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ABSTRACT

INTRODUCTION: Dental implants are currently one of the main pillars of restorative dentistry. Titanium and its alloys were and still are the
gold standard for dental implant materials. However, Titanium is not a perfect material and has many drawbacks thus the search for a more
ideal material is ongoing. Zirconia and Polyetheretherketone are two viable alternatives to titanium as dental implant materials. They show
different mechanical behavior invitro and invivo, so they are investigated and compared to each other.

OBJECTIVES: Evaluate and compare the different material properties of Polyetheretherketone and yttrium-stabilized tetragonal

polycrystalline zirconia when used as dental implant material.

MATERIALS AND METHODS: Microbars of zirconia and Polyetheretherketone were prepared using precision cutter and low speed
micro motor under water cooling and used to assess the following properties for the two materials: 1) Vickers Microhardness 2) Flexural

strength before and after cyclic loading

RESULTS: There was a highly significant difference between hardness of zirconia and Polyetheretherketone. There was also a highly
significant difference between flexural strength of zirconia and Polyetheretherketone (both before and after cyclic loading). There was
significant decrease in flexural strength of zirconia after cyclicloading. No significant difference was found for Polyetheretherketone after

cyclic loading.

CONCLUSIONS: Polyetheretherketone is a promising alternative to titanium and zirconium as a dental implant material.
KEYWORDS: Dental implant, Flexural strength, Hardness, PEEK, Zirconia.
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INTRODUCTION

Missing teeth and their supporting oral tissues are one of the
major concerns in. modern dentistry. Traditional
management included replacement -using fixed or
removable partial dentures, which despite their wide use
had several drawbacks. Dental implants offer a viable
alternative. They offer an improved quality.of life for most
patients with tooth loss(1). The material chosen for
endosseous implants has been and still.is commercially pure
titanium, introduced in 1969 by Branemark et al(2).

Although the use of titanium (Ti) and Ti alloys as the
main material for dental implants is the gold standard (3), a
range of problems were attributed to their use. Ti
hypersensitivity was a potential problem(4). Another main
issue is stress shielding which could occur due to the
difference in elastic moduli between Ti implants and their
surrounding bone, eventually leading to peri-implant bone
loss(5).

Another disadvantage of Ti as a dental implant material
is its dark grayish color and its lack of light transmission
which occasionally appears through thin gingival biotype
compromising the esthetic outcome of the treatment. This
risk is greatly emphasized when replacing teeth in the
esthetic zone and in patients with high smile line (6).
Additionally, an increasing number of patients are
demanding completely metal-free dental reconstructions
).

To overcome Ti drawbacks ceramic implants were
proposed as an alternative. Aluminum oxide implants were
the first ceramic implants introduced 40 years ago (7).
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However a frequent fracture incidence was reported
impeding their wide use(8). Currently, zirconia is the
material of choice for ceramic dental implants, offering
adequate mechanical and physical properties to overcome
the drawbacks of Ti implants(9).

Recently, yttrium-stabilized tetragonal polycrystalline
zirconia (Y-TZP) dental implants were shown to promote
osseointegration, produce an excellent soft tissue response,
low plaque affinity, and can have a natural tooth-like
color(10). However, the elastic modulus of Ti and zirconia
were found to be 110 Gpa and 210 Gpa, respectively, which
are 5-14 times greater than that of compact bone (15 Gpa)
(11). Minimizing marginal bone loss after years of
functional bone loading is one of the main parameters in
assessing long-term clinical success of dental implants(12).

Polyetheretherketone (PEEK) is another biocompatible
material with an elastic modulus of 3.6 Gpa (13). The
modulus of elasticity of PEEK could be modified by adding
carbon fibers to achieve a modulus of 18 Gpa similar to that
of cortical bone(14). PEEK is a high-performance
thermoplastic polymer which over the past few decades has
been extensively used in orthopedic applications and spinal
implants since it was proposed as a suitable biomaterial in
the 1980s(15).

The PEEK-Optima is a composite mixture of
polyetheretherketone and inert materials. It is currently
being used in craniofacial surgery, spinal surgery and,
orthopedics. PEEK-Optima is currently proposed as a
material for dental implants due to its superior biological
and mechanical properties. It possesses many other
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advantages including; its natural beige color, reduced
magnetic resonance imaging artifacts, and radiolucency on
X-rays(16). The past decade has seen increasing interest in
PEEK as an alternative to metal implants, because of its

superior mechanical and biological properties (17).

MATERIALS AND METHODS
A. Materials
1. Yttrium-stabilized tetragonal polycrystalline zirconia (Y-

TZP) (Ceramill Zolid Amman Girbach AG, Koblach
Austria) available in the form of partially sintered CAD
CAM discs.

2. Polyetheretherketon (PEEK) (PEEK OPTIMA Juvora Ltd,

Lanchire, UK) available in the form of CAD CAM discs.

B. Methods
Total of eighty specimens were prepared according to the
international specifications for each test (40 specimens for
hardness, 40 for flexural strength). The specimens were
divided into two groups according to the materials used in this
study as following:

Group I (control group):

Forty specimens of Y-TZP (20 for hardness, 20 for flexural

strength).

Group 11 (study group):

Forty specimens of PEEK (20 for hardness, 20 for flexural
strength).

1.Specimen preparation:

Group I (control group):

Partially sintered discs were cut<into twenty microbars of
dimensions (1.5 *20*1 mm) for flexural strength according
to ASTM D790 (18).

Twenty microbars of dimensions (5*25*1.5 mm) were cut
for microhardness (19).

All specimens were cut into their specific dimensions using
microtome precision cutter (Micracut 151 Metcon
Instruments Inc.) under water cooling.

All zirconia microbars were completely sintered using high
temperature  furnace. according to manufactures’
instructions;(20) (Heat Rate600 (°C/h), Holding
Temperature and Time 900; 0.5 h; ,further with 200 °C/h ,
Final Temperature 1450 (°C) , Holding Time 2 (h).,
Cooling Rate 600(°C/h)).

Group Il (study group):

PEEK discs were cut into 40 microbars of dimensions
(5*25*1.5 mm) according to  ASTM C1161 (21) (20 for
flexural strength, 20 for hardness (22)).

All microbars were cut into their specific dimensions using
microtome precision cutter under water cooling.

Vickers microhardness test (19,22)

Twenty specimens of each group were used to assess the
hardness by using Vickers microhardness tester (Instron
Wolpert HMV-2000) using a diamond indenter, in the form
of a right pyramid with a square base and an angle of 136
degrees between opposite faces subjected to a load of (1 kg
for zirconia and 5009 for PEEK). The full load was applied
for 15 seconds. The two diagonals of the indentation after
removal of the load were measured using an optical
microscope and their average was calculated. The area of
the sloping surface of the indentation was calculated.

The Vickers hardness was the quotient by dividing the load
by the square area of indentation:
HV = 1.8544F/d"2
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Where:

e HV = the Vickers hardness value,

e F =load in kg,

e 0= arithmetic mean of the two diagonal in mm.

3. Flexural strength test

e Both group | and Il are divided into two equal subgroups of
10 (Subgroup A of each group was tested immediately while
subgroup B was subjected to cyclic loading prior to testing).

Cyclic loading (23):

e Ten specimens of each group were artificially aged in
cyclic loading chewing simulator. The cyclic loading
machine used performed 1 stroke per second with
uniform load of 1 Kg.

¢ In order to simulate 1 year of clinical service; 240
thousand cycles were performed for each specimen.

Flexural strength test(18,21)

e Three point bending test was performed to calculate the
flexural strength of zirconium and PEEK microbars
through stress-strain curve.

e Twenty specimens were used to conduct the test.
Specimens were submitted to the flexural strength test in
a universal testing machine (Comten 700 series, Comten
Idustries, Inc.) at a crosshead speed of 0.5 mm/min until
fracture.

e The maximum fracture load (P, in Newton) of each
specimen was recorded, and the flexural strength (FS), in
MPa, was calculated as follows:

FS =3PL/(2bd"2 )

Where:

e P: Fracture load

o L: Distance between the supporting rollers

e b: Specimen width;

e d: Specimen thickness.

o While the elastic modulus (E), in GPa was calculated as
follows:

E =(PL"3 )/(4bhd"3)

Where:

e P: Fracture load

o L: Distance between the supporting rollers
o b: Specimen width;
o d: Specimen thickness.

o h: deflection corresponding to the load P
C. Statistical analysis

o Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. Quantitative data
were described using range (minimum and maximum),
mean, standard deviation and median. Significance of the
results was judged at the 5 % level(24).

o The tests that were used were Student t- test and ANOVA
with repeated measures

RESULTS

1. Vickers microhardness test

o All microbars from group | & Il were tested using Vickers
microhardness tester .Fig (1), Table (1).

e The test showed statistically significant difference
between hardness of zirconia (group 1) (1250.6 + 82.32
kg/mm2) and hardness of PEEK (group Il) (31.55 *
2.67kg/mm2) (t=0.000).
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Figure (1): Bar chart showing the mean values of Vickers
microhardness in zirconia (group 1) Vs PEEK (group II).

Table (1): Showing the mean values of Vickers microhardness of
zirconia (Group 1) and compared to PEEK (Group II).

Vickers mcronardness!  zirconia PEEK
Min. - Max. 1114 - 1419 28.2-375
Mean + SD. 1250.6 + 82.32 31.55+2.67
Median 1285 304
t- value 66.797
Sig. 0.000

2. Flexural strength test

During testing, all the zirconia microbars of group I
showed minimal bending then broke into two pieces. In
all the specimens the fracture line was located near the
center of the specimens where the load was applied.

All the fractured specimens could be reassembled and the
line of fracture wasn’t clearly seen.

In group Il all the PEEK microbars showed gradual
bending till the maximum deflection capacity of the
material without fracture:

Statistical analysis showed - statistically significant
decrease in the flexural strength of zirconia after cyclic
loading (89.7 + 11.4 N/mm?) when compared to zirconia
before cyclic loading (135.1 + 23.5 N/mm?) (t=0.000).
Also analysis showed significant decrease in the elastic
modulus of zirconia after cyclic loading (149.59 * 19.1
GPa) when compared to zirconia hefore cyclic loading
(216.49 £ 37.7 GPa) (t=0.000).

On the other hand PEEK showed no statistically
significant difference in flexural strength after cyclic
loading (27.3 + 2.2 N/mm?) and before (26.7 + 4.3
N/mm?) (t=0.710). Also analysis showed no significant
difference in the elastic modulus of PEEK- after cyclic
loading (6.11 + 0.49 GPa) when compared to PEEK
before cyclic loading (5.94 + 0.96 GPa) (t=0.650).

Also there was a statistically significant difference
between flexural strength of zirconia before (135.1 + 23.5
N/mm?) and after (89.7 £ 11.4 N/mm?) cyclic loading
when compared to that of PEEK (26.7 + 4.3 N/mm?),
(26.7 £ 4.3 N/mm?) (t=0.000) Fig (2), Table (2). Also
there was a statistically significant difference between
elastic modulus of zirconia before (216.49 + 37.7 GPa)
and after (149.59 + 19.1 GPa) cyclic loading when
compared to that of PEEK (5.94 £ 0.96 GPa), (6.11 + 0.49
GPa) (t=0.000) Fig (3) Table (3).
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Figure (2): Bar chart showing the mean values of flexural strength
of both zirconia and PEEK before and after cyclic loading

Table (2): Showing the mean values of flexural strength of the
four test specimens

Flexural

Zirconia

strength | Zirconia | after cyclic | PEEK cPtI:EI:EcPI(todt?nr
(N/mm?) loading Y 9
Min. — Max 1073~ 711-100.1| 20.2-32.7| 24.2-30.3
' 1 1683 ’ ’ ' ' ' '
Meanxsp| '1* | 897x114 | 26743 | 273222
Median 1355 96.8 27.1 26.7
Elastic modulus (GPa)
250.00 21649
200.00
150.00
100.00
>0.00 5.94 6.11
0.00
zirconia  Zirconia PEEK PEEK after
after cyclic cyclic
loading loading

Figure (3): Bar chart showing the mean values of elastic modulus
of both zirconia and PEEK before and after cyclic loading

Table (3): Showing the mean values of elastic modulus of

the four test specimens

Elastic Zirconia
modulus | Zirconia | after cyclic PEEK cPIcEIIiEclfo?:jt?r:
(GPa) loading Y Y
Min.-Max| L7%°~ li186-1669 45-73 | 54-68
' 1 269.9 ’ ' ' ' ' '
216.49 149.59 +
Mean + SD. 377 191 594+096 | 6.11+£0.49
Median 217.1 161.4 6.1 6.0
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DISCUSSION

Endosseous dental implants are a surgical device inserted
surgically into the jaw bone to support a prosthodontic or
orthodontic appliance (25). For decades Ti and its alloys
have been the universal choice of implants material (26).
However, Ti appeared to have a number of drawbacks.
Firstly, esthetics posed a major side-effect for titanium as it
tends to discolor the underlying gingiva of thin biotype (6).

Moreover, Ti has a modulus of elasticity much higher
than that of "bone, this difference may cause alveolar bone
resorption in a process known as "stress shielding "(16).
Recent studies also reported cases of Ti allergy in patients
receiving Ti dental implants (4). It is also becoming a trend
among patients to request metal-free treatments (7).

Over the past few years multiple researches were focused
on studying alternatives to Ti. Zirconia is an esthetic
ceramic which was proposed as a possible replacement to
Ti. Yttrium-stabilized tetragonal polycrystalline zirconia
(Y-TZP) dental implants are currently the material of choice
for dental implants. Researchers showed that they possess
excellent mechanical and physical properties and could
promote osseointegration (10). However, its modulus of
elasticity is much higher than that of bone which might lead
to bone loss due to stress shielding (11).

Recently, polymeric implant materials have been
developed. PEEK is a tooth colored polymer, which has
multiple medical and dental application (17). In medicine
PEEK has been used in spinal surgery, fracture fixation
devices, joint replacement and maxillofacial surgery(27). In
dentistry PEEK has been used in the construction of
CAD/CAM milled fixed crowns and bridges and removable
dentures (28).

PEEK is currently tested as a dental implant material, this
is mainly due to its natural beige color and its modulus of
elasticity which is close to that of bone(16). However, the
potential of PEEK to replace titanium as the material for
dental implants is still debatable(25).

The main purpose of this study is to evaluate and compare
Y-TZP and PEEK when used as an implant material. Two
tests were performed for this purpose which are; Vickers
microhardness, Flexural strength.

Surface microhardness is an important property for
dental implant materials. The surface hardness is the
resistance of a material to surface abrasion(29). Dental
implants require different types of surface treatment to
achieve adequate osseointegration(30). Knowledge of the
surface hardness of different dental implant materials is
essential to perform proper surface treatments.

For group | zirconia showed a significantly high hardness

value of mean 1250.6 + 82.32 kg/mm2.
The results of the current study are consistent with the
findings of Pittayachawan et al (2007)(31). The results of
their study testing Vickers microhardness were 1344 +75
kg/mm2 for non polished zirconia and 1319 +70 kg/mm?2
for polished zirconia. Similarly, Vagkopoulou et al (2009)
(32) stated that the average Vickers microhardness value of
Y-TZP was 1270 kg/mm?2

The results are also comparable to the findings of Ewais
et al (2014)(19) The authors measured Vickers
microhardness for different types of Y-TZP with different
surface treatments and found that the average
microhardness value is 1346 + 11.2 kg/mm2. Similarly
Ramamoorthi et al (2015) (33) stated that the average
microhardness of Y-TZP is 1200 kg/mm2. Salihoglu Yener
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et al (2015)(29) reported the average microhardness value
of the same zirconia used in our study and found the average
was 1357+24 kg/mm2.

For group 1l PEEK showed a relatively low hardness
value of mean 31.55 + 2.67kg/mmz2.

Goyal et al (2008)(34) conducted an experiment testing the
microhardness for different high performance PEEK matrix
composites. The results obtained in this study were in
agreement with our results with the average microhardness
value 34.9 kg/mm2.Also Wang et al (2015)(35) measured
the hardness value of different PEEK composites and found
that the average Vickers microhardness value is 28.5
kg/mmz2.

Statistical analysis showed a significant difference between
hardness.of zirconia (group I) and hardness of PEEK (group
I1) (t=0.000).

The significant difference between microhardness of Y-
TZP and PEEK can be attributed to the difference in the
natural composition of the two materials. Zirconia is a
ceramic material with a relatively high hardness while
PEEK is a polymer that possesses a surface that could be
easily indented or abraded.

Our findings are important to be noted when planning
different. surface treatment  methods. PEEK surface
treatment is expected to be a much simpler process than the
surface treatment of Y-TZP.

To the best of our knowledge no direct comparison was
done between the microhardness of zirconia and PEEK

Flexural strength is a very important property for dental
implant materials. One of the main issues concerning the
choice of dental implant material is its modulus of elasticity.
If a large difference is found between the modulus of
elasticity of the material and that of its surrounding bone,
stress shielding might occur leading to increased rate of
peri-implant bone loss (16).

Another main concern is the effect of regular use and
aging on the mechanical properties of dental implant
materials. Cyclic loading is one of the main methods of
mechanical aging that simulates the mechanical load
present during normal masticatory function (23). By
comparing the flexural strength and elastic moduli of
different materials before and after cyclic loading we could
have a general idea about the prognosis of different dental
implant material during function.

For group | significant decrease in the flexural strength
of zirconia before cyclic loading (135.1 £ 23.5 N/mm2)
when compared to zirconia after cyclic loading (89.7 £ 11.4
N/mm2) (t=0.000). Also analysis showed significant
decrease in the elastic modulus of zirconia before cyclic
loading (216.49 + 37.7 GPa) when compared to zirconia
after cyclic loading (149.59 + 19.1 GPa) (t=0.000).

The results obtained in the current study are comparable
to the results obtained by Vagkopoulou et al (2009) (32).
The authors stated that the average elastic modulus of Y-
TZP was 201 GPa . Kohal et al (2011) (23) conducted an
experiment to test the effect of cyclic loading on the strength
and elastic modulus of Y-TZP. The results showed that
cyclic loading significantly decreased both the elastic
modulus and fracture strength of Y-TZP.

Similarly, Aboushelib et al (2016) (36) studied the
effect of cyclic loading on flexural strength of zirconia. The
authors concluded that cyclic loading significantly reduces
the flexural strength of zirconia.
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On the other hand for group Il PEEK showed no
statistically significant difference in flexural strength before
(26.7 £ 4.3 N/mm2) and after cyclic loading (27.3 = 2.2
N/mm2) (t=0.710). Analysis also showed no significant
difference in the elastic modulus of PEEK before cyclic
loading (5.94 + 0.96 GPa) when compared to PEEK after
cyclic loading (6.11 £ 0.49 GPa) (t=0.650).

The results of our study is comparable to the results of the
test performed by Schwitalla et al (2015) (37). The authors
tested the elastic modulus of different PEEK composites.
The results of modulus of elasticity of PEEK Optima similar
to that used in our study showed a mean of (4.09 + 0.80
GPa). Similarly Selvam (2016) (38) found that the flexural
strength of PEEK was 29.56 N/mm2 and its modulus of
elasticity was 3.7 GPa.

Schambron et al (2008) (39) conducted an experiment to
evaluate the effect of aging and cyclic loading on the
flexural strength of carbon fiber reinforced PEEK
(CF/PEEK). The results were comparable to the results
obtained in our study and showed no significant change in
the flexural strength of (CF/PEEK) after cyclic loading.
Similarly Dworak et al (2017)(40) concluded in their
experiment that cyclic loading had no significant effect-on
the flexural strength and elastic modulus of different PEEK
composites.

Statistical analysis showed significant difference between
flexural strength of zirconia before (135.1% 23.5 N/mm2)
and after (89.7 £ 11.4 N/mm2) cyclic loading when
compared to that of PEEK (26.7 = 4.3 N/mm2), (27.3 £ 2.2
N/mmz2) (t=0.000). Also there was a statistically significant
difference between elastic modulus of zirconia before
(216.49 = 37.7 GPa) and after (149.59 + 19.1 GPa) cyclic
loading when compared to that of PEEK (5.94 £ 0.96 GPa),
(6.11 + 0.49 GPa) (t=0.000).

From our results it could be concluded that the use of
zirconia implants could lead to accelerated peri-implant
bone loss due to the gradient difference between the elastic
modulus of zirconia implant and surrounding bone. Also the
zirconia exhibited a significant decrease in flexural strength
when subjected to cyclic loading this could be explained by
its ceramic nature in which continuous load could lead to
crack propagation.

On the other hand PEEK shows promising results with its
modulus of elasticity close to bone leading to reduced peri-
implant bone loss and reduced stress shielding. Also PEEK
exhibited minimal fatigue when subjected to cyclic loading
this is mainly due to its flexible nature as a polymer and the
absence of crack propagation.

To the best of our knowledge no direct comparison was
performed between zirconia and PEEK with regards to
flexural strength and elastic modulus.

CONCLUSION

Within the limitations of our current study PEEK possesses
superior mechanical properties when compared to zirconia
as a dental implant material.
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