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[Abstract] Objective The polishing effects of different compositions of chairside polishing systems on poly-
etheretherketone (PEEK) were compared to provide a reference for the rational selection of polishing systems for this ma-
terial in clinical settings. Methods A total of 108 specimens were made from ShushijiePEEK crown and bridge mate-
rials, Bio-PAEK® dental PEEK, and BioHPP® PEEK. Thirty-six specimens of each material were randomly divided into
6 groups on average based on their polishing technique: OptiDisc®, Super-Snap® Rainbow Technique Kit, VITA ENAM-
IC®Clinical Polishing Set, Sof-Lex™ Diamond Polishing System, Visio.lign Finishing Kit for Composite Veneers, and CE-
RAMAGE Polishing Kit, Lava™ Ultimate ceramic and VITA ENAMIC ceramics were set as the control groups, and
6 specimens were made in each material, polished by Sof-Lex™ Diamond Polishing System and VITA ENAMIC® Polish-
ing Set clinical, respectively, according to the manufacturers’ suggestions. The surface roughness (Ra value and Sa val-
ue) and gloss of each set were measured. The surface morphologies of the polished specimens were observed by scan-
ning electron microscopy. Results  Surface roughness (Ra value and Sa value) and gloss were mainly influenced by
the type of polishing system, and they varied between PEEK material types. The Sof-Lex™ Diamond Polishing System
produced the highest surface roughness and the lowest gloss values for PEEK materials, while the Super-Snap® Rainbow
Technique Kit, Visio.lign Finishing Kit for Composite Veneers and CERAMAGE Polishing Kit resulted in low surface
roughness values. The Visio.lign Finishing Kit for Composite Veneers and CERAMAGE Polishing Kit exhibited high
gloss values. Polishing paste particles were observed embedded on the surfaces of the PEEK materials polished by the
Visio.lign Finishing Kit for Composite Veneers; the surfaces of specimens polished by the CERAMAGE Polishing Kit
were smooth, without polishing paste particle residue. Using the same polishing system, the best polishing results were
obtained with BioHPP® among the PEEK materials tested. The surface roughness values of the three tested PEEK mate-
rials polished by the CERAMAGE Polishing Kit were similar to those of the Lava™ Ultimate ceramic and VITA ENAM-
IC ceramic, but the gloss was higher than that of both. Conclusion CERAMAGE Polishing Kit was recommended for
polishing all three tested PEEK materials, achieving a good polishing effect, with similar surface roughness and higher
gloss characteristics comparable to those of polished computer-aided design and manufacturing (CAD/CAM) resin-ma-
trix ceramics.

[Key words] polyetheretherketone; resin - matrix ceramic; chairside; polishing; polishing paste; — surface
roughness; gloss; scanning electron microscopy
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Table 1 ~ General information of five kinds of experimental materials

Material Filler mass
Brand Material matrix Main components of fillers Manufacturer
groups fraction
S Shushijie™ PEEK \ \ YunMed,
China
BP BioPAEK® PEEK TiO, 5% DENTEX,
China
BH BioHPP® PEEK Ceramic 20% Bredent,
Germany
LU Lava™ Ultimate  Bis-GMA, UDMA, Non-agglomerated SiO, (20 nm) and ZrO, (4-11 nm), and Si0./ZrO, 80% 3M,
Bis-EMA, TEGDMA Nano-agglomerates USA
VE VITA ENAMIC®  UDMA, TEGDMA Alumina reinforced feldspathic porcelain: SiO, (58%-63%), 86% VITA,
ALO5(20%-23%), Na;,O (6%-11%), K,0 (4%-6%), Germany

B.0; (0.5%-2%), CaO (<1%), Ti0, (<1%)

Bis-GMA: bisphenol A-glycidyl methacrylate; UDMA: urethane dimethacrylate; Bis-EMA: bisphenol A-ethoxylated dimethacrylate; TEGDMA: triethylene-
glycoldimethacrylate. Material groups: S: Shushijie™; BP: BioPAEK®; BH: BioHPP®; LU: Lava™ Ultimate; VE: VITA ENAMIC®. PEEK: polyetheretherke-

tone. S, BP, BH were as for experimental groups. LU, VE were as for control groups
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Table 2 Information of the six tested polishing systems

Polishing
Brand Manufacturer Composition Polishing protocol
systems
0 OptiDisc® Kerr, Alumina particles (DPolishing (orange): < 15 000 t/min
USA @High luster polishing (vellow): < 15 000 t/min
SS Super-Snap® Rainbow ~ SHOFU, Alumina particles (DPolishing (green): < 15 000 r/min
Technique Kit Japan @High luster polishing (pink): < 15 000 r/min
\ VITA ENAMIC® VITA, Polyurethane, silicon carbide, diamond particles  (DPolishing (pink): < 10 000 r/min
Polishing Set clinical ~ Germany @MHigh luster polishing (grey): < 8 000 t/min
SL Sof-Lex™ Diamond 3M, Rubber, alumina, Polishing (pink): < 20 000 r/min, apply 30-60 g force, wet polish-
Polishing System USA diamond particles ing
VL Visio.lign Finishing Kit ~ Bredent, Silicone rubber, cotton buff, diamond particles  (DSmoothing: rubber polisher (blue)
for Composite Veneers  Germany () High luster polishing: < 3 000 r/min, cotton buff with cream
Abraso-Starglanz high-gloss polishing paste containing diamond
particles
C CERAMAGE Polishing  SHOFU, Silicone rubber, wool felt, Dura-Polish: alumina (D Polishing: < 10 000 t/min, brush with waxy polishing paste

Kit Japan
particles (67% by weight).

(73% by weight), Dura - Polish DIA: diamond containing alumina and diamond particles respectively

@High luster polishing: < 10 000 /min with wool wheel

Polishing systems: O: OptiDisc®; SS: Super-Snap® Rainbow Technique Kit; V: VITA ENAMIC® Polishing Set clinical; SL: Sof-Lex™ Diamond Polishing
System; VL: Visio.lign Finishing Kit for Composite Veneers; C: CERAMAGE Polishing Kit. O, SS, V, SL, VL, C were as for experimental materials. V, SL

were as for control materials
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Table 3 Surface roughness (Ra value) of each group was measured by a 3D surface profiler after polishing X *s, m
Material Polishing syster

Baseline Mean + SD F P
group 0 SS Vv SL VL C
S 0.267 £ 0.012  0.147 £ 0.033 0.107 £0.018 0.111 £0.017 0.225 £ 0.041 0.079 £ 0.015 0.091 £ 0.022 0.127 + 0.055 74.103 < 0.001
BP 0.261 £ 0.007 0.128 £ 0.022 0.096 +0.019 0.110 £ 0.033 0.175 £ 0.044 0.094 = 0.015 0.081 £ 0.012 0.113 + 0.040 28.616  <0.001
BH 0.259 £ 0.007 0.106 £ 0.025 0.104 £ 0.016 0.102 £ 0.028 0.147 £ 0.025 0.073 £ 0.021 0.073 £ 0.014 0.101 + 0.033 27.835 <0.001
LU 0.218 + 0.006 0.115 £ 0.045 0.115 £ 0.045
VE 0.224 + 0.009 0.077 £ 0.021 0.077 £ 0.021
Mean + SD 0.258 £ 0.016 0.127 £ 0.031 0.102 £ 0.018 0.100 + 0.028 0.165 = 0.056 0.082 + 0.019 0.082 + 0.018 0.112 + 0.045 58.80 <0.001
F 10.167 2.014 7.129 24.749 7.705 5.290 5.540 6.580 <0.001
P <0.001 0.144 <0.001 <0.001 0.001 0.008 <0.001 <0.001

Material groups: S: Shushijie™; BP: BioPAEK®; BH: BioHPP®; LU: Lava™ Ultimate; VE: VITA ENAMIC®. S, BP, BH were as for experimental groups.
LU, VE were as for control groups. Polishing systems: O: OptiDisc®; SS: Super-Snap® Rainbow Technique Kit; V: VITA ENAMIC® Polishing Set clinical;
SL: Sof-Lex™ Diamond Polishing System; VL: Visio.lign Finishing Kit for Composite Veneers; C: CERAMAGE Polishing Kit. O, SS, V, SL, VL, C were as

for experimental materials. V, SL were as for control materials
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a: surface roughness (Ra value) of the same PEEK materials with different polishing systems. b: surface roughness (Ra value) of different PEEK
materials with the same polishing system. Material groups: S: Shushijie™; BP: BioPAEK®; BH: BioHPP®; LLU: Lava™ Ultimate; VE: VITA EN-
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@ Polishing systems

AMIC®. S, BP, BH were as for experimental groups. LU, VE were as for control groups. Polishing systems: O: OptiDisc®; SS: Super-Snap®
Rainbow Technique Kit; V: VITA ENAMIC® Polishing Set clinical; SL: Sof-Lex™ Diamond Polishing System; VL: Visio.lign Finishing Kit for

Composite Veneers; C: CERAMAGE Polishing Kit. O, SS, V, SL, VL, C were as for experimental materials. V, SL were as for control materials.
*: P <0.05.%%: P <0.01.%*¥*: P <0.001. ns: no statistically significant difference. PEEK: polyetheretherketone

Figure 1  Surface roughness (Ra value) of PEEK materials in the experimental group and materials in the control group under

different polishing systems
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Table 4 Surface roughness (Sa value) of each group was measured by atomic force microscope after polishing X £s, um
Material Polishing systems
groups (0] SS A% SL VL C Mean = 5D r P
S 0.075 +£0.039 0.047 £ 0.017 0.037 £ 0.012 0.165 +0.054 0.027 = 0.149 0.034 + 0.016 0.065 = 0.056 7.219 0.002
BP 0.084 + 0.040 0.053 £0.011 0.039 £0.015 0.155+0.075 0.038 £0.117 0.060 + 0.038 0.072 + 0.055 4.247 0.015
BH 0.050 £ 0.009 0.054 £ 0.121  0.077 £ 0.050 0.078 + 0.028 0.084 = 0.061 0.024 + 0.005 0.062 + 0.039 2.513 0.052
LU 0.021 = 0.005 0.021 + 0.005
VE 0.017 = 0.003 0.017 + 0.003
Mean = SD  0.070 £ 0.034 0.051 £0.013 0.043 + 0.033 0.105 £ 0.075 0.051 £ 0.044 0.040 £ 0.027 0.061 =0.050 39.77  <0.001
F 1.747 0.547 10.600 11.879 2.682 3.448 1.880 28.01 <0.001
P 0.208 0.591 0.003 <0.001 0.127 0.088 0.072 <0.001

Material groups: S: Shushijie™; BP: BioPAEK®; BH: BioHPP®; LU: Lava™ Ultimate; VE: VITA ENAMIC®. S, BP, BH were as for experimental groups.

LU, VE were as for control groups. Polishing systems: O: OptiDisc®; SS: Super-Snap® Rainbow Technique Kit; V: VITA ENAMIC® Polishing Set clinical;

SL: Sof-Lex™ Diamond Polishing System; VL: Visio.lign Finishing Kit for Composite Veneers; C: CERAMAGE Polishing Kit. O, SS, V, SL, VL, C were as

for experimental materials. V, SL were as for control materials. PEEK: polyetheretherketone. Due to the large surface roughness (Ra value) after standard-

ization, the measurement of the surface roughness (Sa value) in the baseline was not performed
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a: surface roughness (Sa value) of the same PEEK material with different polishing systems. b: surface roughness (Sa) of different PEEK ma-

terials with the same polishing system. Material groups: S: Shushijie™; BP: BioPAEK®; BH: BioHPP®; LU: Lava™ Ultimate; VE: VITA EN-

AMIC®. S, BP, BH were as for experimental groups. LU, VE were as for control groups. Polishing systems: O: OptiDisc®; SS: Super-Snap®

Rainbow Technique Kit; V: VITA ENAMIC® Polishing Set clinical; SL: Sof-Lex™ Diamond Polishing System; VL: Visio.lign Finishing Kit

for Composite Veneers; C: CERAMAGE Polishing Kit. O, SS, V, SL, VL, C were as for experimental materials. V, SL were as for control ma-

terials. *: P < 0.05. **: P <0.01. ***;: P <(.001. ns: no statistically significant difference. PEEK: polyetheretherketone

Figure 2 Surface roughness (Sa value) of PEEK materials in the experimental group and materials in the control group

under different polishing systems
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Table 5 Gloss of each group after polishing x+s, GU

Material Polishing systems

Baseline Mean + SD F P
groups (0] SS AY SL VL C
S 3.586 £ 0.494 88.54 +12.37 55.66 +7.27 71.77£8.53 11.06 +6.49 9448 1225 98.08 £8.25 69.93 +31.70 72.362 <0.001
BP 4.235+0.662 6724 £5.63 5923 +11.30 84.51 +9.894 18.80 £9.57 84.51+9.89 99.05+748 68.89+2753 55266  0.001
BH 4232 +0476 64.05+ 1241 5932 +14.33 4844 +15.73 2284 £5.17 105.68 +4.35 108.23 + 13.11 67.78 £ 31.73 129.668 <0.001
LU 13.561 £ 2.176 81.34 £7.52
VE 5.633 + 1.137 65.18 +2.82
Mean + SD  4.576 +2.242 73.28 + 14.99 58.07 = 10.80 67.47 +16.40 33.81 +9.97 93.41 +11.83 101.79 = 1045 68.18 +29.84 8148 < 0.001
F 9.426 0.204 9.148 111.955 4912 1.910 0.11 8.10  <0.001
P 0.002 0.818 0.004 <0.001 0.024 0.182 0.6095 <0.001

Material groups: S: Shushijie™; BP: BioPAEK®; BH: BioHPP®; LU: Lava™ Ultimate; VE: VITA ENAMIC®. S, BP, BH were as for experimental groups.

LU, VE were as for control groups. Polishing systems: O: OptiDisc®; SS: Super-Snap® Rainbow Technique Kit; V: VITA ENAMIC® Polishing Set clinical;

SL: Sof-Lex™ Diamond Polishing System; VL: Visio.lign Finishing Kit for Composite Veneers; C: CERAMAGE Polishing Kit. O, SS, V, SL, VL, C were as

for experimental materials. V, SL were as for control materials
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a: gloss of the same PEEK material with different polishing systems. b: gloss of different PEEK materials with the same polishing system. Mate-
rial groups: S: Shushijie™; BP: BioPAEK®; BH: BioHPP®; LU: Lava™ Ultimate; VE: VITA ENAMIC®. S, BP, BH were as for experimental

groups. LU, VE were as for control groups. Polishing systems: O: OptiDisc®; SS: Super-Snap® Rainbow Technique Kit; V: VITA ENAMIC® Pol-

ishing Set clinical; SL: Sof-Lex™ Diamond Polishing System; VL: Visio.lign Finishing Kit for Composite Veneers; C: CERAMAGE Polishing

Kit. 0, SS, V, SL, VL, C were as for experimental materials. V, SL were as for control materials. *: P <0.05. **: P <0.01. ***: P <0.001. ns:

no statistically significant difference. PEEK: polyetheretherketone

Figure 3 Gloss of of PEEK materials in the experimental group and materials in the control group under different polishing

systems
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Experimental materials

Control materials

Polishing systems

=

Scratches of different degrees were observed in all specimens under SEM (a, b, c). a: the obvious irregular
scratches can be seen on the surface of the material after polishing by OptiDisc®, Super-Snap® Rainbow
Technique Kit and VITA ENAMIC® Polishing system. b: the scratches on the surface of three tested PEEK
materials polished by CERAMAGE Polishing Kit were few and shallow, and the texture was uniform, with-
out obvious residual polishing paste particles. Scratches on the surfaces of the specimens after polishing by
Sof-Lex™ Diamond Polishing System were deep; polishing paste particles embedded could be seen uniformly
on the surface of PEEK specimens polished by Visio.lign Finishing Kit for Composite Veneers. c: the pol-
ished resin-matrix ceramics exhibited less scratches on the surface and were smoother. Material groups: S:
Shushijie™; BP: BioPAEK®; BH: BioHPP®; LU: Lava™ Ultimate; VE: VITA ENAMIC®. S, BP, BH were as
for experimental groups. LU, VE were as for control groups. Polishing systems: O: OptiDisc®; SS: Super-
Snap® Rainbow Technique Kit; V: VITA ENAMIC® Polishing Set clinical; SL: Sof-Lex™ Diamond Polishing
System; VL: Visio.lign Finishing Kit for Composite Veneers; C: CERAMAGE Polishing Kit. O, SS, V, SL,

VL, C were as for experimental materials. V, SL were as for control materials. PEEK: polyetheretherketone. SEM: scanning electron microscope

Figure 4 SEM surface morphologies of PEEK materials in the experimental groups and materials in the control groups under

different polishing systems
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