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Effect of fabrication method and surface polishing on the surface

roughness and microbial adhesion of provisional restoration

Yeon-Ho Jung, Hyun-Jun Kong, Yu-Lee Kim*

Department of Prosthodontics, College of Dentistry, Wonkwang University, Iksan, Republic of Korea

Purpose: This study aims to investigate the effects of provisional restoration fabrication methods and surface polishing on surface
roughness and microbial adhesion through in vitro experiments. Materials and Methods: 120 cylindrical provisional restoration
resin blocks (10 x 10 x 2.5 mm) were manufactured according to four fabrication methods, and 30 specimens were assigned to
each group. Afterwards, they were divided into non-polishing group, #400 grit SiC polishing group, and #800 grit SiC polishing
group and polished to a 10 x 10 x 2 mm specimen size (n = 10). The surface roughness Ra and Ry of the specimen was measured
using a Surface Roughness Tester. Three specimens were extracted from each group and were coated with artificial saliva, and
then Streptococcus mutans were cultured on the specimens at 37°C for 4 hours. The cultured specimens were fixed to fixatives
and photographed using a scanning electron microscope. For statistical analysis, the two way of ANOVA was performed for surface
roughness Ra and Ry, respectively, and the surface roughness was tested post-mortem with a Scheffe test. Results: The fabrication
method and the degree of surface polishing of the provisional restorations had a significant effect on both surface roughness Ra
and Ry, and had an interaction effect. There was no significant difference in Ra and Ry values in all polishing groups in DLP and LCD
groups. Conclusion: The fabrication method and surface polishing of the provisional restoration had a significant effect on surface
roughness and showed different adhesion patterns for S. mutans adhesion. (J Dent Rehabil Appl Sci 2024;40(3):149-58)
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®H A7 528 3 Aot

| 42 ARt sfebe 24 B £ 1§02 1t
E 4 Utk polymethylmethacrylate (PMMA) & poly-
ethyl/butyl methacrylate (PEMA)E X 35}+= meth-
acrylate = acrylic resing 7|9FO.2 Sh= & 2! bi-
sphenol A-glycidyl dimethacrylate (Bis-GMA), urethane
dimethacrylate (UDMA)Q]— e dimethacrylate ==
bis-acryl/composite resing 7|FFO.2 h= A2 2 L&
o 4 gk

AEHOE YA £35S ARG PHS PMMA
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o2 ol YAl £BES MAtehs 2ol 9

}_\ﬂ'
t}. F|ol= Computer aided design/Computer aided
manufacturing (CAD/CAM) A|AES] ¥FE 0 2 CAD
ZEOHE o]&5t JA EES YARISHL 71 7]
AE ol&sto] Az 4 Qlot. AEAQl WHET A&
o] Bt 7he FUETH SotAt oleis 713
WFALS- Ak 718 (subtractive manufacturing) ¥t B35 7}
3 (additive manufacturing) © 2 RS 5 QJct’ HAF
e olg] ST PMMA E5& 085t Alg &
ta/de WAstL AT FHE {2 dFA = 3
ot 2% N
ZES 71AR 294, nt Ag/d S Holot” ohA|g At
ol &gk e X7t EAYske o] 2 Qlsl] thg LAkt
=l ng

F = o
3 4 9la, 28] WAshe Azl o2 29
7

4% 7leHe NRE o 5 o 5 A5 BAS 3
Halrhe AE WA 02, V1] 378 A 1R

= =
= 7 5] A7) 9Iek 3D ZeEl F9 WA u
T8 ¢ =g EFH S 2 FDM (Fused Deposition
Modeling), SLA (StereoLithography Apparatus), SLS
(Selective Laser Sintering), DLP (Digital Light Process-
ing), LCD (Liquid Crystal Display) ®4] 5] Qit}’
DLP W4e] E28e SLASH: 2] BeIE A3} of
9w 28 AsA|nE AR SE7h e A
o
=

HEme HUEs} gt £YS WE 4 9ol B
O
f .

BRI 2L 4% A £ HY

278k AE Aol AHSEL STk LCD A
o] 3D ZHO| AHEE 574515k DLP 3D Zelejo}
A AESRE 7 2 Aolge 9 ol
LCDE AHgslo] UV BAE Aeis o s npaglsio] 4

Uo7t =842 nfATo] ALE 7155k "Alo] ¢ Wot
A o] M3l ojn|x|¢} o] =2 ST B

SIck= Sjulolu, olo] Tz AT thE BEe] ek
(2]_11\417}_ 7]‘%-3]_]:]_.10,11

3% S8} ulaste] YA SREL EH AW}

_l
J

5t 5l Aol vl AR B M BRI SR et
= E AR)oh Al HH gAND 5 ek
ubRe 9 ook gRHe A oy Fee) U
L REES 9] 98 B4Ael Ao BT dnt
Qe R Aaet 148 Agetel U Al
L Ao Jh ditx o2 AlgElE AlAdE Az
2 9, Thke ARk 3719) At | 9 AR EHe) ok}
270 AHgo] QIeh Aol Thergt dnt o] Lol
%l0] ofel o] 71 Mk AAEIIK] AL of
HmE, " ut FEo] e AR B ANvI%

olof uh& Alat FA=E Hluws] & 227} o

olol & Aol BAL YAl £B 2] A A Con-
ventional, CAD/CAM PMMA milling, DLP 3D print-
ing, LCD 3D printing)?} 3™ 0} = (No polishing,
#400, #800)0l| whe} 3TH AR} Streptococcus mutans
(8. mntans) @] B2 /ol tisl Lopr 1A} 5FSict.

F 12070 LEF A #F T EF(10 x 10 X 2.5
mim) S AEFHL, AL 710l afe AEFS PMMA
resing ©]-&%F A|ZFH (Conventional), CAD/CAME 9]
83+ A2} 7k (Milling), 3D printer resing ©]-8-3F &
3 7FSH(DLP LCD) S & F& BRI, 7 7 30
7He] Al HE v AskgITh(Table 1, 2). ZH Al L thg}
22 A=t ol wrek Aaiic

lo

1) AEAQ ot=ad #Zl& o83t AZEH (Conven-
tional): 217 10 mm, $=°] 2.5 mm =7]9] ¥¥ 4
S Eol AlEst AElE E5E o]85H0 PMMA A
G| X715 &3 resin (Tokuso Cure fast, Tokuyama
Dental, Tokyo, Japan)& $&35}9] 10 x 10 x 2.5
mm =27]9] &% E55 3071 AEFsk3it.

2) CAD/CAME 0|83t A2k 7} (Milling): CAD/
CAM PMMA resin block (Kuwotech PMMA, Ku-
wotech, Gwangju, Republic of Korea)& milling
machine (Promill, Protek korea, Deajeon, Republic
of Korea)©. 2 10 X 10 x 2.5 mm {EH H7 &
2.2 307 ATt

3) DLP, LCD 3D printerZ 0|83+ 5% 7129 DLP,
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LCD): CAD software (Meshmixer, Autodesk)E ©] o] #U5tA Aulstel EHO ARV AEE EYUAT]

835} 10 x 10 X 2.5 mm YE-S t]X}Q15}9Ic} £ A} SFFT) AnkE SR @2 7 (No Polishing; NP),
gxRQlS STL T2 g & printer software]| #400 grit7hK] SiC AntE A|85}= o (#400), #3800 grit
Mesto] spure® 21 2804514t} DLP 3D 7}R] SiC AN} Al8slE Z#S00), & 379 £o.2 U
printer (Vittro Lite, 3delight, Hwasung, Republic FA FERo R ZF 1 10719] AlHE w5
of Korea), LCD 3D printer (Vittro L35, 3delight) #120, 400, 800 grit SiIC ATFK] S 0]-83}6] 10 x 10 x 2
£ 0|85t W FFS resin (DIOnavi-C&B, mm A AO|R7} E| R E AufsiGith. RE AJH Ato]
DIO Implant, Busan, Republic of Korea)% 100 A+ digital vernier caliper® 0] &35}o] gelstyict NP
um®] £ FAR 7] QJR]OIA 3074 AHE & & FHE HRE #120 grit SICE AUME Al8sto] 10 x
S5t BE ABE ofeh 8L 0§30 Al 10 x 2 mm AR AO|E7} =2 Anksisict Al
AL, FEd71(Vittro Q50, 3delight) 2 87t I AIYEEA] o5 W RS 4 QA ERske] diz
OSEEis=g 02 ARSI #400 & YEC] 3 WS SiC ¢n}
A& o] 850 #120, 400 grit7}A] AnfskAct #3800 o+
=0 o} 2 QE0] 3t WS SiC HupKE o]a-510d #120, 400, 800
grit7HA] Anpsiict. BE 9] AlEE 1027 3/
RE A[HE AYE FHPolE(SIC) AntXlE ol§-5t Z5ut NAEI L 24A17F B2t XS TH(Fig. 1)

Table 1. Material used to fabricate the provisional restoration

Method Material Type Manufacturer
Conventional Tokuso Cure fast Polymethyl methacrylates Tokuyama Dental, Tokyo, Japan
Milling Kuwotech PMMA Polymethyl methacrylates Kuwotech, Gwangju, Republic of Korea
DLP DIOnavi-C&B bis-acryl DIO Implant, Busan, Republic of Korea
LCD DIOnavi-C&B bis-acryl DIO Implant, Busan, Republic of Korea

Table 2. Machines used for Milling and 3D printing

Method Material Manufacturer

Milling Promill Protek korea, Deajeon, Republic of Korea
DLP Vittro Lite 3delight, Hwasung, Republic of Korea
LCD Vittro 1.35 3delight, Hwasung, Republic of Korea

Conventional ~ Milling \I;:ﬁ.hls.iCRszi;eﬁ)lock group NP, #400, #800 polished
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FH

™ HEY

I
oA

W AR7|= BHEEEH7|(Surftest Extreme SV-
300084, Mitutoyo, Kanagawa, Japan)& 0] 85} Rag}
RyE 553300 Re RS BREESH7|2 7189 &
wol B AR e elolsha Ry ke El 3419 3
A7 2R ol e A71e] Aozt
g olnjgith. Hz9) BY AWV 54 A, RE AlHe
0B7 ERAE 283 ASGT. EREES7)
71 Q X (cut-off) Act= 0.8 mm=Z, 57 Zo]+= 5 mmZE
ARt AlEE RUEREZAH7] AT H, 0.2
mm/s9] $ER §Hol whsE AWE S
7} Alginkc} 390 250kl Ra 33t Ry 1€ 7153}
et

—_

Hi Y 2 st

B BIE Streptococcus mutans (S. mutans)E 1.5
ml }F|5}o] 13.5 ml BHI A wfjx]of] E5}ko] 244]
2t 27173 vigstQint. vieko] ¥ & biophotometer
(ELX800, BioTek Instruments, Vermont, USA)S ©]&
3}of SiR|ERRIel 34 Al optical density (OD)E Z73}
itk OD ghe] 0.33 0.2 HZEUIL, B Ul At 5=
(1 x 1059} B8 £R|2 BE7] 8l 0.3 ml S. mutans
Rgag olgaeiT). 7 2 3] AL 2EaY
7A@ 22 AY A 27 AR FO 1ag olgs
o] BtAIT 5, 24-wellol] g0} 1 ml QIFEF o] 37°C
oA 1AIZE B¢ vt e 24 Bl Hiufo] FAdE &
AEZZ STt QAZEFHRLS Artificial Saliva (TB0927,
TMALAB, Goyang, Republic of Korea)& ©]-&35}ic}.
Z} well®] A 1 mI O] PBSE 31 A& &, AJHO| &
71 24-wellof] Z}2ZF 0.3 mlQ] S. mutans F-GRT} 0.7 mle]
ATEFH S W 4417 5 37°Col| M 2714 BG5S

- REER] &2 8. mutansg AASH] 15 1 mIR] 2
PBS 2 thA] 33 AlFstsict

7(S-4800, Hitachi, Chiyoda, Japan) AFZ1-S Zadslict.
Ztzko] FHol|A Qo2 3 Aol MHlE AFEl(x4000)S
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EAEML SPSS 20.0 program (IBM SPSS Statistics
v20.01, IBM, Armonk, USA)& AF8-5Fo] xj2latgict. ¢
Al SEEO AMZEF A dnt Jrof ihE 1 AR
2 Yolr 7] Yafl two-way ANOVA (P = 0.05)Z ©]-&3}
o AR5}l Scheffe test (P = 0.05)2 3l A} AR5}

et

it

EH A7) Ragh Ry AZHEA(P = 0.00)7} Ant 4
S(P = 0.00)0] w2} F-ou]gt Afo] & B, F ¥4 7t
BREE(P = 0.00)2 RIS & AU A AT 4
T} FH AAn T (NP, #400, #800)0] whh Ra Zroll 9
o] Conventional, DLP, LCD #& 9]l x}o]& B4
11, Milling 72 2]t x}o] & HO|X] kTt Ry Fholl
2101 Conventional w2 oI5t XFo]& K 31, Milling,
DLP, LCD & {2k xFo|& HO|x] et A=
A](Conventional, Milling, DL.P, LCD)ol| w2} Ra Z}oll
9lo] NP & §2l5h xlo|& B a1, #400, #800 T+
Folgk zFol& HOx] ettt Ry gholl {lof NP, #800
T folgt xHolE B, #400 F& Folgt xpolE

K O|X] &tch(Table 3, Fig. 2).

-

2 3 v=E T M

FARREN A A 2GS Bo AR B 2ES
7] Slol 2 NS AL B, 5. matans 2 A
g Y4 1 47t Gashe A4S B E

k3

x5t Mo npR s 77} 3h7A0] e W 4= 9}
7jQle] Mgt efole 42 Rzl Whgste] TEE &
ANFI BR)A, 71AA X0 §ekS n]E 5 ek &
Ok 27 289 AR 17 ARl Hatw X
of Q3 TG gk B3], xS Ao T AR
AE} & 7T ARl SEE W XE F5
o] Z7kshwl X% x x| WZo| WA} wpapy 2A
Mok Ak AR BY P4S §Uslo] o We Ale &
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Table 3. Mean value and standard deviation of average surface roughness (Ra) and maximum peak to valley roughness
height (Ry). Different uppercase, lowercase letters denote statistical differences among materials

Group Polish Ra (Mean + STD/pum) Ry (Mean + STD/pum)
Conventional NP 3.53 + 0.20" 33.30 £ 2.76"
#400 1.03 + 0,045 11.82 + 0.70™
#800 0.65 + 0.02°F 14,75 + 1.31°
Milling NP 0.79 + 0.04"" 8.78 + 0.69™
#400 0.72 + 0.02°" 9.13 £ 0.58"
#800 0.46 + 0.01" 7.02 £ 0.48
DLP NP 1.29 + 0.76% 10.70 + 1.08™¢
#400 0.75 + 0.02°F 5.09 £ 0.09¢
#800 0.45 + 0.01" 3.71 + 0.20°
LCD NP 1.35 + 0.07" 15.53 + 2.01°
#400 0.85 + 0.03°"F 10.65 + 0.47°¢
#800 0.46 + 0.01" 9.19 + 0.87"
5 50 a
A
4 40
5 3 5 30
© g b
o o
& &
2 2 BC B 2 20 be beg P bed
CD bed bed
1 DL DE oE = 10 l o
i Il &
0 0 Fi
> O ] <Q > O ] Q
(\.&\Oo'b @,@Q O\’ \9 (;\\Oo'b @,@Q O\’ \9
S o
c® ®

Fabrication method

ENP ©#400 © #800

Manufacture method

mNP C#400 ®#800

Fig. 2. Effects of Fabrication method and polishing on average surface roughness (Ra) and maximum peak to valley
roughness height (Ry). Different uppercase letters denote statistical differences among materials.

A3t 2|5 27 G5 SR SEsA Huw et
L 5= go] 17 Yol M A 752 & 4 9
= Fag Aol

FE AR U 70N B AR} A el
9 8 A% Aol niRlE Je BRI A1 B
(R, FBUE AR o B KA 9 2
o 94 BehE SAskn fAleh il St AlEE 4
A AR Ewlols £54 §71R9 Azt v
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Fig. 3. SEM evaluation of bacterial adhesion on NP group
resin surface at x4000 level. (A) Conventional, (B) Mill-
ing, (C) DLP, (D) LCD.

Fig. 4. SEM evaluation of bacterial adhesion on #400
group resin surface at x4000 level. (A) Conventional, (B)
Milling, (C) DLP, (D) LCD.

Fig. 5. SEM evaluation of bacterial adhesion on #800
group resin surface at x4000 level. (A) Conventional, (B)
Milling, (C) DLP, (D) LCD.
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oflx
o]

-

st FESHA @& 4 Qiok §F =24
OE WZiHF R, Ry =5 Ry)7F B 522 4 3len
= 3W vpzhe AAESHA A1stEH Ra 9o thE oj7f
WP ARESHOF gk B Ao M= 7 dibE o2
AFE-E= Raot T 2A49] A3} 2] 1 H7HR] 9] =0
& Uetdl= AR FighE oulshe Ryoll s &
H A& Z5H

Aef o} Besto] X|of =EE9] Ra 0.2 um
Ax7|E BF 2 dlof 5}1,” Wietnam} Eames™
H ARZI7F0.7 - 1.44 pm?l AJHo|| M Z]e] 5 o] A
Shohal H5lQIch B AtolA B Ra ghe BE A3
oA 0.2 um o]4o|B 2 F|t #800 girt ¢t =
7] YA $EZot FYstE 5 ok x|} 7]F
Aol A9, B5eE A1 A 715 w2 At —rXH
2 Qs G+ FEES] Aol A= AFolA F9
g o] uf ¢ F a5

gy

J>* rf r&i oz B rE

¢

Fll‘

>.

2 dFelME Ul 7HR] dAl E5E AR B (Con-
ventional, Milling, DLP, LCD)¥} ¥ Al JE (NP,
#400, #800)o] W2 FH AZV|E S%5t1 v
. 5 AR Rash Ryol efol A= wls) e o
o} Zholl 322 a7t Qo m, AR s 2 A
o % o 20 ARl 9RE sl RIS ¥ 4
Igict dAnf o 2ol A §lo] Conventional 70| 714}
AR B AWNE BY) AvE DA B BS

Milling 0] 7P % ¥ AR7IE B dAuE
35 = Ra gholl 4-2J5k xo]7} gigi=T, o)1= Milling &
zF "halo] u|g] 7Fg% PMMA blockg 0]835}1 burE
S 7IAA 7HE o & Qe E¥E AUEE W FW
ARZ1E Kol7] WiZolgtal AtsHh dutE *lﬁé@
7% DLP o] 7Pg @2 W AZ7|E B} L

L

i

HeEY =S

£ AFoA Conventional 72 YX|E 4] (Milling,
DLP, LCD)S. 2 AZY Xt FH A7 o =9
ot o2 AFRbEol SeiME vt Ay A E QL
" CAD/CAM Milling A&} BHA]0] Conventional
Alar AR o 36 A7 G a ashedan” gk
g 9FA(Milling, DLP, LCD)S.2 ®ZHe QJA| S EER
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t} Conventional A0 2 AZEFE PMMA resino|A] ¢
o g AZX7|E Bustgh” E3F Semonet 570
OJslH 3D printing® & THE YA HEZY BH AR
715 71& 7]& 2 ARG acrylic resin @ bis-acryl resin
YA EEO BH A7} vl sk W, printing®
1Z X2t} Conventional HZF WHAOM O =& W 7
Z71& Lsk ol NP 7oA Conventional 7]
Milling, DLP, LCD &3} -5-2J3t x}0]& Hol&= B oi
2342 SRS Conventional 9] FH AR17}
2o RS AT AR A AT RLE £o2 ETS
1] ol Ao FRHL
FolHE TIXIE WA (Milling, DIP, L.CD)0 2
AR 27 @nt F E AR Rash Ryol 912 7
0|5 HoJx] g3ttt Conventional 72 #800 SiC paper
7HA] AufsiioF RaoflA 919 HAE A (Milling, DLP,
LCD)o. & AZtHE 3} {93 zfo]& Holx] ¢igttt.
9 & Ry #800 SiC paper7Hx] Ausis Tx]€ uhAl
(Milling, DLP, LCD) 2.2 A& 3} §2J3k x}o]& 1
it} o]= AAA O 2 Conventional 70| TFE FHT}
dAnte] Ao o] ohe A e 4= Qlok. E=3 DLP
¢} L.CDE SARCE o5k 235 Holx] ¢kot A4
Mo g E8 WA 7F 3 AXTo|M {5k ZFol7t ¢l
o= I 4 A

CAD/CAM MillingZ} Conventional HJ&+ HHA] ALo]
o] ute| 2o} HeahE vk AoA, Conventional
Az WA E T} Milling 9 3D printing AZF HHAJO A B
LS. mutans BE-E Bt MR Conventional A)|
ZF WA ETE 3D printing AZEF A 0] QA] = E-Foll A
5. ytans B30] ) & 202 UERATAL Bag
FE QAT B AL FAAELEE 0|8
o Aol Wil 23 hAHS Slsigtes, Aok A
P22 AT 27} BANE PIS B
bis-acryl resing ©]-85}% 3D printing$t DLP, LCD
0] PMMA resing 0]85}¢] A=l Conventional, Mill-
ing TR AIE 571 0 RS ST 5 sk ol
UG o & FE3 Anprt 3E|ofof At o] Fato] 7t

2 7o @A e Pok AR 2 A7 AHE
AR W BHS TP AT Yz )
S AR XJoF Feje] 9 9 EEE Qs ApEel o
oh 370l E7Hs 4 lom] ARTIef Al FaH]|
&S 0)E = Qth ERZE B AtollA RIS S mutans
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