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Figure 1. The putty mold used in this study for measuring
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Figure 2. Discoloration of various MTA materials at different time

Figure 4. Photographs of discoloration at 0, 8 and 16 weeks of 5
(001U 0 PP PP PP PPPRPP 12

% 2 9

Table 1. Materials Used in the StUdy .........cccccoveiieniinnieniese e 5



ri

4% 9] Mineral Trioxide Aggregate 7]8F Aj 2.9

3l

ok
o}
Aopa el oz W@ A7
Mineral Trioxide Aggregate (MTA)= A 5ol 38 o2 AFgE o] gtoL)
AlZko] Aol wep WAlo] <lojdrti= wido]l St o] Ao HAE
AuAd o Fo3dk F9ola thekdt MTA #lEo] XopH Ao nx= TS
Uotr = ot}
WA Yl 7FA] A E[ProRoot MTA (Dentsply), MTA Angelus (Angelus),
ENDOCEM Zr (MARUCHI), RetroMTA (BioMTA)|C. 2 Wh= AJ#Ho| A FxA}
AlZke] et 154, 30 Foll WMol doju=AE #AIGUTE MTAE
AP FHg & AopME HUist AFeME dxTSs XSt
ST (7w 12709 Aehe 7 1F, 2F, 4%, 85, 127, 1ga 165
HAE S5kt
A ol &gt ATellA, AlFto] Aol we} ProRoot MTASE MTA
e AJHM  o]Fe AMow wWEg oy ENDOCEM  Zret

Angelus=



RetroMTA A= 9 WH3E ##FT 5+ QUouth X#AFo] TS £
x| o} Ao A 7ko] 2] ulg} ProRoot MTA2F MTA Angelusell 4] ENDOCEM
Ao g ol HAS Hlt

ProRoot

__C’)_
ENDOCEM Zr2} RetroMTA:
% ale

o}

= T

0} O O
w2

pZs
Zro} RetroMTAX.T} o] F+

o8] AeA HE idH
MTAS2} MTA Angelusell B]&l ®H2Ho] 72 oji}X]

ENDOCEM Zr, RetroMTA, ProRoot MTA, MTA Angelus

WA,

o] Ti= = MTA,



$%2] Mineral Trioxide Aggregate 7]%F A 9]

ZjopA A g vlw AT

& A A>

bt
K
i

<A

AASEEL A 9o} vt

ARV <

L A2

bedh ARR s w2 oldE e AA Mz 9 dH sHowR

o] gAoA AFE% a1 ¢lth(Belobrov, and Parashos 2011, Bortoluzzi et al. 2007,

Lee, Monsef, and Torabinejad 1993, Moore, Howley, and O'Connell 2011, Tsatsas, Meliou,

o|\

and Kerezoudis 2005). Aopx] 2} ¢J el Qo= Qs WAY XFH 5o



2

.|_4

fA EE v GEAN ASARY ARE MTAZ AHEE U4

rlr

Zd 9} A7F wol 1 3% O v (Celik et al. 2013, Naik, and Hegde 2005), & o=

olE ZIHte® MTAE et AmRs sl 73 9 vAds

Hr

i

1o

A2 5ol ARE-sFaL Slth(Karabucak et al. 2005).

271 AR BTt MTAE Z%o] ofHal, 7hZ7o] uixe, A A7}
o1, AlFke] Aol wmal wiAo] dojdth= T o] Slth(Boutsioukis, Noula,
and Lambrianidis 2008). 53] X|FExz&Eolu} XpdksoA], MTAE 3¢

HAS oA HulHog A e AIE 53 th(loannidis et al. 2013,

ﬂll

Lenherr et al. 2012). #]-2-°l 7l¢¥ MTAE gray MTA (GMTA)SI T} aFx] 3k Ao)

i

F3 Aol WAL guste], GMTANT Avldow $amA QA ow

k4

flo

92 YeElg = white MTA (WMTA)7} 702=] 9l ch(Parirokh et al. 2005).

GMTAS} WMTAS] o] HL  AlOs, MgO, FeOst &

ald
b

AbsHE 9
FEQld], o]E5o] WAl Fod ool wHri(Hwang et al. 2009). }A wk

WMTAS Zo} wiag Qosjid, ot e gFolon F&irshs

mln

o]

o3ds] WMTAME Slal, WA EBEF3AdS 98] H7Fsk bismuth oxide™=

MTA ®A18- pismuth oxide™ Al, Fe, Mg 5 &% AJ&9 ko] we} 1

Ir

AE7F v2vh mEb MTAS] axts WHEA7]A i Je] delA, EArd

ek
o

EFHY o Sh= bismuth oxide $FFS HWEFE7U, obdd wE A=



—|~
ofo
ol
f
lr
N
S
=
=
o

=9 F 9= kel E 5 Qv FHZol AlREE

ENDOCEM Zr (MARUCHI, Wonju, Korea)t} RetroMTA (BioMTA, Seoul, Korea):=

)

bismuth oxideth 4l el zirconium oxideE 3E3Fst A Folth k¥ o] AFE©
HAo] JojiubA] ket Hae gloh webd 2 ATelM e 2 idE
ENDOCEM Zr, RetroMTA2?}l 7]=2] ProRoot MTA (Dentsply, Tulsa, OK, U.S.A),
7231 MTA Angelus (Angelus, Londrina, PR, Brazil)S thAto = Ay} 2z ¥

Aotel o] WA S BlastaA sh3iv



1. As 2 %4y

1) Al EE o] 33 aaq a7

ProRoot MTA, MTA Angelus, ENDOCEM Zr, RetroMTAS ZZt A A}
AAXNAHE SFTek &5 rubber moldE ©] &3k 8ximm 7|9 A=
AZstAct Z-2ke] AlAE3} bismuth oxide powder (Duksan, Ansan, Korea)<2}
zirconium oxide powder (Sigma-Aldrich, St. Louis, MO, U.S.A)= 4 well plate (SPL,
Seongnam, Korea)oll 11, glycerine (Duksan)ell 15%3F @7} £ 5 FZ2AMY]
VALO® (Ultradent, South Jordan, Utah, U.S.A.)S ©]£3}9] standard power mode

(1000mW/cm?) &, Z+7} 153} 30452t FxAbskitt

2) Aokg o4& WY AT

10
N

o
s

< AotFH ol deolyt A ol il FHEECY TR oY
2ol gl Aok= Alelskar, ek 3078, ket 307K, & 607He] &TAIE
ARgERit & A dAAdista Xdsty e A4 o] 91 3] el A

o] W Z=ol el Attt (#2-2013-0036).



2 Ao AME-¥ ProRoot MTA, MTA Angelus, ENDOCEM Zr, 121l

RetroMTAZ2] A& Table 1.0 7]<%3&}3ith.

Table 1. MTA-based Materials Used in the study

Material Manufacturer Ingredients (%)
ProRoot MTA* Dentsply, Tulsa, Portland cement 75
US.A

Calcium sulfate dehydrate(gypsum) 5
Bismuth oxide 20
MTA Angelus* Angelus, Brazil Calcium oxide 55-60
Silicon dioxide 17-20
Aluminium oxide 2-4
Bismuth oxide 18-22
ENDOCEM Zr* MARUCHI, Korea Calcium oxide 27-37
Silicon dioxide 7-11
Aluminium oxide 3-5
Magnesium Oxide, Ferric Oxide 3-5
Zirconium dioxide 43-46
RetroMTAT BioMTA, Korea Calcium carbonate 60-80
Silicon dioxide 5-15
Aluminium oxide 5-10

Calcium zirconia complex 20-30

* manufactureroll A A 33t #| Y

T http://mww.biomta.com/shop/eng/product_5.php



2. A8 =Y

AlE Az

oA P oF 2mm A A AobE oz #ebdl 5 Barbed broach
(Mani, Tokyo, Japan)$} explorer® X|=%2S #|Asta, o} W (7|54
TR EeHoz AA F, 2.5% NaOCl §9(Duksan)ell 10%-7F ©7F Hololi=

T71=ds AASKI T olF A Arz 73] AH $,4°C 3 Zasisith

AF & F 571 ZF(HET, ProRoot MTA, MTA Angelus, ENDOCEM Zr,
RetroMTA) .2 7} = 1270 A ob& AREssith. AlzAF AAd = A8s
Egeke], Zebdl Aofe] AR AgAFE WopHIAA7A qWgow
T %, 27143 9715 gy it e RE AED oA (lonosit®-

Baseliner, DMG, Hamburg, Germany)® H¥| st} 22 X522 AA %,

o} AT Y] 9k [onosit®-Baseliner= W 2 ¥ &% T}

2 Q1A A (Aquasil  Soft  Putty, Dentsply)E ©]g3Fo]  X|olultt  moldE
A 282 . moldell biopsy punch (SFM, Wéchtersbach, Germany) = *]& ©F 6mm
719 78S £9]4] VITA Easyshade® Compact (Vita Zahnfabrik, Bad Sackingen,
Germany)= > F919 ®A AE=E SASIAH. 7He A= Aol

MTAS] WHALS #Ast7]of golstes

jine)
|\
1o
ofy
L
H
Iy}
2
o
N

X 73 1/3AF0| 2

39 th(Fig. 1).



TE ANHES AFetd(Eguled, Hanlim Pharm Co, Seoul, Korea)©] 0+ 12-

well plate (BD Falcon, Franklin Lakes, NJ, U.S.A)oll Yil F7}ol ®stql o,

Aot 4 24

Ao} M ASFI 15, 25, 45, 85, 12, 165 VITA Easyshade®
CompactE ©]&3sto] SAstt. 2e AP 334 L*a*b* (L*, luminous
intensity, a*, red-green parameter, b*, yellow-blue parameter)zt-= =733k th. 2H7t9]

A elM S8 Lra*brats ol&3sk] A53ke] AI(AERD)E Hhe A SR

E=[(aL)?+ (aa)?+ (ab)?]*/?
A 4

B B &4 SPSS Statistics (ver 21.0, SPSS Inc. IBM, Armonk, New York,

fol 7t AW Ww AER WA ol oE EARAL

o

USA)E ©°l&
Al 283kl o}, Shapiro-Wilk testE &3l F1fAd AF-ES 7% 5, One-way ANOVA
test (P<.05)5 Al o, A% HA O F Scheffe” test (Bonferroni correction;

P<.01)E o] &3t3th



Fig 1. The putty mold used in this study for measuring L*a*b*.
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Initial 15min 30min
ProRoot MTA .
MTA Angelus
ENDOCEM Zr .
RetroMTA
B Initial 15min 30min

Bismuth
oxide ]
Zirconium | \"“\‘
oxide { |

\ ff

4

Fig 2. Discoloration of four MTA discs at different time point. (A) The images of MTA materials
in glycerine flashed on light for 0, 15, 30 minutes. (B) The images of bismuth oxide, zirconium

oxide powder in glycerine flashed on light for 0, 15, 30 minutes.
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—— ProRoot MTA
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. % -ENDOCEM Zr
—o— RetroMTA

-& Control

]
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1
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The Amount of Color Change (A4E)

Weeks

Fig 3. Change in AE values in the 5 groups during 16 weeks. AE values indicate the
differences in color, which were calculated by using the L*a*b* values of 3 different
measurements (L*, luminosity, a*, red-green parameter, b*, yellow-blue parameter). The

data means average and standard deviation of AE values.

* indicates statistically significant differences among the groups at 8,12 and 16 weeks

(ANOVA test, P<.05, posthoc Scheffe’s test, P<.01).
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ProRoot MTA MTA Angelus

Initial 8 wks 16 wks Initial 8 wks 16 wks

ENDOCEM Zr RetroMTA

Initial 8 wks 16 wks Initial 8 wks 16 wks

Control

Initial 8 wks 16 wks

Fig 4. Photographs of discoloration at 0, 8 and 16 weeks of ProRoot MTA, MTA Angelus,
ENDOCEM Zr, RetroMTA and Control group. ProRoot MTA and MTA Angelus group show

relatively more distinct color change than ENDOCEM Zr, RetroMTA, and Control group.
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Abstract

Comparision of discoloration of various Mineral Trioxide

Aggregate-based materials

Kang, Shin-hong
Department of Dentistry
The Graduate school, Yonsei University

(Directed by Professor Song, Je Seon. D.D.S., Ph.D.)

Although Mineral Trioxide Aggregate (MTA) has been successfully used for
root-canal treatment in the past, it carries a potential flaw of discoloration over time.
Hence, the purpose of this research is to examine the role of MTA on dental

discoloration when used for aesthetically important dental areas.

The experiment was conducted by utilizing discs from four different products;
ProRoot MTA (Dentsply), MTA Angelus (Angelus), ENDOCEM Zr (MARUCHI),
and RetroMTA (BioMTA). By exposing each discs to light-curing for 15 and 30

minutes respectively, potential discoloration was closely monitored. Another
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experiment was conducted by using extracted teeth. Four experimental groups and
one control group, each comprised of 12 teeth, were utilized for the experiment.
Different MTA products were applied to chamber of the crown area of the teeth for
each experiment group and closely monitored for any discoloration during the 1st,

2nd, 4th, 8th, 12th, and 16th week of the experiment.

Regarding the first experiment using the MTA discs, while the discs from
ProRoot MTA and MTA Angelus showed dark discoloration over time, discs from
ENDOCEM Zr and RetroMTA did not show any signs of discoloration. The second
experiment utilizing teeth showed darker discoloration for ProRoot MTA and MTA

Angelus than for ENDOCEM Zr and RetroMTA over time.

As a result, it can be seen that compared to the original MTA products such as
ProRoot MTA and MTA Angelus, the utilization of more recently developed

ENDOCEM Zr and RetroMTA hardly results in any discoloration.

Keyword : Mineral trioxide aggregate, discoloration, ENDOCEM Zr, RetroMTA, ProRoot

MTA, MTA Angelus
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