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Ao M= AEAeAoE (calcium silicate) Al x| ¥& %
A9l mineral trioxide aggregate (MTA)®| bone cement® T2

A ARl dicalcium phosphate dihydrate (DCPD)E % 7}s}<]
249971 pHO Ao TE= st Y AmY BAAFE=

BbstnA o

-

OrthoMTA<®} DCPD-OrthoMTAS] 7Aoo A A7t wh
pH ¥3E A% 23 &= 7¢ 25FH DCPD-OrthoMTA®] pH
7F 11.0 o8tz "olA+= g AT 5 AL, 199 Aol =
OrthoMTA¢®9] pH”} 11.6£0.4, DCPD-OrthoMTA 9] pH”7} 8.8+0.6%
UERY OrthoMTAS$H H]aste] DCPD-OrthoMTASl 714 pH
A4 Tgol JHAHE AHAe AU @714 pH Ao =

AzZQ o] vA= d&Fe Br7retr] s AdfobAl £ (NIH3TS)

& o]

-

< B, 50% &E9E 80.1%° AEEHES Ko OrthoMTA

= -
FEART B AEEHS FEG A0 gtk AZSAo]
x4 AgAel VAL T HAsH7] A A=Ra0e] F

& AP A Pz

42
Bio-Osst= A4S @Aste] A& 299 Ax4 ¥37 o4

DCPD-OrthoMTAE &7
7F Wl glo] adl2 fAEHJeH AMAE FA

=t
ool AR wg T RAE glo] 125 FS o4l



DCPD-OrthoMTA }#7F b A o= fFA 5o =
AA LA (bio-inert) MBEA 2 7FeAS HoFIT. A%xF
A4 H7E St mhe2 T 99 dstxA o] AES
8 o4 F99 AT Wk AE, dxA dE 55 ANy o=
Brtsk A 2S5 AFE AFESFew, DCPD-OrthoMTAS9
2= A7F OrthoMTA Rtk " AlSkAl =9k, irritation grade
ANA = Aol 7F glol o3k Apol= A A ekt
H] = DCPD-OrthoMTA7} Az 2 dxZo] dig AFAdE&
A FEAINAE FRoy AR pH S
OrthoMTAS] A AT S MNAA 7]
glo] kAo w MEste= Zlo] gRluo] et el 8o

Vs Aow g H).

F2.90]: Mineral trioxide aggregates, Dicalcium phosphate dihydrate,
Fol2, a4, AAH LA
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[Table 1] Composition of MTA «--cecevereeenenss
[Table 2] Histological evaluation criteria «-+---

[Table 3] Inflammation scores :::«=seeeeeeeeees:

[Figure 1] In-vivo experimental images -+
[Figure 2] pH changes of DCPD-OrthoMTA -

[Figure 3] Cytotoxicity of DCPD-OrthoMTA -

[Figure 4] Images of Micro CT «---vveeereveeses

[Figure 5] Measurement of hard tissue volume
[Figure 6] Images of H&E stained hard tissue

[Figure 7] Images of H&E stained soft tissue
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1. }\13

1) MTAS W23 F&

Mineral Trioxide Aggregate (MTA)E ZraAgAlo]EA  (Calcium
silicate) A/HMEZ 23} Ao da] ALE=a om, Z7]o= Xt
FHE 98ty dE A5t MTAE A58 AWME (Portland
cement)ol Al feiEl Aoz dex Qo) Portland cementob= &
Taa el Wi 2% FEO] wstd &84 e g H o7
Aol ALl o Aoy, mIH 7|E Aow 9FH A= IRM,
Super-EBA 3! of#zt Fol wmls] 3 W gl A AIAS
Aoz & gtk MTAS T2 calcium silicate (CaSiOy),

f

o

bismuth oxide (Bi2O3), calcium carbonate (CaCQOj3), calcium sulfate
(CaSO4) 2 calcium aluminate (CaAlOyp°l™ <3t A] FRojl= 2
ezt Aok HE22 g MTAYE ProRootMTA (Dentsply, Tuka,
OK, USA)= <dA slor, dAq7A= e 2 &84 ol
ATE MTA < styoltt

%7] MTA AE2 AS As5s =¢stes A4 HAZ 71 43
AlZEo 2 Q13to] ALE- -‘ﬂ*é o] "Wojx Tl o]% calcium sulfate®] %+

S o] A zte] ©E=" MTA Angelus (Angelus, Londrina, PR,
Brazil)7} 70251312 ProRootMTASF Aol fFAletA| vt S35 e
o] ¥ ¥& OrthoMTA (BioMTA, Seoul, Korea)®= 7%, MTA
= Ao R WAATI7] g Aae AlSAH SR o|FoAa lon,
MTA®] 1%¢] methylcellulose®t 2%°] calcium chlorideE® #H 7}t
) AFE e o] i L A stAgte] FolEthe Ao] Haid uk 9l



245 B 2 A Hx B oA
71 9] &85 & calcium hydroxide® .t MTAS 839
W 2F5 AFEol ¥ Eris Aol HaHE uf . Am Sk BHE
=z 9 FEe AE, 24 5A4do] AR A = udsA S
HAow, 23 FAAR sl THEtH A E &&ste] MTA7 743y
7] Aol &g 7kt 2 g3 4S5 S35 = o] Bad v v
O o]xy MTA® && ®ee H3 v o, 7tetd A F4
2l MTAE ol &3 <& a4 A5E Mddste= AHde 53 vt
A% MTAS] XHE'E; S0 s SHANAY T Ho] =4
o] o]y, HE5olg Agolr MTA A8 AA7F o]H7] wfite] o
TH A=E HAS7] H A= o Be A7 dastrh =g
Al F7rs = 2482 ddte] MTA 74429 x40l &ehd

45 UEhe Aoz SHa v Abge =534 wdE

9d A2 de &8&Hd GIC (glass
inomer cement), IRM (reinforced zinc oxide-eugenol cement)%}
ProRootMTA % OrthoMTAS] HMEXZAHEe} M¥x s #3235
AEx=de B7F 23 ProRootMTAE A Eldk AaeA 7 =2
1%54913, IRMS A8 Axe JAo] WstEslen,

]_
BRAee 7kaEE Aol gxdnt?. AFeAdt Aol (Periodontal

o



d
A5 st 2443+ %@fﬁ A EEA] B5 MTAOA 713 e
Aol #AHYTE. Aol AL A E (human dental pulp cell)ol A
Bioaggregate, MicromegaMTA, ProRootMTA % IRM (intermediate
restorative material)®] AEZ=54S 1, 7 2 149 A ##Es Ay
IRM9] AEx5Ao] TZEQ oL} Bioaggregate?t + F7H9 MTAE

G043 7o AEBAEE Rt o] BAHAY,

AT MTAS 43} 34l o pH 9 - pH 125 FF9 &z Aol
FAEH ol AE A FAAH] Y 24 d 5 dY BEE

FAA 9

AZ7F 7HA 3 s wi ol dake vl S oA WMol
U oo FRE QA = AE Z49 A 2 AE S 2
& 4 At MTA= 43t 344 T A4 E = calcium hydroxidei &t
of pH7} sdtta &4d
g A A7I= stk AN o] 4
nAAEe] B4 AE e Adoln, ol el EolHl 7]Fre] oy

ol A W EAEE AEdE 4TS = F

]
] 3 b
Aol MTAE @4E F 37C, 5% 90% ©]de vdsdh 4 14

A & 28d0] A3 HA%= pHZF 1082 7]

gt Az d42 AET7F MTAY 254

0% 2 9% "3 & vk MTA ®Bo A4 e

7171 918te] 24-well plate vtetel MTAE 3I® F AW FYPLE o) &

stod SHEDs (Stem Cell from Human Exfoliated Deciduous Teeth)

AEE AP AoE MTA x=Fete] v AT 149, 29 2 3Y
A

TFAEL AE F4e #AR Ay APHoZ MTA
o
. [e]
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3) DCPD¢ pH 4 7|4

Dicalcium phosphate dihydrate (DCPD; CaHPO,-2H,O)% calcium—
phosphate &2 < 3UZ bone cement®] F+AAEOS=Z Uy ALy
gt dukx o x CPC (calcium phosphate cement):= tetracalcium
phosphate [Cas(PO4)-01¢} dicalcium phosphate anhydrous (DCPA:
CaHPO) = /g0l vk &ejd hep”. CPCE A8t sHAdA Aot
Aol S EHAAFE hydroxyapatite [Caio(POy)s(OH)l2F FAFS

=

T
Tzot ARS 712 EAS Aty Bud np guHh 1),
2Cay(PO,0 + 2CaHPO, — Cajo(PO4)s(OH),

Aoz =840l =& DCPDE DCPAZS thA)|3le] hydroxyapatite$}
A}

3 EAS AT = duE AR FAFHPeHs )

TR

w3 DCPDE #H71e A9 Hgatax st 9o Flo] golax
wE Al Aekso] AMERS ARA 5o A= Ze] FAR1HA

5 i
20 w3l calcium phosphateZ] AWEE AR we} pH7} bR

=%
o, DCPD7} 42 4% %7 pH7F AstHs Aol s du). MTA
= =23 EgHE AAGdA ZHFAYANESSE  (calcium  silicate
hydrate), 4F3Z4  (calcium hydroxide) %°] 3A %™ calcium

hydroxide2 <134 pH7} gttt delx o™, MTAS 43 34
% WAE & calcium hydroxide”’t DCPDe} Hbg-3le] 7] 345
ZA 8= hydroxyl’] WES AT F A& AR F3F v Ap?,
DCPDE #H7}stol MTAZF 243t A4

A FAH AFLAE AAT F Ads Aolgt ddHAN

AA Az 2Ho) WAL gl A F7b AT} Bash



MTAE Z3A7 % m4d 93 nde 4ue 4z A4 58
dete] MASA 24e G AFS0] Bol ALHAYT. ol F 24

o ztol= AEY AHES tHEA sk AddA ot Alx =4 2 AA
Aol dig Axrt GeA 7] wjEel MTAS 4% '&E AXAR

FES va FGrksts A9t g RuHEa 9ot S 0 Kim 59
Aol 4= Dycal (Dentsply CaulkMilford, DE), ProRootMTA H
EndocemMTA (Maruchi, Wonju, South Korea)E in vitro®t in vivo
ZAo A Hret o, Sprague-Dawley #H=9] Abol 4% X3S
MTAS =x3 § vla H7hek 23 15 2kl Dycal |4
H

Hgol g Astgonl, 4FANE ) AYE BF 43S

$ A= %1 mineralizationo] ZPFE AL g £ YA wabA
okt MTAS] mlAMgE A 2fo|7F M= 2 AAARA Sl mA
T A= G digk A 2o Ado] dFEa

B Ao AE MTAY A3 FANA o5 = #Za71AL Ao

93te] Az DCPD-MTA®S AMEEAD ZHAFAS Hristaxt
kTt =S, olv] el g F tE MTA 823 FddxTo=

Aol 1 Aol § vlw pAsIA 5



II. Alg 9

T

gl

1) MTA 23 A 9 &£

Ao A= OrthoMTA (BioMTA, Seoul, Korea)ES A}&3}% o,
FLg A AL A DCPD7F H7F¥l OrthoMTA (DCPD-OrthoMTA)E
TRkt Ago] Alg® MTA A2 Table 13 2ol 24 A9
MTAZE ethylene oxide 7}=2 Wi § AFE39T. &5 231 MTA
wHY ddFRTE 211 (FA/SAY) HER £ F K
HIE 55 (U4 5 mm, 77 1 mm)E o]&ste] 114 & A} fFAF

= Adstr] st v S0 A AsAIAH Y. MTA 2=
 ISO 10993-12%el we} &S FH
MTA tj2=3 1 g 3 5 mLe Axu<



Table 1. Composition of OrthoMTA and DCPD-OrthoMTA.

Material Composition C(c‘): tt;:;t
Calcium Carbonate (CaCOs3) 53
OrthoMTA Silicon Dioxide (SiO,) 21
Aluminium Oxide (Al,O5) 6
Bismuth Oxide (Bi,O;) 20
Calcium Carbonate (CaCOs) 53
Silicon Dioxide (SiO;) 21
DCPD-OrthoMTA  Aluminium Oxide (Al,O;) 6
Bismuth Oxide (Bi,O3) 10
DCPD (CaHPQ,2H,0) 10

2) MTA €=9 pH &4

MTA ©l2=3E 6A7F A3 F, 02 g/0.25 mL H] €= Dulbecco’s
Phosphate-Buffered Saline (DPBS, Gibco BRL, Grand Island, NY,
USA) (pH 72-74)% <3 199 &9 pH meter (730P, Istek, Seoul,
Korea)& ©ol&3stel pH W3tE St Als 54 d v pH
meter®] calibrationg A|83tA T A& 39E& 24N 7 7H7F o] Fo =

9

29l Ao w pHE ZHA8em, pH 54 5 vyl A =2& DPBS®



3 AEZY 27

ISO 10993-50 w&} MTAS AEEAS FAHATY. AdfolAx
(NIH3T3) (ATCC, RockvilleMD, USA)E Al&3tRow, MiEE 10%
$e18 4 (fetal bovine serum; FBS) (Gibco BRL)¥ A #| (penicillin—
streptomycin) (Sigma  Aldrich, St. Louis, MO, USA)7} #H7}#
Dolbecco’'s Modified Eagle’s Media (DMEM) (Gibco BRL) # %] o] A]
i okttt 96-well plateoll 1 x 10°719] MEZE 7} welldl HE3ste] 24
AlZE g 0 AlxE siAE MTA §&90] 3lAd wix= wdksla
F7FE 24ANZEE ekl &5 Aol 244 ==8 Al
WSTH S (EZ-Cytox Cell Viability Assay Kit, DoGenBio, Suwon,
Korea) o|g3te] AxdHrs SAs0om, 1 A2 MTA §E 49
MEEARS Frtstdet. AZ7F A= ZF welldl EZ-Cytox €9< 10 ulL
A BT F 37T A 1A wlF $ plate readerE (Sunrize, TECAN,
Salzburg, Austria) ©]83t9] 450 nm ZAoA THE=E A

o

§5 A0l FAEA g AN WYY AEE SHUWETOR

ke
i

ol

SPF (specific-pathogen-free; 57 WA F4) 8F % Sprague Dawley
7 P = (OrientBio Inc. Seongnam, Korea)S 3 4o} Al-83}3]
Medista 249 FdAd3e s st sEAIS s
(SNU-201217-4). A} (Yuhan Co., Kunpo, Korea)¥? 2 @ (Rumpun,

Bayer HealthCare, Leverkusen, German)< 1:1 (v/v) Hl &2 Z&3 3

B FAR el ol AAe ARskch Figure 13 ol o
470l 4 mme) EdW W& Aol AT Yol B FHL



Ol

oflt

Bt =AES ekl 27ebel o] HEd b7y 27 AERAE

skl Bio-Oss (Geistlich Pharmaceutical, Wolfhausen, Switzerland),
DCPD-OrthoMTA, OrthoMTAE A& F9d  AYFAH  (n=6).
Bio-Oss 1 g & DCPD-OrthoMTA 0.25 g H|&&2 ZE3%3 o,
DCPD-OrthoMTA®} OrthoMTATE  AlZAFe] X[ Hof whe} Eirgof
E3tste] o] AsA . OrthoMTAE DCPD-OrthoMTA®F 53t 943
oA atgltt. oA £ 1, 2 % 3 Jfe] AE=E o]ihstehA R H A ARA

I8 AN o4 wE Tt FAT 2AAS A58

il

71

¢

o
=

s AE 799 Axd Fy wst #ZES Sse] in vivo
micro-CT scanner (Quantum GX, PerkinElmer, Hopkinton, MA, USA)
Z o] &3tk X-ray Y2 90 keV, 88 pA, 45 x45 mm® FOV 7o
2 AA3Ee] 4% FoF 2~ sEAHE 90-um voxel size?] Y= =)
Y REZE Ag39h. Caliper Micro-CT £4] AZE oS o] &3}

e A& BE 4% FHEFEdstol=  (para-formaldehyde) ol
e 158 z7ow nAFNAY. AR AHL Igdom X,
=2

3} oelosor AaaT. dAaE AR

Figure 1. Experimental images of calvarial defects.
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5) 3t o] 4 4] ¥

ISO 10993-6¢l we} mpg-2~5 o] &3k I3t o|AAAS F st
MTAd] 98 dF 28 4us Frrstux A, AxzAre] 23
w2} OrthoMTA, DCPD-OrthoMTA % ProRoot MTA (Dentsply,
Tuka, OK, USA)E EuT¢ g3t A4 2 mm, 4ol 5 mmY
polytetrafluorethylene (PTFE) tubeol] % i, w92 S-H9lo] 93
gatxzzo] olAstint. oA At wiH ol WA A WHHIF
93] 9l PTFE rodE Ulxvo= &89y, 72 ++9 67y HhE23
APstdet. Aetista 524 a29dd]e <<l st F=49

8ttt (SNU-160718-8-3).

_l

KR
=

KR
=

Germany)2o. & #Zato] A8 s Qg 94 HE G
gl Mx, dx FHAAE 59 AEE AFste d5d
Hrreta, AAEA FA, AR 2 AW HE s AT HUEskA

t} (Table 2).
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1. 23}

1) OrthoMTA$ DCPD-OrthoMTA £=499 pH
H 3}

Figure 2% OrthoMTA$%} DCPD-OrthoMTAS &% pHE =
Adtolth vz FEE 6A7F A3t ¥, 24, 48, T2AE-H o]%F 29
Ao 199744 ZAskdth 7] 24A12F8] pHE 125:0.10]10 3 72
N7y Z7kA 24 7] pHZ7F A9tk DCPD-OrthoMTA®S] 3% =
24A12kell pHE 12.0£0.1 o], 72412 55 pH 1152012 o}
i 199el= pH 8806 F+7HA Holx= e st &
OrthoMTA$} DCPD-OrthoMTA®S] &9 pHE vl g A3 7] 244]
ZFRE OrthoMTA pH 12.5+0.1, DCPD-OrthoMTA pH 12.0+0.1% -2
A zpolE EHATH (p < 0.05). Algre] A% OrthoMTA® DCPD-
OrthoMTAZFe] pH =lole HS AFow, HF:Ho=z 19do+=
OrthoMTA pH 11.6+04, DCPD-OrthoMTA pH 88062 & 28¢] 2]
gttt A3A o2 DCPD-OrthoMTAZF A 8t34 5 f35s= 449

N4 BRe AEHoR Aol F At AL FAY

3 o _17
- 14 - MM =-TH 1



12.0
1.0 |
10.0
T
o
9.0 t —@—OrthoMTA
80 L —O—DCPD-OrthoMTA
7.0 r
60 1 1 1
0 5 10 15 20
Time (day)

Figure 2. pH changes of MTA in DPBS, MTA was set for 6 h in a
disc form, and then added into DPBS. The pH of MTA-
containing DPBS was measured at intervals. DPBS was
changes with fresh DPBS after each measurement. Each value

1s an average of three independent experiments.

- 15 - M =21l



2) DCPD-OrthoMTAY A EXEE=EA =A

DCPD-OrthoMTA® AlE2544E F7448t7] flste] ta=a FEZ 64

A F EE §ENL R ALY Ay 4uETe

2 OrthoMTA &=9S5 AYstAth 625%~25%=2 w2 &9
DCPD-OrthoMTAZ} AH&#¥ Ay MESHE7 AstEA] ko,
OrthoMTA®}IE o]t #ol& F1d = gt (Figure 3). 50% &=
o] AHz®l MAEE= DCPD-OrthoMTAS 74 80.1% AMESAZ=7}
e oY, OrthoMTA« 10% ©l3te] A4 EE Ho] OrthoMTA7}

K

o

Y AEEAAE 2 Ae g9 Al B=F, S5 4S 100%
A Af A= DCPD-OrthoMTASH OrthoMTA W% 28 Al x5

il

e gad 4 9o, DCPD-OrthoMTAE 235%9] A Z3HA =7}
-

=45 0] OrthoMTAS H 3RS s A or =& LTI L7}
=¥t =, DCPD-OrthoMTA7F HEl® AEE OrthoMTAR.th
= AXZAE7F =450l OrthoMTAR Q& of7EE AESAS
GE A AT A

-~ 16 -~ "':r“‘E _k:i_ -I_-]i



m OrthoMTA DCPD-OrthoMTA

_ : ]

80

(o2}
o

i-N
o

Cell viability (% of control)

N
o

6.25 12.5 25 50 100
Concentration of MTA eluate (%)

o

Figure 3. Cytotoxicity of MTA. NIH3T3 cells were exposed to
serially diluted MTA elutes for 24 h, and cell viability was
measured. Cell viability was expressed as % of untreated
control cell wviability. Each wvalue is an average of three
independent experiments.

* Indicate a statistically significant differences at P<0.05.
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of defected volume.

* Indicate a statistically significant differences at P<0.05.
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Abstract

A study on the tissue
compatibility of alkaline pH
controlled mineral trioxide

aggregates

Hyun Jae Park
Dept. of Dental Biomaterials Science
The Graduate School

Seoul National University

Alkalic pH caused by the process of setting MTA (mineral
trioxide aggregates). DCPD (dicalciumphosphate dihydrate), a
component of bone cement, can reduce pH of CPC (calcium phospahte
cement). In this study, to evaluate the effect of pH control and
cytotoxicity, DCPD-OrthoMTA was prepared, and their biocompatibility
on tissue was investigated. DCPD-OrthoMTA significantly controlled
alkaline pH of OrthoMTA in 24 hrs set states and reduced to pH
88+0.6 in 19 days after. The extract of DCPD-OrthoMTA also
decreased cytotoxicity of OrthoMTA at high concentration (p<0.05).

- 35 - A =T



Cell wiability of DCPD-OrthoMTA was 80.1% with 2-fold diluted
extract but OrthoMTA was under 10%. In a calvarial defect model, a
significant increase hard tissue volume in Bio—-Oss but no change in
DCPD-OrthoMTA was observed. In addition, there were the particles
of DCPD-OrthoMTA up to 12 weeks compared with the effects of
Bio—Oss. In subcutaneous inflammatory reactions, there were no
significant differences among ProRootMTA, OrthoMTA and DCPD-
OrthoMTA. Thus, these results suggest that alkaline pH controlled
DCPD-OrthoMTA reduce cytotoxicity and keep good biocompatibility
on soft tissue as OrthoMTA. Moreover, it shows the possibility of

bio—inert material to be applied on diverse clinical cases.

keywords : Mineral trioxide aggregates, Dicalcium phosphate dihydrate,

Bone graft, Subcutaneous transplant, Biocompatibility
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