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ASSESSMENT OF VARIOUS SURFACE TREATMENTS ON PULL
OFF OF POLYETHERETHERKETONE ANTERIOR CROWN

Shams Waaz * and Ahmed Ziada ™

ABSTRACT

Objectives: to assess the pull off of Polyetheretherketone (PEEK) anterior crown after various

surface treatments.

Materials& Methods: Twenty Polyetheretherketone (PEEK) full coverage crown were
constructed on prepared human maxillary central incisors. All of the crowns (n=20) were divided
into four groups according to the surface treatment used group 1) Control , 2) 98% Sulphric acid, 3)
9.5% Hydrofluoric acid (HF ) 4) Air Abrasion with 50 um AL,O,.( n=5 in each ) Afterwards, each
crown specimens were cementeded to corresponding abutments using self-adhesive resin cement
RelyX U200. Then, subjected to thermo cycling (5°C - 55°C.,5000 cycles,). A universal testing

machine was used to assess pull-off test. Data were collected, tabulated and statistically evaluated.

Results: The mean pull off values were ranked as follows: group Il (253.81+7.67 N) > group
1V (221.18+3.91N) = group III (203.20+8.23N) > group I (135.91+9.92N). The highest and lowest
Pull off values was obtained in group 11 (253.81+7.67 N) and group I (135.91+9.92N), respectively.

Conclusions: 98% sulphric acid PEEK surface treatment is recommended to achieve high

retentive strength.
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INTRODUCTION and hydrolysis resistance. @ Furthermore, PEEK

Polyetherethketone  (PEEK) is polymeric &0 be used in various dentistry applications as

material (Bio HPP) reinforced with ceramic fillers.
It is an engineering plastic material has a constant
physical properties and highly resistance to abrasion removable partial denture clasps.

so it is broadly practical in industrial products.

crowns, bridges, superstructures of implant ® and
orthodontic wires. ® Also PEEK can be used on

Nevertheless, the opaque color of PEEK restora-

Comparing to other plastic materials, PEEK tions must be covered by veneering material to al-
has good mechanical properties, chemical stability  low look like natural tooth.
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However PEEK material was recorded with
advantages for daily dental usage , reaching to a
stable and accepted bonding to dental material was
the chief clinical challenges .( 8% Recent studies
focused on improving the reaction of PEEK surface
with resins to achieve the proper adhesion , since
the luting cementation is primary factor of the
clinical success of fixed prostheses in dental field
.©1) The alteration of the PEEK surface with an
adhesive system conditioning to allow the chemical
interactions was the main methods of these studies
which had concern related to improving PEEK
material. ©'? Researchers have evaluated the bond
strength of the surface of the PEEK and resin
material by many different surface treatments
such as sandblasting, silica coating, "*'¥ treating
the surface via etching with piranha,”'> etching
by sulfuric acid, "®'” or various plasma sorts.
Authors had concluded that air abrasion enhances
the bonding between PEEK& resin material. They
recommend that air abrasion is the top first surface
treatment substitutes for PEEK surfaces. 3416419

Various chemical surface treatment were occur
to treat its surface via etching agents such as
sulfuric acid etching and hydrofluoric acid etching
(HF) commonly used in the field of dentistry. In
addition to air abrasion was performed as micro-
mechanical surface treatment. ¢ > Such various
surface treatments raise the potential bonding. (2422

Pull off test is preferable than bond strength test
as it take into consideration the complex geometry
of an abutment preparation.

However to our knowledge there are relatively
few reports on assessment of pull out testing for the
PEEK crowns that’s why this in vitro study pointed
to assess the pull off values after different surface
treatments.

The postulated hypothesis of this study was
PEEK crowns treated by airborne-particle abrasion
with 50 um alumina would be the highest value in
pull off test.
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MATERIALS AND METHODS

Twenty freshly extracted and free from caries or
any coronal defects with average crown dimensions
were collected. The periodontal reasons were the
cause of extraction. Then, teeth were cleaned from
any debris via an ultrasonic scaler (Cavitron GEN-
119, SpsTM; Dentsply, York, PA). All teeth were
stored at room temperature in distilled water till use.

Preparation of depth Retentive holes (1 mm) in
the roots was performed. Then, all the specimens
were inserted into dough stage chemically cured
acrylic resin (Acrostone, Egypt) split mold. The
mix was followed the manufacturer’s instructions.
Using a parallelometer (PFG 100, CendresMétaux,
Biel-Bienne, Switzerland) to insert the teeth in the
center of the mold and parallel to the long axis of the
tooth. Then, molds were dissembled after complete
setting.

Before starting the tooth preparation, rubber
silicon index (Speedex C-Silicone Impression
Material - Putty 910 ml - Coltene/Whaledent,
Patterson Dental Supply, Inc., USA) was taken for
each tooth to assure a uniform reduction. In order
to standardization, the preparation was performed
by the same operator. The preparation criteria was
5 mm axial reduction, 1.5 mm incisal reduction a 1
mm thick shoulder finish line and about 6° taper.
A periodontal probe with a rubber silicon index
was used for checking the preparation thickness.
All tested specimens were kept24 hours at 37 °C in
distilled water for 24 hours till cementation.

The specimens were arbitrarily divided according
to the applied surface treatment into four Groups
(n =5 in each) as shown in figure (1).

Group I: Control (no surface treatment)

Group II: 98% Sulphric acid (RCI Labscan,
Samutsakorn, Thailand) for 60 seconds formerly
crowns were rinsed by distilled water for 10 sec..

Group III: Hydrofluoric acid 9.5% (HF)
(Ultradent Porcelain Etch, south Jordn, Utah,USA)
20 sec.
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Group IV: Air abrasion with 50 um AL,O,. The
application was upright to the surface with pressure
of 120 psi for 5 sec. the distance between the tool
and the surface was 2-3 mm. After abrasion, the
samples then sprayed by a water spray for 30 sec.
in order to remove any residual of AL,O, particles
and then oil- free compressed air were used to dry it.

An optical impression was taken to construct
CAD/CAM PEEK anterior crown via the Cerec
Omnicam Scanner (CEREC; Dentsply Sirona Den-
tal System, USA) and Cerec Premium4.4.4 soft-
ware. Each crown was designed with two retentive
arms at the incisal one third of the crown to allow
application for pull off test in the universal testing
machine. All the crowns were construcred from
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CAD/CAM ceramic Polyetheretherketone (Bredent
GmbH,Co KG ,Senden, Germany) Figure (2)

Each specimen was cemented to its correspond-
ing tooth according to manufacturer’s instructions
under constant static load using RelyX U200 (TR,
3M Deutschland GmbH, Neuss, Germany). Fig-
ure (3) All specimens were subjected to a dwell
time of 20 seconds for 5000 thermocycles be-
tween 5°C and 55°C via Robota, automated ther-
mal cycling machine. (Robota BILGE,Turkey) The
number of cycles used in this study is equivalent
to 2 years clinical service according to (Interna-
tional Organization for Standardization- ISO/TS
11405. *329

Ve

20 Samples

Group 1

Group II

Control 98% Sulphric acid

Group IV

Air abrasion with
50 um AL,O4

Group III
9.5% HF acid

Fig. (1) Experimental groups according to surface treatment used

Fig. (2) Design of PEEK crowns on CAD/CAM software.

Fig. (3) cemented PEEK Crown with retentive arms
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Then, all crown specimens underwent crown
pull-off test via a universal testing machine (Zwick/
Roell Z010: Zwick, Ulm, Germany). then , pulling
off the cemented PEEK crowns were performrd
along the path of insertion with a crosshead speed
of 0.5 mm/minute until the deboning acquired. The
dislodgment forces were recorded in N. as shown

in Figure (4)

Fig. (4) Application of Pull off test

Then, All descriptive data were collected,
tabulated, and the data distribution normality was
tested. Then, all data were analyised using one-way
ANOVA then followed by post-hoc test (SPSS 15.0,
SPSS Inc., Chicago, IL, USA).

RESULTS

Mean values, standard deviations, and differ-
ences of pull off (N) tested groups are presented in
Fig. (5). One-way ANOVA revealed significant dif-
ferences in the pull off (N) values between tested
groups (p < 0.05).

The mean pull off values were ranked as
follows: group II (253.81£7.67 N) > group IV
(221.18+391IN) = group II (203.20+8.23N) >
group I (135.91+9.92N). The highest and lowest Pull
off values were obtained in group II (253.81+7.67
N) and group I (135.91£9.92N), respectively.
Moreover, the mean pull off was highly significantly
different between all groups. As shown in table (1)
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TABLE (1) Pull off mean values (N) of anterior
PEEK crowns with different surface

treatments
All Tested Groups
I I I 1A% P-Value
MeansSp | 13591% | 25381 | 20320+ | 22118+ - 0.0001
9.92¢ 767 8.23¢ 391¢

One-way ANOVA test for parametric quantitative data
between the four groups followed by post Hoc analysis
between each two groups

Superscripts with same small letter indicate significant
difference between each two groups.

Significant level at P value < 0.05

Bar Chart Showing Average Pull Off (N)
Of Different Surface Treatment Of PEEK
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Figure (5) Bar chart showing average Maximum pull out load
(N) for different surface treatments within each tested
material

DISCUSSION

The results of this current study totally rejected
as9.5%

Hydrofluoric acid recorded pull off mean values

the previously postulated hypothesis

than other tested groups. However the difference

was highly statistically significant.

The low surface energy of PEEK requires
application of a thin layer of Visiolink to obtain
adhesion to cement."¥ All tested crowns were milled
under dry conditions by CAD/CAM technology

according to manufacturer instructions
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Self-adhesive cement has many benefits as high
bond strength on all substrates as it contains meth-
acrylate monomers containing phosphoric acid
groups, excellent mechanical properties and long-
term color stability easy mixing and handling prop-
erties.

One of the approaches of conditioning polymeric
ceramic materials is air abrasion with AL,O, which
considered common method for surface treatment
can create changing of ceramic surface morphology,
aiding penetration of cement through resin compos-
ite to improve the micro-mechanical interlocking
and advance retentive strength. (27

Besides, hydrofluoric acid can react selectively
with the PEEK silicon phase to form tetrahedral
fluorosilicate which is removed by water®®

HF acid etching lead to dissolve the exposed
filler elements on the surface, softening of the resin
matrix may occur due to acid absorption deeply
into it.

There are debate about etching by sulfu-
ric acid under clinical situations as reason of its
high oxidizing property. Until now according to
our knowledge throw the recorded literatures,
effect of
sulfuric acid etching suitable concentrations to

the information availability about the

have accepted influence on the surface proper-
ties and achieving bond strength of PEEK is very
restricted. !? It was reported that among the sulfu-
ric acid available concentrations, the 90 and 98%
sulfuric acid etching for minimum time of 60 sec.
declared the greatest surface roughness. %

The benefit of pull-off test is the integration of
the surface bonded area in the calculation to pro-
vide more precise calculations. In the current study
the tested crowns were pulled off with a universal
testing machine at a cross head speed of 0.5 mm/
min until debonding of the crowns or fracture of the
tooth or crown occurred. (741®

According to Zhou L,et al (2014) ?® reported
that there were alternation in the PEEK surface —
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chemically & physically — via use of 98% sulfuric
acid. This alternation leads to increase bonding.
Our results were in contrast with Spitznagel FA
(2014) ©9 which founded that mechanical surface
treatment as air abrasion is more effective for in-
creasing the bond strength than other chemical sur-
face treatment.

Also our results were in agreement with Schmid-
lin PRet al (2010) 3V, Stawarczyk B et al (2013)
G2 & Silthampitag P, et al (2016) ¢ **recommended
PEEK surface treatment with 98% sulfuric acid

On the other hand Sproesser O, et al (2014) 1°
reported that 98% sulfuric acid surface treatment
had a undesirably affect the adhesives infiltration
which leads to weak points at the interfaces of
bond. They recommended using sulfuric acid etch-

ing on low concentration.

CONCLUSION

Within this in-vetro study limitations we could
conclude that:

1. Surface treatment had influence on the PEEK
pull off test

2. Surface treatment by98% Sulphric acid record-
ed the higher pull off records rather than other
tested surface treatments

3. Control group (No treatment) recorded the low-
est pull off mean values.
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