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Purpose. With the advancement of digital technology, 3D printing is being uti-
lized in the fabrication of denture base. Nevertheless, increasing microbial ad-
hesion to the surface of denture base has been reported as the disadvantage of
3D-printed denture base. The purpose of this study is to investigate the antifungal
properties and flexural strength of 3D-printed denture base resin according to the
different contents of titanium dioxide nanoparticles. Materials and methods. Ti-
tanium dioxide nanoparticles were mixed with the 3D printing resin at the ratios
of 0.5, 1, 1.5, and 2 wt%. Twenty specimens per each group were printed in the
form of cylindrical shape (diameter: 20 mm, height: 3 mm) to evaluate antifungal
properties. Ten specimens from each group underwent polishing using autogrind-
er, while the remaining ten specimens did not. Candida albicans in hyphae form
was inoculated onto each specimen, optical density and colony-forming unit were
analyzed. The surface of the specimen was observed using scanning electron
microscopy. To evaluate the flexural strength, twenty specimens per each group
were 3D printed in the form of rectangular prism shape (length: 64 mm, height:
10 mm, width: 3 mm) and three-point bending tests were conducted using uni-
versal testing machine according to ISO 20795-1. Results. Colony-forming unit of
C.albicans and optical density of culture medium showed no difference between
non-polished groups, but decreased in the polished groups at concentration of
1, 1.5, 2 wt% titanium dioxide nanoparticles. Flexural strength increased with
titanium dioxide nanoparticle at concentration of 0.5, 1, 1.5 wt%, but decreased
at 2 wt% compared to 1.5 wt%. Conclusion. When 1.5 wt% of titanium dioxide
nanoparticles were added to the 3D-printed denture base resin with polishing, an-
tifungal properties were increased. (J Korean Acad Prosthodont 2024;62:95-103)
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109 3D na“%’ 9|2/ 2| xlo]| o] AtatEEHE Ui AAFE 0.4,
1, 2.5 wt% = 7159 C.albicans®l thet 2% 271 9] &
WS HAshlal, Liu 512 olAtete e e dAE 1
wt% A7F5H¥S wf C.albicansol that )24t 2K 9] &1

= FRletinh. 22y 7129 olitetE ey Ui At}
HHAY A= 2R 57 Fel(yeast)d C.albicansoll th
SfA Ao AFE QT A-A 0 Fujjo }—ZH'?TP& T+

A @ei(hyphae)?] C.albicansell t3t ge B2 4%
olth. C.albicanste FH 70| wke} chefst oﬂgﬂg ES!
3

Lo, AthdoR QopRol REsa 3720 2ot §7)

Table 1. Composition of materials used
Material

3D-printing denture base resin
Soesterberg, Netherlands)

TiO, nanoparticle
Korea)

Nextdent Base Pink (Nextdent B.V.,

AV-3498 (Avention Co., Siheung,

Ho

Iy
rio
B
08
ro

o] oM, a2 Fej] C.albicanse dAl FEHZ E3ls}
Al =, #ak-g Ao Bt kS J/dE C.albicans+
8% FEj9| C.albicans©l vlsl 2 A 3l5%(MIC; Mini-
mum Inhibitory Concentration)7} 30 - 2,0008] ] &9
o, 7] &9] A7} QAo HHgE 8FOo & AFREIQS
o AL El9] C.albicansel s &xtd oz 2-8si2] &
Shohar gdefA Sl

ufeba] B Ao M= 3D ZHY 9|24t FXoj o]AtslE]
B U= AAHE H7ksto] #A FEi9) C.albicansol gt
O x|/ 2zle] /gt o) whE FF Ao Haks &
obid 112} 5ot

=

o

EH
[= |

=

M

1. stxl M

¢ O -

EY

3D =g % (Nextdent Base pink, Nextdent B,
Soesterberg, Netherlands)oll 30 nm<] 73 o|4tstE]e}
£ W= UAHAV-3498, Avention, Sitheung, Korea)E 0.5,
1, 1.5, 2 wt%2] SH| = 235ttt (Table 1). oJ4tstE|E}
F U dAE 23E7] g2 ti2ds 236t & 57 72
2 A3 3, Ball mill desktop 2-roll (LM-BD4530, LK
LabKorea., Ltd., Namyangju, Korea)’$ol| 4] ball milling
= &3l QA el o)t g Y=Y AE US| &
S5ATH (Table 2).

3D Sprint software (3DSystems Co., Rock Hill, SC,
USA)E o]-&5to] 0] 3mm, A7 20 mme] ¥7|F FE=
AlHE tAQIsHY 3D =& E (NextDent5100, NextDent
BV, Soesterberg, Netherlands) 2 &&3}o] %3S A
35tal, phosphate buffered saline (Sigma Aldrich Co.,
St. Louis, MA, USA)& Al¥st3ict (Fig. 1A). s=ol o2t

Lot no. Composition

XG153N01 Methacrylate oligomers
Urethane dimethacrylate

Phosphine oxides

AV-6438214 30 nm, spherical, anatase

high purity 99.98%
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Table 2. Weight ratio (wt%) of TiO, nanoparticles for control
group and all test groups

Group TiO, nanoparticle (wt%)
Control 0

A 0.5

B 1

C 15

D 2

Fig. 1. 3D printed resin specimens. (A) specimens for
antifungal properties test, (B) specimens for three-point
bending test.

20704 E3sto] 1071 AntE AlQsHA] E3ten, 1071
+ autogrinder (P1-230D, Korea-tech Co., Ltd., Busan,
Korea)Z ©]-&3}o] 300 grit, 1200 rpm o2 387+ Anj=
AldYstet. o XUy A M-S & C.albicans (ATCC
10231)= AHERoH, T Xt T4 9I5iA] trypticase
soy broth (BD bioscience, San Jose, CA, USA)E ©]&
5t minishaker (CMS-350, JEIO Tech Co., Ltd., Dae-
jeon, Korea)= 24A|7t 37°C 7] “geliol|A] 170 rpm .= Y
¥t C.albicans®] #utZ Al IR F/JA1717] 214
AHS ethylene oxide 7FAH47](HS3241EO, Hanshin
medical, Incheon, Korea)Z ©]&3}o] Bg-AIZiTh #A
ez o] B3l= 9Jsf AJHS 12-well cell culture plate (SPL
Life Sciences Co., Ltd., Pocheon, Korea)’goll $2] A]
71 ¥, Ham’s F-12 nutrient ¥j%|(Sigma Aldrich Co., St.
Louis, MA, USA)oll & A]7]12 &% &ejo] C.albicans
£ AFT ¥, 37°C &7)/dHlolA 24A17F vl ol Cal-
bicans®| 7ol wZ 23t = &elsty] sl Fetdn]
7 (Nikon Eclipse E200, Nikon Co., Tokyo, Japan)< ©]
&5to] vl S WS vl & F2E 2] 952 C.albi-
cansE A|7{5t7] 98l phosphate buffered saline (Sigma
Aldrich Co., St. Louis, MA, USA) 2 & AJ3H-Z 33] Al %513

https://doi.org/10.4047/jkap.2024.62.2.95
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t}. Cell scraper (SPL Life Sciences Co., Ltd., Pocheon,
Korea)E ©]&3}o], FAF JEQ] C.albicansE &3t H
10,0008 84 & 24FEA|(BioTek Epoch2 microplate,
BioTek Instruments, Inc., Winooski, VT, USA)E o] &
sto] FEEE 4o A=4(CFU; Colony-forming
unit)E4 S 98l tryptic soy agar (Sigma Aldrich Co.,
St. Louis, MA, USA) 8iz]9]| C.albicansE HZ3t & 37°C
S 7)ol A 24417 B SR TE

2. FAEX R0 E 2HE

FAPA2FA ] 4 (ZEISS Gemini SEM 560, Carl Zeiss
AG, Oberkochen, Germany) 2. & A|HS] HH-S #3519
o}, lo} AJ3) of o] me} = 0.2 Lol 10,0004 et
Qe 247} BB, EDSE £3) olHae ks Lt
Ik ellal 7)ol 2UshA BarsgiA B,

3.88 2k
=3 2= B4 sl 1SO 20795-1'%0] wt 3D sprint

softwareE o|-&sto] AJHE Zo] 64 mm, =°] 10 mm, =

4 mme] 28w Helz Tkl shgick. ol shelEHs L

AAE 0.5, 1, 1.5, 2 wt% ] =2 ol &3 & 3D =
ElE o]-&sto] 4 3 20704 S5kt (Fig. 1B). €%
AL 37°C SF4ollA] 48A17HsRF Basl L, o] F ks A
#7](QM100TS, Qmesys Co., Ltd., Uiwang, Korea)E ©]
85t] cross-head speed 5 mm/minZ 38 48 Z=E &

Asieit.

M
~

4, EASHN

=1

HI

SPSS (IBM SPSS Statistics v25.0, IBM Corp., New
York, NY, USA)E ol-&5tof 5714 412 Aldsiaint.
7He ol AtetE EhE YAk Feof whE R 'aet 3
A I Aol Fx7t A=A 2A5] Qs A AE
o Shapiro-Wilk testE AMHSIIT. AH22E T2E &
F= 24 3% I3 A= AFY 7% one-way ANOVA
testS A5, AL Zol Tukey’s post hoc testE Al

Yool AFEEE Th2x) e Heks BAL 7S5
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Kruskal-Wallis test, AF¥Z7d o Mann-Whitney testE HjoFel o] &3z = Shapiro-Wilk testS Al S o =
Al 35Tt (@ =.05). grEo] 742 w=E3te] one-way ANOVA testZS A3
St H7H ol itetE|ehs W ARt SdH] o w2 F

ax of FHEe] ROt 2T S AR AFLHE A3
Tukey’s post hoc testE AL, tx23 Y]

1. SHElR A o Zroll felAp7E 21kt (P < .05). &8 =+& Group
C (1.5 wt06)oll A th2 ] oF 33% 7431, Group D

54 7% C.albicanse dll-s5to] viet & Fatdn|4 (2 wt%)oll Al iR tie] oF 4206 7tA51Th S1A| T S =

S o]gsto] 20uf&= ISt A} a5 Ye\Q| C.albicans L o|astE|EHs U7t S Eof] H]gste] 7hAasHA] S kgl
£ T g 4 ik (Fig. 2A). Ham’s F-12 nutrient H{Z] t} (Table 3). C.albicans F24>] 7% Shapiro-Wilk test
£ ©o|-&3tof 5% CO, incubator UlollA &= &2 C.albi- £ Alskole wl S48kl A WHESHA] Z5he] Kru-
cansZ 24A17F vt & =USH &2 WA, 7HFA skal-Wallis testZ A5+, H7He o|Aste ey Ui

64EHE A g3Hog Bate A FElQ] Calbicansg A FHol whet o 7ol §oJxbrt EAst
lg 4= A3t (Fig. 2B). o|Atete|Ebe Wi dAkS 7t AtetE|ehs Wi dah sk mhe 7 2He] A

t} (P < .05). ©]
S

SR ELE

3D Zalg o4} 2] #AF FEjQ] C.albicansol tgt & s Mann-Whitney testE A&t aL, ti273} Group A
S & sb7] Aol Fdeet degs SAS Al st 4 (0.5 wt%)+= 2ol 7} gl o, tiz=atat Ymz] BE - 7o
1}, 9lnk2 5] 949t 27}E o] AbstelEs e A} &= 905t 2o] 7} 25T (P < .05). 3HARF Hehgs= o)Ak}

2 uj,
=l G2 Sx7E YTt (P> .05). AUHE YT ZoM,  Ha Swol ml2stel ZASHA|L 9Tt (Table 4).

Fig. 2. Microscope image of
C.albicans (magnification

X 20) Each shape represent
different types of C.albicans
(A): Mixed morphology of
yeast, pseudohyphae forms of
C.albicans. (B): hyphae form of
C.albicans.

([J: yeast, /\: pseudohyphae,
O: hyphae)

Table 3. Optical density and CFU/disc for control group and all test groups (unpolished)

Materials Group (n=10)
. P-value

(unpolished) Control B
Optical density Mean 0.42 0.40 0.47 0.39 0.38 843
(660 nm) SD 0.046 0.144 0.165 0.075 0.108 ’

. Mean 4,149,500 5,175,000 6,136,000 4,310,000 5,000,000
CFU/disc 672

SD 2,471,639 4,506,399 3,221,715 4,178,770 3,703,080

No significant difference at level of .05.

98 The Journal of Korean Academy of Prosthodontics
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Table 4. Optical density and CFU/disc for control group and all test groups (polished)

Materials Group (n=10)
(polished) Control B
Optical density Mean 0.36 0.272 0.282 0.24¢2b 0.21° .
.017

(660 nm) SD 0.03 0.03 0.05 0.02 0.05

. Mean 2,749,0002 2,380,0002 1,930,000b¢ 1,710,000P< 1,680,000 .
CFU/disc .001

SD 580,435 932,443 604,748 534,264 104,310

1) Statistical significances were tested by one-way ANOVA (OD) and Kruskal-Wallis (CFU/disc) among groups.
2) The same superscripted letters indicate non-significant difference between groups based on Tukey’s post hoc test (OD) and Mann-Whitney test (CFU/disc).

2. FAPHRREOZ B 3.28 2%

[= =]

FAAAE R 4 2 o] &5k 10,000H] ZeiEt /ol Al A7He oldetE g WAt weol whE 19 Ao ¥
EDSE &5to] Aol g ARt 23}, Anprh AR ] ShE Table 50 YEfUiIth. Shapiro-Wilk testE A133H3
%2 Ao 4 mrlol Aoz A2 oo olitetElet 2wl SAEl S T=E37]0) one-way ANOVA

o

B ezt #95iA] oA BEEo] Qle 212 RISt testZ A5, H7HE olAtstEleRs el S]]
(Fig. 3A). FLr vl EollM, Auprk AlYd Ald S i ufet 7 2ol 53 FEe] foArt 2AS I (P <
EDSE &oto] olitate|ehy Ui A7t FdotA #2S A .05). AFEHZS 93l Tukey’s post hoc testS A3t 2
= FASHA (Fig. 3B). LT HiEolA, AntE Al&sHA] 3} 2 Group D (2 wt%) S A|<] et U z] & 7t &
B2 Azt AntE AJHSE A He] obA WS W6l EDS 3] Zro] Folabrk EA5HA L, Group A (0.5 wt%), Group
£ Foll Art of ol wAIglo] BE AlHoA Lot =2l B (1 wt%), Group C (1.5 wt%)ollA tizzol| vls) &3 7
H ojitslElehE Ul AAME ¥ 4= QU1 (Fig. 4A, B

~—

, =7} 271519t B2 Aeld ol dstEleby Ut

Fig. 3. EDS image of 1.5 wt% specimen
(magnification X 10,000). (A) unpolished,
(B) polished. Purple and yellow dots
represent titanium dioxide nanoparticles.

Fig. 4. EDS image of 1.5 wt% specimen
at fractured surface (magnification x
10,000). (A) unpolished, (B) polished.
Red dots represent titanium dioxide
nanoparticles.

https://doi.org/10.4047/jkap.2024.62.2.95 99
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Table 5. Three-point bending test for control group and all test groups

Group (n=20)

Materials P-value
Control B

Flexural strength Mean 141.45 153380 156.70b¢ 159.39b¢ 145.102bc 001

(MPa) SD 18.48 12.61 10.26 10.48 13.84 ’

1) Statistical significances were tested by one-way ANOVA among groups.
2) The same superscripted letters indicate non-significant difference between groups based on Tukey’s post hoc test.

Tof w2 73] Z=e] 2tol= Group C (1.5 wt%)2F Group =ARF ko] 71A1A B gfehA] g4 ’hgo] F7tstaL, o] = ¢l
D (2 wt%)7+o] Zto] & Al|efstal= e 4~ gislth (P > .05) 3 /ol 715t Atz ALR T
(Table 5). Ants 5HA] QoS wf SF =+ Group B (1 wt%)7F ti=
ool H]s =4 =R, M= Group A (0.5 wt%),
aE Group B (1 wt%), Group C (1.5 wt%), Group D (2 wt%)
oM tixwHtt =4 AU ol EF EAA Y
& A5tE ojitetEENE U AR 3D =Y o4 7 L Izt EAfste B0l = $50] A ASH gk, 2
Kol H7¥sto] o2/ el o) FRA 9 &3 o] ¥s} 7189 Ql= RjollAl = Fo0] M= QUL o] 2ol A
& otE 1zt 5kt Karcit®e} Korkmaz!e Uedzke] 4% B 242 Calbicans? S0 |t 20
2%k 115 )k A AU APARS A S ATE A0 Aielc, 1 A7 AU TY 4
d Fell Fast, tlAl Sl = WA FA|=olof gkl ofl A BARte] F Agtel o3t 7t AR Qlst 5
AESNR, Gad 55€ 3D ZAY x4 o] oluste]  Zefstul, ezl o|usteEks RS Htel 38 4
EH LHeQi2S H7KE 1 0.5 - 3.0 wived] e FRlolH 58 3 FAAZTHE BuSo] glon, 50 o) & e
£ 71A4 B0 WA= Ao 5wt o)/de] FFHlolA = Autel xSt AnkE AR5l W o] itetE|Ehg Ui
7IAA EAdo] /gl oFshE| itk B sttt 2 AdolA A i47}°1| wre} thztol| HIs) C.albicans®] 4t vl
= 921/ 2zlol olitetE ehs U AAFE 2 wtdo oJuie] & Ho] S F=7t Aastlet, ol EHQ] 28RVt W)
22 Jrkslet, wd 4=7H0.5, 1, 1.5 wt%e] 5= A2 a1]7<loﬂ 2] QA U dR7F 3o =S5 o] 1A
oAl 37kt A2 A8y At AAISH} =3 Group D (2 S 935 | Ao 7 Helth
wt%)+= Group C (1.5 wt%)°ll ¥]sl| 73] Z =7t Zastle 2 AgollM= Al ®1Ho) oigt 27HAQ A4S sl
o, Liu "2 =& %9 oAt ehg Y dAk= 23y APARAR Y 2t EDS 9745 E9stlt. AntE AlF
of 2o 9 dFAet 4= 2-gste 284 WA 435§ SHA] 952 AlHO] B AojlA iAoz A2 9 oj4tat
gotaL, ol= 22k A& R4S Wallstal oz 2l|Xl o] EJEHE W= dA7E A Q1AL (Fig. 3A), AAFE Al34eh AlH
Ar g Z7HZIHD A543t Quan 592 3D =dY & o] ¥ ollM= L5l B4 B2 49 o] AtetE|EHE Y

Beo|E9) 45t Y AAOE Uxk Ao Wshul o2 wUXE WA 4 UlTk (Fig. 3B). olAatelek LAt
Q13 s 2] Hof 527} Z7kst 718 ol FUsHA BupEIglot EH Aot 4
% 4 ok BIYT o MStEEE A2 05,1,1.5 Al =28 AA Fels] 93, 31 Y 24 AlolA 1t
wite H71 ZolM Y Bt 2ol vle B Ae  AE AlMe] BURE FAAARNFOR BYslln, AW
WAt el B2 7 vk 93 stn el 7189 2 of kol 2l of o) BAIRle] FAskA Huje ol
Y RS PPN A AT A So] B F EEk LeRtE BR1E 4 U9t (Fig. 44, B). ol £
42 Bolth. 3G FE7E 2 wioeolAlE 15 witeel 18l 7 & AW ), 3D TS| Befo]Est 4t ol B
sl oltstel b Legiat Eaule] Z7k2 sl U ol AthHoR Wt ke olastelehy LAt A3

20 A% BAL Y e

K

4‘1 -{N

.'_‘
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gl7lo] theqlahg Ho

ez vl WA obg A o 2 Zhw ] ak g7 713 yjRe}
2] FHol| =59 olietEERg Ul Ahe 2l Eeu et
o] Aghg dR 4 3

Abstelebs Ue ko] Anks AldgshA] o 2ol 1+
’go] A2 UehA] o2 Artel Y=gt

_l

C.albicans®] Aet4sot viepole] EH= 242 5o 2
“’5‘401%1% o ¥seleks LheQlat Calbicans®) #% %
2 Asjste] Zlofske 212 HAsech 3% BHE ©f

o

11]3]'% gl ohFst @A Eo] Qlom mHol 328 A7) A
7}, 223 A7 5 oE 29150 tig F714 Rl Aot
g osiota Abs gt T35, o|AtStE B Ut A} AFA|Q]
oheFet efoll oigh et L JAte] HEol| olsto] A7)
£ HlZEo] tigh F7F A7t 2o s A0 7 AbgHTh2

a2E
# A7olAE 3D ZaY o4 e7lo] o] usteles Ut
w922 G7bsle] @4 el Calbicansol g G174

3} 70l w2 FY BE oS Yohr na ek, AnE A

ot ol FetE ey e dAt 525 0.5, 1, 1.5, 2 wt% &
2 H7hstiE w, C.albicans® et vigool 53

= o|AtetEEHE WA H7IskA] 982 o2kl Hs)
Aasilnt. 339 ' oAbt EHE Y AHE 0.5, 1, 1.5
wto & H7FeIlS w o] AtstEEhE Ui AR 371e
A ok i) vlsl Z7tst o 2 wt%ollA 1.5 wt%
of wjsl ZAstdct. weba 3D ZaF o 2)/4d-Z A7 T o
C.albicans®] w9 /42 Aslist7] a4l 1.5 wt%<] o] 4k
StejEHE e A2 71 s & 4 o
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