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Abstract

Objective: To analyze the wear rate of computer-aided design and computer-aided

manufacturing (CAD/CAM) composites, polyetheretherketones and glass ceramics.

Material and Methods: Our study groups were prepared from two different resin-

based composites (Brillant Crios, Cerasmart), a glass ceramic (IPS Emax CAD) and

reinforced polyetheretherketone (BioHPP) material (n = 10). Premolar teeth were

used as antagonists. The specimens, which were subjected to two body wear tests

(240,000 cycles, 1.2 Hz, 50N) in the chewing simulator, were scanned with a 3D laser

scanner both before and after the wear test. Volume loss and wear depth were deter-

mined by means of the obtained images software program. The wear pattern was

examined by scanning electron microscopy. Kruskal Wallis test served for analyzing.

Results: The least volume loss and wear depth were seen in the poly-

etheretherketone material (0.06 ± 0.04 mm3, 0.02 ± 0.01 mm), while the maximum

volume loss was seen in the groups containing resin-based composite. (p = 0.05). The

volume loss value in glass ceramics is between CAD/CAM composites and

polyetheretherketone.

Conclusion: The behavior of polyetheretherketone against enamel was different from

glass ceramics and composite materials in terms of the amount of wear.

Clinical Significance: Polyetheretheketone can be considered as an alternative to

other chairside materials in terms of wear resistance.
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1 | INTRODUCTION

Nowadays, with the increasing interest in digitalization, computer-

aided design and computer-aided manufacturing (CAD/CAM) systems

are replacing traditional impression and production methods.1 Dental

restorations can be produced with extreme precision through this

technology. Rapid prototyping and the widespread use of 3D printers

allow restorations to be produced without the need for a plaster

model.2 Hence, the treatment of the relevant tooth can be completed

in one chairside session.3–6

All ceramics and hybrid ceramics are frequently preferred mate-

rials in the production of chairside restorations.7 Although they are

esthetically and mechanically successful, ceramics are fragile materials

and cause more wear on the antagonist teeth.8–11 In recent years,

new composite materials that are less chipping than ceramics and

have higher machinability have been introduced to the market.4 These
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current materials are polymerized under high pressure and high tem-

perature.1 Manufacturers have reported that these new composite

materials have much higher restoration quality, superior mechanical

properties and biocompatibility than composites that are manually

polymerized at the chairside or in the laboratory. Restorations pro-

duced with these materials are much better adapted to dental tissue

and have similar mechanical properties and chemical stability to glass

ceramics.8,12 CAD/CAM composite resin blocks have high fatigue and

abrasion resistance and are highly resistant to clinically applied forces.

Another advantage of these materials is that they cause much less

wear on the antagonist tooth compared to ceramics.13,14 CAD/CAM

composite blocks contain less defects and pores, thanks to the homo-

geneous industrial cavities and application of blocks. Thus, the possi-

bility of defects is minimized during production and clinical application

and the reliability of the material increases.15,16 These materials may

have the advantages of both ceramic and composite resins when

reinforced with various fillers and nanoceramics technology.2

As an alternative to ceramics, polyetheretherketone (PEEK) and

polyetherketoneketone (PEKK) materials, which are high performance

polymers belonging to the polyaryletherketone family, are also pre-

ferred.17,18 These polymers are tooth-like in color, have a dentin-like

elastic modulus, and are lightweight materials. In recent years, PEEK

has been strengthened with homogeneous ceramic fillers, resulting in

a more esthetic and mechanically stronger material.19,20Thus, these

materials have become more preferable in many different areas as

abutments, crowns, inlays and framework materials.21–24

In the oral environment, both natural teeth and restorative mate-

rials wear out due to various factors.25,26 Substance loss on natural

teeth or restorative material can occur as a result of chemical and

mechanical processes or aging.27 Ideally, restorative materials should

exhibit clinical wear behavior between 15 and 29 μm in 1 year, similar

to natural tooth enamel.28 Nevertheless the amount of wear may

increase in patients with parafunctional habit.29–31 Abnormal wear

and abrasiveness can lead to vertical loss of size, deterioration of

esthetics, tooth sensitivity, decreased chewing function, and temporo-

mandibular joint dysfunction.31–34

A restorative materials should have long-term stability and

appropriate wear properties. There are very few studies in the litera-

ture on the wear behavior of reinforced PEEK material used in the

dental field.35–37 Moreover, although there are some studies on

existing CAD/CAM composites and ceramics,38–41 no data has been

presented on whether this polymer can be an alternative in terms of

wear resistance. Therefore, in present study, it was objected to com-

pare the wear behavior of various composite-based materials, poly-

mers and glass ceramics after two-body wear test. The tested

hypothesis of the study was that various composite resins, PEEK

and glass ceramics would exhibit different wear behavior after

wear test.

2 | MATERIALS AND METHODS

Four separate study groups were formed by selecting the materials of

Brilliant Crios (Coltene/Whaledent) (BR) reinforced composite, ceramic

reinforced polyetheretherketone polymer BioHPP (Bredent GmbH &

Co.KG) (PE), lithium disilicate reinforced glass ceramic IPS Emax CAD

(Ivoclar Vivadent) (IE) and resin-based composite Cerasmart

(GC Europe) (CE). The materials used in the study are listed in Table 1.

The sample size was calculated via a software (G Power 3.0.1). As a

result of the power analysis, the total number of samples was deter-

mined as 40 with 0.621 effect size (f), 0.85 power (1-β err probe), 0.05

significance level (α err probe). (n = 10) For each material, 2 mm thick

specimens were prepared under water cooling using a precision cutting

machine (Microcut Precision Cutter, Metkon, Bursa, Turkey) and thick-

nesses were controlled with a digital caliper (Absolute Digimatic;

Mitutoyo, Tokyo, Japan). IE was crystallized under vacuum according

to the manufacturer's instructions, but not glazed All specimens were

embedded in acrylic resin. (Figure 1) Afterwards, all experimental

groups were polished with 400-600-1200 grid silicon carbide papers

under water cooling by a single researcher (D.H.). Then they were kept

in distilled water at 37�C for 24 h before two-body wear test.

Permanent maxillary premolar teeth without caries and wear,

which were newly extracted for periodontal or orthodontic reasons,

were obtained as antagonists for use in the wear test. Biruni Univer-

sity Ethics Committee approval was obtained for the collection of

teeth. (Decision No: 2020/37-04). The extracted teeth were kept in

0.5% chloramine solution at room temperature for 7 days then kept

in distilled water at 5�C for 2 weeks until the abrasion test.31 The

buccal cusps of the teeth were selected to be used as antagonists

and the cusp sizes were standardized. Then, acrylic resin was poured

TABLE 1 Materials used in the study and information provided by the manufacturer

Material
(n = 10) Abbreviation Classification Composition Manufacturer

Batch
Number

IPS e.max

CAD

IE Lithium disilicate glass

ceramic

57%–80% SiO2, 11%–19% Li2O,0%–13%
K2O and other oxides

Ivoclar Vivadent, Schaan,

Liechtenstein

Z01JZG

Cerasmart CE Resin-based

composite

Bis-MEPP, UDMA, DMA, Silica (20 nm),

Ba-glass (300 nm)

GC, Tokyo, Japan 1907101

Brilliant

Crios

BR Resin-based

composite

Crosslinked methacrylates, silica and barium

glass

Coltène, CH J02758

BioHPP PE High performance

polymer

Polyetherketoneketone, Ceramic filler (%20) Bredent, Germany 487140
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into the stainless steel mold and the teeth were embedded in

this mold.

All specimens and antagonist teeth prepared were scanned with a

3D laser scanner (LAS-20, SD Mechatronic) and their surface topogra-

phies were recorded before the wear test. Chewing simulator (MOD

Chewing Simulator; MOD Dental, Ankara, Turkey) was used for two-

bodywear tests. Thebuccal cuspof the antagonist teethwas adjusted to

coincide with the specimens. The specimens were aged under

240,000 cycles, 1.2Hz, 50N load indistilledwater. The amountof lateral

sliding movement was determined as 0.7 mm. Simultaneous thermal

cycles were also applied to the specimens. (5–55�C, dwell time 60 sn)

After aging, all specimens and antagonist teethwere scanned againwith

a 3D laser scanner and volumetric volume loss was determined using a

softwareprogram (GeomagicControl, 3DSystems, Inc., RockHill, ABD).

The changes in the surface topography and the wear pattern of

the specimens and antagonist teeth were examined by scanning elec-

tron microscopy (SEM) at 100, 250 and 1000 magnifications. The

compliance of the data obtained as a result of the study to normal dis-

tribution was examined by the Shapiro–Wilk test. (SPSS V23; SPSS,

Inc., Chicago, IL) The Kruskal Wallis test was used to compare the vol-

ume loss and wear depth values, which do not show normal distribu-

tion according to the materials. Analysis results are presented as

mean ± standard deviation and median (minimum–maximum) for

quantitative data (a < 0.05).

3 | RESULTS

The wear volume and wear depth data after thermomechanical aging

of the materials are presented in Table 2. Accordingly, a statistically

significant difference was found between the materials used in terms

of volume loss (p < 0.001). The highest values in terms of mean vol-

ume loss were seen in the BR (0.46 ± 0.22 mm3) group, followed by

CE (0.38 ± 0.14 mm3) and IE (0.22 ± 0.07 mm3), respectively. The PE

(0.06 ± 0.04 mm3) group showed statistically significantly less volu-

metric loss than the other groups. The highest abrasion depth belongs

to the BR (0.39 ± 0.11 mm) group. While CE (0.19 ± 0.05 mm) and IE

(0.18 ± 0.03 mm) groups follow the BR group, the PE (0.02

± 0.01 mm) group found statistically less abrasion depth than the

other groups.

According to micrographs, occasional ruptures and relatively deep

cracks and grooves are seen in the BR group. (Figure 2) In the CE

group, surface deformations similar to BR and loss of material on the

surface are visible. Superficial scratches and grooves were formed in

F IGURE 1 Chewing simulator used
for wear test

TABLE 2 Volume loss (mm3), wear depth (mm), ±SD, and statistical results

Group

Volume loss (mm3) Wear depth (mm)

Volume wear (±SD) Mean (min.–max.) Wear depth (±SD) Mean (min.–max.)

PE 0.06 ± 0.04 0.06 (0.02–0.17)a 0.02 ± 0.01 0.01 (0.01–0.07)c

IE 0.22 ± 0.07 0.22 (0.12–0.37)ab 0.18 ± 0.03 0.19 (0.13–0.23)b

BR 0.46 ± 0.22 0.46 (0.17–0.80)b 0.39 ± 0.11 0.39 (0.23–0.55)a

CE 0.38 ± 0.14 0.39 (0.16–0.60)b 0.19 ± 0.05 0.21 (0.11–0.26)ab

Test statistics χ2=25.26 χ2=32.3

p <0.001 <0.001

Note: Different superscript letters indicate significant differences (p <0.001).
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the IE group. In the PE group, there are surface deteriorations rather

than microcrack formation.

4 | DISCUSSION

In the present study, the wear behavior of current CAD/CAM mate-

rials suitable for chairside production against tooth enamel after

thermomechanical aging was investigated. The hypothesis of the

study was accepted because there was a statistically significant differ-

ence between the wear volume and wear depth of the materials

(p < 0.001).

Composite materials showed greater loss than glass ceramic and

polyetheretherketone in terms of both volume and depth. There was

no statistically significant difference between BR and CE in this study.

When the wear depth data was examined, it was seen that although

F IGURE 2 Scanning electron microscope images
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there was no significant difference between CE and IE, BR had statis-

tically significantly higher wear than IE. This difference can be attrib-

uted to factors such as filler content ratios, the quality of the interface

bond between fillers and the matrix.39,42 Matzinger et al recently

reported that BR and CE materials with similar filler content showed

different wear behavior and have different roughness values in a

study where they examined the wear behavior of materials after two-

body wear tests.38 The difference in flexural strength and elastic mod-

ulus of the CE (231 MPa, 12.1 GPa) and BR (198 MPa, 10.3 GPa) in

question may have caused differences in wear resistance.43

The wear process is affected by different properties of materials

such as hardness, bending strength, composition.40,44–46 It has been

reported that ceramic materials with higher hardness values wear less

than resin-based materials.47 Moreover, it has been reported that the

water absorption of the matrix in resin-containing materials negatively

affects the abrasion resistance.38,48 In this study, consistent with the

data in the literature, the IE group showed less wear than the BR and

CE groups consisting of resin-based materials. Stöckl et al evaluated vol-

ume loss after two-body and three-body wear tests of different com-

posite materials and lithium disilicate reinforced glass ceramic materials.

It has been reported that Brilliant Crios and Cerasmart materials show

more volume loss than glass ceramics (IPS Emax) after the two-body

wear test applied with parameters similar to our study.31 In a previous

study, it was reported that lithium disilicate-reinforced glass ceramic

materials showed wear resistance similar to human enamel after two-

body wear test performed with parameters similar to this study.32

Among the resin-based composite and ceramic-containing mate-

rials, the lowest wear was observed in the PEEK material. Similar to

this study, Wimmer et al investigated the wear behavior of various

polymers against enamel antagonist after thermomechanical aging. As

a result of the study, it was reported that PEEK material showed less

wear than PMMA and nanohybrid structured composite materials.36

The low elastic modulus (4GPa) of the reinforced poly-

etheretherketone allows it to better absorb stresses.18 This feature of

the material may explain the higher wear resistance compared to com-

posite and ceramic-containing materials.. In a study evaluating the

wear resistance of occlusal splint materials, it was reported that the

volume loss of PEEK after 60,000 cycles was 1.084 mm3.37 The

higher amount of wear can be explained by the use of BioHPP mate-

rial, which is the ceramic-reinforced (20%) form of PEEK, rather than

pure PEEK, in contrast to that study. In the literature, studies on the

wear resistance of PEEK are insufficient. Although poly-

etheretherketone acquires a more tooth-like color when reinforced

with ceramics, it still has a dull color and low translucency.49 This may

explain why there is not enough data on wear behavior in the litera-

ture, since it restricts the use of monolithic materials, especially in sit-

uations where esthetics is at the forefront. However, the appropriate

wear behavior of the material, among other advantages, may enable it

to be used in cases where esthetics in the posterior region may be

neglected, in the presence of excessive chewing loads due to para-

functional habits, or in temporary restorations.

In the two-body wear test, the wear pattern is more likely to

occur in the form of surface fatigue and abrasion. According to the

SEM evaluation, some pits and cracks were observed in the resin-

containing materials depending on the surface density. In the glass

ceramic group, shallower scratches were observed compared to the

resin-containing composites. Depending on the mechanical properties

of the material in the PE group, there is more crush-like wear than

cracks on the surface. In previous studies, in which the fracture type

of PEEK material was evaluated after aging, it was reported that the

material mostly showed flexural failure rather than fracture.22,24,50

Consistently, surface distortions were observed on the PEEK surface

without deep scratches in the present study. This different wear type

may explain why the material has relatively quite low wear values,

especially in depth and the high coefficient of variation.

Although in vitro studies do not directly reflect clinical applica-

tions, they provide clues about materials more time and cost-effec-

tively.51 For the evaluation of abrasion resistance in in vitro studies,

two or three body wear tests, tooth brush, rotating sliding wear, etc.

different experiments can be applied.41 In previous studies, it has

been observed that wear tests may have different effects on the

amount of wear. In an in vitro study where Stöckl et al used similar

materials, it was observed that the materials showed different wear

behavior in two-body and three-body abrasion tests.31

A chewing simulator that combines abrasive and fatigue wear by

performing lateral sliding movements was used in the present study.

Similar to previous studies14,31,41 in order to provide the simulation

that best reflects clinical conditions, values suitable for the frequency

and strength range reported in the literature were selected. Simulta-

neous thermal cycle applications accompanied the mechanical aging

process. Thus, both the structural responses of the materials to ther-

mal aging and the changes such as crack formation were asked to be

questioned, as well as the removal of the worn particles after mechan-

ical abrasion.

Different abrasives such as metal, ceramic and natural tooth were

used as antagonists in wear tests.32,38,44 In this study, natural tooth

enamel was used in order to create the scenario most similar to clini-

cal conditions.14,37,52 However, although natural teeth are standard-

ized in terms of form, it is inevitable that there will be differences in

terms of fatigue values, duration of stay in the mouth and the oral

environment they are exposed to. On the other hand, depending on

the patient, the tooth in the opposing jaw may have already been

restored. Ludovichetti et al evaluated the wear resistance of lithium

disilicate reinforced glass ceramic, feldspathic ceramic, monolithic zir-

conia, resin ceramic crowns. Combinations of these materials were

also used as antagonists. As a result of the study, it has been reported

that the antagonist used affects the amount of wear.40

The method of assessing the amount of wear in in vitro studies

may also affect the results. In the present study, a three-dimensional

non-contact scanning laser was used to evaluate the volume loss of

the materials. In a study, it was found that 3D laser gives more accu-

rate results than optical laser and mechanical methods.53

In this study, the specimens prepared for wear tests have a flat

surface. The use of anatomically shaped crowns may give more accu-

rate results to ideally reflect clinical conditions. However, in a previ-

ous study, it was observed that there was no significant difference in

DIKEN TURKSAYAR ET AL. 5



terms of wear on flat and anatomical surfaces after aging in the

chewing simulator.53,54 It is limiting that the enamel group was not

used as a control group in this study. In addition, the wear properties

of enamel surfaces used as antagonists were not evaluated. The

results obtained in this study show that the evaluated materials do

not exceed the annual average wear rate of the ideal restorative

material stated in previous studies.28,31 However, the findings still

need to be supported by clinical studies.

5 | CONCLUSION

Within the limitations of this study, following conclusions could be

drawn:

1. High performance polymers show less wear against natural enamel

than ceramic and composite materials.

2. Lithium disilicate reinforced ceramics have a wear resistance

between resin-based composites with different elastic modulus

values and ceramic reinforced polyetheretherketone.

3. The wear type of polyetheretherketone, which has high wear resis-

tance and low elastic modulus, is also different from ceramic and

composite materials.
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