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Fill Restorative (Ffill, 3M ESPE), Tetric PowerFill (Pfill, Ivoclar
Vivadent) % 3E° 5% Ha3Z 53 #dxQ Filtek Fill and Core
Flowable Restorative (Fflow, 3M ESPE), Tetric PowerFlow (Pflow,
Ivoclar Vivadent), SureFill SDR Plus (SDR, Dentsply)ES 159
APd 558 Tetric N—Ceram (TNC, Ivoclar Vivadent) ¥ H]
B7rekeitt. i Valo 571 (Ultradent) o] 14%E 2= (VI
3200mW/cm®, 3x) &, dxve EFE EE= (V23 1000mW/cm?,
2020)®  Fgstel  AEE AFEIT. EEE BAS V1A
drrtEgH /A" EAMS ARgsldlem, AlEg wjAe §& 5]
AxzsAdes Briedlth. 331 2= Algs Adste] 34 EE
Frtstlom, vAA HAAEE o]&ste] xWE wAAE AlH
Asktel AR HES #Hrkekdth. ANOVASL  Bonferroni
APFEA O R SASA Fod s AT (e =0.05).
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ZAdo] MASAT[9]. FAS Zo] HFEA]7]7V]
8l Fejo] &FS TAAIIAY, & Y JAE EQdste] A S

HaAAM FAe] whakel Absks HA3YH10,11]. 228 714

Aol MaW B Axe 2ol e e
At T 2EHAE TEAZIZ] S8 2EA
aromatic urethane dimethacrylate (AUDMA) 2}

2
Zold W B4 Agel okAE H7h 2 B

~

addition—
fragmentation monomer, AFM) &< AM-3ta It} o] &gk W&
A= Filtek One Bulk Fill Restorative (3M ESPE, St. Paul, MN,
UsAdel H7betdvh. =8, 59 Hda3d 5% @ SureFil
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2.1. A A=
29 $=3 Wl H3 el Filtek One Bulk Fill

Restorative (Ffill), Tetric PowerFill (Pfil) ¢} 3%F9 H&%

Hag B3 gz2<¢l SureFill SDR Plus (SDR, Dentsply, Konstanz,

Germany), Filtek Fill and Core Flowable Restorative (Fflow, 3M
ESPE), Tetric PowerFlow (Pflow, Ivoclar Vivadent) & 159
AP 55 Tetric N=Ceram (TNC, Ivoclar Vivadent) ¥} H] i
3718kl

Ty AEEx2x25mm) 9715 d A (@8 X 4mm) <
polytetrafluoroethylene (PTFE) EIZ& o|83to] A 25k}
el Eefol= o] dERol= IFS ¥ vs PTFE £:=%8

=2aL, T el 44 53 e 4% F, A AERol=
o=
=

oiff

AE5S oA AAIASTS HAs e AlHE oA 719
TOFE UFgon Ade sEEE 738 19 YeERAT
T4 LED #%3%7] (Valo, Ultradent, South Jordan, UT, USA)Z

3 e xFE R (V2 1000mW/em?, 20%) &2 =3etith

Fed71 "2 Al ARl gHoR WSl SAAAA

sgerdlon, T 5 AL 59 A AR AASI
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| Five Kinds Bulk Resin Composite Materials ‘

| Conventional Composites

|| Flowable Composites |

[ Tetric N }[ Power Fill ][ Filtek Fill

][ Power Flow }[ Filtek Flow ]

Disc-shaped Specimens

[ Specimen Preparation ] | 8 mm DA x 4 mm

Bar-shaped Specimens
25mm x 2 mm x 2 mm

Group V1 VALO
(3 sec/3200mW)

Group V2 VALO
(20 sec/1000mW)

Vicker ' s Hardness)
(N=20/group)

Measurement |

Flexural Strength (3-point bending)
(N=25/group)

Cytotoxicity (WST-1 Assay)
(N=9/group)

GC/MS
(N=3/group)

19 1. Flow chart.



3% 1. Type, composition, and manufacturer of composite resin
=z

RN AR (eFo]) 714 A ZA}
condensable Filtek One UDMA, AUDMA, 3M ESPE, St.
bulk—fill Bulk  Fill DDDMA, AFM Paul, MN,
composite Restorative USA
resin (Ffill)
Tetric Bis—GMA, Bis—EMA, Ivoclar
PowerFill UDMA, Bis—PMA, Vivadent,
(Pfill) DCP, DDDMA Schaan,
Liechtenstein
flowable Filtek Fill Bis—GMA, UDMA, 3M ESPE
bulk—fill and Core Bis—EMA, Procrylat
composite Flowable resin
resin Restorative
(Fflow)
Tetric Bis—GMA, Bis—EMA, Ivoclar
PowerFlow UDMA, Vivadent
(Pflow)
SureFil UDMA, TEGDMA, Dentsply,
SDR Flow EBPDMA Konstanz,
Plus (SDR) Germany
condensable Tetric N— Bis—GMA, UDMA, Ivoclar
conventional Ceram TEGDMA, Bis—EMA  Vivadent
composite (TNC)
resin
UDMA: urethane dimethacrylate AUDMA: aromatic urethane dimethacrylate;

DDDMA: 1,10—decanediol dimethacrylate; AFM: addition—fragmentation monomers;
Bis—GMA: bisphenol A-—glycidyl methacrylate; Bis—EMA: bisphenol A diglycidyl
methacrylate ethoxylated; DCP: dicumyl peroxide; Bis—PMA: 2,2—bis—(4—(3—
methacryloxypropoxy)phenyl) propane; TEGMDA: Triethylene glycol dimethacrylate;
EBPDMA: EthoxylatedBisphenol—A Dimethacrylate




2.2, 7VA ARntE g 8)/Aek B9
471538 AHS 99.9% v ek (Sigma—Aldrich, St. Louis, MO,
USA)el ¥i 25715 ol&sto] 37CeA ZAA /2% (3
cm’/mL) oAl 24717 B SEFIQICT £EES A7 sl
Trace Ultra GC Ultra gas chromatograph(GC)E 4=
AREF A4 7] (MS; TSQ 8000; Thermo Fisher Scientific,
Madison, WI, USA)e]l <dAZAAFHT. dFTEL GC columne
Abgete] FElstlon, o]z Aol 60m, A5 0.25mm % IEF
T 0.25pmA 3L 1:10 =88] FAG dgo] dd Hr=
ImL/min F%5C02 Z2&= itk GC 232 50ToIM 2%
et rhdskelon, 280C(25C/HE  7tdd &
FAEJIL, T F 250 T2 FAsdv. dxp ol Rt
240C<1 el MS ]

rlr

E 20 RER dAsglon, dole
70eVelAl A=F/Asn& (m/z 50-600) & 715383tk A4 24
el A SES REAY A% AAELHS T Fx EF
U o= 3y EF 7)E AFAWNIST) ghelrelg] dlo]ewjo] A9t
Hlwsle]l  ERlshgitt. A 42 butylated hydroxytoluene
(BHT), camphorquinone(CQ), 4—N,N dimethyl aminobenzoic
acid ethyl ester (DMABEE) o] thall <33} %itt.

o
L
N
rlo

o
:{o

oA 32 (HGF—1, human gingival fibroblast cell
line; ATCC CRL-2014)+ 1% AYAH (Gibco,  Life
Technologies, Grand Island, NY, USA), 1%
A E#EvLo] Al (Gibco) ¥ 10% AHloFd A (fetal bovine serum,
FBS; Gibco)e] 3" Dulbecco’s modified Eagle’s
medium (DMEM; Hyclone, Logan, UT, USA)°lAd 37T, 5%
COxZ HF& AWA ajksiitt AM¥xi= 100mm wF A (SPL

Life Sciences, Yeoju—si, Gyeonggi—do, Korea) °| 45—0_}!04 80%
7 A QT l
' |
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=== THE] fd, 97159
Al# (3cm?/mL, I1SO 10993—-23:2021)-% DMEMe| ©1al 24A]7F
< oJF% oA H¥E} ¢ o3 (0.22um membrane filter unit,
Corning Glass Works, Corning, NY, USA)3}th 100% &2
53 AR FEES B4 Atk AEES 1xX10° cells/mL
FTEZ 487 ZA 8| (SPL, Yeoju—si, Gyeonggi—do, Korea) °l|
TR o, 2473 gt wiekeiith. LRk, AlZe] 0.35mLe
100% =3 €A FE2es A $ 1, 3, 79 FF vk
A= 3dwiel A sl

WST—1 (water—soluble tetrazolium salt)+2S £13 EZ-Cytox
AE AEE AAF 71E(DoGen Bio, Seoul, Korea) & A3t
Fekd = (0D, optical density) &= vlo]AZ2 & olE 2lH (Allsheng
AMR-100, Hangzhou, Zhejiang Province, China) & A}&-3}¢]
450nmellA SAslvr. Aozl Alx AEss AP 0D9
NC (negative control) 2] OD9] H|&=Z AAtetgow, A8 74zt
331 33] Wk (n = 9)3to] 33t

2.4.38 =9 AN 9E

=A  E+3} 7]7(0SO, International Organization for
Standardization) 10477:2018 ¥+ wal A2tE 25X2X2mm
A71e) vy AlEE o] gekditt A AR & AlBEe TRT
G7A 37T o T el 24417 T RSk 3% 5
Ade HE AlF 714 (Universal Testing Machine, TW—-D102,
Taewon Tech, Bucheon—si, Gyeonggi—do, Korea) &
FAE o, FFLS Imm/mine dAHE ARAIHY=E HEE
ged wjzhbx] Zhskdlth Ao sk (F)o] SAHNL, =5 A=

(o) Y&

OH
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3FL
2bd 2
A7l F (N) = &t 219 835, L (mm) = 52 A A~
Z0](20mm), b (mm)= YH], 7183 d (mm)= A B Fro]},

Flexural strength (o) =

2.5, HIAL mARE A

G718 AldS A& 7hato]l & AFE (240, 360 ¥ 1200 95 =

debiHs dnbebdln AlAE AHe Fiael 97k 37 T
T Holl 24413 FoF AT MAAE SHES BAS

A A E AlF AR (HMV-220B; Mitutoyo, Kanagawa, Japan) &

Abgate] Fastgith. Al 200 gFo] ¥& 156% F<F 7hekqith

A~ ZAE B]E& (Vickers hardness ratio, VHR)E AHH-¢}
2ol vHAA HAE 2 (Vickers hardness number, VHN) 2]
2V7y JAE T35 F v a2 wek AArsksith

VHR = (& VHN H+ 3t/ A% VHN H73h) X 100%

AZ FoHL dduiA EAHEA (one—way ANOVA)S 53
7 ekgl o, o]%-o] Bonferroni Ua HlI HAS

A7+ SPSS 25.0 (IBM, Chicago, IL, USA)E AE3}o]
A (P <0.05)
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719 2. Quantitative analysis of butylated hydroxytoluene.
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19 4. Quantitative analysis of DMABEE.
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1% 5. Cell viability assay.
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719 7. Flexural strength of group V1.
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1% 8. Flexural strength of group V2.
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19 12. Vickers microhardness of group V1 (high power

mode).
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719 13. Vickers microhardness of group V2 (standard mode).
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1% 14. Vickers microhardness of condensable composites.
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1% 15. Vickers microhardness of flowable composites.
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19 16. Vickers microhardness of composite resins.
Pfille] -5 Alglsta 2E 53 ddeA ViTd V2is
e W Aol siteld B fo7 A7l #AH

(xP<0.05, *xP<0.01, #x+P<0.001, ##xxP<0.0001)
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1% 17. Vickers hardness ratio.
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Abstract

Effect of rapid high—intensity
light—curing on elution analysis,
cytotoxicity, flexural strength
and surface hardness of bulk—
fill composites

Hye Jo Keum

Department of Dental Biomaterials Science
The Graduate School

Seoul National University

(Directed by Professor Shin Hye Chung)

1. Purpose: In this study, we evaluated the elution analysis,
cytotoxicity, and flexural strength of several types of bulk—fill
composite resins when polymerized using a rapid high—
intensity light—curing mode and a standard mode.

2. Materials and Methods: Two condensable bulk—fill composite
resins, Filtek One Bulk Fill Restorative (Ffill, 3M ESPE) and
Tetric PowerFill (Pfill, Ivoclar vivadent), and three flowable
bulk—fill composite resins, Filtek Fill and Core Flowable
Restorative (Fflow, 3M ESPE), Tetric PowerFlow (Pflow,
Ivoclar vivadent), and SureFill SDR Plus (SDR, Dentsply), were
compared and evaluated against one conventional condensable
resin, Tetric N-—Ceram (TNC, Ivoclar vivadent). The
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experimental group was polymerized using the high—power
mode (V1: 3200mW/cm? 3 seconds) of the Valo light—curing
unit (Ultradent), while the control group was polymerized using
the standard mode (V2: 1000mW/cm? 20 seconds). Elution
analysis was performed using gas chromatography/mass
spectrometry, and cell toxicity was evaluated by eluting
specimens into a culture medium. A three—point bending test
was conducted to evaluate the flexural strength, and a Vickers
microhardness test was used to assess the surface hardness
and the ratio of hardness between the upper and lower surfaces
of the specimens. Statistical significance was analyzed using
ANOVA and Bonferroni post hoc tests (a = 0.05).

3. Results: The elution analysis revealed differences in the

detected amounts of DMABEE. Significant cytotoxicity was

observed in the cell viability assessment for both Ffill and Fflow.

Ffill exhibited high flexural strength, while other composite
resins showed no significant difference between high—density
mode and standard mode polymerization. Vickers
microhardness showed no significant difference between high—
power mode and standard mode in the upper portion of Pfill.
However, in the lower portion of Pfill and in the upper and
lower portions of other composite resins, it was significantly
higher when polymerized in the standard mode compared to the

high—power mode.

Keywords ' rapid high—intensity light—curing, bulk—fill
composite resin, gas chromatography/mass spectrometry,
cytotoxicity, flexural strength
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