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Evidence-based Management of Root Caries and Vital Pulp Therapy

—The Latest Clinical Practice Guidelines—
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Oral Medicine Research Center, Fukuoka Dental College
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Fig. 1 Palatal view of the right maxillary first premo-

lar to first molar showing active root caries

Table 1 Recommendations and summary of evidence in the non-invasive management of root caries

CcQ cQl CQ2a

CQ2b CQs3

Fik 7 v ALYIRL A s A
+250~900 ppm F

5,000 ppm F 38%
7 v AtYIBL A A

79y 7 I ViR

7 vAtBL A Al (R34 F)
HEARE DR LT RE f=s {353
(zEFv 2 (#) (#) (fE) (#)
DHESEME)
5 b [Al{E D 27/100 18/100 56,/100 28/100
s R (18/100~38/100) (8/100~33,/100) (32/100~94,/100) (10/100~60,/100)
pSE 2PN LV THFTTELRAN LT T TEROER KA (EfE)

#, BN

BEEE #H (1 H1~2[A) #H (1 H1~2[H) A 2[5 iz 1
ESYi(WaRis L THTT T T N#EZAY Yy 71k BE TadzyiaFr 7y

*:1,100~1,500 ppm F
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Table 2 Considerations in dental pulp diagnosis for vital
pulp therapy
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5) World Dental Federation. Promotion dental health
through fluoride toothpaste.
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health-through-fluoride-toothpaste (2023 4£8 H 31 H7
72 R)
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7) Kang SH, Shin YS, Lee HS, Kim SO, Shin Y, Jung IV,
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8) Sabeti M, Huang Y, Chung Y], Azarpazhooh A. Progno-
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A

AL T, HRENTWE LT T 4L Yy Dk
KRB I U T B>V T, EEAKICREROW
KEE, RUA VICRERIBROGH» 6 5 HE I 0T
= THmFHO LR K L 2 OBfRM:E S0 L 7.

BRICB T 2 RERDIUZ L SV 74P D
BT X BAKMEICEZ R, 25907 74P 0D
HOEOIC k2 aEICEEL 52k, 3V 74
LYy QWK EEEICHBIRIRIZAD kv, & LT,

o6 H5E

MEE L VAE

1. # #

KR CTHOTZENVI 74 VLY v EZ DM %E
Table 1 IZ™T,

AFRFHD NV 7 7 4V LYY, GRACEFIL Bulk Flo
(GBF, ¥—<—), Sonic Fill 2 (SFR, Kerr, USA),
Tetric N-Ceram Bulk Fill (TCB, Ivoclar Vivadent,
Liechtenstein), ¥ & ¢* BEAUTIFIL Bulk Flow (BFB,
WE) % iz,

2. 5 &

1) B ofEsl

AR IZERZ 150 mm, EE 1.0 mm OMEAT7 L
ZBIDEGHRNENN T T AN L P ETRLUAAR, RAT4
FHIATHEBE LGB oEAES L, "V T74 0L
YOEAICERN OOERED 80 mm TdH 3 GIHE 2
(G-Light Prima 1I Plus, ¥ —3 —) % AT 1200 mW/
cm’DHHEE T, %2 90E LT 10 oL
7o, JEMRBHIMEAT Y, AFF 180 MR 21T -7z, %
D%, KB (Struers, Denmark) @ #1000 THf
EL, ZAEAKICTI0HBEREGRETo7. 351,
STPCOZKBARC2ARMMRE L, BEA2KTIELLD
ZEBARBA E L. BB, PokEEBEM (n=5)
D 20K E EEHER (n=5) ®20/L L, &iF401K
fERLL 7z,

2) WK ER

ATEEDANNVZ 7 4 VLY T L 723 BR A TR L
T, JIS6514 : 2013 ICHE U 7o Wk EkBR 2 1T - 72, &alBR
RFIEZgbr A4 F L La L b2 TR E LR
(SILICA GEL, F—=¥72) O A-kF 7 —2—NIcf
L, 3rCoEIRAIC 1EBIRE Lz, 24 R oB &5
P01 mgl FTH5 T L2HERL, HEL -3k
FOBERZmE L, R 0BERICO W CE TR
(Sartorius BP210S, Germany) % Fi\CEHAIL 72, Wk
AR % 7 HIEZAEKICRE S TTo 7. kg
OPE B %2 ZH K2 5 HLD H L T 60 B&z i ilE
L, COLEDERZ2ml & Lk Z0% #BEh2E
XS CHEEEZEL, m2 & Lz, MR ofE
2V ELT, Bk (ug/mm®) OFHRE U TICRT,

Water Sorption= (ml1—m?2) /V (¢g/mm?)

WKEABR DG NV 7 7 4 VLY v OFEFEHDE DT
44 L7 (n=5).

3) tBEOHIE

EAEDOME L T, HERICR7 A4 v (Ry - b—
Ya, ¥VV) 2w FREL R oGEFHE S
HEE (CM-3610d, 2 =43 /%) THIEL K
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Table 1 Bulk-ill resin composite used in this study
. Composition Filler contents Lot
Material Cod Manufact
aterials oce anutacturer Matrix Filler (wt%) Number
GRACEFIL Bulk Flo GBF GC, Tokyo, Japan Bis-MEPP Barium glass 70 1812112
Sonic Fill 2 SFR  Kerr, CA, USA Bis-GMA, TEGDMA, Zirconium, silica 835 5945044
Bis-EMA oxide, ytterbium
trifluoride
Tetric N-Ceram Bulk TCB Ivoclar Vivadent, Bis-GMA, UDMA Barium glass, ytter- 78 V30196
Fill Schaar, Liechtenstein bium trifluoride
BEAUTIFIL Bulk BFB  Shofu, Kyoto, Japan Bis-GMA, UDMA, Bis- Glass powder 725 91835

Flow MPEPP, TEGDMA

(S-PRG filler)

FIA VICERESHET, CICREL-EHESET7H

MR L7, 2ok, HEGHZHAEL, REMKROE
ZRM LU, BEICEEL TEEBLPEN O E 74

WONEHEFTNT, B R TiTo %, &Fi 1976CIE
L¥a*p*RaRIC L v aWrL, HEL" (H-8) &, HE
LRETH S a" (F-#k), 8BLFb* (& )%*mt
Z o, MBEEOMEM & ABEBEONMEMEDETH 5
AL*, Aa*, Ab* %R T, AW EOETH 5 AE*ab
FHME L7z, &8, AE*ab #HH T 2720 0 HEA% D
TR (03R7 4 RE, 1IER7 4 ViRERON
EfEE L7z).
AL*=L,—L,
Aa*=a,—a
Ab*=b,—b,
AE*ab=[(AL*)?*+ (Aa*)*+ (Ab*)*]V2
%7z, AE*ab kE L ¢, Ao@ERBIEICTE 2 &
HICEE T\ % CIEDE2000 (AEy) d B H L THhig
L7z, AEDFHEAZ DT ICRT.
AL'\2, ([ AC' \2, [ AH
w0 (e, ) +liese) + sy
( AH' ”1/2
KHSH
S, Sc, SyldEAMREZERL, Rridu—7—3 a3 V1%
Hchsd, £z, K, Ko, Kydvg X U v 7EEIT ]
WKREL TV
B DEAFIZ NN T 7 4 VLY OREEHDE T 45
L L7 (n=5).
4) WEEHENT
BT T 4N LYy OWIKER K CIRT 4 ViR
# ot DI FHEME S ERERZE (SD) TRIL, —t
EiED T2 ot Lz, ZVv—T7HoEEEI
2\l Tukey’s multiple comparison test Z > C,
HEKEE 005 DEAFTHNT L7z, £ 7z Pearson DFEZHA
BB EZ VT ALY 74 0L Yy DKE L D
BB Z T L7z, T—2 Offfriciay 7o =27

AC )

) R0 s

Table 2 Result of water sorption test (ug/mm?®) which
evaluated as mean=SD of specimens after 7 days
of distilled water immersion (n=5)

Group Water absorption
GBF 11.3+0.2?
SFR 158+0.3°
TCB 16.1+04°
BFB 19.7+0.8¢

No significant difference by Tukey’s test (p>0.05) if
marked by the same letters in the same column.

(JMP Pro 16, SAS Institute, USA) % w7z,

& R

1. WKkE

Wk 3BR TR 5 N7 K& O —TnELE 28I O #
R, NI T4 NP VDEVICEBZERLENRD S
N7 (p<0001l). L7doTNLZ 7 4L Y v DEND
T Tukey’s multiple comparison test & & b 9H7 % 1T -
7= (p<0.05).

FEoNN T T 4N LY BT BkIKER Table 2 1IZR
T, WAKEIZOWTHK L7 & 25 GBF2811.3+£0.2 ug/
mm® &, fgfFIC i L CRRICEWEER L2, WL
T BFB £ 19.7+0.8 ug/mm? & b fFic il L THEIC
EWE% 7~ L7, SFR (158+0.3 nug/mm?® & TCB (161
+04 ug/mm®) ORI, BEAREZED Lh o1z,

2. B8 =

FIA VBEIBZOHEGTE SN AE*ab & AEzD
—TURLE BT OFER, VT 7 4L Y v DEVIC
FOEBLRENPZD LN (p<0001), L7zdoT N
TT 4NV Y VDENIT K B EEIZD W T Tukey’s mul-
tiple comparison test iZ & » o7 Z 1T -7 (p<0.05).

R4 VREBEHIHRORKF % Fig. 1 1cRd. £/, &
NV T 740 Y BT 5AE*ab B & NAE %
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GBF SFR

Before

After

TCB BFB

Fig. 1 Specimens before and after immersing in red wine

Table 3 Result of color change which evaluated as mean AE*ab=+SD or AE;,+SD of specimens after 7

days of red wine immersion (n=5)

Color change

Group

AL Aa Ab AE*ab AEy,
GBF —81£17 38+11 —02+07 871212 9.2+242
SFR —144%+12 61£12 23+21 159+2.8° 15.7+3.0°
TCB —127+18 58+07 42+13 146+23° 14.1+24b
BFB —90%09 18407 251412 270+1.2° 17940.6"

No significant difference by Tukey’s test (p>0.05) if marked by the same letters in the same column.

Table 312789, AE*abic oW TR L7z & & A GBF 28
87£21 &, fhgEfFictig L THERICEWEZRL 72,
NLUTBFB2Y270£12 &, fb&fFiclii L CHEICH
W%z~ L7, SFR (159+28) & TCB (146+23) o
flicix, BRAEEZEED Do/, AETHEELZZE C
%, GBF #892+24 &, 130 D&M L L THERICE
Wiz "L, SFR (157+30), TCB (141£24), BFB
(179£06) OEICHEERZZRBD 2P o7z,

3. 1HRARAMR

ek EER & (7512 81 B Pearson DFERAM RS E 43
WFLTZASR, NV 774 0L Y0 OfukE L EBIC X 3
AE*ab 8 X N AEy ODRNC AR R IEOMHEN: 2 Ed 72
(r=0.899 ; p<0.001).

Z B

AR CcBEIcAVwsNa vy Yy LY ViR
MICHEBBE D DB 2 MR T2 L EE NS, L
L, OBENOKDIC L 2EE2ZITFTCavyRyy bLY

VIR ESCOREMET T2 LREINTE

D, NLZ T 4N LY BV TS RBEOMHEALED 5
N EWESNT0REYD KTV Z 7 401
DV DBEBOHIRIKME EEMIC X B EEICEX B
W, WAKBBIWR7A vick 350B00LEE AL
Tt L7z,

b OWERIE 99% 2K TR SN 2 HHIRTH 5 72
b, WIKRERTIZAREKEH VS 2 L COENEZEEL
Tii- 7%, Z OfER, GBF »Mbigefiic ik L A Eic
BTk EER L, aryR Yy LYy oA
EHETHE< Iy 7 ALY Yy, BEETHSB 74
5 — L ZOREWIMTH B 5 Ay 7V v ZHEN
2T, BEAHBAICEAGREN 2 ETHERIATY
B GHINBET YV ZALYYRT 4 T — 3l
WEHICEDELLD, avA Py bLYrIEics
BB #» dH 5. Ferracane i¥, 2> R¥ vy FL v
FHENZ< MUy 2 2LV U, WokMEE oREFEMED
BOEHELTwBY, = Y v 2 2L YT bisphe-
nol A-glycidyl methacrylate (Bis-GMA), urethane
dimethacrylate (UDMA), triethylene glycol dimethac-
rylate (TEGDMA), bisphenole A-ethoxylate dimethac-
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e
CHy <
io)_/ o%}oﬁ OH °

HoC o}

Bis-GMA

o
O
CHj /—/ ‘ézCHz
~

CH,

Bis-MEPP
o] CHy
HoC Jk e ‘\/o\/\ /\/Ow/g
ﬁ/ (o] o] CH,
CHs o
TEGDMA
j‘ng . (E CHz CHj, o‘ C‘H3
Hac” W N o ‘ y \1\ N J\ P /O\T/xx\ CHy
° e '
UDMA

Fig. 2 Structural formula of each matrix res-
ins
Bis-GMA ; bisphenol A-glycidyl methacrylate,
Bis-MEPP ; bisphenole A-ethoxylate dimethac-
rylate, TEGDMA ; triethylene glycol dimethac-
rylate, UDMA ; urethane dimethacrylate

rylate (Bis-MEPP) % ER%F 651229, K< Uy
ALYy oERE Fig. 2 ICRT. #D7%H T Bis-
GMA % TEGDMA (&K MEAE W Z & PE ST
22220 KR CHWE ALY T 4L LY YD b
Vw7 ALYy THEET % &, BissGMA % &% SFR,
TCB, BFB ®W/KES GBF & e L THEICEWE
KLU, BEOHE & T R E 2o 7. Bis-GMA iZ
Lg=ickigR (OH#) 26T 28kiEE/ ~—Th
D, KT LEAT I ETRKBIEESNEDTIE R
VW EBEIN TS5 %7 Bis-GMA 3Kl
{, 749 —%2WET2ELEPHREETHBLD
TEGDMA Z#HBRM E L THWVBE I RS,
TEGDMA ofbic & En s = — 7 IvisEass, FERIC
EOBKEEZ D DD, WAKEPEL 22 2 EPREX
hTw35%  Zzo7® Bis-GMA ® TEGDMA % < +

NIVT T 4N LYy ORIk L E 267

Uy 2 2L Yy ELTHWZaryR Yy by vidEw
WoktzHT 2 EE2 60522 &L Bis-MEPP %
UDMA 3 #EIc KR 2 & £ iz, ok s
flasnTwa®?  K§F%cix GBF 43— Bis-MEPP
BEATHWD, BKEBTIZIh s O L —8T 55
Rihkot, —H, BEYTOo<Lr Yy 22LY v 0E
EBDEW EBOKEPEMNT 5720, 714 5 —DEEFED
BONTKBICHEL 525 2 EAREIN TP,
KBFFRICB W, 74 7 —EEBEPRDEY GBF 2
FEwEkEEZRTHERTH -7, Uk L2 7 401
LYY OECOPOKEICHE R 52 70, IR 1
FEAI NI,

aYRYy FLYVOERIE, 7472 Uy
ALYy, BEORBMICKET 2 ARk L, WG,
Jebl e E OIS & BAMREERICS T 50 52 AR
RCRFEOI X 2OHOENMEHIRT 52720, FuA v
IR 2 BB I CEOQDOF 21T o7z, K714 Vi
EOicET2Er0ME BT I HVLENTS
D, RV 72— LEy v =ovPEENTHLAHETE
ARG E SN Tw Y BB o @I Lo S I
1%, 1976CIE L*a*b* # & 0" CIEDE2000 % i v 7z,
CIE1976 & b sk 515 AE*ab 1T & b 435 O $fifl»s
A[ETH b, Paravina 5 IZ AR EWICEABTE 20D
O ORBIEIC O WTHE L Tw Y, MATo®E T,
AE*ab T3 33, AEy T2 23 %H 2 2 & —MIIctaniE
WELTHEBRTELLEINTWLBSY KFgecit, +
RTDONNVZ T4 VLY T RELBER ER->TWw3
720, RUA Ik B2EOPRENICTER I NI LEX
5N %, OFHEDERY 5RO 6 Ntz BFB 28
fbgefric bz L B RICE {, GBF BRI ED» > 72 &
ED D, EMHFICHEEL TGBF ZEBLICL WIS
Do, UEXO ANV 740 LY v DEVHER
WWHEA 525 EPRBEINID, REEE 2 135
Hxhiz,

aAVERY Y LYY OEGEIIWKNE E FKREICERET
LG s TV Y, AF%ICE WV TH GBF Ok
M @EPIBD N7 T 4 VLY kLA B
{, XL TBFBIZERICEWEZTL, Pearson DFEHE
HEBEARECTIX oK M: & 78 o RIC 150 W IE O AHBEBEfR
(r=0899) »FEDH 5N (p<0.001). $ZHbbH, WKk
DEVINIV T T 4N LD VIR TA VT & B EAHEE
THol T LRBE N, RERH 3 ZENShE,
PlLEX D, Bis-MEPP 2 &4 7 % GBF A3 b (€%
KEEEBICE 2D THREAZIED bR, &y
GMA #&47 % SFR, TCB, BFB t A& 0D
iz, gemmewaﬁmaICBmm@Lfﬁak
BWKE E@EZEORL. ChE< )y Z2ALY Y
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KIAMAKDREENT T 4 5 —MRET 2 2 & CREM X
DI L CHEESEET 2720 L EX 5T L3,

7, arvRYy PLYVIIEET ZRKIGE ) v —
KA T % & THEMINERE 2D 8, Sz
ESE 2 EHWMEINTLRUEY KRICB LT
37 4 7 — DR, ZOMoRs OB OIS
BT HERTETORYL, IN6OHEICO>VLTIES
B 6% BMEEE T, RHT 2 0ELH 5,

& &

PV T T ALY IS & D IRKIE & E R MR TE
BICRL L, &, WKRLEOHZEOEZEAE b B XU
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Effect of Water Sorption on the Discoloration of Bulk-fill Resin Composite

SUGAI Rintaro, KoBayAsHI Mikihiro, NrizuMA Yuiko,
MizukAaMmI Hiroyuki and MANABE Atsufumi

Department of Conservative Dentistry, Division of Aesthetic Dentistry and Clinical Cariology,
Showa University School of Dentistry

Abstract

Purpose: Bulk-fill resin composite (bulk-fill resin) permits better light transmittance than conventional light-
cured resin composite and can be polymerized even in deep dental cavities that are difficult to reach using
light irradiation. Resin composite loses its mechanical properties due to water sorption and becomes discol-
ored over time. However, there are few reports on the water sorption and discoloration of bulk-fill resins. In
this study, the effect of water sorption on the discoloration of commercially available bulk-fill resins of differ-
ent compositions was evaluated.

Methods: Four bulk-fill resins were tested: GRACEFIL Bulk Flo (GC), Sonic Fill 2 (Kerr, USA), Tetric
N-Ceram Bulk Fill (Ivoclar Vivadent, Liechtenstein), and BEAUTIFIL Bulk Flow (Shofu). Each was filled
into stainless steel molds (diameter, 150 mm:; thickness, 1.0 mm), polymerized using light irradiation from
opposite sides for 90 s each, then polished with waterproof sandpaper (#1000 grit) and kept in water at 37°C
for 24 h. Water sorption of each specimen was measured following the standard JIS6514: 2013, dried using a
desiccator, immersed in distilled water for 7 days, then weighed (n=5). The specimens were dried again,
weighed, then the water sorption was calculated. The specimens were immersed in red wine for 7 days at
37°C, and their color tones before and after immersion were measured using a spectrophotometer (CM-3610d;
Konica Minolta). The color changes due to discoloration of the bulk-fill resins were quantified using CIELab
(AE*ab) and CIEDE2000 (AEy,) values (n=5) and compared using one-way ANOVA. Tukey’s multiple
comparison test was used to determine significant differences between groups (a =0.05). Pearson’s prod-
uct-moment correlation coefficient was used to analyze the correlation between water sorption and color dif-
ference of the bulk-fill resins.

Results: GRACEFIL Bulk Flo had significantly lower water sorption and color difference (AE*ab, AEy,) in
comparison with the other bulk-ill resins, while the corresponding values for BEAUTIFIL Bulk Flow were
significantly higher than the others. All bulkfill resins had color differences that exceeded the value consid-
ered to be visually discernable (AE*ab>3.3, AEy,>2.3). Furthermore, a positive correlation was observed
between water sorption and color difference (p<<0.001).

Conclusion: Water sorption and discoloration differ markedly among various bulk-fill resins. A strong posi-
tive correlation was measured between water sorption and discoloration. Water sorption of bulk-fill resin is
an important factor affecting discoloration.

Key words: bulk-fill resin composite, water sorption, discoloration
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Table 1 Materials used in this practice

Materials Manufacturer
Typodont D16-SW.C.30 NISSIN
Cavity preparation DIA-BUR FG CE13F MANI
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Dentsuply Sirona
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Paste (universal)
Tooth primer
Ceramic primer

Kuraray Noritake Dental
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Fig. 1 Questionnaire administered to students after
practice
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Fig. 2 Responses to Question 1“Are you inter-
ested in digital dentistry?”
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Fig. 3 Responses to Question 2 “Do you think
this practice is effective for learning?”
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Fig. 4 Responses to Question 3 “Did you gain
a better understanding of CAD/CAM
inlay restoration using an intraoral

scanner?”
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Fig. 5 Responses to Question 4 “How difficult
was the content of this practice?”
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Fig. 6 Responses to Question 5 “Which step
was the most interesting for you?”
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was the most difficult?”

o

(%) ISt % v 2 RO FIREHS L i L <, IR
1&)x#&f*%mmém%%ﬁ%8®i5tﬁﬁbi?#

80

60

40

20

2019 2020 2021 2022
mIERICHEE mffH orsoTch v
DLV mIEEICEL »

Fig. 8 Responses to Question 7 “How would
you rate the use of the intraoral scan-
ner for impression-taking compared
with conventional impression-taking
using impression materials?”
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Fig. 9 Responses to Question 8 “As a dentist,

do you want to practice using a CAD/
CAM system in the future?”
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Fig. 10 Responses to Question 9 “Do you

want to continue taking practical
practice using the CAD/CAM system
in the future?”
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Table 2 Question 5: “Which step was the most interesting for you? Please describe in detail

why.” The most common answers to the following questions
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Table 3 Question 6 : “Which step was the most difficult? Please describe in detail why.” The most

common answers to the following questions
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Table 4 Question 8 : “As a dentist, do you want to practice using a CAD/CAM system

in the future? Please describe in detail.” The most common answers to the

following questions
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Table 5 Question 9 : “Do you want to continue taking practical practice using
the CAD/CAM system in the future? Please describe in detail.” The
most common answers to the following questions
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Table 6 Question 10 : “Please freely write your opinions and impressions about this training.” The

most common answers to the following questions
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Effectiveness of Digital Dentistry Education Using CAD/CAM Systems
and Future Issues

NizuMmA Yuiko, KoBavyAsHI Mikihiro, SUGAT Rintaro, HASEGAWA Masataka and MANABE Atsufumi

Department of Conservative Dentistry, Division of Aesthetic Dentistry and Clinical Cariology,
Showa University School of Dentistry

Abstract

Purpose: We conducted a questionnaire survey of students who undertook CAD/CAM inlay restoration
practice using an intraoral scanner as part of basic restorative training at the Showa University School of
Dentistry for third and fourth year students, and examined the educational effects of this training and future
issues.

Methods: Questionnaires were collected and evaluated for students who attended the practical training
from 2019 to 2022. The questions were as follows.

1. Are you interested in digital dentistry?

Do you think this practice is effective for learning?
Did you gain a better understanding of CAD/CAM inlay restoration using an intraoral scanner?
How difficult was the content of this practice?
Which step was the most interesting for you?
Which step was the most difficult?
How would you rate the use of the intraoral scanner for impression-taking compared with conventional
impression-taking using impression materials?
As a dentist, do you want to practice using a CAD/CAM system in the future?
9. Do you want to continue taking practical practice using the CAD/CAM system in the future?
10. Please freely write your opinions and impressions about this training.
Results: The results of the survey were as follows.
1. About 60% of the students answered “very interested” or “interested.”
2. The proportion of students who answered “very interested” and “somewhat interested” was approx-
imately 90% in 2021 and 2022.
3. Approximately 70% of the students answered “considerably deepened” or “deepened” in 2020, and
more than 90% in the other years.
Approximately 80% answered “very difficult” or “difficult” in 2021 and 2022.
There was substantial variation from year to year.
In all years, cavity preparation was considered to be the most difficult step.
More than 50% of students answered “easy.”
More than 80% of students answered “very much” or “quite a lot.”
. More than 80% of students answered “agree.”

Conclusion: A questionnaire survey on CAD/CAM inlay restoration practice using an intraoral scanner
revealed that approximately 90% of students felt that this practice was effective for education in FY2022.
However, various issues, such as the lack of digital equipment and the quality and number of instructors,
were also identified. Additionally, the results suggested that students wanted to practice using the CAD/
CAM system as dentists in the future, and wanted to learn more.
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Table 1 Features of sheets used in the present study
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Table 2 Combinations of rubber sheets and

caulking materials with abbreviations

Group Material Color Thickness
Latex Blue (LB) Latex Blue  022-033 mm Dentto-dam  Todent Caulking
Latex Green (LG) Latex Green 0.34-04 mm (D) Dam (T)
Non-Latex Blue (NLB) Polyisoprene  Blue 0.2 mm LB LB+D LB+T
Silicone Purple (SP) Silicone Purple 05 mm LG LG+D LG+T
Each group’s name is written as a combination of the initial letter NLB NLB+D NLB+T
of the material and the initial letter of the sheet color. (n=10) SP SP+D SPHT
(n=10)
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Fig.1 Percentage of leakage through the gap

Before After

between the model tooth surface and the hole
in the rubber sheet (a: Group LB, b : Group
LG, ¢ : Group NLB, d : Group SP)

‘Before’ shows the weight of the cotton roll before
the start of experiment, and ‘After’ shows the weight
of the cotton roll after rubber dam setting and water
injection. * : p<<0.05
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Fig. 2 Accidental dehiscence after removal from dental models

Groups LB and LG show dehiscence starting from the hole

(arrows).

Table 3 Percentage of accidental dehiscence after
removal from the dental models

Group LB LG NLB SP
Percentage of dehiscence (%) 80 100 0 0

Only groups LB and LG showed tearing from the
margin of the hole (n=10).
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Fig. 3 Percentage of liquid leakage after filling the gap with caulking materials
(a:LB+D,b:LG+D,c:NLB+D,d:SP+D,e:LB+T,{: LG+T,g:NLB+T, h:SP+T)
The weight change of the cotton roll is compared in all group.
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Changes in Sealing Performance with Rubber Dam Isolation
Using Different Materials and Instruments
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Abstract

Purpose: Rubber dams are widely used to isolate diseased teeth from the oral cavity to perform antiseptic
procedures. Though rubber dams are thought to be good at isolating diseased teeth, there is a risk of leak-
age from areas of poor fit between the rubber dam sheet and the surface of the affected tooth. Various rub-
ber dam sheets have appeared in recent years, but few studies have compared their performance in isolating
the treatment field based on the characteristics of each type of sheet. In this study, differences in the amount
of leakage from the treatment field with each type of sheet used in rubber dams and methods to decrease
the impact when leakage does occur were investigated.

Methods: To detect the amount of leakage from areas of poor fit in the rubber dam sheet, a rubber dam
was used on a jaw model with artificial teeth using four types of rubber dam sheets of different materials
and thicknesses. After injecting water with an air turbine toward the tooth to which the rubber dam sheet
was attached, the weight of cotton rolls fixed under the clamp was measured with a precision scale, and the
weights before and after the experimental manipulation were compared. To investigate methods of reducing
leakage, edge caulking was applied around the entire periphery of the affected tooth cervix after the rubber
dam was affixed, and, as in the abovementioned method, the change in weight of the cotton rolls was mea-
sured.

Results: The results of the comparison of the amount of leakage with the different types of rubber dam
sheet revealed a significant increase in the weights of the cotton rolls from leakage only in the thin non-latex
sheet group as the NLB group, whereas the LB and LG groups, which were latex sheet groups, showed
dehiscence from the hole. In an experiment with edge caulking added to the rubber dam, no significant
increases in weight were seen in any group.

Conclusion: Leakage when using a rubber dam occurred regardless of the state of dehiscence of the hole in
the rubber dam sheet, suggesting that this leakage could be decreased by using edge caulking.

Key words: rubber dam, leakage, caulking
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Effects of Different Resin Matrices on the Mechanical Properties
of Flowable Resin Composites after Long-term Immersion in Water
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Abstract

Purpose: Light-cured flowable resin composites (FRCs) have a wide range of clinical applications owing to
their superior mechanical strength while resin composites have inferior mechanical strength owing to water
absorption. Therefore, deterioration of the physical properties of resin matrices can cause significant degra-
dation of FRCs. Few studies have examined the effects of long-term water immersion on FRCs. In this study,
we evaluated the flexural strength and flexural modulus of six commercially available FRCs that had differ-
ent resin matrix compositions after immersion in distilled water for one day or one year.

Methods: Specimens of Filtek Supreme Ultra Flow (FSU), ESTELITE UNIVERSAL FLOW Super Low
(EUF), Clearfil Majesty ES Flow Super Low (CME), Beautifil Flow Plus X FO0 (BFP), mainly comprising
the resin matrices Bis-GMA, Bis-MEPP GRACEFIL ZeroFlo (GZF), and UDMA MI FIL (MIF), were sub-
jected to the three-point bending test after being immersed in water for one day or one year, to determine
their flexural strength and flexural modulus values. The results were analyzed using the two-way analysis of
variance (ANOVA) and Tukey’s test. The surfaces of the specimens were observed using scanning electron
microscopy (SEM).

Results: GZF and MIF had significantly higher values of flexural strength than the other FRCs after one
day of water immersion (p<<0.05). By contrast, BFP had a significantly lower flexural strength (p<<0.05).
Compared with the other FRCs, after one year of water immersion, GZF exhibited a significantly higher flex-
ural strength and BFP exhibited a significantly lower flexural strength (p<<0.05). The deterioration rates of
GZF and BFP after one day or one year of water immersion were —5.0% and +284%, respectively. MIF,
EUF, and BFP demonstrated a significant difference in their deterioration levels after water immersion in
contrast to the other FRCs (p>0.05). The analysis revealed no significant differences in flexural modulus for
the FRC and water immersion conditions and no significant interactions between the two factors (p>0.05).
SEM conducted on specimens immersed in water for one day or one year revealed no significant change in
the surface of GZF before and after its immersion in water.

Conclusion: Among the FRCs tested, the FRC that had Bis-MEPP as its primary component had the high-
est flexural strength after one year of water immersion. The resin matrix composition of FRCs may be one
of the factors which influence their mechanical strength after one year of water immersion.

Key words: flowable resin composite, resin matrix, fracture strength
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Introduction

In recent years, dental restorations using light-cured
flowable resin composites (FRCs) have improved the
adhesion of tooth structures and their mechanical prop-
erties. As a result, the range of FRC applications has
expanded to cavities, including those on the occlusal
and proximal surfaces of molars, where mechanical
strength is required, enabling the restoration of most
parts of the oral cavityl’@. Furthermore, unlike univer-
sal-type composite resins, FRCs, exhibiting low viscos-
ity and fluidity, are often directly applied using a
syringe, enabling easy filling of cavities. The FRCs also
have excellent cavity wall compatibility and marginal
sealing properties®. Therefore, FRCs can be used for
direct tooth restoration and for shaping cavities after
their formation, dentin sealing, and enhancing the pre-
dictability of subsequent adhesive restorations®'V.
However, direct resin composite (RC) restorations may
also require retreatment in clinical practice!?. There-
fore, FRCs can be used for direct restorations and for
shaping cavities after their formation, covering exposed
dentin, and enhancing the predictability of subsequent
adhesive restorations'. FRCs comprise materials such
as resin matrices (organic), fillers (inorganic), filler
surface treatment agents, polymerization initiators, and
polymerization accelerators™®. Fillers are known to
enhance the mechanical strength and wear resistance
of RCs and reduce their polymerization shrinkage. The
content, type, particle size, and shape of the filler incor-
porated into a resin matrix, and the surface treatment
method of the filler have an effect on the RCs"*'7. Sev-
eral studies have found that the type of monomer or
resin matrix used in a FRC significantly affects its
mechanical properties! 26118 Bisphenol A-glycidyl
methacrylate (Bis-GMA) % and urethane dimethacry-
late (UDMA)“? which contain hydrophilic functional
groups and absorb water (Fig.1), are typical resin
matrices used in FRCs. However, BissGMA and UDMA
have high viscosities, and thus they are combined with
diluents, such as triethylene glycol dimethacrylate
(TEGDMA) ¥ to reduce their viscosities. Moreover,
the ethylene glycol chains in TEGDMA exhibit hydro-
philicity (Fig. 1). Ferracane et al® reported that resin
matrices used in RCs are susceptible to both hygro-
scopicity and hydrolyzability, indicating the possibility
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of ester bond hydrolysis occurring in them in the pres-
ence of water. They reported that the number and type
of polar substituents (including OP (=0) (CH), OH,
CO, and H) and the degree and rate of water uptake by
the restorative material are related to hydrolysis. How-
ever, bisphenol A ethoxylate dimethacrylate (Bis-
MEPP)? has no hydrophilic functional groups in its
structural formula and is hydrophobic (Fig. 1). In previ-
ous studies, it has been reported that Bis-MEPP is a
rigid monomer that is not easily affected by hydrolysis
and that it does not easily lose its mechanical
strength?. The mechanical strength of RCs decreases
owing to water absorption® %, The deterioration of the
physical properties of a resin matrix significantly
affects the deterioration of the physical properties of a
FRC®_ However, there have been few studies on the
effects of long-term water immersion on FRCs. There-
fore, this study aimed to evaluate the mechanical char-
acteristics of six types of FRCs that had different of
resin matrix compositions via a three-point bending test
conducted on the FRCs after prolonged immersion in
water. Scanning electron microscopy (SEM) was used
to monitor the surface changes in the FRCs and
observe the test pieces before and after immersion in
water. The null hypothesis of the study was that there
was no difference among the flexural strength and
modulus of FRCs with different resin matrix composi-
tions after long-term immersion in water.

Materials and Methods

1. Materials

Table 1 lists the six commercial FRCs and their com-
positions used in the study. For the experiments, we
used Filtek Supreme Ultra Flow (FSU, 3M Co., MN,
USA), ESTELITE UNIVERSAL FLOW Super Low
(EUF, Tokuyama Dental, Tokyo, Japan), Clearfil Maj-
esty ES Flow Super Low (CME, Kuraray Noritake
Dental, Tokyo, Japan), Beautifil Flow Plus X F00 (BFP,
SHOFU Inc, Kyoto, Japan) and Bis-GMA as the main
components of the base resin. We used GRACEFIL
ZeroFlo (GZF, GC, Tokyo, Japan) and MI FIL (MIF,
GC, Tokyo, Japan) with respectively Bis-MEPP and
UDMA as the main components of the base resin.

2. Specimen preparation

A stainless-steel mold 25 mm long, 2 mm wide, and 2
mm thick was used. The mold was filled with resin and
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Fig. 1 Structural formulas of various matrix resins
and silane coupling

pressure was applied using a cover glass placed on the
upper and lower sides. Using a moving light irradiator
with 8 mm diameter (G-Light Prima II Plus, GC), both
surfaces were exposed to light for 10 s nine times (a
total of 90 s) at a light intensity of 1,200 mW/cm?,
polymerized and cured, and thereafter stored in dis-
tilled water (pH 6.7-7.3 when initially prepared) at 37°C
for 24 h. Thereafter, the sample surfaces were manu-
ally polished for 60 s using water-resistant abrasive
paper (#1000, Struers Copenhagen, Denmark), followed
by washing in distilled water for 10 min with an ultra-
sonic cleaner (KS-606N, KYOWA, Kanagawa, Japan).
For storage, the specimen and 10 mL of distilled water
were placed in a reclosable polyethylene bag (length 85
mm X width 60 mm). Two groups of specimen were
used: one group was kept in distilled water at 37°C for
24 h (one day), and the other group was kept in dis-
tilled water at 37°C for 365 days (one year). The poly-
ethylene bag and distilled water were replaced with
new ones every week.

A total of 72 specimens were prepared: 12 for SEM
observation and 60 for the three-point bending tests. In
SEM, the total number of samples was 12: 6 for one-day
storage (n=1) and 6 for one-year storage (n=1). The
three-point bending test was performed, and bending
strength and flexural modulus were measured twice for
each sample. The total number of samples was 60, with
30 samples for one-day storage (n=5) and 30 samples
for one-year storage (n=5).

3. Three-point bending test

A precision universal testing machine (AG-IS, Shi-
madzu, Kyoto, Japan) with crosshead speed set to 1
mm/min was used to test the specimens that had been
immersed in water either for one day or one year. A
load (N) was applied to each specimen until it reached
the yield point or fractured before reaching the yield
point. The load applied at the yield or fracture point
was recorded, and the flexural strength and modulus
were measured. The bending strength (o) of each spec-
imen was obtained in MPa using the formula:

0 =3Fl/2bh*

where, 0 is the bending strength (MPa), F is the
maximum load applied to the specimen (N), [ is the
distance between the fulcrum centers (mm), & is the
width of the specimen measured immediately before
testing (mm), and 7% is the thickness of the specimen
measured immediately before testing (mm). The flex-
ural modulus was calculated from the initial slope of the
load-displacement curve. The following formula was
used to compute the flexural modulus (E) in GPa:

E=PAF/4bk°d

where, AF is the load at the proportional limit (N), and
d is the deflection under load F (mm).

4. SEM observation

Au-Pd vapor deposition was performed on the speci-
mens immersed in distilled water for one day or one
year. SEM (SU-70, Hitachi Ltd., Tokyo, Japan) was
conducted at an accelerating voltage of 10 kV to
observe the properties of the polished surface at a mag-
nification of 10,000 X

5. Statistical analysis

The average and standard deviations (SD) of the
flexural strength and modulus of the FRCs were calcu-
lated. The flexural strength and modulus of the FRCs
with different storage periods (one day or one year)
were analyzed using the two-way analysis of variance
(ANOVA) and Tukey’s multiple comparison test (a =
0.05). All analyses were performed using statistical
analysis software (JMP 16, SAS Institute, NC, USA).

Results

1. Flexural strength

Table 2 lists the flexural strength of each FRC after
one day or one year of water immersion. The flexural
strength values of the GZF, MIF, CME, EUF, FSU, and
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Table 1 Flowable resin composition of commercial composites
Lot Composition
Code FRC Manufacturer
Number Matrix resin Others
GZF  GRACEFIL 1904241  GC, Tokyo, Japan Bis-MEPP Barium glass (150 nm) (69 wt%)
ZeroFlo
MIF MI FIL 1904231  GC, Tokyo, Japan UDMA Barium glass (200 nm) (69 wt%)
CME Clearfil C90027 Kuraray Noritake Bis-GMA, Hydrophobic Silanated barium glass filler
Majesty ES Dental, Tokyo, aromatic dimethacrylate Silanated silica nanocluster filler
Flow Super Japan TEGDMA, Hydrophobic (0.18-35um) (78 wt%)
Low aromatic dimethacrylate
EUF ESTELITE UNI- 004 Tokuyama Dental, Bis-GMA, Bis-MPEPP, SiO,-ZrO, filler (100-300 nm) (71
VERSAL FLOW Tokyo, Japan TEGDMA, UDMA wt%)
Super Low
FSU Filtek Supreme N839816 3M, Minnesota, Bis-GMA Silane Treated Ceramic,
Ultra Flow USA UDMA Silane Treated Silica, (20 nm),
Silane Treated Zirconia (4-11 nm) (65
wt%)
BFP Beautifil Flow 041918 SHOFU, Kyoto, Bis-GMA, Bis-MPEPP, Multifunctional glass filler and S-PRG
Plus X F0OO Japan TEGDMA filler based on fluoroboro aluminosili-
cate glass (0.01-4 um) (67 wt%)
Table 2 Bending strength (MPa) after one day or one year
FRC One day One year Deterioration rates (%)
(mean+SD) (mean+SD) (mean=£SD)
GZF 1718 (£45)* 1804 (£6.3)* —50 (£6.7)
MIF 1682 (£4.8)*¢ 1426 (£17.1)% +152 (£118)
CME 1461 (£65)%%° 1335 (+£24.2)% +86 (£169)
EUF 1523 (£10.1)bed 1244 (+17.8)¢ +183 (£11.3)
FSU 139.8 (£9.2)%e 1290 (+38)de +7.7 (£50)
BFP 1249 (£59)° 894 (£60)° +284 (£50)
Values with the same superscript letter are not significantly different (p>0.05). n=5.

BFP specimens after one day of water immersion were
171.8+45, 1682248, 146.1+6.5, 152.3+£10.1, 139.8+9.2
Mpa, and 124.9+59 MPa, respectively. The flexural
strength values of the GZF, MIF, EUF, CME, FSU, and
BFP specimens after one year of water immersion
were 180.4%6.3, 142.6x=17.1, 133.5%+24.2, 1244+17.8,
129.0£3.8 MPa, and 89.4£6.0 MPa, respectively. The
rate of deterioration of the GZF, MIF, CME, EUF, FSU,
and BFP specimens from after one day of water
immersion to one year of water immersion was —5.0=%
6.7, +152+118, +86=*169, +183+11.3, +7.7£5.0%,
and +284%5.0%, respectively. The two-way ANOVA
and Tukey’s test, which were performed using the flex-
ural strength values, the analysis revealed significant

differences in the FRC group and immersion period in
the water group (p<<0.001), nor significant interactions
between the two factors (p=0.0014). After one day of
immersion in water, the flexural strength values of the
GZF and MIF specimens were significantly higher than
that of any other FRC specimen (p<0.05). Compared
with the other FRC specimens, the GZF specimen had
a significantly higher flexural strength after one year of
water immersion, whereas the BFP specimen had a sig-
nificantly lower flexural strength (p<<0.05). The MIF,
EUF, and BFP specimens showed significant differ-
ences in their flexural strength values after one day and
after one year of water immersion (p<0.05); the other
FRC specimens did not show significant differences in



294

H &

OB R

Table 3 Flexural modulus (GPa) after one day or one year
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FRC One day One year Deterioration rates (%)
(mean=+SD) (mean=*SD) (mean=+SD)
GZF 79 (£02)? 82 (+06)? —46 (£7.2)
MIF 78 (£05)? 5 (£03)? —91 (£62)
CME 7.7 (£09)? 4 (£04)? +40 (£14.2)
EUF 82 (*+14)? 7 (£04)2 +6.1 (£156)
FSU 74 (£03)? 1 (+02)? —101 (£39)
BFP 78 (£03)? 0 (£06)? —32 (£90)

Values with the same superscript letter are not significantly different (p>0.05). n=5

their corresponding flexural strength values.

2. Flexural modulus

Table 3 lists the flexural modulus of each FRC after
one day and after one year of water immersion. The
flexural moduli of the GZF, MIF, CME, EUF, FSU, and
BFP specimens after one day of water immersion were
79%02, 78105, 7.7£09, 82*£14, 74+0.3 GPa, and 7.8
+0.3 GPa, respectively. The flexural moduli of the GZF,
MIF, CME, EUF, FSU, and BFP specimens after one
year of water immersion were 82%0.6, 85+0.3, 74+
0.4, 77x0.4, 8.1x0.2 GPa, and 8.0+0.6 GPa, respec-
tively. The rates of deterioration of the GZF, MIF,
CME, EUF, FSU, and BFP specimens from after one
day to one year of water immersion were —4.6+7.2,
—9.1£6.2, +4.0£14.2, +6.1£15.6, —10.1+3.9, and
—3.2£9.0, respectively. The flexural modulus, analyzed
using two-way ANOVA, showed no significant differ-
ences between the factors for the FRC and water
immersion period, nor significant interactions between
the two factors (p>0.05).

3. SEM observation

Figure 2 shows SEM images of the specimens
observed under different conditions. The observations
of the GZF, MIF, and EUF specimens immersed in
water for one day revealed the presence of spherical
fillers almost uniform in size. In the CME specimen,
filler aggregates were observed in addition to irregu-
larly shaped fillers of almost uniform size. In the BFP,
some fillers exceeding the size shown in Table 1 were
observed, and in the FSU specimen, aggregates of fill-
ers were observed in addition to irregularly sized fill-
ers. Almost no surface changes were observed in the
GZF specimens before and after water immersion for
one day or one year. In the MIF specimen, the fillers
separated and fell out from the resin matrix. The EUF
specimen exhibited minimal surface changes; however,

certain fillers in it peeled away from the resin matrix.
The filler aggregates in the CME and FSU specimens
separated and fell out from the resin matrix. In the
BFP specimen, the spherical fillers peeled away from
the resin matrix.

Discussion

In general, oral cavity restorations using FRC will be
functional and esthetically pleasing for long periods.
However, FRC deterioration is an important factor
influencing the durability of resin composite resto-
rations, and it has been reported that RC deterioration
due to water particularly affects the mechanical
strength of the RC%3Y Therefore, this study focused
on the resin matrix used in the direct restoration
method. To assess the impact of long-term water
immersion on FRC properties, we conducted a three-
point bending test on six commercially available FRCs
with different compositions. The FRCs used in this
study demonstrated exceptional fluidity, enabling their
effective use in cavity filling, excellent compatibility
with cavity walls, and marginal sealing properties6).
Because of the brittleness of the FRCs, we considered
tensile testing to be the most sensitive method for eval-
uating the mechanical properties of the FRCs. How-
ever, some studies have indicated that the bending test
is more sensitive to brittle materials than to other
materials®®?. Additionally, because shear stress is
present along the entire length of a test specimen in the
three-point bending test, a four-point bending test with
an effective cross-sectional area was considered more
desirable®”. The ISO standard for dental ceramics spec-
ifies three-point and biaxial bending tests. In the biaxial
bending test, specimen preparation is simple. However,
only the bending strength can be obtained, and thus the
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Fig. 2 SEM images of the surface of each composite resin after water immersion for

one day or one year (x10,000)

Before and after water immersion for one day or one year, filler separated and fell

out from the resin matrix in the area indicated by the white arrow.

In the MIF specimen, the fillers separated and fell out from the resin matrix.

In the BFP specimen, especially the spherical fillers peeled away from the resin

matrix.

test is unsuitable for FRCs because they undergo plas-
tic deformation. Therefore, the three-point bending test
was used in the present study. The flexural modulus
can be computed from the initial slope of the load-dis-
placement curve. Furthermore, the effect of water
immersion on the mechanical properties of each type of
FRC specimen was investigated by immersing the
specimen in water for one day or one year. The bend-

ing test performed on the specimens after they had
been immersed in water for one day revealed that the
GZF (171.8%£45 MPa) and MIF (168.2+4.8 MPa) spec-
imens had greater flexural strength than the CME,
EUF, FSU, or BFP specimen. Furthermore, compared
with any of the other FRC specimens, the BFP speci-
men exhibited a significantly lower flexural strength
(1249+59 MPa). Previous studies have reported that
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Fig. 2

the flexural strength of RC is affected by its filler con-
tent, particle size, and shape; monomer type and blend-

£161739  One study

ing; and filler surface treatmen
reported that the flexural strength increased as the
filler particle size decreased'®. The GZF specimen,
which had a significantly higher flexural strength, had a
filler particle size of 150 nm, whereas the MIF speci-
men had a filler particle size of 200 nm with spherical
fillers that were almost uniform in size (Fig.2). Fur-
thermore, the BFP specimen, which had a significantly
lower flexural strength, contained irregularly shaped
fillers with particle sizes of 10-4,000 nm (Fig. 2). Specif-
ically, the results showed that the diameter of the
acid-reactive fluoroaluminosilicate glass filler (S-PRG

(R T

5 66 %

EUF (one year)

»

10.0kV 16.0mm x10.0k

) 10.0kV715.8mm x10.0k SE(M)

Continued

filler) in the BFP specimen was larger than that of the
filler in any of the other FRC specimens except the
CME specimen®®. The FRCs used in the study did not
have the same filler content, filler shape, or particle
size; therefore, it was difficult to compare the effects of
filler parameters on the bending strength of the speci-
mens after one day of water immersion. The bending
tests performed on the specimens after they had been
immersed in water for one year revealed that the GZF
specimen had a significantly higher flexural strength
(180.4+6.3 MPa) and that the BFP specimen had a sig-
nificantly lower flexural strength (89.4+6.0 MPa) than
the other specimens. The minimum rate of decrease in
the flexural strength (—5.0%) after one year of water
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immersion occurred in the GZF specimen and the cor-
responding maximum rate of decrease in the flexural
strength (+28.4%) occurred in the BFP specimen.
These results disproved the null hypothesis that the
composition of the resin matrix does not affect the flex-
ural strength of FRCs during long-term water immer-
sion. The disintegration of composite resins when
immersed in water can be attributed to two types of
deterioration: deterioration of the resin matrix itself and
deterioration of the interface between the resin matrix
and inorganic filler due to hydrolysis29). The deteriora-
tion of the interface between the resin matrix and inor-
ganic filler due to hydrolysis could be affected by silane
coupling. At present, 3-methacryloyloxy propyltrime-
thoxysilane (3-MPS, Fig. 1)), a typical silane coupling
agent used in dentistry, hydrolyzes the siloxane bonds
in the silane coupling treatment layer by absorbing
water. Previous studies have reported that the mechan-
ical properties of RCs deteriorate owing to the degrada-
tion of the interface between the resin matrix and
filler®337) Several previous studies have also reported
that water molecules can enter the polymer chain
because the resin matrix absorbs water®®*®, which
degrades the resin and adversely affects its mechanical
properties‘m’“). According to Sideridou et al* the
equilibrium water absorptions of Bis-MEPP, Bis-GMA,
UDMA, and TEGDMA were 1.8, 26, 29, and 6.3 wt%,
respectively. Composites based on dimethacrylates that
do not contain hydroxyl groups (Bis-MEPP) exhibit
higher flexural strength under wet conditions than
those containing hydroxyl groups (Bis-GMA)*?, sug-
gesting that Bis-MEPP is a rigid monomer??. In this
study, Bis-GMA was the main component of the resin
matrix BFP which exhibited the highest deterioration
in flexural strength. Furthermore, Bis-MEPP that had
the lowest rate of flexural strength deterioration was
the main component of the GZF resin matrix. Because
the resin matrix of GZF is Bis-MEPP, which lacks OH
groups, GZF is less prone to water absorption after
immersion in water for one year. Consequently, the
deterioration of the interface between the resin matrix
and inorganic filler due to hydrolysis and the deteriora-
tion of the resin matrix itself are reduced. Therefore,
we conclude that water immersion significantly affects
the mechanical properties of FRCs. FRC, which mainly
consists of a resin matrix with OH groups, undergoes
hydrolysis owing to silane coupling due to water
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absorption, and the deterioration of the resin matrix
itself occurs owing to the permeation of water mole-
cules into the polymer chain. We believe that these
phenomena contributed to the deterioration of the
mechanical properties of the FRCs. The SEM analyses
of the polished surfaces of each FRC after being sub-
merged in water for one day or one year revealed that
the GZF specimen had less peeling and dropping off of
the filler than the other FRC specimens. The aggre-
gated fillers in the CME, FSU, and BFP specimens
were clustered together. This phenomenon can be
attributed to water absorption at the interface between
the clustered filler and resin matrix, and the deteriora-
tion of the interface between the resin matrix and filler
due to silane coupling hydrolysis. In a previous study, it
was reported that the filler detached from the resin
matrix owing to the hydrolysis of the silane cou-
pling®353)_The images obtained in these previous stud-
ies are similar to those obtained in this study. The flex-
ural modulus of a material indicates the level of diffi-
culty involved in deforming the material, and high val-
ues of the flexural modulus indicate that the resistance
to deformation is high. Therefore, an improved flexural
modulus will reduce the degree of deformation of the
material in its plastic deformation region, and we
believed that the stress level required for FRC failure
could be increased**. In this study, no statistically sig-
nificant differences were observed among the flexural
moduli of the different FRC specimens obtained under
different water immersion periods. Dimethacrylate
monomers, including Bis-GMA, UDMA, and TEGDMA,
which form resin matrices, generally exhibit variations
in viscosity and molecular weight. A high TEGDMA
content has been found to influence the viscoelastic
properties of composite resin polymers**® . According
to previous studies, the flexural modulus of a resin
matrix increases with the increase in its inorganic filler
content; that is, there is a positive correlation between
the filler content and hardness and flexural modulus of

647 However, in this study, no such rela-

RC materials
tionship was found because immersion in water,
whether for one day or one year, had no effect on the
flexural modulus of any of the tested FRC specimens.
In this study, we focused on commercial available FRC
resin matrices; thus, we did not consider the effects of
hydrolysis resulting from variations in the filler content,

particle size, or composition of the silane coupling
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agent. Therefore, further investigation is required to
determine the impact of moisture on FRCs, considering
these influencing factors. In future research, it will be
necessary to fabricate FRCs under the same conditions
except for the resin matrix and to compare and exam-
ine the effects of the matrix resin during long-term
immersion in water.

Conclusion

This study aimed to assess the impact of long-term
water immersion of six different types of FRC resin
matrices used in direct dental restorations, on the
material properties. Based on the findings, the following
conclusions could be drawn:

1. Even after one year of water immersion, the FRC
specimen that had Bis-MEPP as the primary compo-
nent had the highest flexural strength among the FRC
specimens tested.

2. The flexural modulus of the FRC specimens
remained unaffected after one year of water immer-
sion.

3. The resin matrix composition of FRCs may be
one of the factors which influence their mechanical
strength after one year of water immersion.
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MEkE i EBMENCIE, < YUy 2 2L Yo EEMEA Bis-GMA @ Filtek Supreme Ultra Flow
(FSU), ESTELITE UNIVERSAL FLOW Super Low (EUF), Clearfil Majesty ES Flow Super Low (CME),
Beautifil Flow Plus X FO0 (BFP) &, BissMEPP @ GRACEFIL ZeroFlo (GZF), %7z, UDMA o MI FIL
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FER C ZOnERE SO & O Tukey test DFEFHUEL O KR, 1 HAPEER O X 13 GZF, MIF 73

ftbd FRC ICHEL L THEICE W EZ R L7 (p<005). —77, BFP "HRIE W lli iR & 273 L 72 (p<0.05).
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