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# # 6075803732 : MAJOR ENDODONTICS
KEYWORD: TRICALCIUM SILICATE, BIODENTINE, DENTAL MATERIAL, PHYSICAL
PROPERTY, ENDODONTIC
Kongthum Wimonsutthikul : CHEMICAL AND PHYSICAL PROPERTIES OF FAST
SETTING TRICALCIUM SILICATE CEMENT FOR REGENERATIVE ENDODONTICS.
Advisor: Assoc. Prof. PAIROJ LINSUWANONT, D.D.S., M.D.Sc., Ph.D.

This study aimed to investigate chemical compositions and physical properties of
laboratory-synthesized fast setting tricalcium silicate cement for regenerative endodontics. The
laboratory-synthesized tricalcium silicate powder was prepared by sintering silica (SiO,) and
calcium carbonate (CaCOS) at 1450 °C for 2 hours. The chemical composition of the tricalcium
silicate powder was analyzed by X-ray diffraction analysis (XRD). In order to develop fast setting
tricalcium silicate cement, zircon (ZrSiO4) at the amount of 10%, 20% and 30% was added to
tricalcium silicate as a radiopacifier. Calcium chloride (CaCl,) at the concentration of 20% was
used as an accelerator. Physical properties of the prepared materials were investigated
accordingly to I1ISO 6876 (2012) and 9917-1 (2007) including initial and final setting time,
compressive strength, radiopacity and pH. XRD showed that tricalcium silicate was the main
component of the TCS powder and Biodentine. Tricalcium silicate cement with higher
concentration of zircon exhibited higher setting time. At the concentration of 20% zircon, the
setting time of tricalcium silicate cement was not significantly different to Biodentine. Adding
zircon at the concentration of more than 10% resulted in higher compressive strength similar to
Biodentine. Varying the amount of zircon to tricalcium silicate did not affect pH values. At the
duration of 3 hours to 3 weeks, tricalcium silicate cement showed higher pH values in comparison
to Biodentine (in the range of 12.1 to 12.8). Tricalcium silicate with 20% and 30% zircon showed
higher radiopacity than Biodentine (5.64 and 6.47 mm. of aluminium). In comparison to Biodentine,
the local-made laboratory-synthesized tricalcium silicate cement with 20% zircon showed suitable

physical properties for dental application.

Field of Study: Endodontics Student's Signature .........cccoceviiiiienns

Academic Year: 2020 Advisor's Signature ........cccceveveeienennn.
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NILLAUNIAANANAALETW (131) wenaniidetaeliligmanifinianienIngws] ATusae (84, 90)

N aa = ol = o a9 oA ° o = 9 )
VLG]?LLﬂ@Lﬁﬁﬂwﬁ@LﬂWﬁLﬁJuﬁlﬁdﬂ']’m‘m_l‘a‘mu'af;lﬂ')’mu’]mg'mvl,'aL’ﬂﬂifamuumifl (65) @Qm@ﬂﬂ@”ﬁ

o

= , = ; a v = = = - =
U59a ludaunan n1sAnedaunntenldanslsznevimesialianiizatasia LuﬂuﬂﬂﬂiﬁﬂLﬂumW?V}U

=k

o a o

= aa = o =2 ! = sV o =
Fafulpswaadandanadwus nantsAnenudaesiaflaneanlasionas 20 vinlilasuaaides
aa = o=l =2 o = I = = :’/ !
FANFTNUFNANNNUTANINNI T TaRuAY (61) arnnsonanmasiabianean lms e lulFun s
% XK v (] 1 e 1 vl ¥ Y o j dl Aig/
foray 10 Defauay 50 Inglidwnasanmuantiinienianin dealilanwdn laiuiladieninau (132)
waslallendainmvzamesaen lluaslsznaumesiaflantfianilenainnsaldiduansnu g
! = aa = v '3 o '3 A &
wilmsupaiienanaguus e wesaeududoutlsznaundnaesaesaaunanesansennig wasfaau
, aa s o A ' a ana o ° 1%
noeuusanaInsssiaanwL LA luFunnman #8119 99060 wessianiafializen singniinnld
T lugnaunssunaniusiineslafian (133) RdAuaniBN I and uiuuasiuidd i
a a PR = aa X e,
TulaisdnTuusii lnsupadasdansaidudaulsznauman
Tnaagluda wwannanisdiulgsgnianifaesdan lulasinaunsonnldlaaldlnsupaiman
Fanedudoutlsznaunan Mansmuusarauramanpaelsdidufadaljiseneanoaudam uaz
& =2 o a
\iafpedua1sua

N1SAUATISU LASUARLTLNTALNG

v

lnsunaiFanddainnainisndanseilddaeansnaduiidsiquaadonuazdanewiy
a9Alsyney 3an15duAsznlauaneas Wi nasenninuuulandwan (solid-state sintering) (134)
nsuiingae lulasnn (microwave sintering) (135) Agla-1aa (sol-gel method) (136) N1sANAZNAY
LUUABITURD Y (two-step precipitation preparation) (137) 38133 (Pechini method) (138) waznis
AuArziuLunIAiAea (wet chemical synthesis) (139) TneAEnsduAilnTuAa Beudan ARy

g miudaniuanssupaituuuladnanniazlia-1as

v
aaa > v

Uffsenlea-1aa (Sol-gel reaction) d@nssssiuntiesrlsznavvesunaiianenn lsuasianau

aanladsaniusainazay nanlidiu dhansazane (laa) lleauianidnsarinazaraliag lugilias

aa

antuldrannieuliiindjisen faiddennerinlildaseuniadnuaziauialndipesiuuinndn

IS @

dalilasupaiienEanagiuwsm idandjisaniivaiudeioondi Havudunsm -Anenigandn ws

v
o

dumeunisinAeuttegenn uarldinanu (38, 134, 140)
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Uansunladnainn (solid state reaction) lddan1uazuaaiianAtFuaiumduat sty

adaay

2o9uls uananlid Y wazldadnfauliiiadjisen Salidenneldansissiusaignndn uazdsnis

o Y

lalduden (134)

nn33dei Mlnsuaaiendanmidudiudsyneunanaedlulemaind s Inadanszl

Insupadasdanaanesljiinisdeedsladnany diulqnuaniredlnsunaidasdane e
@ dg, k73 = oY QI =2 o al ¥ '3 A a aa
Saaulaeldansazansuraidannanlsdiasas 20 naunuidlanldimesreuramaslailiundans
TutfFunuiasay 010 15 AT 20 AMNUUNAABLBNALIZNAUNIUAR TUIABUNIA UATADIANTRANI
Y] e o = o o . = = .
menw laun waineds AvEnuLIEs ANNALRE wazaNidunIn-Ang e Seumsuszndnglag

ol

= aa = IS '3 ! =
uwradENERNATLTN e fAauLFunnsine] uazluleimuiy
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uny 3

28AUWN15IRE

nsupadanTanmdwusailanesaif wazlulemunug

LATRINAN M Ll uN15IAe

RN LT lunudae

1.

2.

8.

9.

nansinflulamui (Septodont, Saint Maur des Fosses, France)
WAALTLNANFUB LA (CaCO,, 99.5%, Ajax Finechem, New Zealand)
Fanaulaaanlasmizedana (Si0,, 99.8%, Ajax Finechem, New Zealand)
LIRFARLNIIE (Zircon sand)

iﬁﬂ’é/u

ANTATALDETHIDLAT 5 N8N (5wt% acetic acid solution)
nezAHNaLa

AT imu (Acetone)

ANTAzAULANUBA (Ethanol)

10. WAAAAAINTY

11.

a -
upaLENAAal9s

ansainldlunuiae

Lﬂ?;m‘i_lml,uuqm_mmmﬂﬁmﬁﬂ (Zirconia planetary ball mill, Fritsch, Pulverisette 6)
Lﬂ?l“ﬂ\'lﬂzé/uﬁ%m&lLLUUMHuﬂWEIﬁQZQEUW’mWﬁ (rotary evaporator, Laborota 4000, Heidolph,
Germany)

AYUNTIOUALNNA 30 mesh (30 TRIFIA T f:q 1198 595 TuATRL)

Lﬂ?ﬁlfa anelansedn (hydraulic pressing machine, Desktop Newton Press NT-100H,
Japan)

\wWinaenezgiu (alumina crucible)

merauﬂqmmﬁ'@q (high temperature furnace, k1700, Heraeus, Germany)

WaaN



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

20

Ind4argiu (alumina mortar)

Tmﬁq@mmm%u

Lﬂ?'ﬂ\‘imﬁmmi BIODENTINE Capsule Mixer (Septodont, France)

wALTANANA19U84 Biodentine

A3 ALATNZIIN ABUNIALAZNIINITANLAITDIDUNIARILATLALLALEDT (Laser particle
size distribution analyzer, Malvern instrument LtD. Malvern, UK)
Lﬂdii’aﬁLﬂ‘iﬂxﬁrﬂ’]ﬁ‘Lgﬂqmu‘S‘/\iaLﬁﬂsﬂr(x-ray diffractometer, Bruker AXS Model D8 Discover,
Kralsuhe, Germany)

Lﬂf‘é@\ivaﬂmiﬂrﬂ@ﬁ'ﬂ wariud adntnslmmnas (X-ray fluorescence spectrometer, EDS:
ISIS300-6647, Oxford Instrument, Wycombe Bucks, UK.)
Lﬂ%qrj”mmi@mnﬁuumuuu@:mauﬁﬂLL@USﬁfai’ﬂﬂTu (Atomic Absorption
Spectrophotometer Varian AA280Fs, Varian Inc., USA)
rifmuau@muqﬁmemu%uﬁmﬁm"(Temperature and humidity controlled chamber)
Wiseasannsudania

rifmuammuqﬁm:mm%u

URNNTLIRAN

Lﬁ?imwmmumwwum‘dﬁm (Universal Testing Machine, LLOYD, Ametek, USA)
wHUSUSaRIUNALLaS 2 (CS 7600 imaging plate No.2, Carestream,USA)
Araenesadnnelugesan (X-MIND DC, Seletec Acteon, UK)

e (Digital Imaging Plate System, CS 7600, Carestream, USA)

(3093 nANN LN IA-Fng (pH meter) §1 402A (Orien, Boston, USA)
winnlanglFatinauiandne 8 Hadwwms 619 10 HaAINAT 49 5 HaANAT muﬁﬁ‘:qlu
NIMIFIU ISO 6876 (2012)

wlislany Fatinuuuuandouldaundudugudnans 4.0 1a81uns g9 6.0 Haamas
muNmsgulaieala 9917-1 (2007)
wiinlanglFatinuuuuendouldamaduninugugnane 15 HafLuns g9 1 1a8wn7 AN
wmsgulewesle 6876 (2012)

wNNEA lAnT AU AW AN 4 HaAWAT g9 2 HaaLung

agAiflanamiliang (Aluminium stepwedge) ANLTUNTUAZ 0.5 TaRLAS ANNNIATIIU

lawwala 6876 (2012)

An1INNIATFIU 100.0 £ 1.0 ni


http://www.dent.chula.ac.th/upload/images/dent-material/equipment/LLOYD.pdf

31.

32.

33.

34.

35.

36.

37.

38.
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ANMINNIRTEIU 400.0 + 1.0 NdN
NABNREYYINA
E% v

PANLINNANg
LATBITIRNINATIEN 5 AL

) o a =
WIRNIAUaNTIUIUN
WEULAEANENT
k73
FAURINANT

NAANLARANT

nsaiunsIaEuazMSNUTILTINGIRYA

ABUN 1 : NISAWATIZILASHARLTLNTALNA

o a =8 ~ o = aa :l/ ¥ A s
mLuumiﬂﬂmLw'ammi’]w”l,mmmmammnmmmsmmummiumum (CaCOS) ha

o A

Fanaulaeanlafmizedani (Si0,) HiupauMsERaNAsAIFuLANsALAIAlRTLAATINTAINARIY

aal a
D IAAALEIN

1.

o

&
AN

s A aa %

C v oA ~ - aa 9 I~
HANANTAIAUARLAATINATTURIUA wasTanaulnaan ltAvTadand (muﬁmzﬁqumimmu‘m

a aaa Y a o rd' e A Y - N . £ dll =
mmﬂgmmimmmnmmmugim 178 stoichiometric ratio) ﬂQELﬂi@\TUﬁLLUUQﬂU‘ﬂ@L“ﬁ@ﬁﬂ b1

(zirconia planetary ball mill, Fritsch, Pulverisette 6) AINTINA 1 Tmﬂ%’gﬂufﬂmsﬁ‘ﬂﬂﬂ Weaune

v

WuruAugnan 1 EuAMAT UuaRaEaRs1 500 sausiaw? wean 30 wii tnaduindwly

AINAN

= & = . . .
NINN 1 meummuqnmmmﬂmmﬁ (zirconia planetary ball mill)
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2. FLMEUINAURANAINdIUNAN A LATEINAUITIB LU LN uN el gnyynia (rotary

=

evaporator, Laborota 4000, Heidolph, Germany) ﬁ'ﬂqmuqﬁ 60-80 B9ANIALTHA LI1ULIAN 30

N o A
U ANATINN 2

nna 2 wisesnauszmeuuuvyunielsigeynynie (rotary evaporator)

3. NIANAIULANKIUAZLNTIAIND 30 mesh (30 Tagsia 1 319 1138 595 TuATal)

}2 (2

=< a v o v . v dl a . .
mugﬂmumumﬂmmmmuLLm (dry pressing) FaalATaena lansaan (hydraulic pressing

IN
oS¢

machine, Desktop Newton Press NT-100H, Japan) FININA 3 AaegenA 10 lnzU1daAna

IituuigUnsnszuanaunduituAuings 35 HaaLues g9 10 HaamAs AINIWA 4
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v

AN 4 T LA UNAN TR ANTHIRY

Y L v ¥ a . . A= - Py ¥
fmwumummﬂLLm‘LuLmumuﬂz@Jum (alumina crucible) NUNTzAENDLATRINNWLL

al

waanie Ll W waududaduidvasulnonse drldwnlueivasuguugige (high

al

temperature furnace, k1700, Heraeus, Germany) FININT 5 NAUUNN 1450 89ANLTALT Y4

q ]

Tnalidnsnaannian (heating rate) 10 avALta@aasaw AruaNguugi A didunan 2

dalnaie Wiuundudeunanaesarssiemuialjisendulasunadendanm
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AN 5 Lm’mmufqmuqﬁqa (high temperature furnace)

U vaeNergiuIeenanNmILAdYN R UUuNAnAd8EN99IALTIRALRINTA (Air quenching)

Y o o a
AILNAAN ASNINN 6

a

Nl 6 WnaeNezgRuINinaanaINnNeang NN

a

Y = aa v v ' a . ¥ ¥
‘Llﬂﬁjuvl,[ﬂﬁ‘l,m@Lsﬁf;lll‘ﬁ@LﬂﬁliﬂLﬂuNﬂWJﬂIﬂN'ﬂt@JNuﬁ (alumina mortar) LAINIAIAVEIALLNTI
P
AINED 30 mesh
o & . = ] = aa = o = ' H 23
UNLIERTARUNINE (Zircon sand) sml,ﬁumwmﬂmLuﬂwml,ﬂmm@mmmummLW@iam NN

wazBuraEingsne eaniigunni 1000 esAgadas Winan 1 99l antiunangefaey

{ N aa ~

al o =2 o a vl v ¥ &
‘V]ﬁ"]?_I‘V]NWMﬂW?@Z@ﬂUNGim?LLﬂ@LﬂjﬂﬁJsﬁ@LﬂﬁlLW'ﬂLﬁu@’]?‘l’mi\‘m e A ududnansiafAau

Fpeaz 10, 20 way 30 Inanaa nanwazusliazwaaie idudounsaadlnsupa@audamnm



25

= cv = S . . . ¥
TUUAAIELATENLALLLGNLBALIRSIALNE (zirconia planetary ball mill) Inaldgnuasauim 1
LIUALNAT 19791 500 sausewi wunan 60 win tneldesdinuiudananslunisun
9. AUAITUAINITUARILANBUNANNNA 80 asATaa@aaLunan 12 99lu9 iNannanasElnu
a aa = -
2ANANES IATUARTNTANATLN LS

10. WiunslnsuaaifenNdanaT A WIn LA ATLIANANTY AINIWA 7

I~ > &
NINN 7 IﬂLLﬂQﬂQ’]ﬁJﬂNﬂ'}"IN‘Hu

Aawud 2 | MINARALLUIABYNIALASRsALlsENaUNARTRdlATLARLTINT AN ALAS
Tulauiiu waznismdndiuaisiselisenimanzandmsulnsuaaidandamnm
Finungiananasa

NISULNNGNNITNARDY

o

utngunimasediiu ngu Wil
ﬂ@:m‘?{ 1 lpsupaidandanndwusaianafisonduasaauiasay 10 (TCS 10% Zircon)
ﬂ@:m‘?{ 2 lnsupadandanadusaianasadnanimasaaudasas 20 (TCS 20% Zircon)
misﬁi 3 ImsupameNEaNAT N uFTNANaf LA I TaTARUSaE AT 30 (TCS 30% Zircon)
ﬂ@:sﬁi 4 luTawpuiu (Biodentine) WlunguadLA

NSNARDLIAUIAAYNA
tndounaradiulanuiu wazaelnsuAalda TN AT INLAN N EaTAauiatas 10, 20 kA 30 N1
nisusauaas luansazataianiuas antuin lldnsginauineuniasaarzasiiaszfauin

malmﬂLL@m’liﬂimﬁﬂﬁfmmﬂumﬂﬁfmﬁ’]ummlﬁﬁ@{(Laser particle size distribution analyzer, Malven
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instrument LtD. Malvern, UK) finn1snagaunisaatnasangunismaaas Inaugnsnalugiununng
= = PP v = I B .
NILANEUBITUIABYNIA D50 TSN DITUIAUYAIANHBYNIATREAE 50 HIUIA LU nIuTaLanndn

Taevinnnsmagay 1 Aaad 9 lunNNguNIImaaed

n’)?ﬂﬂﬂ@ﬂ@ﬂﬁfﬂi@:ﬂ@ﬂ?’l’)%ﬂﬁ

o

° ~ = aa a AP - Py = -
u’]mumw@\ﬂﬂ@muwu LL@&NQVLW?LL@@L"IJEN"I]@LﬂmﬁLNum‘V]NLﬁ'ﬂ?ﬂ'ﬂu?@ﬂ@g 20 LL‘]J'JLﬂﬁ\']ng

- A a [y A a I X v & & &
'ﬂ\?ﬁﬂﬁ‘gﬂﬂﬂﬂq\uﬂﬂLﬂQQMﬂqWIHQﬂ@q?ﬂﬁ'ﬁfﬂ'ﬂUﬂQﬂLﬂﬁ‘@QQLﬁﬁ‘qx‘Mﬂqﬁ\L@ﬂqLUu?Q@L@ﬂsﬂ (X-ray
diffractometer, Bruker AXS Model D8 Discover, Kralsuhe, Germany) kazatasnsidaudsenauniamil
delFunnlugisneasasenaseiglasaaud aulninslimes (X-ray fluorescence spectrometer, EDS:
1SIS300-6647, Oxford Instrument, Wycombe Bucks, UK.) Iagvinnisnagey 1 faadieluynngunis

NARXR

ihdauzeananzediulowmuiulldmnsiesdlsznaunaniiluglsnueslavedonipiasin
ﬂﬂi@mﬂﬁuLLmQLLuuaxMQMﬁﬂLLfauen’airﬂﬁu (Atomic Absorption Spectrophotometer, Varian AA280Fs,

Varian Inc., USA)

MSUIBATIRIUANITHNLJNTLIUNIZAN
a [ (2 IS ! = ° o )
anNN1sAsIzesAlsznaunivaaasdauaadinanaedlulawmuinu dndnsdsunesifiuin
N Apwy e o , = ot o 1 |ana =
SRAUWARLTENT NNATu R danrasiNiaianslsenewea dan aas lasta udasanl §isen e
= o ! = aa = A ! v @ v o !
nanansaratuAadanAae laidudsurnamaseclnsuasdandainaduudaianesadq liddndou

upaldeNAaa lafiNTUdaLaasanIaslulam iy

ABUN 3 : NITNARALAMNANTANNNILNINIRIIAR
NIFEANAITAIDENNNANITNARDL

wisen lulainunulnanandounsuazdouasamaraslulawmuiulsedacdwalgaaesdouna
uaadauranasldlunalgadaiuau 5 naaudataed annduinualgaliiudouipsasnanans
Biodentine Capsule Mixer (Septodont, France) Aqe18m51 4,000 — 4,200 sauUAaW7 11941 30 31

AN ATWE TN UBILIFEN

aen tm LA AT NT AN AT LN UATIAN G159 TRt AN AV LA LA S A UURINA DS AT AR LTI N
aa = . Aa ' v @ Y as a o o = o . . ]
FanaTwmwsianesaiamedsdwmaaiuiululawmuiv Iaeinualgananaisaas Biodentine 10414
Aunaree A TLARLTLNTALN AT INUA 1AE9UIBINAI TR INEILIAITBUNAIABNITLNLG 0.33 Tasisinuiin

anuuwalgaliliTusaepsenanans Biodentine Capsule Mixer Lluan 30 w1
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IR TIFITUAURAZIIA T IFNY 50

putiunIInAgeLAINNIATgIUlaleala 6876 (2012) (65) uaz 9917-1 (2007) (141) Tnaimses

o

anuazglnanilugnmnd 25 + 1 asAaaidaa THudnulangFalinauiadeanind 8 aneuuurunio
wun 1 a8 Nanansldlundiuw Iduiuuialaiodag sy naaaulugrouanguugivay

AYNTUAININT 9 NANIEQUUNT 37 + 1 B9ANTATIALAZANNTUANNS ITiaundnfaaay 95

naaaulngl4AFe9dANUIAIAININA 10 MdunaRadanuIL 5 U7 TRuuENNARIRANTLINURY

o a < d?-/ <3 <3 v v o suj o ] dl =
UANIAR INLNATDENA LNLTNNATY dadanadunaldazain udavingn lusumdsn ldfiseanalunan 30

o o

Fudidann duinnaflidiinsesnaasuidusaunuuiodan nageudinguas 3 faatmudaunuzin

v
o Y

2RINIATFIUAINATT ldAedsunanudesa nenimageunatudssadusulddunaniaunaudueinu
AutNadNNA 2.0 £ 0.1 HadWM3 W 100.0 £ 0.5 NdN dufunismeaeunatudeaanysalldidy

NATWIALEUNIUANENAT9 1.0 £ 0.1 Ha@wms 1{miin 400 £ 5 i

Cimensions in millimetres

Toberance on dimensions £ 0,15

19

SR NN
- :H\_E__ 1 2

NOTE Intermnal comers may be square or rounded

L%

AN 8 TUNAVBUNANNE T LN Ada LA UTed (141)
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N7 9 FALANG UMY NUAZAYINTUANNTLNAGELIIAUTIFA

~ 4 o & o
NINN 10 LATANIANITLANAA

ANNULSIDA

antiuntmageumnNinsgiulelaals 9917-1 (2007) (141) newmsendanguazednsally

founnH 25 + 1 aeAnadaa Muiiulanzlfalinaunaduiiugugnane 4.0 £ 0.1 HaAINAT 49 6.0 +

0.1 RAANATAININA 11 UULHULAL HaNaFIdulANWLazaqueuuialafamuunldFay wiuldn
- o X o oo iy aw L AN

HIUNYH 37 + 1 avAgalid ANTudNRLS ldeandnfaaar 95 Wunan 24 4alug aantiuidaeting
ra s A Y o 1 dl 1 o A o v dl

aanaNuNANW wanldiatenanysaililsesunninusagniu nARALAINNULINEARIULATEY

NARALAIINNY (Universal Testing Machine, LLOYD, Ametek, USA) FININA 12 R8I UE YD

JanuuguretaTasie Wusanaldninuuaunuesdan diuinalilidnsiie 0.75 fadmnssiown


http://www.dent.chula.ac.th/upload/images/dent-material/equipment/LLOYD.pdf
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a o K !

wiaauwinAudnsn liues 50 Hosusaud TuiinAtusenannganinldiueauunninlunios

wnzaAna innsvagay 15 Faatesengy AanIng 13

AN 12 LATRINARBLIANNNNULIIER (Universal Testing Machine)


http://www.dent.chula.ac.th/upload/images/dent-material/equipment/LLOYD.pdf
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AINA13 NNINARRLTRINUIUENAGELANNNULIIER

ANNLSIA

AufiunmeasunNnansgIulewaale 6876 (2012) (65) waz 9917-1 (2007) (141) Ineissen

o

anuazginsnllugnuugil 25 + 1 asAumadas ldudiulansFatinauadunnugudnans 15.0 + 0.1
HAANAT §9 1.0 £ 0.1 adumnsian i 14 anauaifiuuuuiuuds nanasldluusfin ndauuuaes
wiRaasuiuuta Fulienugl 37 + 1 asrnaadeg A slivaendndeuay 95 aan
24 daTus thseteanannuaifa Tuiinasamaesiaasinaly 3FnetLaregiitanasilond
(aluminium stepwedge) URLRUFUFIRUUIALLBT 2 (CS 7600 imaging plate No.2, Carestream,USA)

Tnaavgionasilnadianeuztuduiula Sacnumunssus 0.5 19 5 + 0.01 Fadwwes Tnausaydul

o a v

AYTHUUIFNGTY 0.5 + 0.01 HARLNAT AININT 15 Ane59B@mAneA3a9a18598 (X-MIND DC, Seletec

o o

Acteon, UK) san1n# 16 TaaifaA1n1sane59@i 65 dlalas (kV) nezualndn 10 Raauanuils (mA)

o a

sz ANFNEATIA (exposure time) 0.3 AU T2a299NIZLANTIAINNAN 300 NAALNAT AUNUNFNAQE
LATR9BNUNAN (CS 7600 Digital Imaging System, Carestream,USA) A9NINT 17 wazdaAuNUFIa

duAnnsefaina (grey scale value) wagluiunndenaaelilsunsy CS 7600 Imaging software

12 1
a o ! =

AU ANNN LS Tae TN e AN R AU AN ATDIRIAHINLARLTUR LA LRAE

v
a a v o

nstfainaresargiilanailnadszdudunianlndia saiunnige antuldaeaninstdainauas

a

o \ a = o s o = ] =2 oo o \ oA
ﬂ’]qﬂﬂuq"ﬂﬂ\‘]mqﬂﬂqﬂLL@S@@JNLuﬂlll,@[ﬂﬂL’JﬂqLWﬂﬂququﬂ?‘ﬂULWﬂU')qﬂqqﬂwuiﬂﬁﬂﬂﬂmqﬂﬂqﬂV]uu'] 1
a a N e =2 oo aa A dAa a 2o o \ -y ]
N@@LNW?NV’Hquﬂuﬂqqﬂwui‘\?@"ﬂ@\‘]ﬂxqﬂ VREHNAITNUAUINHNANLNAT slﬂjmwmmﬂmd 3 ﬁumﬂﬂf‘!ﬂﬂqﬁ‘

NAFBN



i 15 exgRiflanaiiong

™\

o a

~ I
NINNT6 LATANDNEI

31



32

DINT 17 PTRIENUAAN

= 1
AMNLLunga-n19

ANTUNIINAGALAINNTANEUS Camilleri 11Tl A 2008 (87) way A.A. 2011 (124) iFizei

o

anuazginsnilugruund 25 + 1 asAnmqidad nanansldluldudfuwialanaundudiugudnans

[%
v o

0+0.1 HaANAT g9 2.0 £ 0.1 NadNAIAINING 18 Livldngounni 37 evAaadiea poNTwdNng
! v :// o al/

ddeandnfasas 95 ilunan 1 daluanalidaguissa antduinsaadngldludasudaniuinau 10

— N

o o '

ARAMT AU 1 Faastinesa 1 das Tetlndasuiasaautunatainlaiive ldliinszme Snaanuly

pad)}

N9A-ANNATNRINGN 3 T21a4 6 T2l 24 FaTua 48 dalua 1 dUand 2 dlmn9f 4 dUansd 6 dmnif way
8 & inuandu IneldirTesinnauungn-ane (pH meter) {1 402A (Orien, Boston, USA) AanIng
19 Inelfumeursesinaaindunsa-Aaneunisdnlunndasnaifmasisuinsgruniaiaaud
N3A-ANINAL 4.01, 7.00, 10.01 AMNAIBLEHN89L3EN WawdunanamnlanaunisdnAtaauiunse-
. Y . e g e A oo a a eea L e o o
A9 anTulaLEunaafinlanAUAKINBTALATA AT RAEUINAWLAZLIT A LT WTINaIN1sTALAAY

Fnating Fnating 7 Tusenilangunismaaes
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2N 19 FaAANTLAIA-AN

NTANUIUNR DR

a

WARIANTZEZIIANINARY ANNULTERA ANNTILTE uazAudunsa-AnafaaadAde
WITRUN (descriptive analysis)
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5 A wdada i (1) wawdasaanysnl (W)
240
mean SD p mean SD o]
Biodentine 14:30 ° 0:42 19:00 ¢ 1:24
TCS 10% zircon 06:45° 1:45 10:30 ¢ 2:49
0.022 0.017
TCS 20% zircon 14:10° 0:14 20:20 ° 0:28
TCS 30% zircon 18:35° 0:35 25:25" 1:18
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nax Mean (MPa) SD p
Biodentine 53.98 ° 5.80
TCS 10% zircon 46.15° 3.84
<0.000
TCS 20% zircon 53.07 ° 3.97
TCS 30% zircon 56.23 ° 5.32
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ngu Mean (mm Al) SD P
Biodentine 3.92° 0.52 <0.000
TCS 10% zircon 3.66° 0.30
TCS 20% zircon 5.64° 0.15
TCS 30% zircon 6.47° 0.11

o o
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b

6.47
b
5.64
a
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3.92 3.66 .

Biodentine TCS5+10% zircon TCS+20% zircon TCS + 30% zircon
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Sum Compton

4.1 KCps
97 % 5%
Eval2 V2.5.500 Admin 7/26/2018 8:35:16 AM
Sample: 611007-5063-Biodentine
Measured on 7/26/2018 8:30:17 AM
Sample measured by Admin
Measurement method: Best Detection-\acB8mm
Ca Si Zr Mg Hf Fe Sr Sum
50.5 % 943 % 4.08 % 927 PPM 675 PPM 658 PPM 96.9 PPM 64 %
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TpuEslHan 1T IesT s

Eehligh] Liquid Biodentine
waluaseanig 520802-2975
WaELIEaehag CTME11323180
Eyaasant AEL FIETTH  TMRGWENA

AaEVURRWVaAERS PiRInTalmTIneda

TaaUszass Wi e inBuasisuaaciou (Ca)
AT e Air-CzH; Flame Atomic Absorpfion Spectrometry
aaiiaitas e Atomic Absorption Spectrophotometer,
Varian Model AA280FS
Fuitviiansiwened 15 Auawiug 2562
AAYanIsIATIE Ca-Kongthum-620802-2975

HANSIASIZH

faaisazanuéiati USuausis Ca ( ASusiaias )

Biodentine liquid 53.00

ua AAs 3998911 T TaLauiu
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Biodentine TCS 10% TCS 20% TCS 30%
Initial set
1 900 330 860 1090
2 950 420 880 1200
3 840 480 840 1140
average 870 405 850 1115
final set
1 1080 510 1240 1470
2 1130 680 1230 1650
3 1200 750 1200 1580
average 1140 630 1220 1525
Descriptives
group Statistic Std. Error
Initial setting time  TCS 10%Zr  Mean 410.0000| 43.58899
95% Confidence Interval  Lower Bound 222.4517
for Mean Upper Bound 597.5483
5% Trimmed Mean
Median 420.0000
Variance 5700.000
Std. Deviation 75.49834
Minimum 330.00
Maximum 480.00
Range 150.00
Interguartile Range
Skewness -.586 1.225
Kurtosis
TCS 20%Zr  Mean 860.0000 | 11.54701
95% Confidence Interval  Lower Bound 810.3172
for Mean Upper Bound 909.6828
5% Trimmed Mean




70

Median 860.0000
Variance 400.000
Std. Deviation 20.00000
Minimum 840.00
Maximum 880.00
Range 40.00
Interquartile Range
Skewness .000 1.225
Kurtosis

TCS 30%Zr  Mean 1143.3333 | 31.79797
95% Confidence Interval  Lower Bound | 1006.5177
for Mean Upper Bound | 1280.1490
5% Trimmed Mean
Median 1140.0000
Variance 3033.333
Std. Deviation 55.07571
Minimum 1090.00
Maximum 1200.00
Range 110.00
Interguartile Range
Skewness 271 1.225
Kurtosis

Biodentine  Mean 896.6667 [ 31.79797
95% Confidence Interval  Lower Bound 759.8510
for Mean Upper Bound | 1033.4823
5% Trimmed Mean
Median 900.0000
Variance 3033.333
Std. Deviation 55.07571
Minimum 840.00
Maximum 950.00
Range 110.00
Interguartile Range
Skewness -271 1.225
Kurtosis

Final setting time  TCS 10%Zr  Mean 646.6667 | 71.25853
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95% Confidence Interval  Lower Bound 340.0660
for Mean Upper Bound 953.2674
5% Trimmed Mean
Median 680.0000
Variance 15233.333
Std. Deviation 123.42339
Minimum 510.00
Maximum 750.00
Range 240.00
Interquartile Range
Skewness -1.127 1.225
Kurtosis
TCS 20%Zr  Mean 1223.3333 | 12.01850
95% Confidence Interval  Lower Bound | 1171.6219
for Mean Upper Bound | 1275.0448
5% Trimmed Mean
Median 1230.0000
Variance 433.333
Std. Deviation 20.81666
Minimum 1200.00
Maximum 1240.00
Range 40.00
Interquartile Range
Skewness -1.293 1.225
Kurtosis
TCS 30%Zr  Mean 1566.6667 | 52.38745
95% Confidence Interval  Lower Bound 1341.2617
for Mean Upper Bound | 1792.0717
5% Trimmed Mean
Median 1580.0000
Variance 8233.333
Std. Deviation 90.73772
Minimum 1470.00
Maximum 1650.00
Range 180.00

Interquartile Range
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Skewness -.647 1.225
Kurtosis
Biodentine Mean 1136.6667 | 34.80102
95% Confidence Interval  Lower Bound 986.9300
for Mean Upper Bound | 1286.4034
5% Trimmed Mean
Median 1130.0000
Variance 3633.333
Std. Deviation 60.27714
Minimum 1080.00
Maximum 1200.00
Range 120.00
Interquartile Range
Skewness 492 1.225
Kurtosis
ANOVA
Initial setting time
Sum of Squares df Mean Square F Sig.
Between Groups 839691.667 3 279897.222 92.021 .000
Within Groups 24333.333 8 3041.667
Total 864025.000 11




Dependent Variable:

Multiple Comparisons

Initial setting time
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Bonferroni
Mean 95% Confidence Interval
(1) group (J) group Difference (I-J) | Std. Error Sig. Lower Bound Upper Bound
TCS 10%2Zr  TCS 20%2zr -450.00000"|  45.03085 .000 -606.6569 -293.3431
TCS 30%2Zr -733.33333"|  45.03085 .000 -889.9902 -576.6764
Biodentine -486.66667"|  45.03085 .000 -643.3236 -330.0098
TCS 20%zr  TCS 10%2Zr 450.00000° |  45.03085 .000 293.3431 606.6569
TCS 30%2r -283.33333°|  45.03085 .001 -439.9902 -126.6764
Biodentine -36.66667 | 45.03085 1.000 -193.3236 119.9902
TCS 30%zr  TCS 10%2r 733.33333"|  45.03085 .000 576.6764 889.9902
TCS 20%2r 283.33333"| 45.03085 .001 126.6764 439.9902
Biodentine 246.66667"|  45.03085 .004 90.0098 403.3236
Biodentine ~ TCS 10%Zr 486.66667"| 45.03085 .000 330.0098 643.3236
TCS 20%2r 36.66667 | 45.03085 1.000 -119.9902 193.3236
TCS 30%2r -246.66667"| 45.03085 .004 -403.3236 -90.0098

*. The mean difference is significant at the 0.05 level.
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Biodentine | TCS 10% | TCS 20% | TCS 30%
1 45.6 44 50.2 50.2
2 45.9 39.4 46.1 55.4
3 46.2 40.5 48.2 56
4 49.7 44.8 53.4 51.9
5 50 48.1 57.4 60.3
6 52.4 43.3 48.8 49.2
7 53.1 52.5 56.4 65.5
8 54.2 51.8 551 62.4
9 54.5 43.5 49.4 49.7
10 55.3 45.9 49.5 54.2
11 57.3 47.5 57.2 56
12 60 45.4 53.7 52.5
13 60.4 48.4 56.8 61.2
14 62.1 46.1 56.8 54.8
15 63 51 571 64.2
average 53.98 46.147 53.073 56.233
Descriptives
Group Statistic Std. Error
Compressive TCS 10%Zr  Mean 46.1467 .99081
strength 95% Confidence Interval for Lower Bound 44,0216
Mean Upper Bound 48.2717
5% Trimmed Mean 46.1685
Median 45.9000
Variance 14.726
Std. Deviation 3.83739
Minimum 39.40
Maximum 52.50
Range 13.10
Interquartile Range 4.90
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Skewness .046 .580

Kurtosis -.487 1.121
TCS 20%Zr  Mean 53.0733 1.02486

95% Confidence Interval for Lower Bound 50.8752

Mean Upper Bound 55.2714

5% Trimmed Mean 53.2204

Median 53.7000

Variance 15.755

Std. Deviation 3.96925

Minimum 46.10

Maximum 57.40

Range 11.30

Interquartile Range 7.40

Skewness -.377 .580

Kurtosis -1.510 1.121
TCS30%Zr  Mean 56.2333|  1.37466

95% Confidence Interval for Lower Bound 53.2850

Mean Upper Bound 59.1817

5% Trimmed Mean 56.1093

Median 55.4000

Variance 28.345

Std. Deviation 5.32402

Minimum 49.20

Maximum 65.50

Range 16.30

Interquartile Range 9.30

Skewness 401 .580

Kurtosis -1.048 1.121
Biodentine Mean 53.9800 1.49810

95% Confidence Interval for Lower Bound 50.7669

Mean Upper Bound 57.1931

5% Trimmed Mean 53.9444

Median 54.2000

Variance 33.665

Std. Deviation 5.80212

Minimum 45.60
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Maximum 63.00
Range 17.40
Interquartile Range 10.30
Skewness .025 .580
Kurtosis -1.097 1.121
ANOVA
Compressive strength
Sum of Squares df Mean Square F Sig.
Between Groups 851.122 3 283.707 12.270 .000
Within Groups 1294.864 56 23.123
Total 2145.986 59

Multiple Comparisons

Dependent Variable: Compressive strength

Bonferroni
Mean 95% Confidence Interval
Difference (I-

(I) Group (J) Group J) Std. Error Sig. Lower Bound | Upper Bound
TCS 10%2zr  TCS 20%2r -6.92667°| 1.75585 .001 -11.7293 -2.1240
TCS 30%2r -10.08667"| 1.75585 .000 -14.8893 -5.2840
Biodentine -7.83333"| 175585 .000 -12.6360 -3.0307
TCS 20%2zr  TCS 10%2Zr 6.92667°| 1.75585 .001 2.1240 11.7293
TCS 30%zr -3.16000| 1.75585 464 -7.9626 1.6426
Biodentine -.90667| 1.75585 1.000 -5.7093 3.8960
TCS 30%2zr  TCS 10%2r 10.08667°| 1.75585 .000 5.2840 14.8893
TCS 20%2r 3.16000| 1.75585 464 -1.6426 7.9626
Biodentine 2.25333| 1.75585 1.000 -2.5493 7.0560
Biodentine ~ TCS 10%Zr 7.83333" 1.75585 .000 3.0307 12.6360
TCS 20%2r 90667 1.75585 1.000 -3.8960 5.7093
TCS 30%zr -2.25333| 1.75585 1.000 -7.0560 2.5493

*. The mean difference is significant at the 0.05 level.
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ANTLTE (Radmnsasagiiilen)
Biodentine TCS10% | TCS20% | TCS 30%
1 4.52 4.0033 5.7949 6.4503
2 3.5767 3.4989 5.4971 6.5888
3 3.6528 3.4638 5.613 6.3821
average 3.92 3.66 5.64 6.47
Descriptives
Group Statistic Std. Error
Radiopacity = TCS 10%Zr  Mean 3.6553 17428
95% Confidence Interval for Lower Bound 2.9055
Mean Upper Bound 4.4052
5% Trimmed Mean
Median 3.4989
Variance .091
Std. Deviation .30186
Minimum 3.46
Maximum 4.00
Range .54
Interquartile Range
Skewness 1.706 1.225
Kurtosis
TCS 20%Zr Mean 5.6350 .08667
95% Confidence Interval for Lower Bound 5.2621
Mean Upper Bound 6.0079
5% Trimmed Mean
Median 5.6130
Variance .023
Std. Deviation .15011
Minimum 5.50
Maximum 5.79
Range .30
Interquartile Range
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Skewness .645 1.225
Kurtosis
TCS 30%Zr Mean 6.4737 .06081
95% Confidence Interval for Lower Bound 6.2121
Mean Upper Bound 6.7354
5% Trimmed Mean
Median 6.4503
Variance .011
Std. Deviation .10532
Minimum 6.38
Maximum 6.59
Range 21
Interguartile Range
Skewness .952 1.225
Kurtosis
Biodentine Mean 3.9165 .30255
95% Confidence Interval for Lower Bound 2.6147
Mean Upper Bound 5.2183
5% Trimmed Mean
Median 3.6528
Variance .275
Std. Deviation .52403
Minimum 3.58
Maximum 4.52
Range .94
Interquartile Range
Skewness 1.691 1.225
Kurtosis
ANOVA
Radiopacity
Sum of Squares df Mean Square F Sig.
Between Groups 16.595 3 5.532 55.407 .000
Within Groups 799 8 .100
Total 17.394 11




Multiple Comparisons

Dependent Variable: Radiopacity
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Bonferroni
Mean 95% Confidence Interval

(1) Group (J) Group Difference (I-J) | Std. Error Sig. Lower Bound | Upper Bound
TCS 10%Zr TCS 20%Zr -1.97967" .25799 .000 -2.8772 -1.0822
TCS 30%Zr -2.81840" .25799 .000 -3.7159 -1.9209
Biodentine -.26117 .25799 1.000 -1.1587 .6363
TCS 20%Zr TCS 10%Zr 1.97967" .25799 .000 1.0822 2.8772
TCS 30%Zr -.83873 .25799 .070 -1.7362 .0588
Biodentine 1.71850" .25799 .001 .8210 2.6160
TCS 30%Zr TCS 10%Zr 2.81840" .25799 .000 1.9209 3.7159
TCS 20%Zr .83873 .25799 .070 -.0588 1.7362
Biodentine 2.55723" .25799 .000 1.6597 3.4547
Biodentine  TCS 10%Zr 26117 .25799 1.000 -.6363 1.1587
TCS 20%Zr -1.71850" .25799 .001 -2.6160 -.8210
TCS 30%Zr -2.55723" .25799 .000 -3.4547 -1.6597

*. The mean difference is significant at the 0.05 level.
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ANANNLTIUNTA-AN

group No. 3hr mean 6 hr mean 24 hr mean 2d mean 7d mean

Biodentine 1 10.25 | 10.174 | 10.44 | 10.50143 | 10.51 | 10.664 | 10.59 | 10.701 | 11.88 | 12.0386

2 9.97 10.14 10.5 10.56 11.95
3 10.12 10.29 10.62 10.87 12.03
4 10.05 10.47 10.84 10.4 12.07

10.14 10.67 10.98 10.66 121
6 10.33 10.85 11.14 10.89 121
7 10.36 10.65 10.06 10.94 12.14

TCS 10% 1 1217 | 12113 | 12,22 | 12.21286 | 12.51 | 12.529 | 11.76 | 11.717 | 12.71 | 12.6414

2 1213 12.23 12.54 11.56 12.7
3 1212 12.21 12.54 11.75 12.73
4 12.07 12.13 12.46 11.66 11.82
5 12.06 12.21 12.49 1.7 12.85
6 1212 12.24 12.57 11.78 12.79
7 12.12 12.25 12.59 11.81 12.89

TCS 20% 1 1216 | 12139 | 12.24 | 12.24429 12.5 12.438 | 11.72 | 11.744 | 12.51 | 12.7629

2 12.11 12.2 12.44 1.7 12.69
3 12.15 12.26 12.56 11.78 12.7
4 12.12 12.25 12.55 11.79 12.85
5 12.15 12.23 12.14 11.62 12.82
6 12.09 12.2 12.5 11.73 12.79
7 12.19 12.33 12.65 11.87 12.98

TCS 30% 1 1217 | 12113 | 123 | 12.22143 | 12.59 | 12.411 11.8 11.67 12.89 | 12.7957

2 12.16 12.28 12.57 11.78 12.89
3 12.11 12.26 11.9 11.59 12.8
4 12.11 12.29 12.57 11.8 12.94

12.07 12.16 12.34 11.43 12.77
6 12.11 12.14 12.49 11.68 12.56

7 12.06 12.12 12.42 11.61 12.72
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group No. 2w mean 3w mean 4w mean 6w mean 8w mean
Biodentine 1 12.26 | 12.2457 | 10.88 | 10.929 | 10.17 | 10.27714 | 10.24 | 10.28143 | 10.23 10.28
2 12.28 10.59 10.04 10.23 10.24
3 12.04 10.98 10.24 10.52 10.5
4 12.01 10.95 9.99 10.34 10.35
12.36 11.15 10.72 10.27 10.26
6 12.39 11.13 10.41 10.25 10.27
7 12.38 10.82 10.37 10.12 10.11
TCS 10% 1 12.73 | 12.7514 | 11.04 | 11.183 | 9.96 | 10.23571 | 10.32 | 10.23143 | 10.34 | 10.229
2 12.95 11.33 10.15 9.69 9.67
3 12.64 10.55 10.36 9.86 9.88
4 12.68 1.2 10.27 10.65 10.6
5 12.94 11.38 10 9.76 9.79
6 12.87 11.55 10.4 10.8 10.78
7 12.45 11.23 10.51 10.54 10.54
TCS 20% 1 12.52 | 12.7429 | 10.13 | 11.367 | 10.24 | 10.21286 | 10.28 10.22 10.3 10.27
2 12.68 11.53 10.12 10.25 10.21
3 12.67 11.68 10.25 10.28 10.27
4 12.85 11.69 10.36 10.35 10.34
5 12.84 11.66 10.24 9.83 9.92
6 12.96 11.39 9.83 10.2 10.12
7 12.68 11.49 10.45 10.35 10.24
TCS 30% 1 12.74 | 12.7429 | 11.39 | 11.324 | 10.26 | 10.20714 | 10.78 | 10.21286 | 10.76 | 10.197
2 12.56 11.09 9.81 9.78 9.76
3 12.79 11.18 10.12 9.84 9.85
4 12.85 11.78 10.25 9.5 9.48
12.8 11.17 10.25 10.12 10.1
6 12.84 11.21 10.12 10.65 10.67
7 12.62 11.45 10.64 10.82 10.76




Descriptives
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Group Statistic Std. Error
pHin 3 hr TCS 10%Zr Mean 12.1129 .01409
95% Confidence Interval for Lower Bound 12.0784
Mean Upper Bound 12.1473
5% Trimmed Mean 12.1126
Median 12.1200
Variance .001
Std. Deviation .03729
Minimum 12.06
Maximum 12.17
Range 11
Interquartile Range .06
Skewness -.152 794
Kurtosis -.105 1.587
TCS 20%Zr Mean 12.1386 .01280
95% Confidence Interval for Lower Bound 12.1072
Mean Upper Bound 12.1699
5% Trimmed Mean 12.1384
Median 12.1500
Variance .001
Std. Deviation .03388
Minimum 12.09
Maximum 12.19
Range .10
Interquartile Range .05
Skewness .027 .794
Kurtosis -.584 1.587
TCS 30%Zr Mean 12.1129 .01554
95% Confidence Interval for Lower Bound 12.0748
Mean Upper Bound 12.1509
5% Trimmed Mean 12.1126
Median 12.1100
Variance .002
Std. Deviation .04112
Minimum 12.06
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Maximum 12.17
Range 11
Interquartile Range .09
Skewness .218 .794
Kurtosis -1.027 1.587
Biodentine Mean 10.1743 .05472
95% Confidence Interval for Lower Bound 10.0404
Mean Upper Bound 10.3082
5% Trimmed Mean 10.1753
Median 10.1400
Variance .021
Std. Deviation .14478
Minimum 9.97
Maximum 10.36
Range .39
Interquartile Range .28
Skewness -.002 .794
Kurtosis -1.364 1.587
pHin 6 hr TCS 10%Zr Mean 12.2129 .01491
95% Confidence Interval for Lower Bound 12.1764
Mean Upper Bound 12.2494
5% Trimmed Mean 12.2154
Median 12.2200
Variance .002
Std. Deviation .03946
Minimum 12.13
Maximum 12.25
Range .12
Interquartile Range .03
Skewness -1.869 794
Kurtosis 4.159 1.587
TCS 20%Zr Mean 12.2443 .01674
95% Confidence Interval for Lower Bound 12.2033
Mean Upper Bound 12.2853
5% Trimmed Mean 12.2420
Median 12.2400
Variance .002
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Std. Deviation .04429
Minimum 12.20
Maximum 12.33
Range .13
Interquartile Range .06
Skewness 1.227 794
Kurtosis 2.090 1.587
TCS 30%Zr Mean 12.2214 .02947
95% Confidence Interval for Lower Bound 12.1493
Mean Upper Bound 12.2935
5% Trimmed Mean 12.2227
Median 12.2600
Variance .006
Std. Deviation .07798
Minimum 12.12
Maximum 12.30
Range .18
Interquartile Range .15
Skewness -.369 .794
Kurtosis -2.393 1.587
Biodentine Mean 10.5014 .09156
95% Confidence Interval for Lower Bound 10.2774
Mean Upper Bound 10.7255
5% Trimmed Mean 10.5021
Median 10.4700
Variance .059
Std. Deviation 24224
Minimum 10.14
Maximum 10.85
Range 71
Interquartile Range .38
Skewness -.107 .794
Kurtosis -.638 1.587
pHinld TCS 10%Zr  Mean 12.5286 .01710
95% Confidence Interval for Lower Bound 12.4867
Mean Upper Bound 12.5704
5% Trimmed Mean 12.5290
Median 12.5400
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Variance .002

Std. Deviation .04525

Minimum 12.46

Maximum 12.59

Range .13

Interquartile Range .08

Skewness -.202 794

Kurtosis -.763 1.587
TCS 20%Zr Mean 12.4714 .06663

95% Confidence Interval for Lower Bound 12.3084

Mean Upper Bound 12.6345

5% Trimmed Mean 12.4821

Median 12.5000

Variance .031

Std. Deviation .17630

Minimum 12.10

Maximum 12.65

Range .55

Interquartile Range .12

Skewness -1.889 .794

Kurtosis 4.335 1.587
TCS 30%Zr Mean 12.4114 .09195

95% Confidence Interval for Lower Bound 12.1864

Mean Upper Bound 12.6364

5% Trimmed Mean 12.4299

Median 12.4900

Variance .059

Std. Deviation .24327

Minimum 11.90

Maximum 12.59

Range .69

Interquartile Range .23

Skewness -1.945 794

Kurtosis 4.028 1.587
Biodentine Mean 10.6643 .13582

95% Confidence Interval for Lower Bound 10.3319

Mean Upper Bound 10.9966

5% Trimmed Mean 10.6714
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Median 10.6200
Variance .129
Std. Deviation .35934
Minimum 10.06
Maximum 11.14
Range 1.08
Interquartile Range .48
Skewness -.424 794
Kurtosis .106 1.587
pHin3d TCS 10%Zr  Mean 12.6371 .03198
95% Confidence Interval for Lower Bound 12.5589
Mean Upper Bound 12.7154
5% Trimmed Mean 12.6357
Median 12.6400
Variance .007
Std. Deviation .08460
Minimum 12.54
Maximum 12.76
Range .22
Interquartile Range .16
Skewness .301 .794
Kurtosis -1.565 1.587
TCS 20%Zr Mean 12.6014 .07611
95% Confidence Interval for Lower Bound 12.4152
Mean Upper Bound 12.7877
5% Trimmed Mean 12.6110
Median 12.6800
Variance .041
Std. Deviation .20136
Minimum 12.21
Maximum 12.82
Range .61
Interquartile Range .22
Skewness -1.368 .794
Kurtosis 2.045 1.587
TCS 30%Zr Mean 12.5914 .03582
95% Confidence Interval for Lower Bound 12.5038
Mean Upper Bound 12.6791
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5% Trimmed Mean 12.5888
Median 12.5700
Variance .009
Std. Deviation .09477
Minimum 12.49
Maximum 12.74
Range .25
Interquartile Range .20
Skewness .578 .794
Kurtosis -.803 1.587
Biodentine Mean 11.4971 .11860
95% Confidence Interval for Lower Bound 11.2069
Mean Upper Bound 11.7873
5% Trimmed Mean 11.4940
Median 11.4000
Variance .098
Std. Deviation .31378
Minimum 11.06
Maximum 11.99
Range .93
Interquartile Range A4
Skewness .326 .794
Kurtosis -.484 1.587
pHin1wk TCS 10%Zr Mean 12.6414 .13956
95% Confidence Interval for Lower Bound 12.2999
Mean Upper Bound 12.9829
5% Trimmed Mean 12.6733
Median 12.7300
Variance .136
Std. Deviation .36925
Minimum 11.82
Maximum 12.89
Range 1.07
Interquartile Range .15
Skewness -2.435 .794
Kurtosis 6.187 1.587
TCS 20%Zr Mean 12.7629 .05605
95% Confidence Interval for  Lower Bound 12.6257
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Mean Upper Bound 12.9000
5% Trimmed Mean 12.7648
Median 12.7900
Variance .022
Std. Deviation .14829
Minimum 12.51
Maximum 12.98
Range A7
Interquartile Range .16
Skewness -.407 .794
Kurtosis .799 1.587
TCS 30%Zr Mean 12.7957 .04893
95% Confidence Interval for Lower Bound 12.6760
Mean Upper Bound 12.9155
5% Trimmed Mean 12.8008
Median 12.8000
Variance .017
Std. Deviation .12947
Minimum 12.56
Maximum 12.94
Range .38
Interquartile Range .17
Skewness -.953 .794
Kurtosis .765 1.587
Biodentine Mean 12.0386 .03515
95% Confidence Interval for Lower Bound 11.9526
Mean Upper Bound 12.1246
5% Trimmed Mean 12.0417
Median 12.0700
Variance .009
Std. Deviation .09299
Minimum 11.88
Maximum 12.14
Range .26
Interquartile Range .15
Skewness -.912 .794
Kurtosis -.226 1.587
pHin2wk TCS 10%Zr Mean 12.7514 .06864
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95% Confidence Interval for Lower Bound 12.5835

Mean Upper Bound 12.9194

5% Trimmed Mean 12.7571

Median 12.7300

Variance .033

Std. Deviation .18161

Minimum 12.45

Maximum 12.95

Range .50

Interquartile Range .30

Skewness -.504 .794

Kurtosis -.487 1.587
TCS 20%Zr Mean 12.7429 .05584

95% Confidence Interval for Lower Bound 12.6062

Mean Upper Bound 12.8795

5% Trimmed Mean 12.7432

Median 12.6800

Variance .022

Std. Deviation 14773

Minimum 12.52

Maximum 12.96

Range 44

Interquartile Range .18

Skewness .031 .794

Kurtosis -.530 1.587
TCS 30%Zr Mean 12.7429 .04224

95% Confidence Interval for Lower Bound 12.6395

Mean Upper Bound 12.8462

5% Trimmed Mean 12.7471

Median 12.7900

Variance .012

Std. Deviation 11176

Minimum 12.56

Maximum 12.85

Range .29

Interquartile Range .22

Skewness -.924 .794

Kurtosis -.667 1.587
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Biodentine Mean 12.2457 .05999
95% Confidence Interval for Lower Bound 12.0989
Mean Upper Bound 12.3925
5% Trimmed Mean 12.2508
Median 12.2800
Variance .025
Std. Deviation .15873
Minimum 12.01
Maximum 12.39
Range .38
Interquartile Range .34
Skewness -.866 .794
Kurtosis -1.130 1.587
pHin3wk TCS 10%Zr Mean 11.1829 .12138
95% Confidence Interval for Lower Bound 10.8859
Mean Upper Bound 11.4799
5% Trimmed Mean 11.1976
Median 11.2300
Variance .103
Std. Deviation .32113
Minimum 10.55
Maximum 11.55
Range 1.00
Interquartile Range .34
Skewness -1.381 .794
Kurtosis 2.542 1.587
TCS 20%Zr Mean 11.3671 .21047
95% Confidence Interval for Lower Bound 10.8521
Mean Upper Bound 11.8822
5% Trimmed Mean 11.4179
Median 11.5300
Variance .310
Std. Deviation .55686
Minimum 10.13
Maximum 11.69
Range 1.56
Interquartile Range .29
Skewness -2.429 .794
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Kurtosis 6.108 1.587
TCS 30%Zr Mean 11.3243 .09002
95% Confidence Interval for Lower Bound 11.1040
Mean Upper Bound 11.5446
5% Trimmed Mean 11.3120
Median 11.2100
Variance .057
Std. Deviation .23818
Minimum 11.09
Maximum 11.78
Range .69
Interquartile Range .28
Skewness 1.310 794
Kurtosis 1.500 1.587
Biodentine Mean 10.9286 .07262
95% Confidence Interval for Lower Bound 10.7509
Mean Upper Bound 11.1063
5% Trimmed Mean 10.9351
Median 10.9500
Variance .037
Std. Deviation 19213
Minimum 10.59
Maximum 11.15
Range .56
Interquartile Range .31
Skewness -.692 .794
Kurtosis .539 1.587
pHin4wk TCS10%Zr Mean 10.2357 .07834
95% Confidence Interval for Lower Bound 10.0440
Mean Upper Bound 10.4274
5% Trimmed Mean 10.2358
Median 10.2700
Variance .043
Std. Deviation .20727
Minimum 9.96
Maximum 10.51
Range .55
Interquartile Range .40
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Skewness -.201 794

Kurtosis -1.469 1.587
TCS 20%Zr Mean 10.2129 .07495

95% Confidence Interval for Lower Bound 10.0295

Mean Upper Bound 10.3963

5% Trimmed Mean 10.2210

Median 10.2400

Variance .039

Std. Deviation .19830

Minimum 9.83

Maximum 10.45

Range .62

Interquartile Range .24

Skewness -1.206 794

Kurtosis 2.203 1.587
TCS 30%Zr Mean 10.2071 .09345

95% Confidence Interval for Lower Bound 9.9785

Mean Upper Bound 10.4358

5% Trimmed Mean 10.2052

Median 10.2500

Variance .061

Std. Deviation 24723

Minimum 9.81

Maximum 10.64

Range .83

Interquartile Range .14

Skewness .269 794

Kurtosis 2.108 1.587
Biodentine Mean 10.2771 .09436

95% Confidence Interval for Lower Bound 10.0463

Mean Upper Bound 10.5080

5% Trimmed Mean 10.2685

Median 10.2400

Variance .062

Std. Deviation .24965

Minimum 9.99

Maximum 10.72

Range .73
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Interquartile Range .37
Skewness 775 794
Kurtosis .480 1.587
pHin6wk TCS 10%Zr Mean 10.2314 .17285
95% Confidence Interval for Lower Bound 9.8085
Mean Upper Bound 10.6544
5% Trimmed Mean 10.2299
Median 10.3200
Variance .209
Std. Deviation 45733
Minimum 9.69
Maximum 10.80
Range 1.11
Interquartile Range .89
Skewness -.067 .794
Kurtosis -2.213 1.587
TCS 20%Zr  Mean 10.2200 .06803
95% Confidence Interval for Lower Bound 10.0535
Mean Upper Bound 10.3865
5% Trimmed Mean 10.2344
Median 10.2800
Variance .032
Std. Deviation .18000
Minimum 9.83
Maximum 10.35
Range .52
Interquartile Range .15
Skewness -2.179 .794
Kurtosis 5.150 1.587
TCS 30%Zr Mean 10.2129 .20263
95% Confidence Interval for Lower Bound 9.7170
Mean Upper Bound 10.7087
5% Trimmed Mean 10.2187
Median 10.1200
Variance .287
Std. Deviation .53612
Minimum 9.50
Maximum 10.82
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Range 1.32
Interquartile Range 1.00
Skewness -.009 .794
Kurtosis -2.075 1.587
Biodentine Mean 10.2814 .04677
95% Confidence Interval for Lower Bound 10.1670
Mean Upper Bound 10.3959
5% Trimmed Mean 10.2771
Median 10.2500
Variance .015
Std. Deviation .12375
Minimum 10.12
Maximum 10.52
Range .40
Interquartile Range 11
Skewness 1.149 .794
Kurtosis 2.442 1.587
pHin 8 wk TCS 10%Zr Mean 10.2286 16742
95% Confidence Interval for Lower Bound 9.8189
Mean Upper Bound 10.6382
5% Trimmed Mean 10.2290
Median 10.3400
Variance .196
Std. Deviation 44296
Minimum 9.67
Maximum 10.78
Range 1.11
Interquartile Range .81
Skewness -.136 .794
Kurtosis -2.125 1.587
TCS 20%Zr Mean 10.2000 .05367
95% Confidence Interval for Lower Bound 10.0687
Mean Upper Bound 10.3313
5% Trimmed Mean 10.2078
Median 10.2400
Variance .020
Std. Deviation .14201
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Minimum 9.92

Maximum 10.34

Range 42

Interquartile Range .18

Skewness -1.492 794

Kurtosis 2.286 1.587
TCS 30%Zr  Mean 10.1971 .20075

95% Confidence Interval for Lower Bound 9.7059

Mean Upper Bound 10.6883

5% Trimmed Mean 10.2057

Median 10.1000

Variance .282

Std. Deviation .53112

Minimum 9.48

Maximum 10.76

Range 1.28

Interquartile Range 1.00

Skewness -.051 .794

Kurtosis -2.079 1.587
Biodentine Mean 10.2800 .04546

95% Confidence Interval for Lower Bound 10.1688

Mean Upper Bound 10.3912

5% Trimmed Mean 10.2772

Median 10.2600

Variance .014

Std. Deviation .12028

Minimum 10.11

Maximum 10.50

Range .39

Interquartile Range .12

Skewness .788 .794

Kurtosis 1.759 1.587
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ANOVA
Sum of
Squares df Mean Square F Sig.
pHin 3 hr Between Groups 19.908 3 6.636| 1053.719 .000
Within Groups 151 24 .006
Total 20.059 27
pHin 6 hr  Between Groups 15.621 3 5.207 305.042 .000
Within Groups 410 24 .017
Total 16.031 27
pHinld Between Groups 17.175 3 5.725 103.416 .000
Within Groups 1.329 24 .055
Total 18.504 27
pHin3d Between Groups 6.510 3 2.170 55.948 .000
Within Groups 931 24 .039
Total 7.441 27
pHin 1wk Between Groups 2.627 3 .876 19.060 .000
Within Groups 1.102 24 .046
Total 3.729 27
pHin 2wk Between Groups 1.313 3 438 18.926 .000
Within Groups .555 24 .023
Total 1.868 27
pHin 3wk Between Groups .821 3 .274 2.161 119
Within Groups 3.041 24 127
Total 3.863 27
pHin 4wk Between Groups .021 3 .007 137 .937
Within Groups 1.234 24 .051
Total 1.256 27
pHin 6 wk Between Groups .020 3 .007 .049 .985
Within Groups 3.266 24 .136
Total 3.286 27
pHin 8wk  Between Groups .031 3 .010 .081 .970
Within Groups 3.078 24 .128
Total 3.109 27
Multiple Comparisons
Bonferroni
Dependent () Group  (J) Group Mean Std. Sig. 95% Confidence Interval
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Variable Difference Error Lower Upper
(I-J) Bound Bound

pHin 3 hr TCS TCS
-.02571 .04242( 1.000 -.1477 .0962

10%Zr 20%Zr

TCS
.00000| .04242] 1.000 -.1220 1220

30%Zr
Biodentine 1.93857"| .04242 .000 1.8166 2.0605

TCS TCS
.02571( .04242( 1.000 -.0962 1477

20%Zr 10%Zr

TCS
.02571( .04242( 1.000 -.0962 1477

30%Zr
Biodentine 1.96429"| .04242 .000 1.8423 2.0862

TCS TCS
.00000| .04242] 1.000 -.1220 1220

30%Zr 10%2Zr

TCS
-.02571| .04242( 1.000 -.1477 .0962

20%Zr
Biodentine 1.93857"| .04242 .000 1.8166 2.0605

Biodentine TCS
-1.93857"| .04242 .000 -2.0605 -1.8166

10%Zr

TCS
-1.96429" | .04242 .000 -2.0862 -1.8423

20%Zr

TCS
-1.93857"| .04242 .000 -2.0605 -1.8166

30%Zr

pHin 6 hr TCS TCS
-.03143 | .06984( 1.000 -.2322 .1694

10%Zr 20%Zr

TCS
-.00857| .06984( 1.000 -.2094 1922

30%Zr
Biodentine 1.71143"| .06984 .000 1.5106 1.9122

TCS TCS
.03143| .06984| 1.000 -.1694 .2322

20%Zr 10%Zr

TCS
.02286( .06984( 1.000 -1779 .2236

30%Zr
Biodentine 1.74286" | .06984 .000 1.5421 1.9436

TCS TCS
.00857| .06984| 1.000 -.1922 .2094

30%2Zr 10%Zr

TCS
-.02286( .06984( 1.000 -.2236 4779

20%Zr
Biodentine 1.72000"| .06984 .000 1.5192 1.9208
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Biodentine TCS
-1.71143"| .06984 .000 -1.9122 -1.5106

10%Zr

TCS
-1.74286"| .06984 .000 -1.9436 -1.5421

20%Zr

TCS
-1.72000"| .06984 .000 -1.9208 -1.5192

30%Zr

pHinld TCS TCS
.05714| .12577 1.000 -.3044 4187

10%Zr 20%Zr

TCS
11714 12577 1.000 -.2444 4787

30%Zr
Biodentine 1.86429"| .12577 .000 1.5027 2.2259

TCS TCS
-.05714| .12577 1.000 -.4187 .3044

20%Zr 10%2Zr

TCS
.06000| .12577 1.000 -.3016 4216

30%Zr
Biodentine 1.80714"| .12577 .000 1.4456 2.1687

TCS TCS
-11714| .12577 1.000 -.4787 .2444

30%Zr 10%Zr

TCS
-.06000| .12577 1.000 -4216 .3016

20%Zr
Biodentine 1.74714"| .12577 .000 1.3856 2.1087

Biodentine TCS
-1.86429"| .12577 .000 -2.2259 -1.5027

10%Zr

TCS
-1.80714"| .12577 .000 -2.1687 -1.4456

20%Zr

TCS
-1.74714"| .12577 .000 -2.1087 -1.3856

30%Zr

pHin3d TCS TCS
.03571| .10527 1.000 -.2669 .3384

10%Zr 20%Zr

TCS
.04571 .10527 1.000 -.2569 .3484

30%Zr
Biodentine 1.14000"| .10527 .000 .8373 1.4427

TCS TCS
-.03571| .10527 1.000 -.3384 .2669

20%Zr 10%Zr

TCS
.01000| .10527 1.000 -.2927 .3127

30%Zr
Biodentine 1.10429"| .10527 .000 .8016 1.4069

TCS TCS
-.04571| .10527 1.000 -.3484 .2569

30%Zr

10%Zr
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TCS
-.01000| .10527 1.000 -.3127 .2927

20%Zr
Biodentine 1.09429"| .10527 .000 .7916 1.3969

Biodentine TCS
-1.14000"| .10527 .000 -1.4427 -.8373

10%Zr

TCS
-1.10429"| .10527 .000 -1.4069 -.8016

20%Zr

TCS .

-1.09429 .10527 .000 -1.3969 -.7916

30%Zr

pH in 1 wk TCS TCS
-.12143| .11456 1.000 -.4508 .2080

10%Zr 20%Zr

TCS
-.15429| .11456 1.000 -.4837 1751

30%Zr
Biodentine .60286" | .11456 .000 .2735 .9322

TCS TCS
12143 .11456 1.000 -.2080 .4508

20%Zr 10%Zr

TCS
-.03286| .11456 1.000 -.3622 .2965

30%Zr
Biodentine 72429 | .11456 .000 .3949 1.0537

TCS TCS
15429 .11456 1.000 -.1751 4837

30%Zr 10%Zr

TCS
.03286| .11456 1.000 -.2965 .3622

20%Zr
Biodentine .75714"| .11456 .000 4278 1.0865

Biodentine TCS
-.60286"| .11456 .000 -.9322 -.2735

10%Zr

TCS
-72429"| .11456 .000 -1.0537 -.3949

20%Zr

TCS
-.75714"| .11456 .000 -1.0865 -.4278

30%Zr

pH in 2 wk TCS TCS
.00857| .08128 1.000 -.2251 .2423

10%Zr 20%Zr

TCS
.00857| .08128 1.000 -.2251 .2423

30%Zr
Biodentine .50571"| .08128 .000 .2720 .7394

TCS TCS
-.00857| .08128 1.000 -.2423 .2251

20%Zr 10%Zr

TCS
.00000| .08128 1.000 -.2337 .2337

30%Zr
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Biodentine .49714"| .08128 .000 .2635 .7308

TCS TCS
-.00857| .08128 1.000 -.2423 .2251

30%Zr 10%Zr

TCS
.00000| .08128 1.000 -.2337 .2337

20%Zr
Biodentine .49714"| .08128 .000 .2635 .7308

Biodentine TCS
-.50571"| .08128 .000 -.7394 -.2720

10%Zr

TCS
-.49714"| .08128 .000 -.7308 -.2635

20%Zr

TCS
-.49714"| .08128 .000 -.7308 -.2635

30%Zr

pH in 3 wk TCS TCS
-.18429| .19027 1.000 -.7313 .3628

10%Zr 20%Zr

TCS
-.14143| .19027 1.000 -.6885 4056

30%Zr
Biodentine 25429 .19027 1.000 -.2928 .8013

TCS TCS
18429 | .19027 1.000 -.3628 .7313

20%Zr 10%Zr

TCS
.04286 | .19027 1.000 -.5042 .5899

30%Zr
Biodentine 43857 | .19027 .181 -.1085 .9856

TCS TCS
14143 .19027 1.000 -.4056 .6885

30%Zr 10%Zr

TCS
-.04286 | .19027 1.000 -.5899 .5042

20%Zr
Biodentine .39571| .19027 .290 -.1513 .9428

Biodentine TCS
-.25429| .19027 1.000 -.8013 .2928

10%Zr

TCS
-.43857| .19027 181 -.9856 .1085

20%Zr

TCS
-.39571| .19027 .290 -.9428 .1513

30%Zr

pH in 4 wk TCS TCS
.02286 | .12122 1.000 -.3257 3714

10%Zr 20%Zr

TCS
.02857 | .12122 1.000 -.3200 3771

30%Zr
Biodentine -.04143| .12122 1.000 -.3900 .3071
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TCS TCS
-.02286| .12122 1.000 -.3714 .3257

20%Zr 10%Zr

TCS
.00571| .12122 1.000 -.3428 .3542

30%Zr
Biodentine -.06429| .12122 1.000 -.4128 .2842

TCS TCS
-.02857| .12122 1.000 -.3771 .3200

30%Zr 10%Zr

TCS
-.00571| .12122 1.000 -.3542 .3428

20%Zr
Biodentine -.07000| .12122 1.000 -.4185 .2785

Biodentine TCS
.04143| .12122 1.000 -.3071 .3900

10%Zr

TCS
06429 .12122 1.000 -.2842 4128

20%Zr

TCS
.07000| .12122 1.000 -.2785 4185

30%Zr

pH in 6 wk TCS TCS
.01143| .19717 1.000 -.5555 .5783

10%Zr 20%Zr

TCS
.01857| .19717 1.000 -.5483 .5855

30%Zr
Biodentine -.05000| .19717 1.000 -.6169 .5169

TCS TCS
-.01143| .19717 1.000 -.5783 .5555

20%Zr 10%Zr

TCS
.00714| .19717 1.000 -.5598 .5740

30%Zr
Biodentine -.06143| .19717 1.000 -.6283 .5055

TCS TCS
-.01857| .19717 1.000 -.5855 .5483

30%Zr 10%Zr

TCS
-.00714| .19717 1.000 -.5740 .5598

20%Zr
Biodentine -.06857| .19717 1.000 -.6355 .4983

Biodentine TCS
.05000| .19717 1.000 -.5169 .6169

10%2Zr

TCS
.06143| .19717 1.000 -.5055 .6283

20%Zr

TCS
.06857 | .19717 1.000 -.4983 .6355

30%Zr

pHin 8 wk TCS TCS
.02857 | .19141 1.000 -.5218 .5789

10%Zr 20%Zr
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TCS
.03143| .19141 1.000 -.5189 .5818

30%Zr
Biodentine -.05143| .19141 1.000 -.6018 .4989

TCS TCS
-.02857| .19141 1.000 -.5789 .5218

20%Zr 10%Zr

TCS
.00286| .19141 1.000 -.5475 .5532

30%Zr
Biodentine -.08000| .19141 1.000 -.6303 4703

TCS TCS
-.03143| .19141 1.000 -.5818 .5189

30%Zr 10%Zr

TCS
-.00286| .19141 1.000 -.5532 5475

20%Zr
Biodentine -.08286| .19141 1.000 -.6332 4675

Biodentine TCS
.05143| .19141 1.000 -.4989 .6018

10%Zr

TCS
.08000| .19141 1.000 -.4703 .6303

20%Zr

TCS
.08286 | .19141 1.000 -.4675 .6332

30%Zr

*. The mean difference is significant at the 0.05 level.
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