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Comparative cytotoxicity study of putty— and
powder—type calcium silicate cements

Sora Park, Dohyun Cho, Ji Hyeon Yoon, Yeonjoo Kang, Quang Canh Vo,
Gitae Son, Hongjoo Park, Hyeong-Cheol Yang

Department of Dental Biomaterials Science and Dental Research Institute,
School of Dentistry, Seoul National University, Seoul, Republic of Korea

The cytotoxicity of calcium silicate cement (CSC) may depend on the degree of curing of the cement, The purpose
of this study was to evaluate the setting time and cytotoxicity of One-Fil PT (OFPT), Well-Root PT (WRPT), and
laboratory-made powder-type calcium silicate cement (pCSC). Initial and final setting times were measured using
a Gillmore tip, Cytotoxicity was determined immediately after mixing and after 48 h of setting by the agar diffusion
method, and after 12, 24, and 48 h of setting by the extraction method. The initial and final setting times were
shorter in the order of OFPT, WRPT, and pCSC. In the agar diffusion method, OFPT and WRPT showed statistically
significant (p<0.05) less toxicity than pCSC, and no cytotoxicity was observed after 48 h of setting. In the extraction
method, 50% diluted pCSC extract significantly reduced cell viability, while OFPT and WRPT did not show cytotoxicity
after 12 h of setting. After 48 h of setting, OFPT was cytotoxic at a concentration containing 75% extract, while
WRPT was not toxic, The putty-type CSCs used in this study showed lower cytotoxicity than pCSCs, which is likely
due to their relatively short setting time,
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AHIEE 1824 Aspdindl] o]8f & 2y =]

A 2 AE-E] AT 1878 Witte=
o}gst Ao} 24 FHE W)
Mineral trioxide aggregate (MTA)T 1993 Torabinejad”}
75 wt.% EEWE AHE, 20 wt% A3} B ARE 5 wt%
Gt g olgshE, AHalR o] okl MTAS 7kl <3
FHANZ 2783 TH3). ©]F MTAE ProRoot MTA
(Dentsply, Tulsa, USA)BH= Ao g2 AAkE Qi)
MTAE G420] Sl delols Astea o3 23 g
TE@), ATHIE, WA A, BxH AYsE, T
TYHE B AeExs, <9 AYd o277k s
ZgHo] SIHG, 0. LU MTAE A3skARe]
WA el ofgfzo] lglom of#dh vy
Sfel Tk AlFe] AEHA 1 AspAREE S5
Y3 A5 AAH(7), sodium hypochlorite(8), calcium
chloride(9), calcium aluminateE H7}FsFAUH(10), YAFS
3715 2 sk, MESAS Holal WA op)st
ol

o]

+ bismuth oxidet zirconium oxide 2 A3+
A A = AEK12).

71E MTAS] T8/ MA| A2Hle sapo] upe} wIzheal
T ol mEt AHES] EElsltehd S/do] HgH13).
Ut B3} 22k o]H3-S FE3] 93 premixed
calcium silicate cementsE0] A QFE I 20073 H29)
premixed calcium silicate cement?] iRoot SP (Innovative
BioCeramix Inc., Vancouver, Canada)7} A} JE|=
SA)EH AT} o] F 2008 HEJFE] ] premixed calcium
silicate cement?] EndoSequence Root Repair Material
(Brasseler, Savannah, USA)o] ZSA]ETH14).

< gokslk Feje] premixed calcium silicate cementsE
o] 7B A3 One-Fil PT (OFPT) (Mediclus, Cheongju,
Korea)© tricalcium aluminate, tricalcium  silicate,
dicalcium silicate, zirconium oxide, polyethylene glycol2]
3320 2024 Donfrancesco 5-& TR x]ol|A] X2tk
HA A gt Al wskE @R Aol ¢
g A MRS Hola ¥ AL o] AFHl

ARE-E A7 fAVR Bk TH(15), Well-Root PT

AZAF
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(WRPT) (Vericom, Chuncheon, Korea)+ calcium sulfate
dihydrate, calcium sodium phosphosilicate, zirconium
oxide, polyethylene glycol, polypropylene glycol 52 3}
F=2 AFERed 284 5 A S HvaL
SHATH16). WS G| AA X E T4 WRPTS]
248 MTA angelus} B3l Al FAZ Q] 2po|7} glokal
HE v} Qrh17), T3 WRPTY W AFES ARt

gEAE wE e Ao g wud vl 9Jom(18), Chae
TS WRPTE AAATEI BESY 24 WA

ProRoot MTA, Biodentine (Septodont, Saint-Maur-des-
fosses, France)¥} FAFSIHIAL 3FATH19).

HE] 9] premixed calcium silicate cements= <& 2
Azl Ao A F99) 275 A 455 W
AESHS F83 W7} G=olt), FAelA Askeli
EERE R TR
a1, A3t T BEH =4 1)
S} o] -2 calcium silicate cement (CSO)&=
ks ok gheh20, 21). AA=
$ARE Ae] FEl, o] 2= Csrt
7AstA|Rbel] whel A4 FFS T Balk ITh?22).

AE7HA] B3RS alelgk OFPT, WRPTS] S4%71+=
A9 e Aot e il EdR=vd R
W AEe] APt R N 8F He 54

T Ut ofel Z71°) st 2
M EEEY = 718 4= glek wabs 2 Aol
96 & calcium silicate cement (pCSC)2} FHEIEH A
2l OFPT, WRPT|| thato] ey} 8270
o whE AE=A] ztolE Hrstarat g,
AR e HE o} ST C5Ce] ATEA
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1. Calcium silicate cements C|A3 HX U &

or=o

mE=a-

pCSCE o]xe] #h{o whe} A ACS gradeZ A
he] A ZFFRATH23). Calcium carbonate (CaCO;, Daejung,



Siheung, Korea) 71%, silicon dioxide (SiO,, Junsei Co.,
Tokyo, Japan) 25%, aluminum oxide (AL, Os, Junsei Co.)
4%%E V-mixer (J-VM7, JISICO, Seoul, Korea)ol| A Z3F5}al,
AokZ R4 = 1:0.28, 0] B3 Bqste] A9
Yt 27 20 mm EH 7 (Clinker) FABF &, 28 (S-model,
Hantech, Gunpo, Korea)ol|4] 100C o|A] 2417t F<F A=x
ek HxE EFES QA ZH2E 800-900°C o)A
AP 22438H AL 1,300-1,450C oA oD ® B3It o] %
zirconia B-5 ©]-8-3}4] planetary ball mill (PM 400, Retsch,
Haan, Germany)ol|4 ZL&}ely A28t 400 mesh]
vibratory sieve shaker (AS 200, Retsch)& &3] AlWIE
& Alzstglch AZS posc Gake] AAE P 7] 24
7] (Mastersizer-2000MU, Malvern Instruments, Malvern,
UK)E AREete] ST pCSC YAke] Bt AL
(3.21+0.825) umo.2 AT 7} A 59 242 Table
13} 2o} pCSC #22 A8 A ethylene oxide 7}~
3Tt pCsC £ B SHTE 319 HIER g2
oA &3alal, OFPTS WRPTE A ZAMS] A Ao ula}
AR&-8EATE o]-g3te] tA= U2 (A
20 mm, 57 1.5 mm) FA & (n=3), A3
sl 241 Aol SFarell HHAR BA AL fjeM 37¢,
95% #= B0NA 12, 24, 48713t 738E & 1SO 10993-12
o k] &ENE FHISFATH24).

R VN = 1 =1
sy =2—==

>~H
AL

31710
o B =

74
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tols

2.

z27| AsA 2E 3EARES ZH) 1SO 6876:20123%
ISO 9917-1:20079] we} S h25, 26). HEY A 59

F3lo) Q3 FH3 RS FF3] 5ke] 217 10 mm,

=°] 1 mme]

NI BEE AEEIgon, 41 BEg
37°C oA 2447k

X
ot Bo g thE, OPFTS} WRPTE
Eof ¥tk pCsCE S/-rDW)9}F 319 H&2 38t
Aot 27] skt S785 S1ste] FA 100 g, 278 2 mme)
Gillmore | AR&-sIlaL, HERB3AE SAH A= 54
400 g, A7 1 mm H& ARESHATE SAHARE St BEEE
ST 950, = 37 o] olFH oo BaEgc)

=

AL Hste] vk ol f Aol
(NIH 3T3, ATCC, Manassas, VA, USA)E fetal bovine serum
(FBS, Welgene, Daegu, Korea)¥} ¥4 (Antibiotic-
Antimycotic Solution, Welgene)E ¥33F Modified Eagle’s
Media (MEM) 2] (Welgene)dl] 1.5 10°/mL F%2 34
3 5 Gwell platee] 7+ welle] 2 mL® ZHZ314T} 37C,
5% CO, 2713 oA 244)7F vl &FalaL 8006 ©)/e] Hj oA E
SEUAL ST T, 2 welle] WAE 0] BHE E
3 A4 w2 TEST, AEQAE ske] BT
0.008% Neutral Red (Sigma-Aldrich, St, Louis, USA)E& 3
S} phosphate buffered saline (pH 7.4) 2 mL& il 37C,

3}
=]

w5

56 C0, Z7BeH 308 SISk FEA) ke Aol
& AR AEE B0 XA71T 24041 whFBHe

o AR FddERTS 22 High Density
Polyethylene Film (Hatano Research Institute, Kanagawa,
Japan), ZDEC Polyurethan Film (Hatano Research

Institute) S ARSI O™ HEEAo] FTS 1SO 10993-5

Table 1. Calcium silicate materials, compositions, type and manufacturers

Material Compositions Type Manufacturer
One-Fil PT Tricalcium silicate, dic':alciulm silicgte, tricalcium aluminate, Putty Medliclus,
polyethylene glycol, zirconium oxide Cheongju, Korea
Wel-Root PT Clalciu.m sulfgte dihydrate, calcium sodium phosphosilicate, Putty Vericom,
zirconium oxide, polyethylene glycol, polypropylene glycol Chuncheon, Korea
Calcium silicate ) . . . -
Calcium carbonate, aluminum oxide, silicon dioxide Powder

cement
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Table 2, Reactivity grades for agar and filter diffusion test and direct contact test

Grade Reactivity Description of reactivity zone
0 None No detectable zone around or under specimen
1 Slight Some malformed or degenerated cells under specimen
2 Mild Zone limited to area under specimen
3 Moderate Zone extending specimen size up to 1.0 cm
4 Severe Zone extending farther than 1.0 cm beyond specimen

oA A AIZE Table 2¢] whe} HAAJSFATH27).
4. E5Y A

Alg Y=g 1g
37T AAIAH. &5 8 5 HAR
sMste] 100, 75, 50, 25, 10%6] 82 3]4
AZ=A S-S 918 NIH 3135 10% FBSe} A3A] 7}
Z3+H Dulbecco’s Modified Eagle’s Media (DMEM) Hj#]
(Welgene)Z 1 mLY 10°7]2 3]438}aL 96 well plate?)
Z} welle]] 100 WL &3k HE 5 37C, 5% CO, X318}
oA 24ARE SRt vkt wiAlE AA F, 84 &=
B|A B 7 wellel] 100 uL H7Fshal 24A13F vl st ATt
ANETS &50] TR &2 wiAE AREHIh
MEZA H7HE 938ke] EZ-Cytox Cell Viability Assay Kit
(DoGenBio, Suwon, Korea)2 W|EZE=g]o} dehydro-
genase 44 43} 4 well?] vjR]E 10% EZ-Cytox
$jo] E3e A4 WA Bk 370N AR WA

39§

RS

oo
NS

71 ¥ plate reader (Sunrize, TECAN, Salzburg, Austria)Z
450 nm (Reference 650 nm)o|Ax FFE=E =3}
AZAYEES thre 2ol wet ALtssic
Viability (%) = 100 x ODs/ODnc
ODs: Algd=2= 23 A2 ODgL
ODnc: SAYzFo 2 Agg AEe ODF

5. EAEN

to]E]e] BA 41 SPSS Statistics 29.0 (IBM, Armonk,
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NY, USA)E ARgsle] A9 B2 B23) Tukey AR H412
B3l BAACE HAHJIY e $AH 7Y T2
p<0.052 T8t AR o] T HF A= H
+ FFEake] PR 3 AR S 564
QA 43]e] AJF Aol Hetel™, sy AldH 8349
AP 33]e] AJE A o),

4 1}

7] 734217+ OFPT, WRPT, pCSC 0.2 A9lor
(43.4£0.6)%, (57.6£1.8)%, (65.7+1.7) 02 A

2 AR o7 Ao]S EYH (Table 3). OFPT
o} WRPT®] HFASAITRS 242 82.0+1.4%, 87.3% 2.0
2o & FARE A Hoou, pCSCe 2762125202
HE|E AWES) Hlste] 3u) o)ike] AstAzto] TEE|QIT

Z
742}

=

1=

N

SHR A

e e

zone?] =7]7} OFPT+ (1.49

0.10) mm, WRPT= (1,55%0,76) mm&A4] ZDEC 3=
W 2T AR AR SAo] YT (Figure 1),
pCSCe] B zoned] F7]E 2.29 mmE 7FF 413 SA0]



Table 3, Setting time (min)

One-Fil PT Well-Root PT Calcium silicate cement
Initial 43.440 62 57 6+1.8° 657+1.7°
Final 82.0+1 .42 87.3+2.0° 276242 5°

abe Different superscript letters mean significant difference between groups (P { 0.05).

(@

ZDEC
PE film
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pCSC

219 m
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Zone distance (mm)
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Figure 1. Cytotoxicity agar diffusion assay of calcium silicate cements (CSCs). CSCs were hydrated for 24 h, (a) The cytotoxicity
was observed after incubation with CSCs for 24 h. The size of discolored zone was measured microscopically, (b) Average zone

distance of three samples. Error bar indicates a standard deviation.

*P Different superscript letters mean significant difference between groups (P<0.05).
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vpebskon, 24ARF A5} 2o fAke ke 2ol
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egko ™, 1009 ol ANk 20% o]8ke AEZAJo] 7Has)
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Figure 2, Cytotoxicity extraction assay of calcium silicate cements (CSCs), Extraction of CSCs was performed after setting for 12 h
(@), 24 h (b), and 48 h (c), The extraction was serially diluted and cell viability was measured, Each value is an average of three
independent experiments. Error bar indicates a standard deviation,

b€ Different superscript letters mean significant difference between groups(P<0.05).
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mE[Hnt otPLY Ha ElH0IE AHES| MEEY Hlu &

giagl, 28, X8, Z29F, Quang Canh Vo,
H

Zs AgFo)E AHIE (CSO) 9 AESAS AHES] A3t Awol wz} gepd 4 gk & A7 A= One-Fil
PT (OFPT), Well-Root PT (WRPT), 3h9-0& % MEAO|E AIHE. (pCSC)2] 73t AlIRE E M2 548 7} v)askeit
87 Gillmore §& ARgste] 7] ASIAIRMH HE AsAbe SHsAY AE 542 sk FabHe =
3 2F 9} 4847 A3t F, Mo R 1247, 2447, 48417 A3 & 2Rt 2] 2 HE A3 Ak
OFPT, WRPT, pCSC <=0 & A3t} 33 PH A= OFPTS WRPTZF SAZ 2 7237 (p<0.05) pCSCH. T}
A EAo] Ao, 4811 A3} Folv e AT AESAo] B ekt SEH A= 50% 34 €
pCSC &-&520] ME A= g% frolatAl ZHaAZ] ¥HH, OFPT9F WRPTE 1241 st $ AlZ53E Hol#] gighom,
48117 A3l T 750 EEE FEOIA OFPTE AESAS EAAT WRPTE S40] 9l Ao vehdth o] ¢t

g8 e csoe pCSCE‘:]' e ATEAS BPow, o= FiHo 2 e AARK 7Idsks Rog gre
MOIEH| : 24 AEFolE AWE, HEW, LS, Aot
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