The current study used a non-destructive 
impression (silicone replica technique) to measure 
the marginal and internal fit in all the crowns. This 
method duplicates the distance between the inner 
surface of the crowns and master model surface 
by measuring the thickness of light body silicon 
impression This method is easy and simple; it has 
been utilized in many studies (5),(9).

The results of this study showed statistically 
significant differences between the three scanning 
techniques whereas the lowest vertical marginal gap 
distance was recorded with zr impression scan but 
in PEEK group the lowest value was recorded in 
direct scan. This may be due to the elimination of 
impression and stone cast fabrication steps in case 
of direct scanning, leading to reduced technique 
sensitivity and more accurate dental prostheses with 
lower marginal gaps (14,15) So the null hypothesis for 
this in vitro study is rejected.

Additionally, the direct scanning technique used 
in this study was done on acrylic model which is 
easier than intraoral scanning within the patient’s 
mouth as the operator can move the scanner freely 
with more accessibility without blood and saliva that 
could affect marginal accuracy of final restoration.

These results were in agreement with other (16) 
who reported that the direct scanning technique 
has the lowest marginal gap value compared to the 
other groups (stone cast & impression scanning). 
Moreover, the present results were in agreement 
with anther (17) who found that the direct scanning 

promotes the introduction of single-zirconia crown 
restorations with an adequate marginal accuracy 
while impression scanning led to the production of 
restorations with considerably higher marginal gap 
values.

These results were not in agreement with another 
study (18) which informed that direct scanning of 
stone cast resulted in fabrication of dental prostheses 
with higher marginal accuracy than direct scanning 
of the master model, this contrast might be due to 
the difference in the scanner type between the two 
studies.

Marginal accuracy of the crowns in this study 
were calculated by measuring the vertical gap 
between the margin of the preparation and that of 
the crowns without cementation as when the crowns 
are cemented, they may lose the accuracy of the 
primary adaptation by the influence of cement type, 
cement viscosity and cementation technique which 
might increase the marginal discrepancy. (19)

Marginal adaptations were measured in microns 
using field digital microscope. Data obtained were 
recorded in microns and were subjected to one- way 
ANOVA test. 

When these results were analyzed, more gap 
observed for zirconia crowns may be due to 
increased the temperature during sintering. 

According to several researches the mean 
marginal gap is closer to 140 µm, while others 
suggested a value of 50–75 µm (20,10). The results of 
this study agree with another study which reported 
significantly better internal and marginal fit in PEEK 
crowns compared to zirconia (21), another study 
reported better internal adaptation for PEEK crowns 
compared to zirconia one (22). This controversy could 
be attributed to different types of scanners, milling 
machines, blanks, or blocks than those used their 
study.  Thus, the clinical acceptance of marginal 
gaps varies quite across studies.  

The nature of selected material for crown 
fabrication has a significant impact on the fitting 
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marginal gap. The results of this study were in 
agreement with other study (23) which found a higher 
marginal accuracy in PEEK crowns than zirconia 
crowns, this study was accomplished using direct 
marginal vision with stereomicroscope as well in a 
vivo study done.

Accuracy of PEEK and zirconia crowns was 
evaluated by another study (24) the results for the 
two materials were within the clinically acceptable 
rang however, PEEK yielded more accepted results 
compared to zirconia. 

There are some limitations to this study as the 
study didn’t include thermal cycling procedure. 
Thermal cycling is one of the important factors that 
affects the long-term marginal fit of the crown. Also 
all the crowns were produced and tested under ideal 
conditions, which may not reflect the conditions in 
daily clinical practice. 

CONCLUSIONS

Based on the findings of this in vitro study, the 
following conclusions were drawn:

1. Marginal gap distance values of PEEK and 
zirconia crowns were within a clinically 
acceptable range with all types of scans.

2. Digital scanning for monolithic zirconia crowns 
obtained using different digital scanning 
methods have a higher marginal accuracy 
compare to PEEK crowns.

3. Intraoral scanning is the best technique and with 
the lowest marginal gaps.

RECOMMENDATION

Further investigation with larger samples and 
clinical trials needed to reinforce the results. 
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