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Evaluation of bending properties and adherence of Candida albicans to Antibacterial
Glass-added Polyether Ether Ketone as a denture base material
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I [Abstract]
Backgraund

The aim of this study was to verify the clinical efficacy of antibacterial glass-added polyether ether ketone (PEEK)
as a denture base material by using the three-point bending test and adhesion test of Candida albicans (C. albicans).
Furthermore, the effect of antibacterial glass on C. albicans was examined using a scanning electron microscope

(hereafter referred to as SEM).

Materials&Methods

The materials used for three-point bending test and adhesion test of C. albicans were PEEK (VESTAKEEP®
DC4470, hereafter referred to as VK). In addition, five types of PEEKs (VESTAKEEP ®D4, hereafter referred to as
VK+DL) with different concentrations of antibacterial glass (DL-7900, hereafter referred to as DL) were used. Five
types of VK+DL polymers with DL addition rates of 3 (VK+DL3%), 5 (VK+DL5%), 7.5 (VK+DL7.5%), 10
(VK+DL10%), and 15% (VK+DL15%) were manufactured. Two acrylic resins used ware heat-curing resin (Shofu
Urban®, hereafter referred to as UR) and injection-type multipurpose resin (Procast DSP®, hereafter referred to as

PC) as VK comparison materials.

Three-point bending test
The three-point bending test was conducted using a precision universal testing machine, and the conditions were in

accordance with ISO20795-1. The evaluation items were bending strength, flexural modulus, and 0.05% proof stress.

Adhesion test of C. albicans

The C. albicans adherence test was performed by adding C. albicans to liquid medium containing each specimen
and shaking the culture. After culturing, the test specimen was immersed in sterilized physiological saline,
ultrasonically dispersed in order to obtain a bacterial solution. The bacterial solution was seeded on each designated

agar medium and amount of attached bacteria was calculated from colonies that grew after the culture.



Observation of the effect of DL on C. albicans using SEM

Furthermore, the effect of DL on C. albicans was examined using a SEM. Cell Desks ware immersed in normal
liquid medium that had been autoclaved and divided into three groups: a control group, Micafungin group, and
antibacterial glass group. C. albicans was added to each three groups and cultured with shaking. After the culture, in
the Micafungin group, Micafungin was added to a final concentration of 0.1% and allowed to act for 5 minutes. In
the antibacterial glass group, antibacterial glass was added to a final concentration of 1% and allowed to act for 24

hours. Cell Desks of each group were fixed according to a usual method, and then observed by SEM.

Results

Three-point bending test

PEEK (VK) exhibited significantly higher flexural strength, flexural modulus, and 0.05% proof stress than acrylic
resin. In addition, PEEK (VK) and PEEK combined with antibacterial glass at various concentrations (new polymers)

met ISO20795-1 standard.

Adhesion test of C. albicans
VK showed no significant difference compared to UR and PC. In addition, PEEK combined with antibacterial glass
at various concentrations (new polymers) showed significantly lower C. albicans adhesion compared to the

conventional PEEK.

Observation of the effect of antibacterial glass on C. albicans using SEM
In the control group, the C. albicans cells had an elliptical shape and the surface layer was smooth. In contrast, C.
albicans cells on the Cell Desks of the Micafungin group were elliptical and exhibited rough surface layers. The cells

of the antibacterial glass group showed similar surface deformations as those observed in the Micafungin group.



Conclusions
These results suggest that PEEK resin is more promising for clinical applications as a denture resin than acrylic
resin. In addition, PEEK with antibacterial glass showed bending strength that could be applied clinically like the

conventional PEEK, and it was revealed that the growth of adhering C. albicans was suppressed.
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VIl [Tables and Figures}

Table 1 SEBRIZ AW 7= EFOFESA

MEiEss o e Rz A ik
PEEK VK VESTAKEEP®DC4470  HtHi Rl iz
MBEHIA(DL) VK+DL3% VESTAKEEP®D4 5t H A2
HINEPEEK DL-7900 (3% 0ZE)
VK+DL5% VESTAKEEP®D4
DL-7900 (5%ZNZE)
VK+DL7.5% VESTAKEEP®D4
DL-7900(7.5% 70 ZR)
VK+DL10% VESTAKEEP®D4
DL-7900(10%Zs1N3:)
VK+DL15% VESTAKEEP®D4
DL-7900(15%Zs1N3:)
7oYILLTY  UR WBET—/\® MBES
PC ZO0%+ X FDSP® ERES
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Fig. 1 =53 383 KO C. albicans 14 35 78R O FER K~ ik

= BT EHERDRER AT & C. albicans{t & AR D AERIKT %
£&: 64 mm £&:10mm
1®: 10 mm
2.0 mm
1.0 mm
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Fig. 2PEEKE 7 7 VL L P Z b U 7= i il &

A. Specimen types B. Thicknesses (mm)

300 7 — - — 3300 \ >
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0 - : 0 = B B

VK UR PC VK UR PC VK UR PC  (mm) 33 20 1.0 33 20 1.0 3.3 20 10

Thicknesses 3.3 mm 2.0 mm 1.0 mm VK UR PC

A HRBRIKIE S B: A48
(Tukey-Kramers test )
n=10
Mean + SD
% p<0.05
VK: VESTAKEEP ®DC4470G, UR: Urban®, PC: Procast DSP®
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300 -
250 H
200 -
150
100
50 -

Bending strength (MPa)

(Tukey-Kramers test )
n=10 Mean + SD
* 1 p <0.05 When compared to VK.
VK:VESTAKEEP®DC4470, VK+DL3%:VESTAKEEP®D4+DL-7900 3%/, VK + DL5%:VESTAKEEP®D4+
DL-7900 5%, VK+DL7.5%:VESTAKEEP®D4+DL-7900 7.5%%1, VK+DL10%: VESTAKEEP®D4-+DL-
7900 10% 51, VK+DL15%:VESTAKEEP®D4+DL-7900 15%s/0
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Fig. 4 PEEK & 7 7 U L L % e U7 i iR

A. Specimen types B. Thicknesses (mm)

27000 7 = — — 37000 ¢ : —
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Thicknesses 3.3 mm 2.0 mm 1.0 mm VK UR PC

A: HBRIKIE S B: 448
(Tukey-Kramers test )
n=10 Mean + SD
*:p<0.05
VK: VESTAKEEP ®DC4470G, UR: Urban®, PC: Procast DSP®
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Fig. 5 PEEK & Hii # 7 AFNIAL PEEK % Fhifi U 7- i iF sk

6000
5000
4000
3000
2000
1000

1 1 1 1 ]
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*

Flexural modulus (MPa)

(Tukey-Kramers test )
n=10 Mean + SD
* 1 p <0.05 When compared to VK.
VK:VESTAKEEP®DC4470, VK+DL3%:VESTAKEEP®D4-+DL-7900 3%/, VK + DL5%:VESTAKEEP®D4+
DL-7900 5%%sAN, VK+DL7.5%:VESTAKEEP®D4+DL-7900 7.5% %/, VK+DL10%:VESTAKEEP®D4+DL-
7900 10%34301, VK+DL15%:VESTAKEEP®D4+DL-7900 15%#/
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Fig. 6 PEEK & 77 UL L ¥ % bl L7= 0.05%lii /)

A. Specimen types
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S 250 A
£ 200 .
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A: FRBRIKIE S B: S48
(Tukey-Kramers test )

n=10 Mean =+ SD
* 1 p<0.05

300
250
200
150
100
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0

B. Thicknesses(mm)

i,

(mm) 3.3 2.0 1.0 33 2.0 1.0

VK: VESTAKEEP ®DC4470G, UR: Urban®, PC: Procast DSP®
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Fig. 7 PEEK & HUHE H 7 AU PEEK % HL#Z L 7= 0.05%iit /)

300
250 ~
200 +
150
100
50 -

0

0.05% proof stress (MPa)

(Tukey-Kramers test )
n=10 Mean + SD
* 1 p <0.05 When compared to VK.
VK:VESTAKEEP®DC4470, VK+DL3%:VESTAKEEP®D4+DL-7900 3%/, VK + DL5%:VESTAKEEP®D4+
DL-7900 5%¥sAN, VK+DL7.5%:VESTAKEEP®D4+DL-7900 7.5% %/, VK+DL10%:VESTAKEEP®D4-+DL-
7900 10%#/1, VK+DL15%:VESTAKEEP*D4+DL-7900 15%#/1
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Fig. 8 C. albicans {17 %% PEEK B LT 7 U L L v 2HEIZET 5 C. albicans 75 H D Lk

ﬁ,\

[«P] -

i

- =

Z = 1.5 4

S = I

3 &

el Bt

o x | B |
os4 B |
JL B
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(Steel-Dwass test )
n=3 Mean+ SD
VK: VESTAKEEP ®DC4470G, UR: Urban®, PC: Procast DSP®
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Fig. 9 C. albicans 138k PEEK 3 X O A 7 A RN PEEK 5 FEIZ 1) % C. albicans 1135 HE Dt

L3
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n=3 p=-0.89, p<0.01
VK:VESTAKEEP®D(C4470, VK+DL3%:VESTAKEEP®D4+DL-7900 3%¥#s/Jll, VK + DL5%:VESTAKEEP®D4+
DL-7900 5%/, VK+DL7.5%:VESTAKEEP®D4+DL-7900 7.5%%s/l1, VK+DL10%: VESTAKEEP®D4+DL-
7900 10%if/1, VK+DL15%:VESTAKEEP®D4+DL-7900 15%¥s/1
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Fig. 10 C. albicans \Zxt3 5 I 7 7 X v EHUE A 7 A O R LBk SEM B &
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