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Surface roughness of high-performance polymers used for
fixed implant-supported prostheses
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As a result of an increasing
demand  for  fabricating
metal-free restorations and
parallel with the developments
in computer-assisted design
and computer-assisted
manufacturing  (CAD-CAM)
technology and materials,
CAD-CAM high-performance
polymers (HPPs) have been
introduced as alternative ma-
terials to titanium and zirco-
nia."® HPPs have been
increasingly used as a frame-
work material for fixed and
removable prostheses and for
implant-supported prostheses.
These materials have been re-
ported to have favorable ther-
mal and mechanical
properties.”? !
Polyaryletherketones (PAEKSs)
and  modified  composite
resin (MCR) polymers are
currently available HPP ma-

terials.'""'” Polyetheretherketone (PEEK) and poly-  are

ABSTRACT

Statement of problem. High-performance polymers have been recommended by their
manufacturers as a framework material for implant-supported fixed prostheses. However, little is
known about the surface roughness of high-performance polymers in different compositions and
whether they require layering with a composite resin or acrylic resin on the tissue surface.

Purpose. The purpose of this in vitro study was to evaluate the surface roughness of different
computer-aided design and computer-aided manufacture (CAD-CAM) high-performance
polymers and the effect of polishing on their surface roughness.

Material and methods. Seventy high-performance polymer specimens (n=10) for 4 different
polyetheretherketone (PEEK) brands (BRE, CP, ZZ, J), 1 polyetherketoneketone (PEKK) (PK), and 2
different fiber-reinforced composite resin (FRC) materials (T, TR) were milled from 7x8x30-mm
CAD-CAM blocks. The surface roughness (Ra) of each specimen was measured on the same
surfaces after milling (baseline) and after polishing by using a contact profilometer. Two-way
repeated measures ANOVA (MIXED procedure) and the Bonferroni corrected t test (=.05) were
used to analyze the surface roughness data.

Results. No significant differences were found among high-performance polymers when the
baseline surface roughness measurements of the materials were compared (P>.05). All materials
(BRE, PK, CP, T, TR, ZZ), except for a PEEK material (J) (P<.05), had no significant differences in
their surface roughness before and after polishing. After polishing, the surface roughness of the
J PEEK material was higher than that of CP, PK, T, and ZZ (P<.05).

Conclusions. The surface roughness of high-performance polymers in different compositions after
milling was similar. Polishing increased the surface roughness of only one PEEK (J) material. All
surface roughness values were above the clinical acceptability threshold of 0.2 um. (J Prosthet
Dent 2021;126:254.e1-e6)

high-temperature semicrystalline thermoplastic

etherketoneketone (PEKK) are 2 main groups of the
PAEK polymer family that contain an aromatic back-
bone molecular chain, interconnected by functional
ketone and ether groups.”*'0-1>1¢15-20 PEEK and PEKK

polymers with linear chain structures.'®'>''%20 PEEK
has been reported to be easily machinable, have low
solubility and water absorption, and have high polish-
ability and stability in terms of hardness, rigidity,
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Clinical Implications

The surfaces of the tested polymers were rough
after milling and after polishing, suggesting a need
to veneer the tissue surfaces with a composite resin
or an acrylic resin to minimize plaque accumulation
when used for fixed prostheses.

strength, and superior heat and chemical resistance, as
well as low plaque affinity, good wear resistance, and
no polymerization shrinkage.>*'"'”2"2> PEKK has high
durability under mechanical resistance conditions
and has greater compressive strength than PEEK.'
Similar to PEEK,'”?" MCR materials also have a low
elastic modulus, lower flexural strength, shock-
absorbing behavior, and similar modulus of elasticity
as bone.'?""°

Currently, different brands of PAEK and MCR ma-
terials are available in different compositions. PEEK
polymers are found in unfilled (pure 100% PEEK) and
filled forms (80% PEEK with 20% inorganic fillers:
nanoceramic filler or titanium dioxide filler) and as a
ceramic-reinforced form with a semicrystalline arrange-
ment of molecular chains.”*”2%** PEKK includes 20%
titanium dioxide fillers in its structure and has been
marketed as pressable ingots and CAD-CAM blanks.**
MCRs are available as fiber-reinforced composite resin
(FRC) and Hi-Tech Fiber-Composite materials.® FRC is
available as prepolymerized CAD-CAM blanks and is
composed of interlaced multidirectional fiberglass in a
matrix of epoxy resin in several layers.” Hi-Tech Fiber-
Composite is a novel CAD-CAM material consisting of
epoxy resin matrix reinforced with multidirectional
fiberglass.

The surface roughness of dental materials plays a
major role in bacterial plaque accumulation and adhe-
sion.?> ?! Bacterial adhesion is increased on rough sur-
faces because of increased surface area®”?; therefore,
materials with low surface roughness are essential for
reduced bioadhesion.?**?

An Ra threshold of 0.2 pm has been reported as the
clinical acceptability threshold for prostheses.?? Above this
level, biofilm formation increases, and below this level,
surface roughness has no significant impact on biofilm
formation.?*** Therefore, one of the main goals of surface
finishing is to achieve a surface roughness of below 0.2 pm
by using polishing techniques, devices, and materials.”
Final surface roughness and surface quality were re-
ported to depend on polisher type, velocity, contact
pressure, polishing paste, dry or wet polishing, and lab-
oratory or chairside polishing protocols.’> Heimer et al*®
reported that chairside polishing methods presented
lower surface roughness values than laboratory polishing
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Table 1.Tested materials

Abbreviation Brand Name Manufacturer Composition
cP Coprapeek White Peaks 100% PEEK
Dental Systems
GmbH & Co KG
Y74 Tecno Med Zirkohnzahn Sl High-performance resin,
Mineral special ceramic
reinforcement
PEEK
J Juvora Juvora Ltd 100% PEEK
BRE BreCAM.BioHPP bredent GmbH & 80% PEEK, 20% nanoceramic
Co KG filler
PK Pekkton®ivory Cendres Métaux  80% PEKK, 20% filler
SA including titanium dioxide
T Trilor Bioloren Sur.l, Hi-Tech fiber-composite
Saronno (VA) material consisting of epoxy
resin matrix and
multidirectional glass fiber
reinforcement
TR Trinia SHOFU Dental Multidirectional interlacing

Corp of fiberglass and resin in
several layers

methods, and PEEK specimens had tangentially higher
surface roughness than polymethyl methacrylate (PMMA)
and veneering composite resin (COMP).

Although surface pretreatments have been evaluated
for achieving a strong and durable adhesion to
HPPs,'919203% information regarding the roughness of
their surfaces and whether surfaces may remain non-
veneered is lacking. Additionally, precise guidelines for
polishing the HPPs in terms of surface roughness are
limited. Therefore, evaluating the effect of polishing on
the surface roughness of HPPs in different compositions
can be beneficial for both clinicians and dental laboratory
technicians because of the clinical importance of surface
roughness on the longevity of restorations.” The pur-
pose of this in vitro study was to measure and compare
the surface roughness of different CAD-CAM HPP ma-
terials after milling and investigate the effect of polishing
on the surface roughness of these CAD-CAM-fabricated
HPPs. The null hypotheses were that the surface
roughness of different CAD-CAM HPP materials would
not differ and that polishing would not change the sur-
face roughness of CAD-CAM HPP materials.

MATERIAL AND METHODS

Seventy (7x8x30 mm) specimens from 7 different HPP
brands (n=10) were milled from CAD-CAM blocks by
using a 5-axis milling machine (Coritec 550i; imes-icore)
and following the manufacturer’s recommended pro-
tocols with a new set of burs for each block. The material
composition and manufacturer information of the HPPs
are displayed in Table 1. Previous similar studies were
considered when determining the sample size.”>**
After milling, the sprues were removed by using a
grinder (LD15C LD/ZR [Lithium Disilicate/Zirconia]
Grinder Green Coarse Wheel Ceramic; Brasseler USA
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Table 2. Tests of fixed effects

Table 3. Mean surface roughness values tstandard deviations (im)

Effect Num DF Den DF F Value P Mean +SD
Material 6 63 4.44 <.001 Material Baseline Polished
Polishing 1 63 0.00 992 CcpP 0.958 +0.302Aa 0.587 +0.210Aa
MaterialxPolishing 6 63 4.86 <.001 y24 1.395 +0.503Aa 0.711 £0.319Aa
Den, denominator; DF, degrees of freedom; Num, numerator. J 0.797 £0.100Aa 1.649 +0.951Bb
BRE 0.678 +0.225Aa 1.186 +1.412Aab
PK 0.613 £0.112Aa 0.502 +0.178Aa
Dental Instrumentation), and the surface was finished T 0.877 +0.177Aa 0696 +0.316Aa
TR 1.228 +0.402Aa 1.209 +0.345Aab

with a rubber polisher (Composite Polishing Kit; SHOFU
Dental Corp) and polished with a goat-hair brush and
composite resin polishing paste (Luminescence; Premier)
for 60 seconds. A straight low-speed handpiece (EWL
K9; KaVo) was used to polish the specimens, and all
polishing procedures were conducted by the same
operator (B.B.).

The surface roughness of each specimen was
measured (Ra) by using a contact profilometer (Surftest
SV-3100; Mitutoyo Corp) after milling (baseline) and
after the polishing procedures were completed. The same
surfaces were measured before and after polishing. The
accuracy of the profilometer was examined periodically
by using a calibration block. The tracing length was 13.3
mm, the number of points measured per specimen was
13 300, and the stylus speed was 1 mm/sec.

The surface roughness before polishing (baseline) and
after polishing for each material and among materials at
baseline and after polishing was compared. The data
were analyzed with 2-way repeated measures ANOVA
MIXED procedure by using a statistical software program
(SAS Proprietary Software v9.3; SAS Institute Inc) and
the Bonferroni corrected t test (¢=.05).

RESULTS

The sample size and design used in the present study
enabled the detection of significant differences among
groups. The interaction between material and polishing
had a significant effect on surface roughness (Table 2).
Mean surface roughness values and standard deviations
for HPP materials are displayed in Table 3, and the mean
surface roughness values and 95% confidence intervals
are displayed in Figure 1. When the baseline surface
roughness measurements of HPP groups were compared
with each other, no significant differences were found
among them (P>.05). All materials (BRE, PK, CP, T, TR,
77), except for ] (P<.05), had no significant differences in
their surface roughness before and after polishing.

When the surface roughness measurements of HPP
groups were compared with each other after polishing,
the ] PEEK material showed significantly higher surface
roughness values than CP, PK, T, and ZZ (P<.05).
However, no significant differences were found between
J, TR, and BRE (P>.05). All surface roughness values
before and after polishing were higher than the clinical
acceptability threshold of 0.2 um.
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Different uppercase letters in same row and different lowercase letters in same column
show statistically significant differences (P<.05).

DISCUSSION

The null hypothesis that the surface roughness of
different CAD-CAM HPP materials would not differ was
accepted because no significant differences were found
among the surface roughnesses of different CAD-CAM
materials before polishing. The null hypothesis that
polishing would not change the surface roughness of
CAD-CAM HPP materials was rejected. After polishing,
significant differences were found between the surface
roughness of the ] and among the surface roughnesses of
some CAD-CAM HPP groups.

Increased dental plaque and biofilm formation on
rough surfaces have been reported.?** Therefore, dental
restorations should display a smooth surface. For clinical
acceptability of prostheses, polishing should result in a
final surface roughness below an Ra threshold of 0.2
um.?>** The mean surface roughness values of the HPP
materials used in the present study ranged between 0.613
um and 1.395 pm after milling (before polishing) and
between 0.502 um and 1.649 pm after polishing, higher
than the acceptable Ra threshold of 0.2 pm.

Two-body abrasion (grinding with burs, bonded ad-
hesives, or coated abrasives) and 3-body abrasion (pol-
ishing pastes including aluminum oxide or diamond
particles) are polishing methods used in the dental
practice.”® A slurry of polishing paste in water leads to a
finer abrasion and produces a light-reflective, high-gloss
surface.”*?> Heimer et al*® reported lower surface
roughness values when chairside polishing protocols
were used with specimens polished by using the 3-body
abrasion method, which produced lower surface rough-
ness values than for those polished by using the 2-body
abrasion method. In the present study, the 3-body
abrasion was used.

In previous studies,'”*”*° PEEK specimens were
sectioned from PEEK cylinders or disks with a low-speed
diamond saw, and Culhaoglu et al*' and Caglar et al*®
milled specimens from PEEK blocks. Similarly, HPP
specimens in the present study were milled from blocks.
Milling was preferred over sectioning to simulate the
prosthesis fabrication procedure.

Batak et al
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Figure 1. Mean surface roughness values and 95% confidence intervals
(m).

Surface roughness may be determined 2-
dimensionally by using a contact profilometer with a
diamond-tracing stylus or by using a noncontact 3D
optical profilometer.** Sturz et al** used confocal laser
scanning measurements to determine the surface
roughness of materials. In the present study, as in other
previous studies,''*>3>373%-41 3 noncontact profilometer
was used to measure the surface roughness.

Previous studies' 33741 differ from the present
study because initial mean Ra values were measured after
using a standardized procedure with abrasive papers of
different grits, and, generally, an automatic polishing
machine was used to achieve a similar degree of surface
roughness on all specimens. This was done to reduce
possible surface roughness effects so that the differences
in subsequent measurements after modification of the
surface would only result from the properties and
composition of the specific materials. In the present study,
all HPP specimens were CAD-CAM miilled, and the initial
surface roughness values of the materials were measured
without any treatment after the milling procedure. This
method was preferred because of the lack of clarity among
manufacturers’ recommendations for surface treatments
of these materials; some recommend the direct use of
material after milling without performing any treatments.
During communication, some manufacturers claimed that
the surface roughness would increase if polished. The
specimens were all milled in the same CAD-CAM milling
machine by using identical milling burs.

Stawarczyk et al'' measured the surface roughness of
PEEK specimens after polishing with silicon carbide (SiC)
abrasive papers P400 and P4000 with an automatic pol-
ishing device without any other treatments, reporting a
mean surface roughness value of 0.03 pm. Heimer et al*®
evaluated the effect of different polishing protocols on
PEEK, PMMA, and composite resin disks, reporting a
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mean surface roughness of PEEK specimens measured
after polishing between 0.032 pm and 1.337 pm
depending on the polishing protocol. Heimer et al*®
ground a control group of PEEK specimens with SiC
P500, prepolished with fine pumice stone and goat-hair
brushes, and repolished with grinding papers (P1200,
P4000). The surface roughness of the control group was
0.032 um. Hahnel et al®” ground all specimens by using a
standardized procedure with grinding paper (grit 1000
and 4000) and an automated polishing machine. All
specimens were subsequently polished manually by us-
ing a polishing paste. In their study, PEEK and PMMA
specimens showed significantly lower surface roughness
than titanium and zirconia specimens (P<.001). The
mean surface roughness for PEEK specimens was 0.04
um. Tsuka et al*” reported that the polished PEEK surface
with no treatment had the lowest surface roughness (0.5
pm). Keul et al’® polished PEEK specimens with SiC
P500 up to P2400 with an automatic polishing device.
The mean surface roughness (um) calculated for the no
treatment group was 0.043 pm. Culhaoglu et al*' re-
ported Ra values for the 1200-grit SiC-treated group to
be 0.53 pm, and Caglar et al*® reported the mean surface
roughness for specimens polished with 600-and 800-grit
SiC to be 1.11 pm. The mean surface roughness values of
the HPP materials used in the present study ranged
between 0.613 pm and 1.395 pm after the milling pro-
cedure (before polishing) and after polishing between
0.502 pm and 1.649 um.

Sturz et al** reported a mean Ra of 0.277 um for PEEK
after grinding with 1000-grit SiC. The results of their
study showed a significant increase in surface roughness
after polishing in all groups except the ZrO group. These
findings are consistent with those of the J group in the
present study. ] and BRE materials, in the present study,
had broad confidence intervals for surface roughness
after polishing. The variation in surface roughness of
these 2 materials may be attributed to their structure. A
recent clinical trial of the ] material suggested roughening
of the PEEK surfaces to increase the bond strength with
the veneering resin.*”> The rougher surfaces may increase
bond strength and should be further investigated. The
presence of nanoceramic filler in the BRE material might
have contributed to the variation in surface roughness
after polishing.

Surface free energy can also play a role in bacterial
adhesion and retention; however, the influence of surface
roughness has been reported to be greater than that of
surface free energy.>”>* Quirynen et al*’ reported that an
increase in the surface roughness of resin strips above an
Ra value of 2 um resulted in a substantial increase in the
bacterial colonization on these surfaces in comparison
with smooth strips (Ra=0.14 pum), while a change in the
surface free energy had almost no impact. In the present
study, only the Ra values were analyzed.
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Considering the surface roughness values of all HPPs
in the present study, veneering may be needed to
minimize plaque accumulation, especially for fixed
prosthesis surfaces adjacent to soft tissues. However, the
surface roughness may help to increase bond strength
with the veneering resin materials where veneering is
necessary for esthetics. HPPs are also used in removable
prosthodontics as prosthesis frameworks.” The fit of
removable partial dentures has been reported to be
clinically acceptable.***> The observed surface roughness
of tested materials on the tissue surface of removable
prostheses may contribute to the retention of the pros-
thesis, which should be further investigated in future
studies.

Surfaces treated in the present study should be
further analyzed for their ability to bond to the overlying
composite resin in future studies. Further clinical studies
are needed to test the HPPs in terms of their surface
properties and bacterial formation.

CONCLUSIONS

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

1. The surface roughness of HPPs in different com-
positions was similar after milling.

2. Polishing increased the surface roughness values of
a PEEK group ().

3. Regardless of the state of the surface being polished
or not, all roughness values before and after pol-
ishing were above the clinical acceptability
threshold.
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