A dental conposite material and uses thereof Field of
the invention The present invention relates to a

waelenwsabosepnposite nmaterial which can be used fPCT/SG2004/000350
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various dental applications. Background of the

i nvention The decay of teeth results in cavity _
formati on. Dependi ng on the degree of the decay, it
may affect the various parts of the tooth, the
princi pal conponents being the enamel, the dentin, the
pul p, and the cementum Dental decay is nost likely to
affect the enanel, dentin and/or pulp. Once a cavity

is found in tHedemahebmpbbite Meetiallarid@sathersoft 0
renmove it in order to prevent further penetration of

ec into.the tooth. Such penetration could
M@Wthroughout the nmout h and body, and
possibly result in the loss of the tooth. Such therapy
f Ohe osresbhtemveation Fefiteses ay d'eﬁtél%?irﬁ%élbé hﬁ&@ﬁéle\%k‘ﬁ can be
as a "filling". A dentist or other au se

pHeed fariveriers dentalapplications.cavi ty formed by t he
decaying material and may also formundercuts in order
to secure the filling material. The dentist then fills
t Backgrouhy ofitfidirvehiibhi ng mat eri al whi ch repl aces the
portion of the tooth lost to the decay. Wen filling
_goth caw%les is inportant to keep the fluid and
b

be decay g LSl re st eoai faratian. Repanding g thedegree of the
PN, IPREyCAE e VAAUS pAIREBY thel ibin, I pbRERE[ gomponents

pbeing rthetdremelgtiae idemtiof thehpuf;d uamﬂ ﬁf&cbﬁ@mljmalDdﬁﬂél decay is
is part| cul ar

h I
| Fibst Biey Youabeof 18 e wL?@% o BUPe Qnaea Rkt i found in
t t t th :be
hPectaner e, Yefial therdy B 1 rArbl8 BN GRIT I Rigygnt further
t penatration mﬁythbedeaayl iatb dhe tootior @rrcht pepktration heould spread

(et e BRLe e koG and o are mossibly resultdadhe loss of the
ttaefe Slﬁ:lfpﬂfe?éﬁ)‘/ oM cé\ﬂﬁ@sc?drﬁ{éd BY RRLGIE ) SEUIN PFerred to as a

root-end fi
“filling”. A dentlst or other authorlsed practitioner drilis out the cavity formed

by the decaying material and may also form undercuts in order to secure the
filling material. The dentist then fills the cavity with a filiing material which
replaces the portion of the tooth lost to the decay.

When filling tooth cavities, it is important to keep the fluid and bacteria present
in the mouth from re-entering the cavity and causing further decay. Thus, the ‘
chosen filling material must adequately seal the cavity to prevent the
migration of the fluid and bacteria into the cavity. This sealing property is
particularly important when the decay has caused access to the pulp of the
tooth.

When the pulp of a tooth becomes infected due to the spread of the decay, a
root canal treatment may be carried out in order to clean the root canals and

avoid extraction of the infected tooth. However, if a root canal treatment fails
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carried out. Apicoectony is a surgical procedure where
the root tip of a tooth is renoved. A cavity is then

w@e@passo at the root end and a root-end filliPgI/862004/000350

then placed to prevent the egress of bacteria fromthe

root canal of the tooth into the periradicular

tissues. Al so, the purpose of root-end filling is to
establish, as well as possiblé& a hermetic |asting

seal of all apical avenues in the tooth fromthe oral

envi ronnent to the periradicular tissues (Gutmann JL

et al., 1991). ldeally, the material used in root-end

f and itmeresib pardistent bihfeetioR abh Ripfcodctdmy P RIdt e ﬁlﬂhgrmay be
tissugs, non-resorbable, inpervious to dissolution o

b?aefélﬁa R /89'°9ﬁ6t0mé 58 surgicalsproeagurs where theapatrip efsa tooth
Ci S ' ntd pal I _ I
A o anef rofale Rt A8 roleh g Botend filing i
cthenaaesd &1 poaventiies mgress of lsadtbes floay ehdesst canal of the tooth

viously tried. nclude amal gam Cavit, conposite
%Eq e %@%@g'cp%ﬁaﬁﬁpe%enent, gold foil, gutta-percha,

‘M neral Trioxide Aggregate (MIA), polycarboxyl ate

CAIBBthe PRINYYEEWF rOBHBAY  filAil ié’t@?ié’éfébl@h”casDWe‘ﬁeaﬁi'lgqstsible, a

eugeno| - based cenents. Mst "of ese [ratérl al s ex
shemeticc daatinghseat ofi als apisabravenuesoire the tdath from the oral

tibbdicht 5 B9 peAfidiflint idsues SR ARERN I ot 2% <1951Q. Ideally, the
| materiahuséd in Foottshahfilting sBBuldLE Blocotb Wit $e periradicular

filling materi al con‘rrerc[alléa_vailqble|s.the _
PISSHeS1 et aroibaklies Impar/ieus/ta disealution andweakdown by the tissue

' : t rietjie vai,l abl e:..
AR o B950 Se BT AR R 8 Ut vl of e
PooRend phfprarafion ahd Gaissess doba hamdang CHbfedterfdirat spl y
Tul sa Dental, Tulsa, OK). MIA has been shown to have

)
| eak. h | gam or zi nc oxj de-eugenol _
l Se:rm§%§'%%r? tf‘%f:&‘zi’éa{ga lbggﬂs Pravieudly nkjes inglede apmalgam, Cavit,
Je%%' r addine] ; , n ) ) .
21: 10‘@%1?'“’&%%?@%@?{ odme, dg@vg&gegﬁﬁa percha, Mineral
iipxiste dageegatac(M@A),i pslycarbaxytate cgdréntsi milywinyl cement, and

i nej . : Endod,  21:489- ,
Q/E%ﬁg ' ARE ac?xic%eén ledgeln%?-%aséd gements. Most of these materials
exhibit significant shortcomings in one or more of the following areas:

solubility, leakage, biocompatibility, handling properties and moisture
incompatibility (Johnson BR, 1999).

An example of filling material commercially available is the ProRoot™ MTA
which was developed for use in endodonﬁcs. There are two varieties
available: ProRoot MTA, a grey coloured formula (GMTA), and ProRoot MTA
(Tooth Coloured Formula) (WMTA) (Dentsply Tulsa Dental, Tulsa, OK). MTA
has been shown to have less leakage than amalgam or zinc oxide-eugenol
materials in leakage tests (Torabinejad M et al., 1994; Torabinejad M et al.,
1995, J Endod, 21:109-112). Other properties that have been investigated
include its in vitro cytotoxicity (Torabinejad M et al., 1995, J Endod, 21:489-
492) and biocompatibility when embedded in bone and subcutaneous
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492) and bioconpatibility when enbedded in bone and
subcut aneousconnective tissue (Torabinejad Met al.

wa2®s/039%50Endod, 2 :569-571 ; Yaltirik et al., POD8¢G2004/000350

The use of MIA as root-end filling material in dogs

and nonkeys resulted in |l ess periradicul ar

i nfl ammati on when conpared with amal gam t was noted

t hat new cenent um was produced3 over the root-end

filling of the |ong-term specinens (Torabinejad M et

al ., 1995, J Endod, 21:603-608; Torabinajed Met al.,

1997). MIA has al so been used as a pul p-cappi ng

nmrmecam (ﬂAeuaé'ﬁodabln\ﬂjadl Malet al. 213@95, ,J IEll‘iddeEIfEilI 569571 O¥hltirik et

op (B { 5. Hardy et al.

3’5% he'use F@rﬁ a§dPpP Pd fﬂl%@aﬁ@@g@rﬁm@ @1d monkeys
5@?“3%8T'§ffa?§‘émfd“"wﬁ“‘f%“““ﬁgﬁ% R RIRBaee Wi prpatgam. It
ag n@é@bﬂ@z@tmwesamtum WES msdaced)ot/er: teakodtidrld filing of the

I ongrt%@b rﬁé%‘%&rg@]g (el fqeie{%ﬂ\écoml]as@ m}ﬁg'?(%ﬁdedz" :603-608;

tTatbMBfedp M vétdal, a99¢fflﬂ¢w Hgssﬁ% e @_kd as a pulp-capping
erfolaztlons V\nthraloi;orqaﬁlca normal tiss
e

dPetarieb éheinehal Meenal. .t iy egpaiin ofsioog p&tforatmrr ethiI Ford TR

s BB, o IR S Pl LLERLEERY (IR C
ruitlmatul’e besesth hmﬂﬂop@@ra@vcﬁé QKWItHié]@ SbPDE @04 aQ@OPrH%yasm M
P

al erapy (Schwart

12004 § st sbaseh réiév'gn@l%assmegpt;ne Jecom0T At et anal
FIFRy RRAEYIA Sﬁﬁ'zdlft{aelﬁ?(nl-{gn 2d26d al Anl%ﬁ;g@gf éermt t%'dKI in human

with excell cli

(Ssb}ﬂmiBthaS?ﬁamoraStratedQ%I MFANphoVided gl @ﬂfectlvéo%al of root
7; Econom des N et al.

RRREAREHS it faidranpically ingsmgh i8S rrahiResireupdisrnt to the
N %ﬁé‘tdt*ﬂhé 'réé’all‘"('il? P c6RGRE 8% flé’arI gler@to?@gpg @'Sg{ngent (Main C

materials used I n root-end | an
ig4aal. pa@D4harR1‘DRngt Ak akt'reegneytaohsu@ddrnaﬁerml cleas bgen approved

- Bk £ b0 Ak Dl S lBHER dor v fitlont fcapy (Sohwartz

RS et and 100e).sBBSIHes MR TtheRDy PIHREBE MFAREALES Been used
These i ncl ud)e arelas such as fﬁyl 'ary and rmn a% 19 een use
RN EQad-ent fifimgaend Tosbtrepair Wﬂhlé)&cmﬂgnt experimental and clinical
results (Schwartz RS et al., 1999; Aeinehchi M et al., 2003; Torabinejad M et

al., 1997; Economides N et al., 2003; Arens DE et al., 1996).

_Although the MTA has superior biocompatibility when compared to the

traditional materials used in root-end filling and root repair, it has poor
handling characteristics and is a costly material.

MTA is difficult to use in certain surgical situations because of the location of
the surgical site and the small size of the root-end preparation. These include
areas such as maxillary and mandibular molars and palatal roots of maxillary
premolars which has poor surgical access. In contrast, traditional root-end
filling materials such as Super EBA (ethoxy benzoic acid) and IRM
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prenol ars whi ch has poor surgical access. n contrast,
traditional root-end filling materials such as Super

wEBAs3eshoXy benzoi ¢ acid) and | RM I nt er medi at BCT/SG2004/000350

Restorative Material) have very good handling
characteristic and do not require special delivery
systens for placenent of the naterial. As a result,
despite nunerous carrier instrhnents that have been

i ntroduced in the market for the delivery of ProRoot
MIA to help its surgical placenent (Lee ES, 2000),
dentists are still using materials such as Super EBA

V\((hlehermadreye n}@eslmatl\@omaédalﬁ iHdviengeANgob8ohafi@R®y chihfacteristic
with oor surg a} ‘access. Sone researchers have
D dp diet raiice ses il delivaBeRY o s aE Rlssement o6 S mpterial.
vvlth hand condensati on during placenent of MIA and

f AsRdrddu®t dBapRe %Wf@ﬁﬁ@%‘aﬂ%rﬁﬁ%ﬂkh‘%ﬂté Eh/éif}ié\%r been introduced

adapt ati on and | ess voi d Am noshari ae
210(18? megaifer the Hellmlofr@oamdtll\ﬂ'i]Adb 112 ltsasurigm placement

GRR 28 2000 ORI e B Al G ErRo30Rf A5 Stper EBA when
agzewiind oat rost-emiflling HaehoBt & sHir ﬂ:’a tage%,{/lth mgggp%%’ 8)'0a| access.

St udi es have conpared MIA with Portlan
Bhéeseaanats havggeomnparad the wsg oof |mtyamlencendﬂnsatlon

F%%C@!ZI u% \g?ﬂ]\ arr?idg% ) @%éﬁ&@bdd?ﬂgoglgye%&n?&f a{\/I'é/?\ gndyfound that
Ze00) cordersationcesdeed il isdtten defpsativt 8nd fsCVdids @Ar‘rﬂ%shanae
d sili A al so contai ns bisnuth oxi de, whi
@F@Aséﬁq@m%‘(%amet pealing ebildy of MEéeWtaslb |ﬁ|8$>¢han optimal
L1t
MTA anﬁgﬁécsgﬁ@aﬂun@ﬂt ha rhtg]gt f/'vo %sg%ngq‘f g?ﬁ\s é{gvéecﬁ/mque was

simplbyed i anapexifidatibn yodébgHdonmaistér BR. et QQ@@OZ?.
Abdul lah D et al., 2002). The results suggest that PC

ﬁ?'legﬁﬁ B [GAriEpretty M W BRI CRmantc(Fas hindl the findings
gbsma@ﬂ‘?é ?f?éj&’f |'n§Fécﬁ§nt§%f B ard Qﬁﬁl r ta(!\?l?ﬁr(ggféotﬂg?é’]ad M et

nee he art for "a mat er |
ebpaPP5Snal é3|4i9a$53MﬁLtn’iea$)hiR e.’eal tM&lE&irelarC et al., 2000). These

BAGE R esPlplt BRI 4 hehn b iso contans

BsmAmaRIde, ofvhiche ifdhe8dds @8 radiopacity .and this is absent in PC.

" Researchers have also compared the biocompatibility of MTA and PC and

found that the two materials have similar biocompatibility (Saidon J et al,,
2003; Abdullah D et al., 2002). The results suggest that PC has the potential
to be used as a less expensive root-end filling material. However, PC has
similar handling characteristics as MTA.

There is therefore a need in the art for a filling material and/or a root repair
material which combines the superior biocompatibility of ProRoot™ MTA with
handling characteristics similar to materials such as Super EBA.



The present invention addresses the probl ens above,
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i nvention provides a dental conposite materia
conprising Portland cenent and a viscosity enhancing
subst ance. Accordi ng to another aspect, the present

i nvention provides a dental cdnposite materi al
conprising a Portland cenent, a radi opaque substance
and a viscosity enhanci ng substance. n particular, the
vi scosity enhanci ng substance may be pol yvi nyl
aBaaimeany, ofthE limbergyn cel | ul ose derivati ves,

pol yet hyl ene oxi de, natural guns and/or aqueous cl ay

di(l)_ﬁgersi on, The Portland cenent ma% be any suitable .

PoPE| BrG$ERE aMention iidrassase the tproblamexahere andtim particular
PBfdvidiath H@W%nta%&mbégi@rrb?e other aspect, the

present 1 nvention provides a dental conposite materi al
conprising white Portland cenent, a radi opaque
sbbeerding:tandeaaspent otfiet presehfiimvientios yhrsvideeea déatal composite

viscosity enhancing, supbstance, pol yvinyl alcohol) nmay .

b@%ﬁ%’?&.cgﬂ%'sﬂ%%g%ﬁﬂ@%%& 2 Sﬁ)éeahaawneéu@ﬁ?ance-

hal ogen salt of a heavy netal. n particular, the

r AdCorH R oS WPDEREIC &y gpBch ﬂ’(@itﬂ}e%htdemvérﬁl%rﬁ%%yld&' a dental

al cohol_% may have an average nol ecul ar wei ght' o

beRMBR?IeL Barferiab corwuisingan tRerdand eerment, laanadiopague substance
+Bl_aj r.het ween 4000 and 5500 cm /g,

gﬁﬁf??{%é’%{tggzﬁhgrﬁ?mﬁ%t %ve a Bl ai ne nunber between

4600 and 5500 cm/g. According to anot her aspect, the

For partiodlacetrenvistakitg anbahbibgpsiisbtande ehaydbeC Qﬁlﬁanwtalcohol),

an ’he Vi sgﬁsmy enhanci ng materi al makes up the

I‘?%IH Qe ofP ‘é?ﬁ.dﬂé‘@é'h’@?’n@o!}’@t%yl‘?'ﬂ@tﬁé‘ﬁeasﬁﬁééf@l gues and/or

PRitdARLISF BRPerdBH. the radi opaque

The Portland cement may be any suitable Portland cement known in the art,
for example white Portland cement.

According to another aspect, the present invention provides a dental
composite material comprising white Portland cement, a radiopaque
substance and a viscosity enhancing substance. As a viscosity enhancing
substance, poly(vinyl alcohol) may be used.

The radiopaque substance may be an oxide or halogen salt of a heavy metal.
In particular, the radiopaque substance is bismuth oxide.

The poly(vinyl alcohol) may have an average molecular weight of between
13000 to 23000 Daltons.

The Portland cement may have a Blaine number between 4000 and 5500

cm?/g, and in particular, it may have a Blaine number between 4600 and 5500
2
cm-/g.
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substance nmake up the powder (solid) conponent of the
conposite material and the viscosity enhancing

wWoreaos0s®h9 makes up the |iquid conponent. AccorBCT§:3004/000350

t he radi opaque substance may be present at from 10 to
25% by wei ght of a solid conponent of the conposite
material, while the viscosity enhanci ng substance may
be present at from1l to 3 % of6 the weight of the solid
conponent of the conposite material. n particular, the
anmount of radi opaque substance is about 15%the wei ght
of the solid conponent and the anount of viscosity

eAbcordingg s Lrsither especibiet Partfifdt bemept dhbk&d Udi%he powder
spl .g)sconponen . _Accordi ng to another aspect, a

C%‘?B FOMBANEBHAPHhegVIsEaRsity eathancienpwaiprial maked upsthe liquid
Wedbonddte scope of the present invention is provided.
Accordi ng to another aspect, the invention provides

the use of Portland cenent and a viscosity enhancing

steerdinge to e tiiether easpeat,i the dortandngeraiht amett ¢fié abdiopaque
f al tre nt. The conposite material nmay | .
féd{k%sﬂ%{rgecm?% i@é?ﬁe p&a\{%ﬁéa@@mf?m_o st cpfgpposr_ce material
aarpithie iScASNg drineainPmaltsriA e sUp thed i@'coﬁﬁig?%?#.t e
material conprising a Portland cenent and a Vi scosity

ephanci ng substance for the preparation of a
HEAREN: e radienaave subsiancatmayhe pfeseat at fremt h@id 25% by

' : ' foration repai . .
SRIEALEE B ARG, 08, BIHESLEL BReERR Wie dee visosty
ferhancing, sliastanee mayrbet pleseni at fraRPMoRAE B 6RHY WRight of the
a{‘})?/or te orftaro¥ ﬁ{g permanent filling. According to™a
f 'Fh_%?mQQ et Ofthe gentresiie omabeiale Inaparticalarmdlye amount of

. r pagu
cempuste SRR BB TN wIRE PRSI roppen an
ftoe apuaynt ed plisaosity renbtanpin sutstance Iseateout 1.690theRight of the
fSI(?h%’ICn&W api cal barrier, managenent of root fracture,

1 1ing, barrier cement for intracoronal
bl eachi ng, tenporary and/or permanent filling is

Moevirdieg to Mg Mad bkt ! a}da%&ﬁim{ ESfprisiNg #Redital ngposite

dental conposite nateri
which is within the scope of the present invention is provided.

According to another aspect, the invention provides the use of Portland
cement and a viscosity enhancing substance in the preparation of a
composite material for dental treatment. The composite material may further
comprise a radiopaque substance.

Another aspect of the invention is a use of a dental composite material
comprising a Portland cement and a viscosity enhancing substance for the
preparation of a medicament for dental treatment. The dental treatment
comprises pulp capping, root perforation repair, root-end filling, apical barrier,
management of root fracture, barrier cement for intracoronal bleaching and/or
temporary or permanent filling.

According to a further aspect, the dental composite material may comprise a
radiopaque substance. The radiopaque substance is as described above.
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conprises a Portland cenent, a radi opaque substance,
and a viscosity enhancing substance. Yet another
aspect of the invention is a nethod of preparing a
dental conposite material of the present invention,

wherein the nmethod conprises the steps of: - providing
Portl and cenent which forms the powder (solid)
conponent of the conposite material; - providing a

vAscorslirgly,enfretisod forpids tapsig, rodd ipepekatidiore2r, root-end filling,

enhanci ng substance I1n water to forma

Y%éiggﬁbé%ﬁﬁoﬁ@ﬁﬁgemtﬂﬁpﬁi figciure eeohdenat Elipgnéatrier cement

s o UL SR o0 860 40 8o AREAL Hing s proviec
swepeeinfthe- methnd diomgpfses kea disee Bk rthe adéhtal arhSRR@Y thaterial
subst ance fo|5 ' r (solid) conponent of the

wd d) c ,

cHMPBETIE Rl én?'ggﬂ?cgf%&ﬂg\ﬁ"@i AgVigcosibe G8hepciaghsrbstagce. The
SHRHHAN 6P the iﬁ\i'érﬁ@nvh{% bids (Yc?rﬁgﬂéé ttHe SINABE 'a_nggﬂ’gaé composite
substance in water to rforma Iiguid conponent; -
ninRierial vrictp caoprises rp Poetandicérenh e racﬁmﬁ:@qwsgwbﬂante, and a

. tdcular,.th ight of the radi opaque substance
P\Qggcgﬁlﬂ)éeiw%&‘&l%&/bovﬁ%ﬁ?%e wei ght of the powder
conmponent, nore in particular, the weight is %of the

Vg lahotifert hsp@aWaerthe OleREH: ;isTBerﬁ’&ﬁ@@toP‘gré;ﬁ}ﬁ'ir}g a dental
viscosi.ty enhanci ng substance is between 1 t0 3% 0 _

t FRINRRSitgh majerialef %@Aﬁ@se@bmmnélﬁn, whepaint iheufrethod lwemprises
Vlﬁb%tfépsof)f't he vi scosity enhanci ng substance is 1.5% of

the )

- providing Portland cement which forms the powder (solid) component of the
composite material;

- providing a viscosity enhancing substance;

- dissolving the viscosity enhancing substance in water to form a liquid
component; and

- mixing the powder component with the liquid component.

According to another aspect, the method of the invention comprises the steps
of:

- providing Portland cement and a radiopaque substance forming a powder
(solid) component of the composite material;

- providing a viscosity enhancing substance;

- dissolving the viscosity enhancing substance in water to form a liquid
component; and



wei ght of the powder conponent. According to another
aspect, the present invention also provides a nethod
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mat erial conprising a Portland cenent and a viscosity
enhanci ng substance, conprising the steps of: -
identifying the cavity of the tooth to be filled; and
- introducing the conposite méterial into the tooth
cavity whereby the path of comuni cation between a

i nner portion of the cavity and the outer surface of
the tooth is sealed. According to a further aspect,

t henixingtibe powdeo sbmponsatiiththd liguidtvepdrsrtiod nmay

further conprise a radi opaque substance. Anot her

a : the inventi Is.a method of treating tooth

2P B6lan, M, B dthe cRaBeRtus mubsianae BorweSAto-25 % of
Pibret Weaitht o e bowder 8oMipoaet AL t i
c&rggri gﬂlng t hebst e g 8f p‘é)ﬁ ﬁ%eﬁ?ﬁ@%@l?ﬂgﬁggga@é‘gﬁt Is 15% of
r E¥oPiggt ahdhe arcappenanta Thaweight of tiee Widcbeity enhancing

gah U ' th Q iLte nmateri into,the
chsaht i EShoth TR AR ARk R Sheuaiiencamponent. In
i particulaor tHeoweddhtt BF tHR idonsRn Grinze %
t he, b o£ IS s@%l ed. Accor di ﬁgy]t 0 a Fm ﬁg?ﬁgggggtg,ﬂt%h/e of the
d¥RIg ?0 B"Wp%%\i" @ ¢RITBPMNAN. used for the above nethod
may further conprise a radi opaque substance. According
tA M\ LA i a od_of
e qrairente MARGE aspt, 1 BB ne Y B Eplidica frethod of
déinge toofmosvityeusinger dehtat copmpositegmate?iil copiptistRMBMortland

Vi scosit nhapci ng substance, conprising the
epEiAnd 8 achsY RERGh G Be bR iaBro: hemppsing the Kspsat
the root canal; - preparing the root canal to be

fi |l aibntifying the bavigsthBdobihe %ﬁ@ - bRgmaterial into
t he rootlﬁgggrml wher'eby the pa?h o R, G

- introducing the composite material into the tooth cavity whereby the
path of communication between a inner portion of the cavity and the
outer surface of the tooth is sealed.

According to a further aspect, the dental composite used for the above
method may further comprise a radiopaque substance.

Another aspect of the invention is a method of treating tooth decay using the
dental composite material comprising a Portland cement and a viscosity
enhancing substance, comprising the steps of:

- identifying the decay;
- removing the decay to create a cavity to be filled; and

- introducing the composite material into the cavity whereby the path of
communication between a inner portion of the cavity and the outer
surface of the tooth is sealed.
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conmuni cati on between the root canal and the outer
surface of the tooth is sealed. According to a further

wW@2ens9s0e he dental conposite material used foPCT/B€2004/000350

above nmethod may further conprise a radi opaque

subst ance. Anot her aspect of the present invention is

the use of the dental conposite material conprising a

Portl and cenent and a viscosit% enhanci ng substance,

for cosnetic purposes. According to a further aspect,

the conposite material may further conprise a

radi opaque substance. Accordingly, an aspect of the
pheeding v enfurtherpaspecte she deritdlogoraposits Mitetial used for the
tét?&k”@%{wer?'& t he net.hod uses the conposite

AT TRy Tudbeltomprise @ radippaare sub er

aspect of the present invention provides a nethod for
efckdrdingi tagasthee p8peENGha | r Vi hat :
fillin Igt he pul p ca\r;i tg/q%? Ig@%fgph&%&{cﬁgg@ﬁ%@ﬂ of performing
d8 8%3@'4*‘8@?& o @gtood aisingathpedental compogite seaterial comprising
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mfxi ng of the material and Figure shows the materi al

ready for use. Figure 2 shows the conposite nmateri al

of the pr.esent i.nverjgti on. Figure 2A shows the nmateri al

bei nFRPYRY 2 RErEAP Of e t9piiado enposmthe fagt casakly to be
formed; and Figure 2C shows the material ready for

cl 'ﬂp@ariﬁbﬂﬁé@E@Fcar@_i_@é’b@ flegQN§ the p of various
materials over tinme. The materials are the conposite
material of the present invention (DM, Portland
cdnEeduging thg comprasiter mataria] tinfoMRA( @t Axnah WHéhebe the path of

?Pﬂfﬁlgﬁié%trri‘apno gg@é%@%‘? irgtii)tggqgr?ql f’p@%ﬂ% g&’?e?i si&t@qtg:i@in%fn%hien?ooth is

&Bdedconpared to various other materials such as G ey

"ProRoot (tm) MIA (GMITA) and White ProRoot (tm

NTAS\QVITA), ite Portland cenent and
cecording 'to a further aspect, the dental composite material used for the

above method may further comprise a radiopaque substance.

Another aspect of the present invention is the use of the dental composite
material comprising a Portland cement and a viscosity enhancing substance,
for cosmetic purposes. According to a further aspect, the composite material
may further comprise a radiopaque substance.

Accordingly, an aspect of the present invention provides a method of cosmetic

treatment, wherein the method uses the composite material of any aspect of
the invention.

Another aspect of the present invention provides a method for end-filling or
repairing a tooth root comprising filling the pulp cavity of a tooth with a dental
composite according to any aspect of the present invention.
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white Portland cenent product, White Port is the white
Portl and cenent product at 10 mnutes, Gey Port is
grey Portland cenent product, and Gey Port is Gey
Portland cenent product at 101@i nutes. Figure 6 shows
conparison of viscosity of various materials. Dev
Material is the conposite material of the present

i nvention, Wiite Port is a white Portland cenent
pBedfidéscrithiohefae fighbd s white Portland cenent
product at 10 mnutes, Gey Port is a grey Portl and
cgrrent product Port 10 is a grey Portl and
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cont act e MIA; Figure 8D: zone ©Of inhibition

after NR stain, white MIA; Figure 8E wunstained with
c6&9;5'6%|3t shewnthe PH gf ¥grimsamategals ©ver timenEhematerials are the

LAl 8 B (R pomens (or,

oBrénRrdRoo0N MIFA eervm)sami White\ProRigiog U T ABERY MT.A)E
and G are under 4x magification, while Figures 8B, D
nification,

u@&b‘r?sbk @%Q%u o Sﬁ@ggtlglﬁo ﬂae,éz%nmsmﬁ ggggq‘lellyof the. present
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at varloustlmemterv ure
r MA@ M) stindWVinije £roBootl EM'éél (WM TRt Wibiite| Pertland tcement and

Grey Portland cement.

Figure 5 shows the comparison of yield points of various materials. Dev
Material is the composite material of the invention, White Port is a white
Portland cement product, White Port 10 is the white Portland cement product
at 10 minutes, Grey Port is grey Portland cement product, and Grey Port 10 is
Grey Portland cement product at 10 minutes.

Figure 6 shows comparison of viscosity of various materials. Dev Material is
the composite material of the present invention, White Port is a white Portland
cement product, White Port 10 is white Portland cement product at 10
minutes, Grey Port is a grey Portland cement product, and Grey Port 10 is a
grey Portland cement product at ten minutes.

Figure 7 shows a plot of shear rates versus strain with viscosity being the
slope of the curves.
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Detailed description of the invention

The objective of this invention was to develop a root repair material which has
biocompatibility similar to ProRoot MTA and handling characteristics similar to
materials such as Super EBA. This would facilitate clinical placement, even in
areas with poor surgical access. The present invention involves the use of a
viscosity enhancing substance to improve the handling characteristic of a root
repair material which has a composition similar to ProRoot MTA.

Accordingly, one aspect of the present invention provides a dental composite
material comprising Portland cement and a viscosity enhancing substance.
The Portland cement makes up the powder component (solid component) of
the composite material, while the viscosity enhancing substance when
dissolved in water makes up the liquid component of the composite material.



radi opaque substances include ZrO and BaO (Mszner et
al ., 2004). The bisnmuth oxide may al so provide the
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dental conposite material to display radiopacity to

enabl e visualisation and assessnent in a radi ograph

and for the purposes of dental diagnostics. Depending

on the degree of radiopaquene§§ desi red, various

rati os of a radi opague substance nay be added. For

exanpl e, the radi opagque substance is present fromto

25% of the weight of the powder conponent of the
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It is desired for the dental composite material to display radiopacity to enable
visualisation and assessment in a radiograph and for the purposes of dental
diagnostics. Depending on the degree of radiopaqueness desired, various
ratios of a radiopaque substance may be added. For example, the radiopaque
substance is present from 10 to 25% of the weight of the powder component
of the composite material. In particular, the radiopaque substance makes up
15% of the weight of the powder component of the composite material.

The Portland cement used may be any suitable grade of Portland cement. In
particular, the Portland cement used for the present invention has a Blaine
number of between 4000 and 5500 cm?/g. Even more in particular, the Blaine
number of the cement used is between 4600 and 5500 cm?/g. The fineness of

a cement is indicated by the cement's Blaine number. The Blaine number



The basic conponents of Portland cement are usually

lime (CaQ), silica alumna (Al O) and iron oxide (Fe
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to produce the various types of Portland cenent. n

general, there are five basic types of Portland

cenment. These are identified bt)é the standard

speci fications promul gated by T8he American Society for

Testing of Materials (ASTM. Type is called nornal

Portland cenent and is a general purpose cenent

suitable for all uses when the special properties of
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The basic components of Portland cement are usually lime (CaO), silica
(Si02), alumina (Al,O3) and iron oxide (Fe203). These components are
15 appropriately proportioned to produce the various types of Portland cement.

In general, there are five basic types of Portland cement. These are identified
by the standard specifications promulgated by the American Society for
Testing of Materials (ASTM).

Type | is called normal Portland cement and is a general purpose cement
20  suitable for all uses when the special properties of the other types are not
required. Type | Portland cement is more generally available than are the
other types of cement. Type | Portland cement is typically used in assorted
construction applications. In its normal applications, a Type | cement is used
when the concrete is not subjected to special sulphite hazard or where the
25  heat generated by the hydration of the cement will not cause an objectionable
rise in temperature.

Gk),ngn sAan exbrage of abioat A& pasglst percent.



This Portland cement is commercially available as the
Col ton Fast-Set brand of the California Portl and
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cenent are Aal borg Portland, PPC cenent, SsangYong

cenent etc. However, it should be noted that any ot her

type of Portland cenent is wthin the scope of the

present invention. The viscosﬂﬁy enhanci ng subst ance

may be polyvinyl alcohol) (PVA), cellulose, cellulose
derivatives (Ghama Yoshi hi ko, 1998). The viscosity
enhanci ng substance may al so be pol yet hyl ene oxi de,

natlah acogditiensainereor typipatooks thkaynalithpewsichn wiilié R¥fmally not
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B0 Robnbatn: wih the I qu d component. 0
This Portland cement is commercially available as the Colton Fast-Set brand
of the California Portland Cement Company. Further examples of suitable
Portland cement are Aalborg Portland, PPC cement, SsangYong cement etc.
However, it should be noted that any other type of Portland cement is within
the scope of the present invention.

The viscosity enhancing substance may be poly(vinyi alcohol) (PVA),
cellulose, cellulose derivatives (Ohama Yoshihiko, 1998). The viscosity
enhancing substance may also be polyethylene oxide, natural gums and/or
aqueous clay dispersion.

The PVA may have an average molecular weight of between 13000 and
23000 Dalton. The higher the molecular weight of the PVA, the less soluble in
water it will be. The viscosity enhancing substance may be present in an
amount from 1 to 3 % of the powder component of the composite material. It
should be noted that any suitable viscosity enhancing material may be used
for the present invention.
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then m xed with the liquid conponent to obtain the

dental conposite material. The wei ght of the

radi opaque substance is between and 25% of the wei ght

of the powder conponent (solidSconponent) of the

conposite material. n particular, the weight of the

radi opaque substance is 15% of the powder conponent.

As nentioned above, any suitabl e radi opague substance
miapllglsesderivatives hiaciudiepbste arediot Hienifece s Warbodenéthizellulose,

A L L xanpl e uld be bisnmuth oxide. The wei ght
oﬁ?@&bb&é’ﬁgp lcﬁ”\ﬁ%ﬁ@i ng substance is between 1 and
3% of the weight of the powder conponent. n
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of the conposjte material. The viscosity enhancing
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substance, form ng the liquid conponent of the

coRpwsding thetRortlahd wittieh formica powgsmeshporent@BlidicsAtbonent)
\/\H@ t he Ié\\ﬂ%u d %8_ onent. The m xing can be achieved

by F?y“m% SREHSEL For exanpl e, any conventi onal

nmeans may be used such as using a spatula on a snooth,
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accor di ng to the present invention can also be
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a dental conposition conprising the dental conposite
memiingthelpewtesesmpbose. wiethelqlid ebniepept, of the
I nvention provides various uses of a conposite

According to another embodiment, the Portland cement is mixed with a
radiopaque substance to form a powder component (solid component). The

powder component is then mixed with the liqguid component to obtain the
dental composite material. '

The weight of the radiopaque substance is between 10 and 25% of the weight
of the powder component (solid component) of the composite material. In
particular, the weight of the radiopaque substance is 15% of the powder
component. As mentioned above, any suitable radiopaque substance may be
used for the purposes of the present invention. A specific example would be
bismuth oxide. The weight of the viscosity enhancing substance is between 1
and 3% of the weight of the powder component. In particular, the weight is
1.5% of the powder component of the composite material.

The viscosity enhancing substance is dissolved in a small quantity of water,
typically about 5 to 15, more typically 10 to 12 times by weight of the amount
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t he radi opaque substance may be an oxi de or hal ogen
salt of a heavy nmetal. The heavy metal may be chosen
fromany of the follow ng but |s not limted to gold,
barium silver and/or bisnuth.1"®Even nmore in
particul ar, the radi opaque substance is bisnmuth oxide.
The viscosity enhancing substance nay be any suitable
subst ance known in the art, as described above. For
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In particular, the radiopaque substance may be an oxide or halogen salt of a
heavy metal. The heavy metal may be chosen from any of the following but is

not limited to gold, barium, silver and/or bismuth. Even more in particular, the
radiopaque substance is bismuth oxide.

The viscosity enhancing substance may be any suitable substance known in
the art, as described above. For example, poly(vinyl alcohol) may be used as
the viscosity enhancing substance. The poly(vinyl alcohol) may have an

average molecular weight of between 13000 and 23000 Dalton. Cellulose
derivatives as mentioned above may also be used.

Further, the Portland cement used may be any suitable cement for the
purposes of the present invention. For example, Colton Fast-Set brand of the
California Portland Cement Company may be used.
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Portl and cenent and a viscosity enhanci ng substance

and optionally conprising a radi opaque substance, may

be used in the preparation of a medicanment for dental
treatment. Wen the conposite1ﬁhterial is used in pulp
capping, it is used in the nanagenent of deep carious

| esions, accidental nechanical pulp exposure and pulp
exposure followi ng traumati c accidents. The conposite
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{, root canal filling material. Detal (
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[ h f lp. .
AT, o SRHERL 0 R SRRl L 6554 e Toet A bl with root
Foaathieer., it woul d be known to a person skilled in the
‘art how to performthe procedures.

According to a further aspect, the composite material comprising a Portland
cement and a viscosity enhancing substance and optionally comprising a

radiopaque substance, may be used in the preparation of a medicament for
dental treatment.

When the composite material is used in pulp capping, it is used in the
management of deep carious lesions, accidental mechanical pulp exposure
and pulp exposure following traumatic accidents. The composite material is
placed over the exposed pulp and a restorative filling is then placed over it.

In the case of root perforation repair, this is carried out via an intracanal
approach or using a surgical approach. The intracanal approach involves
placement of the composite material where the perforation is, in order to seal
the perforation. The surgical approach is used to achieve the same after the
intracanal approach fails or if the perforation is inaccessible through the

- access cavity of the tooth.



The conposite material of the present invention is
advant ageous for use in various dental treatnent and

wW@ppbizEd? ons as its viscosity and handling  PCT/SG2004/000350
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characteristics are simlar to that of IRMr)
(Intermedi ate Restorative Material). Further the
setting time, pH, solubility, radiopacity and
di mensi onal change upon setti are conparable to MA
The in-vitro bioconpatibility is also simlar to that
of MIA. This makes the conposite material of the
present invention suitable for use in place of MIA in
anr rea-and Btinggt & Braw:gibalamrplcedalta carsied autweldstatslish a seal at

r I root. r.epair
sﬁ% llrog)g%ngcéf etég%%ﬂblﬁhﬁw A é’é?p%rﬁgt%etﬁﬁr@&ﬁ?d f the tooth and
| theecampositesmisberial 3€ pRiceting thvé pecisarby cg{ﬂlﬂﬁnc' ng
subst ance dissolved In water together wt
boye, MIA is difficult to use in certai n
8P ' &grﬂ"éﬁr{%@ i® Farriaghept tmeomvaf,absmnyat@maﬁaha@ent teeth with

T e e .
MIAapicahplugnwhiehgrdventsdhs iskirusionl of redt carrafitinghaareed

for speC| al carrier devices as the material can be

"Bg%ﬂ @‘t %%Abh(g%dﬁég%ég%n%A A ﬁogv%lglp@)ﬁ nfo:whrq%t |nt any standard

sengpdiitics Itéxt@bbﬁfﬂpatmrvé&fédcbﬁth ul;th k§SB rns. RC, 8" Ed.
mani pul ati on of the nodified A|na erC|n|car
aMﬁﬁBlééﬁq ot bawh)-dsurherp itowpd e, knmmltb amegsmlskﬁle@ﬂn the art

h@%:téﬁeﬁghﬁ%e I’&ge(ﬂr%% easier due to its superior

aracteri Accordi ng to anot her aspect,
the present invention also provides a nethod of

fThe icogpsite anbterial idf the iragethievestivrilis eavBRGIgEBUs for use in
TS, iGN EUp EPaEEM Ao BPPBRRIS. ag%éhié%ég,he and  handiing
?ﬁ%@%ﬁ?ﬂci&@%o fﬁ\? IEEZ[ q?ftlﬁplg%? n‘tergp%cﬁ??ﬁ lﬁsgf[qﬁ%nv hﬁaterlal
daufresi the settingitirhe, phld solubility, radiopacity and dimensional change
upon setting are comparable to MTA. The in-vitro biocompatibility is also
similar to that of MTA. This makes the composite material of the present
invention suitable for use in place of MTA in all its existing clinical
applications, as well as root-end filling and root repair in areas with poor
surgical access.

Another aspect of the present invention is the use of the viscosity enhancing
substance dissolved in water together with MTA. As noted above, MTA is
difficult to use in certain surgical situations. When the viscosity enhancing
substance of the present invention is addéd to MTA, forming a composition
herein referred to as ‘modified MTA’, the increased viscosity would eliminate
the need for special carrier devices as the material can be manipulated like
Super EBA. This will mean that the modified MTA may be used even in such
difficult surgical situations. In addition, it also makes manipulation of the

modified MTA in all other clinical application such as pulp capping, non-



- introducing the conposite material into the tooth
cavity whereby the path of comruni cati on between a
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the tooth is seal ed. Another aspect of the invention

is a nethod of treating tooth decay using the dental

conposite material conprising Portland cenent and a

Vi scosity enhanci ng subst ance 18nd optionally, a

radi opaque substance, conprising the steps of: -

identifying the decay; - renoving the decay to create

a cavity to be filled; - providing the conposite

nBigiGal] rookniepain rapicaluplugg etheeasispatie donits esi@rior handling

[ . ity whereby the path of communi cation

bgﬁ%tg%gg%?%‘ner portion of the cavity and the outer

surface of the tooth is sealed. According to another

abpearding treanhothentispsctp tiey pessend inkintied <o F%\fi@éé‘ﬂa%ethod of

roat capal therapy on a tooth using the dental o

c@'ﬁ%ﬁ thngayity Hsingotier fental sompopiie imatediat samprisingdPortland
i Sht Vi ci ri optjo .

OB b st CoferE g st dte Bl RBlankiyy, @ radiopaque

sséystande, compmriaing tige steperdfi on of the tooth to expose

the root canal; - preparing the root canal to be

fill

the -t Taga e SRkRERS ool Be e mun cat i on |

bet ween the root canal and the outer surface of the

t oot providmgethe tonfsuiteahatsip@Enf the present
invention is the use of the dental conposite materi al

conpr.i Si .a Portland cenment and a viscosity enhanci n%
subst mfgig%ﬂ%ﬁﬁ@@ﬁaﬁw nedafial st theatookit cayitigubiereby the path
sub COS G PY T : le...1he
oo mubieansh FEBbientd BARFhoridh &t P58 BRd the outer
bet wadace of the tooth is sealed.

Another aspect of the invention is a method of treating tooth decay using the
dental composite material comprising Portland cement and a viscosity

enhancing substance and optionally, a radiopaque substance, comprising the
steps of:

- identifying the decay;
- removing the decay to create a cavity to be filled;
- providing the composite material; and

- introducing the composite material into the cavity whereby the path of
communication between a inner portion of the cavity and the outer surface
of the tooth is sealed.

According to another aspect, the invention provides a method of performing
root canal therapy on a tooth using the dental composite material comprising



teeth, or external appearance of the tooth.
Accordi ngly, an aspect of the present invention

wW@e@si0shsed a net hod of cosnetic treatnent, wher BCTISGI084/000350
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met hod uses the conposite material conprising a

Portl and cenent and a viscosity enhanci ng substance
and optionally containing a radi opagque substance.
Havi ng now general |y descri bed% he invention, the same
will be nore readily understood through reference to
the foll owi ng exanpl es which are provi ded by way of
illustration, and are not intended to be limting of

t Re Rsriarmt C@m&ahta?]ﬂw. a Exiﬁmtﬁe @&mnrxdmn% mi ahd ooptionally
. : C I 00 repal
pSoffisHeEs Paio¥ait AitEnie o NG HF SERE R 0. 850

Bi snuth oxide 0.1 g (Bisnuth oxi de was obtained from

Si greretaling b pootiorBof thedtabth tobypode)thbirgdd garfedmponent

0. 015 g of Pol yvinyl alcohol) (PVA) is di SISO| vled in

0.35 m of distilled ter. The average nol ecul ar

wei gHreBRMpg thexgeticangbioRefilleds@g. 23000 Dalton and is

98% hydr ol ysed. The PVA used for the present exanple

is f i i : h S ki
f@mdﬁbﬁi@tlleﬁédﬂﬁpﬁheﬁaﬁﬁ lri’cﬁgh?ro& c?r@r(l) r\{\/pﬂ%ﬁg%}( the path of

powder component is m xe i qui

f or CapButnigatiambgtween tbasaotcarnaiandl thetdutepsumiase of the tooth is
pargééig s are hydrated (Figures 1, 2A and 2B). The

mat eri aﬁ' is then ready for clinical placenent (Figure

2C). Exanple 2 Note that for all the exanples that

f Ahbier aspicet ef tiee tre¥ntt iBvdAtord WIS use of the dental composite
material comprising a Portland cement and a viscosity enhancing substance
and optionally comprising a radiopaque substance, for cosmetic purposes.
For example, the composite material may be used for sealing gaps between
teeth, or external appearance of the tooth.

Accordingly, an aspect of the present invention provides a method of cosmetic
treatment, wherein the method uses the composite material comprising a
Portland cement and a viscosity enhancing substance and optionally
containing a radiopaque substance. |

Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided
by way of illustration, and are not intended to be limiting of the present
invention.

EXAMPLES

Example 1

Composition of the viscosity enhanced root repair material



and G ey MITA (GMTA) refers to MIA manuf actured by
Dentsply Tul sa Dental, Tulsa, OK Reference to
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particular, white Portland cenment is Davco cenent
(Australia) and grey Portland cenent refers to Asia
cenent, manufactured in Singapore. Radiopacity of the
conposition | SO specification 23876 2001(e) (Dental

root canal sealing nenbers) provides that the materi al
when tested according to the | SO specifications should
have a radiopacity equivalent to not |ess that 3 nmm of
afPewder (selid\semranes22 1. A ring noul d having an
internal dianmeter of 101lmm and a hei ght of 10.01 nm

t | St i~C ver which is radiolucent. 2.
s?ﬂgﬁf%ﬁrgé’g%ﬂ% X—0r8al{’:90unit operating at 65 kV. 3.

RiRhth 6 occl usal fjim of speed D and suitable
gl)gvel (}Si)gr%@és{ol ution aerﬁq xer. 4. Radi opacity gauge

oSt B v AR Pl L BB S oA gRo 161 A
| ong and 20 mm wi de having a thickness from0.5to 9.0

nbiquit eaqmabhgnpl aced steps of 0.5 nm 5. Optical
Densitoneter (X-Rite Mddel 301, Gandville, M chigan,

JA. t hodol The conmponents of the materials
k@ﬂzé»d Omﬁ)sx(vwﬁ%omwe(w&éa digscdverl 038 rhef distilled water.
TR RGBS mSieb OBt WiShS VERAV; b
m xi ng t?ﬂﬁe &%E{r}%r‘{g&%ﬁgfH‘%omoﬁﬁ%ﬁégﬁg{@@ %%OOA) Dalton
fard issiYodyyeiralysed. Bhe Patfulisgd foFitke mrésaritahanysé & frBRNSigma-
i/ﬁ@b%(@alséty gack@déi nto fnoul ds and covered with
i USRS F-Sfeet s and mi croscopic gl ass slides
to obtain speci nens about 1 nmthick.
The powder component is mixed with the liquid component for about 1 minute
fo ensure that all the powder particles are hydrated (Figures 1, 2A and 2B).
The material is then ready for clinical placement (Figure 2C).

Example 2

Note that for all the examples that follow, reference to White MTA (WMTA)
and Grey MTA (GMTA) refers to MTA manufactured by Dentsply Tulsa
Dental, Tulsa, OK. Reference to Portland cement refers to Type | Portland
cement. In particular, white Portland cement is Davco cement (Australia) and
grey Portland cement refers to Asia cement, manufactured in Singapore.

Radiopacity of the compositibn

ISO specification 6876:2001(e) (Dental root canal sealing members) provides
that the material when tested according to the ISO specifications should have
a radiopacity equivalent to not less that 3 mm of aluminium.

Apparatus



After the conposite material had set in the mould, it
was positioned in the centre of the X-ray film The
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material. A simlar glass slide was placed under the

alum nium wedge. Simlarly, a sanple of Wite MIA

(WMITA) and Gey MIA (GMITA) was al so prepared to be

tested. The speci nen was irradfated at 65 kV at a

target filmdistance of 300 nmand with an exposure

time of 0.18s.23 After devel oping, fixing and drying

the exposed film the density of the image of the

spedt g Wweedld dpang danvintarmah atiamieterhef diogrtimruand teeheight of

Lo 5L 58 S5 T e B ShE

mllinmeters of alum nium The densitoneter readings of

t Be Sihgleiptiase Dedge Xary Wwinopsrateg at 65kabl e 1, while
the results of the conposite material, Wite MIA

Ge GMITA) are_shown in Table 2. _
%&%ﬁlyﬁcaﬁ% ﬁlm ehepeaskRsanbitale dexglopin@selution and
0. 84ixér.0 0.78 1.5 0.73 2.0 0.72 2.5 0.68 3.0 0.66 3.5
0.61 4.0 0.59 4.5 0.57 5.0 0.55

4, Radiopacity gauge consisting of an aluminium step wedge of at least 98%
purity with a maximum copper content of 1% and 54 mm long and 20 mm
wide having a thickness from 0.5 to 9.0 mm in equally placed steps of 0.5
mm.

5. Optical Densitometer (X-Rite Model 301, Grandville, Michigan, U.S.A.)

Methodology

The components of the materials (VERRM; WMTA; GMTA) were mixed
according to the manufacturer’s instructions (VERRM was prepared by mixing
the powder and liquid components together on a flat surface using a spatula).
The materials were then individually packed into moulds and covered with
impervious plastic sheets and microscopic glass slides to obtain specimens
about 1 mm thick. |

After the composite material had set in the mould, it was positioned in the
centre of the X-ray film. The aluminium step wedge was placed adjacent to
the material. A similar glass slide was placed under the aluminium wedge.
Similarly, a sample of White MTA (WMTA) and Grey MTA (GMTA) was also
prepared to be tested.

The specimen was irradiated at 65 kV at a target film distance of 300 mm and
with an exposure time of 0.18s.



5.5 0.54 6.0 0.51 6.5 0.47 7.0 0.45 7.5 0.44 8.0 0.41
8.5 0.39 9.0 0.38 Table 1: Results showi ng the

walemwsiswsoet er readi ng of the al um ni um wedge24PCT/SG2004/000350
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Equi val ent Speci men Denresai t doi rmget er

t hi Ackl unmesi nsi u(nmmm) Conposite material of 0.57 4.5
Exanple 1 Wiite MIA 0.47 6.5 %\/\MFA) G ey MA 0.47 6.5
(GMrA) Tabl e 2: Equival ent al & ni um t hi ckness of

conposite material, White MIA and G ey MIA Fromthe

results above, it can be seen that the specinen of the
conposite of Exanple 1 has a radiopacity equivalent to
4ABentewelopingnifiningnamc dryiog floe exposed filn,| 18O density of the image

o BE e bRe BNy S OGS arae i, AR SRS i Sep vedge using
t tien optiedl @énNometeMT AnanfhdidpacityTéyuiXerP! 6 tﬁteyspecimen was

Measurenment of other properties of the viscosi
efiXRIRESRM ibtllimeirsisrof aluminium.,

The densitometer readings of the aluminium wedge are summarised in Table
1, while the results of the composite material, White MTA (WMTA) and Grey
MTA (GMTA) are shown in Table 2.

Thickness of Aluminium Densi .
(mm) ensitometer reading
0.5 0.84
1.0 0.78
1.5 0.73
2.0 0.72
2.5 0.68
3.0 0.66
3.5 0.61
4.0 0.59
4.5 0.57
5.0 0.55
5.5 0.54
6.0 0.51
6.5 0.47
7.0 0.45
7.5 0.44
8.0 0.41
8.5 0.39
9.0 0.38

Table 1: Results showing the densitometer reading of the aluminium wedge



material Presently, root-end fillings are explicitly
excluded fromthe scope of the I SO technical standards
WO 20050891509 canal -filling materials and t hey havRCTeG20p&000350

been subjected to standardi sation (Hauman H et al .,
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2003) .

As such,
usi ng the protocol

(Torabinejad Met al.,
together with other appropriate 1SOtests. p

nmeasur enent The pH of the conposite materi al

used in a

1995,

the follow ng tests were conduct ed
imlar study
4Endod, 21(7):349-353),

of

Exanple_1 (herein referred to_as devel opnent al

mat eri a was conpar eﬁeﬂ t Por tEquidalestrent
(Port), 25 (SReFimEA (GVIA) Te MTA ( Vmpiniutine pH
was nmeagured at short |nterval rom ti nthicknessgmm)

m nut es| THeoMRasitets are shown in Tablle 3, while a

pl ot of | pH M#tefialiaispect to tDME is shown in HF.gure 3.
Ti me PorExaoyien WMIA 0 11.42 11.94 11.33 .42 2 11.8p

12.24 1
13.01 1

1. 88VhiteddTA 12
24 WMTED 6 1

.27 13.15 12. 26

22 12.03712.21 1

2.21 5612. 25
12.41 8 12. 32

13.06 1

p. 295y .MBA 10

13.09 1

P. 40 (BMTHY 14

12. 34 18407 12.41
12.39 13.10 12. 80

12. 47612 12. 38
12.71 15 12. 40

13Balle12:1 Eq8®alkht 68udnitizh #hickiids8%fleodpodite Mattdial 2\hie MTA
1an@Bréy MSPA12. 73

From the results above, it can be seen that the specimen of the composite of
Example 1 has a radiopacity equivalent to 4.5 mm of aluminium and conforms
to the ISO specifications. However, the radiopacity of the composite material
of the invention is a little lower than that of White MTA and Grey MTA.

Example 3

Measurement of other properties of the viscosity enhanced root repair
material

Presently, root-end fillings are explicitly excluded from the scope of the ISO
technical standards for root-canal-filling materials and they have not yet been
subjected to standardisation (Hauman CH et al., 2003). As such, the following
tests were conducted using the protocol used in a similar study (Torabinejad
M et al., 1995, J Endod, 21(7):349-353), together with other appropriate 1SO
tests.

pH measurement

The pH of the composite material of Example 1 (herein referred to as
developmental material, DM) was compared to that of Portland cement (Port),



20 12.47 13.09 12.81 12.75 22 12.54 13.06 12.84 12.77
24 12.67 13.07 12.83 12.80 25 12.67 13.07 12.84 12.80
WQ@2003/83%609 13. 06 12.84 12.81 28 12.67 13. 07 12.8Bd1/3Q2089000350
30 12.67 13.06 1.83 12.78 32 12.68 13.07 12.84 12.82
34 12.68 13.08 12.83 12.81 35 12.67 13.06 12.84 12.83
36 12.68 13.08 12.83 12.82 38 12.65 13.07 12.84 12. 86
40 12.68 13.08 12.84 12.86 42232.69 13.07 12.81 12.88
44 12.67 13.07 12.84 12.84 45 12.67 13.09 12.84 12.92
46 12. 67 13. 13 12. 82 12. 97 48 12.67 13.07 12.81 12.98
50 12.71 12. 13. 52 12.67 13.09 12.84 13.02
5&rep MBA IGM)WA)lanMNlilﬁe MZT ARNVMTAY, g pHA was 8139353"62 at short

56.12. 68, 13.07 12. 84 13.0 12 67.13. 08 12,
SBtg8aRoaR o 50D TngEsying sesiits i Shaif i TaPlg fewhile a
dpiee bp prentiatedficetd fime(H¥howRan Higud Fenent

Time DM Port GMTA WMTA
0 - 1142 11.94 11.33 11.42
2 11.82 12.24 11.88 11.90
4 12.22 12.92 12.21 12.21
5 12.25 13.01 12.24 12.35
6 12.27 13.15 12.26 12.41
8 12.32 13.06 12.29 12.48
10 12.34 13.07 12.41 12.47
12 12.38 13.09 12.40 12.59
14 12.39 : 13.10 12.80 12.71
15 12.40 13.11 12.83 12.69
16 - 12.45 13.09 12.81 12.71
18 12.45 13.09 12.84 12.73
20 12.47 13.09 12.81 .. 12.75
22 12.54 13.06 12.84 12.77
24 12.67 13.07 12.83 12.80
25 12.67 13.07 12.84 12.80
26 12.67 13.06 12.84 12.81
28 12.67 13.07 12.84 . 12.79
30 12.67 13.06 1.83 12.78
32 12.68 13.07 12.84 12.82
34 12.68 13.08 12.83 12.81
35 12.67 13.06 12.84 12.83
36 12.68 13.08 12.83 12.82
38 12.65 13.07 12.84 12.86
40 12.68 13.08 12.84 12.86
42 12.69 13.07 12.81 12.88
44 12.67 13.07 12.84 12.84
45 12.67 13.09 12.84 12.92
46 12.67 13.13 12.82 12.97
48 12.67 13.07 12.81 12.98
50 12.71 13.08 12.83 13.02
52 12.67 13.09 12.84 13.02
54 12.68 13.07 12.84 13.02
55 12.67 13.07 12.83 13.02
56 12.68 13.07 12.84 13.02
58 12.67 13.08 12.84 13.01
60 12.69 13.07 12.84 13.02

5 Table 3: pH readings of the developmental material (DM), Portland cement
(Port), Grey MTA (GMTA) and White MTA (WMTA)



(Port), Gey MTA (GMTA) and Wihite MIA (WMTA) 26 From
the results shown in Table 3, it can be seen that the
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Anot her test to conpare the pH of VERRM GMIA and WMTA

was carried out. The pH of VERRM GMIA and WMTA duri ng
setting was neasured with a pH nmeter, the Orion

Per Hect Log R Meter Mbdel 370 @Orl on Research Inc.

Boston MA), using a tenperature-conpensated el ectrode.

The el ectrode was inserted into the freshly m xed

materi al and readi ngs were taken at 2 mnute intervals

for 60 mnutes at a tenperature of 24 . This was

repeated 3 tinmes for each material. The nean pH was

t hegm ;ﬁh@ms&dtmmm Tabte,3, dtscashivevseen tikatghe @HPof all 4 materials

S tical ses were carried out at 3 tine
tﬁ%ﬁéi ﬁcﬂpé%%%%ﬁ@wefreshl y mixed, at 30 minutes and
60 m nut es, using ANOVA and Fisher's LSD at 0.05 | evel

OAnstmlt‘éStCﬁﬁéémpEP@ftﬁ’e WP of ¥ ERENI, fGM“JTW aﬁdf\f\/ﬁﬁmgﬁas carried
in the pH of the three materials when freshl

afldt- éﬁhesmﬁ rﬁfﬁ(ﬁﬁgM AsMaé amch Y MIA gdwaring Baﬂlng was measured with

Sé WQPH% CQJ%E )erlﬁ’e%t @%b@gﬂeg\@f) Ry :g'PO gq? o Bsearch Inc.,

deéi@lneM(é\t) umng@tmhb@%twémp@%a%ﬁ Rlddtrde. Mhauélestrode was
Settin asurenment The inpitial setting tinme was
et

nPselie Bsllu moixedinpateriab and raadingg eier falsed ahy2 minute
tﬂﬁ?erb?is%?@b'rﬂ esoé{??%ﬁﬁ%? Ord 8 2§“?§%‘?’%§%§%’8§§a{eﬁr3tlme3

dental root canal sealing erlas (
7f04)eachS®a&&7£ 7086 Imeaw ypiH wasnﬂfmnsplattedtdmﬁnétdrme as shown in
reater than 30

P8 SialfptcaP edos8s e cortind Gl ek s Points, namely, when
nﬁé‘é«ﬁl?@ﬁlb&ééramhﬁﬁul@stér{@% FMd6test U8 ,ﬁN %hﬂqzlshers LSD

measured shall be within the range’sta
netflPadevel of significaneehod for det er ni ni ng settl ng tine
as descrl bed in I SO 6876:2001 is identical to the

descr : B/‘ggrnﬁ @%ﬁ%%%@f%%r{c'ea%n et ; 'I—P%f the throe materials when
freshly mixed and at 30 minutes. At 60 minutes, WMTA had significantly
higher pH than both VERRM (p = 0.003) and GMTA (p = 0.040). There was
no significant difference in the pH of VERRM and GMTA at 60 minutes.

Setting time measurement

The initial setting time was measured in accordance with the methods
prescribed by the International Organization for Standardization for dental root
canal sealing materials (ISO 6876:2001, 7.4). ISO 6876:2001 requirements
state that for materials having a setting time greater than 30 minutes, and up
to 72 hours, for which the manufacturer quotes a time range, the setting time
measured shall be within the range stated by the manufacturer. The method
for determining setting time as described in 1SO 6876:2001 is identical to the
method for determining initial setting time as described in ASTM C266-03

(American Society for Testing and Materials). In this test, the measurements



(Arerican Society for Testing and Materials). n this
test, the neasurenents27 of both the initial and final

W@ 2G05/088504 | mes were carried out by using initikCT/a6azh04/000350
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final GIllnore needles respectively. The initial

setting tine of DMwas conpared to that of Wite MA,

G ey MIA, Wite Portl-and cemegt7 and Grey Portland

cement. The setting tinmes weré‘neasured four tines.

The results are shown in Figure 4 and Table 4. The

results showed that the initial and final setting tine
respectively of all 5 materials tested were simlar.
Tﬁfsgﬁ'ihnﬁ]e idtial jang flmaieﬁetﬁng}wma/werescgma‘d oainby wsing initial and

TR BB P JERerl T re.inifnG < diaceh DM was

Dhbmpdré&%%hd\‘/&if%h@é MTA Gy} VI, tWhAe tPdRaid ﬁé}nent and Grey
I\/ﬁ I;a@%tlne m n) mnz V\hlteMTA45140(V\MT) ey

1Gemenivt R sAiting Uipestwelieomaesurss f@éh’@mescjl' bg results are

: I . of .
ORI Py s SRITIOH 1Re 140,120 o pBF i e
W@ttlng\hlmas ré&pacltlaelgl ofeilfffnmat@a&s tékieﬁ asre SHeNBNTharfthal setting
mat er i measur enment The

g O Rblitanty Maherdhanslt and RVIIA rdewewks, there

Pfé’tﬁg ?Pg§gﬁlflgé%t %ug% e 8qunn5?§§1é}§hg ft@g bEEHN BRALAEIVMTA.

Materials Initial setting time Final setting time
(min) (min)

White MTA 45 140

(WMTA)

Grey MTA 70 175

(GMTA)

White Portland 40 135

cement

Grey Portland 70 170

cement

DM 40 140

Table 4: Results of initial and final setting times of White MTA, Grey MTA,

White Portland cement, Grey Portland cement and developmental material
(DM)

Solubility measurement

The solubility was measured in accordance with the methods prescribed by
the ISO for Dental root canal sealing materials (ISO 6876:2001, 7.7). I1SO
6876:2001 requirements state that the solubility-of the set material shall not
exceed 3% mass fraction. The solubility of DM at 24 hours was compared to
the solubility of White Portland cement, Grey Portland cement, White MTA
and Grey MTA. In addition, the solubility of DM at 7 days was determined.
The results showed that the solubility of DM at 24 hours (dm1) was higher
than the other 4 materials tested but still complied with the requirements
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solubility of Wiite Portland cenent, G ey Portland

cenent, White MIA and Grey MIA. n addition, the

sol ubi I|ty of DM at 7 days was determ ned. The results
showed that the solubility of 2BM at 24 hours (dml) was

hi gher than the other 4 materials tested but still

conplied with the requirenents28 stated in | SO

6876: 2001 . At 7 days, the solubility of DM (dn¥) was

| eiated tri&O. 6BAE: Z‘ﬂiglerAt&ddms #4e bolubiity $hBM @V} waali@wer than

WA Ba8 8 NG naliGs The s St 1 150 N 0 000

2.0845 1.06 WP 0.0219 2.0755 1.06 GP 0.0205 2.0635

0. 99 GPMatedaD 2. 1510RbsitineGP 0. 03@dtimhedO5 1sPtigHity
0.021 1 2wWH50 1. 03 W dotk 0258 Z. D40¢2 1. 26 VWITA o5
0. 0274 2. 0845 1. 31 WIFohP2Z61] 2. 06bB11- 26 V\N||/-\1t03uzby
2.0852 1. 9 GWITA 0. 02002210955 0. 96 og A 0.[0198 4)61UA4
0. 94 GUTAwWR 02T T 2. 1238215 99 GVITA; 878208 4. 1U4qd6 98
dml"0. 04ZFR2. 0763 7[2. 0% 5205 2.0635 0.99
GP 0.0250 2.1510 1.16
GP 0.0228 2.0950 1.09
GP 0.0211 2.0450 1.03
WMTA 0.0258 2.0407 1.26
WMTA 0.0274 2.0845 1.31
WMTA 0.0261 2.0665 1.26
WMTA 0.0269 2.0852 1.29
GMTA 0.0202 2.0956 0.96
GMTA 0.0198 2.1024 0.94
GMTA 0.0211 2.1218 0.99
GMTA 0.0208 2.1046 0.98
dmi1 0.0423 2.0763 2.04
dm1 0.0430 2.0613 2.09
dm1 0.0480 2.0844 2.30
dm1 0.0430 2.0668 2.08
dm7 0.0153 2.1978 0.69
dm?7 0.0168 2.1442 0.78
dm?7 0.0118 2.2822 0.52
dm?7 0.0148 2.1634 ‘ 0.68

Table 5: Solubility measurement of White Portland cement (WP), Grey
Portland cement (GP), White MTA (WMTA), Grey MTA (GMTA) and
developmental material (dm)

In Table 5, the term ‘residue’ is the amount of solid that has dissolved in

water. Also, solubility is measured as a %, a measure of residue/original mass
X 100%. '

Viscosity measurement
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0.68 Table 5: Solubility neasurenent of Wite Portland
cement (WP), Grey Portland cenent (GP), Wiite MIA

(WMIA), Grey MIA (GMTA) and devel opnental nmateri al

(dm) n Table 5, the term ' resi?due’ is the anount of

solid that has dissolved in water. Al so, solubility is
measured as a % a neasure of residue/original mass X

100% Vi scosity neasurenent29 The viscosity of a fluid

i §hiet\dscosity ifenflaid & Emeaslstancéltovshdﬁnenlfdxw Rhebbg&rtests are

used. . to ev at fl ow pro |es of .a cenent
¢ PG ' Sl ok OPBAEREY & rient i BRdrat 88 mix as a
r pg@tl enahe E:B@@"Gﬂ@rrotattbﬁal\/flféah%tbv 1Ak AsSOdIBt 8 &CsitiSstance is
cal cul ated in accordance with the Newt oni an
cealgulateshain eapserdance owithi o sNeytorsaeacondiienal )equiasion for
CQ@EOQ = ShearRate(g)- The flow curve represents the
shearStress as a function of shear rate while the
VISCOSIty curve shows the viscosity as a function of
shea raiiearSEms(@perl ment is conducted in the CR
ﬁﬁ’é&?é JAn is controlled. Newtonian
flui ds have a nea? rel ationship whereas the
pseudopl asti c rrat erials have a yield point, which is

t TRe Mol BUNC! RIpFEesEMEUhe athelP stidks izat & function of shear rate while
the viscosity curve shows the viscosity as a function of the shear rate. The

experiment is conducted in the CR mode whereby the strain is controlled.

Newtonian fluids have a linear relationship whereas the pseudoplastic
materials have a yield point, which is the minimum force required to initiate
flow. Fresh cement paste having pseudoplastic properties is a Bingham
material and a Bingham model is used to calculate the viscosity and yield
point from the data obtained.

Materials and methods:

A Roto Visco 1 Rheometer (Haake karlsrhuhe, Germany) was used to
measure the viscosity and RheoWin Pro software was used to evaluate the
data. A Z DIN sensor system (Z20 DIN Ti) was used which comprises one
rotor and one beaker each in accordance with the standard DIN
53019/1S0O3219.

The shear rate is gradually increased from 1.00 per second to 100 per second
over 30 seconds and 100 data points were collected. This phase is known as
the ‘up ramp’ and then the shear rate is decreased from 100 to 1.00 and this
is known as ‘down ramp’, and another 100 data points are collected. The

temperature is maintained at 37°C to simulate oral conditions.
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fromthe data obtai ned. Materials and nethods: A Roto

Visco 1 Rheoneter (Haake karl srhuhe, Germany) was used

to neasure the viscosity and RheoWn Pro software was

used to evaluate the data. A 29DIN sensor system (Z20

DIN Ti) was used which conprises one rotor and one

beaker each in accordance with the standard D N
53019/1S03219. The shear rate is gradually increased

f 1ben RheoVjresoBwemmnis then 0sepdo cdodatd theevisgosibeanddbe yield

apd: a ints.were collected. , This IS

< Binh 0t Fle2oBsS dhtiRe 157 B Bhondtl Bt fng Gevelopmental
detatedsi€DM); amitt0Rortiand. ddbhédridgrey PorkBAWteatentd@¥ye used in
ranp', and another 100 data points are collected. The
t@ﬁ%@?‘%‘?@’ﬂé”ﬁ-s mai ntai ned at 37C to sinul ate oral

condi tions.30 The RheoWn software is then used to

cap cyl Gt Eaéﬁ‘ eméfe?i‘é? %é% rﬁ&%dt e aXé&Jdgn?Q' \EHt]h fh@MdMifacturer's
curves obtai ned using the B ngham noderl . e

dimstrlictionenteald thet destalvasDbdndusiteéd eémfeedibiahd aferemixisgcand 10

EE R TR AN M T U A
MRRY nB&teHAR' toS al M&ld Weliditnsr 354 d RS ehssfe Ba8ar t%ﬁfewn@%f each

immedi ately after mxing and 10 "m nutes a

nineitertal was usasl.d di screpancy, the sensor was filled

wWth the test materials to a fixed weight of 350 g to
;ﬁg;sjrlfs.equal amounts of each material was used.

SSUItE: The results are shown in Fi gures 5 to 7, and

Tabl e 6 bel ow. The devel opnental material had a

vibe omsujts or@bshwi hiri cRiglieat HftoPart badd Tedeng below. The

developmental material had a viscosity of about thrice that of Portland cement
when freshly mixed, and 1.5 times that of Portland cement after 10 minutes.

Material Yield Point (Pa) Viscosity (Pa.s/cm)

DM 38.53 0.76

DM, 10 min 70.36 1.17

White Portland cement 9.8 0.23

White Portland cement, 23.76 0.77
10min

Grey Portland cement 8.69 0.27

Grey Portland cement, 8.55 0.26
10min

Table 6: Viscosity measured using RheoProWin software and Bingham model

Example 4

Biocompatibility of composite material

Biocompatibility of the composite material prepared in Example 1 was
evaluated by the Direct Contact Test as described below.
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White Portland cenent 9.8 0.23 White Portland cenent,
23.76 0.77 10mn Gey Portland cenment 8.69 0.27 Gey
Portland cenent, 8.55 0.26 10m n Table 6: Viscosity
nmeasur ed usi ng RheoPr oW n sof tare and Bi ngham nodel
Exanpl e 4 Bioconpatibility of conposite materi al

Bi oconpatibility of the conposite material prepared in
Exampl e 1 was eval uated by the Direct Contact Test as
dPgeet eifapblestv. 31 Direct contact test The test used
is described in BS EN | SO 10993-5:1999, 4.3. Mterials

A N R A LR R S APRET ) et poyatgpals were

Bevalogietalusiialthat diract ofontadi tedt, devacdandaniittb the methods
Test s wfro cytotoxjcity (I SO 10993-5:1999) .

Ee%eéﬁflgﬁmynﬂ@e 9Q faf @lfelegtcal 6M3|Nﬁt'@'h@flfaﬁd'§ﬁ| deyiees i— Part 5:
(esant WheykBL B EEIrl| S0 Rba8RS e ML aigy Ol aro

ocultmraé imfthe b bintd petri di Ble dndrtbehestr matemal li)sapla@ed O||n tge middle
neasured r ers o this where th el]s are de
PR fele. G Ce Lo ALE Biert RRSEIVEAdRY ColriPa X 4ana Hb mhibition.
|Fﬁ§tlén§’th &F %?eaa'b‘éﬂ{gdrﬂe’!%u%’&%fé‘?@ t%ﬁfsezéﬁ? vﬂﬁlrésthgocells are
not grow, the greater the toxicity he mater al
f%@r domqﬁ@rwéaom@of rhébitiors dhe m&aimorthse lengtimer area around
Lﬂ’\%zgp&? MenI ‘wrhere the cells do not grow, the greater the toxicity of the

material. The cell line used for the present example is the L-929 cell line.

The materials used for this experiment include: ‘Control PE’, a polyethylene
material used as a negative control; ‘PVA’, a material that is a combination of
poly(vinyl alcohol) and Portland cement; White MTA (ProRoot MTA (Tooth-
Coloured Formula)); and Grey MTA (ProRoot MTA). The results of the test
are shown in Figure 8. In the Figure, the term ‘unstained with composite
contact’ illustrates the junction between the cells and the material tested and
also shows the condition of the cells as well as whether there is an area
around the material where the cells did not grow. ‘Zone of Inhibition after NR
stain’ refers to the area around the specimen after staining with néutral red
(NR), a dye that stains only living cells and therefore used to differentiate the
living cells from dead cells. ‘Unstained with composite contact’ photos are at a
higher magnification compared to ‘Zone of inhibition’.

All the pictures showed normal living cells growing right up to the edge of the
specimen except. The results showed that the cytotoxicity of ‘PVA’, White
MTA, and Grey MTA was similar, and all three materials were non-cytotoxic.

The data for the Direct Contact test is shown in Table 7 below:
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conbi nation of polyvinyl alcohol) and Portland cenent;

Wi te MIA (ProRoot MIA (Tooth- Col oured Formula)); and

Grey MIA (ProRoot MIA). The results of the test are

shown in Figure 8. n the Fi gur?’%, the term ' unstained

with conposite contact' illustrates the junction

between the cells and the material tested and al so

shows the condition of the cells as well as whether
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The data for [The DiText Contagt tﬁggi S bhovgl-/izn Tabl e

7 bel ow: 32 Length Varjabte Arga (.iglzgc) (15525568

7.692 1 58. 81842t "{4:13;“’{32'7 -'9148:85 57 1097%5857 2
61. 253 8. 641 [2—56: 186,9-055 55 8 7 85

4 49.701 7.274

~

Table 7: Results of direct contact test, showing the area and length around
which the cells were dead or did not grow. Variable 1 is White MTA (3
replicates), Variable 2 is Grey MTA (4 replicates), Variable 3 is PVA (3
replicates) and Variable 4 is negative control (5 replicates)

The variable 3 is the composite material of the present invention, without the
radiopaque substance.

For area and length analyses, there was no significant statistical difference of
the tested variables 1-3 compared to the negative control.

It should be noted that the area analysis with the measurement of true
inhibition zone would be more accurate compared to the length (diameter). If
the zone of inhibition (area of cell death) is not a true-to type circle, then
determining the diameter would not be precise. Therefore, measurement of
this area, regardless of the shape of the zone, is the recommended mode of
assessment.
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2 48.736 8.35 3 48.627 7.834 3 56.5 8.062 3 54.812
7.795 4 56.39 8.77 4 56.78 7.828 4 48.85 7.358 4 55.8

wWQ285/039549. 701 7.274 Table 7: Results of direcPCTRGL@LD00350

test, show ng the area and | ength around which the
cells were dead or did not grow. Variable 1 is Wite
MIA (3 replicates), Variable 2 is Gey MA (4
replicates), Variable 3 is PV%@(S replicates) and
Variable 4 is negative control (5 replicates) The
variable 3 is the conposite material of the present

i nvention, wthout the radi opaque substance. For area
abxbrhplegd h anal yses, there was no significant
statistical difference of the tested variables 1-3

c ar 0 the.negative control. t should be noted
tﬁa‘&a{'%%ai\'f‘@dﬂgﬂayysi s wth the neasurenent of true
i nhibition zone woul d be nore accurate conpared to the

| PRehty-tvd singteefoted Humarz prnélbrs Bkirdtbt Gr bethedomtic reasons
cell death) 1s not a true-to type circle, then

deeer keedlnghe et wieee dispastadiunder pucipseepado ensure that they
MEFLIREE, afBIRM RBPGacRS, rlrdy BR cahiBYAY o7 e fddts were
shap t i S € reco ed node o

ape o e zone, nmend
astatvehesiraigit. Bemploaviis werecam@esal aniheAlBrhentp-enamel junction.

R Yt oo tafah A0as Ccamed ol with, Ritgps hed Using 'sp back
technique (Principles and practice of endodontics. Editors Walton RE,
Torabinejad M, W.B. Saunders Co. Philadelphia, U.S.A.) with 5.25 % sodium
hypochlorite as irrigant. The master apical file size for each tooth was set at 3
sizes larger than the initial apical file size. The root canals were obturated with
gutta-percha and Roth Root Canal Cement Type 801 sealer (Roth
International Ltd., Chicago, IL), using lateral cohdensation technique
(Principles and practice of endodontics. Editors Walton RE, Torabinejad M,
W.B. Saunders Co. Philadelphia, U.S.A.). The access cavities were then
sealed with Cavit-W (ESPE, Seefeld, Germany). Apical root resections were
performed on all roots by removing 3 mm of the apex perpendicular to the
long axis of the tooth using a high-speed handpiece. A 3 mm deep root-end
cavity was prepared using a round bur and slow speed handpiece. The teeth
were coated with 2 layers of nail varnish except at the tip where the retrofilling
was to be placed. The teeth were randomly divided into 3 groups of 6 teeth
each and retrofilled as follows: Group 1 - VERRM, Group 2 - GMTA, Group 3 -
WMTA.

In addition, 2 teeth with retropreparation received no retrofilling and served as
positive controls. Two teeth which were instrumented and obturated but
without root-end resection were completely covered with nail varnish and
these served as negative controls. All teeth were stored at 37 °C and 95 %
humidity for 24 hours to allow the materials to set. They were then stored in
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Discussion

The examples above showed that VERRM has similar pH as GMTA. The
mean initial setting time of VERRM is 40 minutes while that of WMTA is 45
minutes. The mean final setting time of the two materials was the same at 140
minutes. When used as a root-end filling material, this slight difference in

initial setting time is unlikely to be of clinical significance. The values for pH,

. setting time, radiopacity and solubility of GMTA are comparable to that

reported by Torabinejad et al., J Endod, 1 995, 21:349-353. The solubility of
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t hen exam ned under a stereomn croscope (O ynpus SZ-40,

A ynpus, Japan) at magnification of x10. The depth of

dye penetrati on was neasured using a neasurescope

(Ni kon MM 1 , Yokohanmm, Japan$Sand this was expressed

as a percentage of the Iength of the retrofilling.
Statistical analyses were carried out using ANOVA and
Fisher's LSD at 0.05 | evel of significance. The

r ¥ERRM ishighen dhan ihrat Thiskeredl wilGNITAlardeWMBABU s8fl complied

Mﬁ@%%ﬁ%@ﬁ% @%@Serﬁe%%g%@gggﬁ@%%%%gagw fraction.

test wwth VERRM GMIA and WMIA The positive controls
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e, Spolae i By SR s
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fivel There
s Poeel it Bade Y VRIRRIR The Viyosn MLEppBRmEY be due
bietthe @nesdriRB\bfethed WdDAIty ¥aRanedr. t he specimens in the
three test groups showed | eakage beyond retrofilling.

o) h d that VERRM has
S eSS RNk RGO W dieai e ciapeduertp enableatisualization
t . i es. .
T RS AL TSN o sy
tlﬂ‘é’eé dhan (EMIAD arich lWM§I'A \umerstmsedmpﬁe@ wmtthentdsol 6876:2001
h{zfr%eﬁfh@q 6' %tﬁﬁ Sl I ht flfa 1S f@a: navlema Irazljldlopacrcy of
Secgliva‘lerqalt@enotTh@séfﬁthéﬁSBfﬁ’fm pdif aRfFhinidid, LA %quh glightly less

radi opacity and solubility of GVIA are conpara
tradiopaque than GMTA and WMTA, VERRM was clearly visible on the

radiograph (Fig.10).

All three materials, VERRM, GMTA and WMTA, showed slight expansion on
setting which was not significantly different. This slight expansion is helpful in
ensuring that an effective seal is present upon setting, reducing the likelihood
of subsequent leakage. Many different methods have been employed to
assess endodontic leakage (Wu et al., 1993). Often, these include the use of
bacteria, dye or radioisotope as tracers, with or without the application of
pressure or a vacuum system. There is a lack of evidence to suggest that the
use of any particular method is superior to the others, although the linear
measurement of tracer penetration along a root filling is the method most
popularly employed (Wu et al, 1993). In the present study, linear
measurement of methylene blue penetration was carried out and this had the
advantage of providing quantitative data. The results showed that both GMTA
and WMTA provided excellent apical sealing ability. This is consistent with
earlier reports on the apical and furcation sealing ability of both GMTA and
WMTA (Torabinejad et al, 1994: Agrabawi et al, 2000; Ferris et al., 2004;



reported by Torabinejad et al., J Endod, 1995,
21: 349-353. The solubility of 35 VERRM i s hi gher than
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(Fridland M et al., 2003). However, in the case of
VERRM the increase in solubility may be due to the
presence of the viscosity enhancer. A root-end filling
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and WMTA provi ded excel |l ent apical sealing ability.
This is consistent with earlier reports on the api cal
wa@eashsaseat i on sealing ability of both GVIA anpPCERG2A04/000350

(Torabi nejad et al, 1994; Aqrabawi et al, 2000; Ferris
et al., 2004;36 Tang t al., 2002; Weldon et al.,
2002). Although the three materials, WMIA, GMVIA and
VERRM t ested varied in the deﬁ?h of dye penetration,
all three materials effectively sealed the root canals
as none of the specinens in the three test groups
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2. The dental conposition of claim1, further
conprising a radi opaque substance. 3. The conposite of
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or halogen salt of a heavy netal. 4. The conposite of
claim3, wherein the heavy netal is any one of gold,
barium silver and/or bisnmuth. 5 The conposite of
claims 2-4, wherein the radi opaque substance is _
bi snuth oxide. 6. The conposite of clainms 1-5, wherein
the viscosity enhancing substance is pplyvynyl
alcahol ), cellul ose, cellul ose derivatives,

p yl ene oxide, natural gunms and/or aqueous clay
di spersion. 7. The conposite of claim®6, wherein the

[ i ght of
al yAi il hgr Vel o
Dot eon 000 o e, 186 R A8 AIR TerREH HoEa’Gha & viscosiy
cl aiWaI‘CWQ siwtanee.t he Portl and cement has a Bl ai ne
nunber in the range of 4000 to 5500 cm/g. 9. The

g | wherein the Portland cenment has

SQ'BI al nté)%rvgﬂbg?mpntgsﬁpg Pznéémf 1’4(%'%‘?"0 CoONUyIsing / @ . radiopaque
10. Aubstainak. conposi ti on conprising the dental

conposite material of claims 1-9. . A nethod of _

pge ration a tPe dental conposite material of cl aims
29 %Q'EPHS'¥€P18 FiiMod Whakain dae radiepaqee substatize-is an oxide

pr o"@irﬁ'gm;@ewg%uP@fré h@gglyﬁﬁ]@pt whi ch fornms a powder

conponent; - dissolving viscosity enhancing
S g%qance in water to forma liquid conponent; and -
rfr-xi § ¢ePYiaief claimpdnevitereint thet healy endtdl RPBRYNGY of gold,

12. bghgmngﬁ\;@gabrﬁé?ﬁ%%h@%l wherei n the powder

conponent "1's

5. The composite of claims 2-4, wherein the radiopaque substance is
bismuth oxide.

6. The composite of claims 1-5, wherein the viscosity enhancing substance is
poly(vinyl alcohol), cellulose, cellulose derivatives, polyethylene oxide,
natural gums and/or aqueous clay dispersion.

7. The composite of claim 6, wherein the poly(vinyl alcohol) has an average
molecular weight of between 13000 and 23000 Dalton.

8. The composite of claims 1-7, wherein the Portland cement has a Blaine
number in the range of 4000 to 5500 cm?g.

9. The composite of claim 8, wherein the Portland cement has a Blaine
number in the range of 4600 to 5500 cm?g.

10.A dental composition comprising the dental composite material of claims
1-9.

11. A method of preparation of the dental composite material of claims 1-9,
wherein the method comprises the steps of:



m xi ng the Portland cenent and a radi opaque substance.
13. The nmethod of claim 12, wherein the weight of the

w0 aosopEgue substance is between 10-25% of t heP@ESGHN4/000350

of the powder conponent. 14. The method of claim 13,
wherein the wei ght of the radi opaque substance is % of
the wei ght of the powder conponent. 15. The nethod of
clainms 1-14, wherein the meigﬂ@ of the viscosity
enhanci ng substance is between 1-3% of the wei ght of

t he powder conponent. 16. .The nmethod of claim 15,
wherein the weight of the viscosity enhancing
substRiAvigingthe Bottiahd aseneittwitith fdrengpa poerdet coppuerint;
17. Use of Portland cenent and a viscosity enhanci ng

subst | e.nr ration of a .c osi.te teri.al L
For “danea il L yBRB8R) EnhaaRy SGRERRS i eler fh dPemea tiauid
t he coonparssriteamait eri al further conprises a radi opaque
substance. 19. The use of claim, wherein the

radi o %Je substgmce IS an oxjide or halogen salt of a
heaNﬁ Gihe pRyvderromreneit withiihe lioyid gagpenent.he

heavy netal is any one of gold, barium silver and/or

bit MK nfethdd -of Neai 0 ' c ' - i

r adi opaque subIthgﬂﬁqﬂé%@gr@fmﬁ%é?\&g?r Vz"gﬁfp?ﬁ]%nﬂ% ogftamed by
cl aiminprthgiPoraad semarntand a caiopaquensutrstance.

substance is polyvinyl alcohol), cellulose, cellulose

gg%'ieoﬂ%;hc %Z?’d gf’ éfé\ﬁ'ng?’% ﬁ\ﬂﬁc—*ﬁ%ﬂ ﬂ]%ew%%{f:ﬂefltgg:[gﬁ{o%%%grsubstance

wherigbatwden pOI2H% of thealeifte bf tHtasowle B¥GhpERent.
nol ecul ar wei ght of between 13000 and 23000 Dalton.

24, -The use of clai 17-23, wherein the Port]|and
ot ThE ol b Sleitn Ta. st eimthenweighié the radiopague substance

10 55085 ¢5% & the weight of the powder component.
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15.The method of claims 11-14, wherein the weight of the viscosity enhancing

substance is between 1-3% of the weight of the powder component.

16.The method of claim 15, wherein the weight of the viscosity enhancing
substance is 1.5% the weight of the powder component.

17.Use of Portland cement and a viscosity enhancing substance in the
preparation of a composite material for dental treatment.

18.The use of claim 17, wherein the composite material further comprises a
radiopaque substance.

19.The use of claim 18, wherein the radiopéque substance is an oxide or
halogen salt of a heavy metal.

20.The use of claim 19, wherein the heavy metal is any one of gold, barium,
silver and/or bismuth.



25. The use of claim 24, wherein the Portland cenent
has a Bl ai ne nunber in the range of 4600 to 5500 cm

WO 005a8509The use of clainms 17-25, wherein the PEns&@004/000350
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treatment conprises pulp capping, root perforation
repair, root-end filling, apical barrier, root
fracture, bleaching and tenporary filling. 27. The use
of claim17-26, wherein the détal treatnent is a
cosnetic treatnent. 28. A nethod for pul p capping, root

perforation repair, root-end filling, apical barrier,
nagenent of root fracture, root canal filling,
n§ﬂ Usenehelairos 1820 avbecsial thel realidpargieasdbstance is bismuth
y filling, wherein the nmethod conprises the

use of a dental conposite material conprising Portland
cenent and a viscosity enhanci ng substance. 29. The

nB2hidwe osecoRtkaias, 17&Am; aherdinethdevitébsi§OBRRSH IS substance is
materla( rt.her rises a radi opaque “substanc

The RALY vacﬁ'c%h%{ 1 nFeliliosh e Feliiose dderbmitivenqpelyethylene oxide,
SUbsiADE uﬁqsaéhdmgﬁu«gauéﬂagygﬁgr’geggbh of “a heavy

net al . he net Wherei n the heavy
net al |s any one of gold, barium silver or bisnuth.
323. Thee Ugst Rb¢laim @Raiwitere e paip(viriyh dlbehalpdizapafu@verage

26- TOEe et tglEot T agod amni i Baietance 1

pol yvi nyl al cohol). 34. The nethod of clains 33,

vidée Tdsien usbeob@la{manZ&il cwhétein the POl 38fent has a Blaine
of bet ween 13000.and 23000 Dal t

ggl e%%a%é'\t{\ﬁ%% r%?gec@fa‘i%o tog5500 cfigr ei n t he Port I and

cenment has a Bl ai ne nunber in the range of 4000 to
ST henadedof claim 24, wherein the Portiand cement has a Blaine number in

the range of 4600 to 5500 cm?/g.

26.The use of claims 17-25, wherein the dental treatment comprises pulp

capping, root perforation repair, root-end filling, apical barrier, root fracture,
bleaching and temporary filling.

27.The use of claim 17-26, wherein the dental treatment is a cosmetic
treatment.

28.A method for pulp capping, root perforation repair, root-end filling, apical
barrier, management of root fracture, root canal filling, barrier cement for
intracoronal bleaching and/or temporary filling, wherein the method

comprises the use of a dental composite material comprising Portland
cement and a viscosity enhancing substance.

29.The method of claim 28, wherein the dental composite material further
comprises a radiopaque substance.

30.The method of claim 29, wherein the radiopaque substance is an oxide or
halogen salt of a heavy metal.



36. The nethod of claim 35, wherein the Portland
cenent has a Bl ai ne nunber in the range of 4600 to
WG 2®8/089509 g. 37. The nethod of clains 28-36, CPOPSGHIONG0350
the steps of: - identifying the cavity and/or fracture
of the tooth to be filled, repaired and/or capped; and
- introducing the conposite material into the tooth
cavity and/or fracture whereby he path of
comuni cation between a inner portion of the cavity
and/ or fracture and the outer surface of the tooth is
capped, tenporary seal ed or permanently seal ed. 38.
TRé Tha maethot! of alaim 2B- @Bereihcthei hedhe matthad ang 698 of gold,

tre ﬂﬁ% of tooth decay conprising the steps of: -
ide‘;#l yi’n theﬁgrb@gﬁ@ﬁ - renoving the decay to create
a cavity and/or fracture to be filled; and45 -

| B2 rTdducietigod bEcle@n®sid £ wiRkrein ik raBldpagie kstdnte is bismuth
and/ ot , fracture whereby the path of conmunication

bet ‘a inner portion of the cavity and/or fracture
and the outer surface of the tooth is capped,

5 !t SBIMASIRERbEE (SRR i§Dsits Bnharg t.ﬂ% i
of clains 28- 36,'3\%%?§i3r??t errgr%bt@%gh?%gsf@rerw&?’?gﬁ? ance is
r ootpobydviay! aleehal)y on a tooth conprising the steps of:
- renpbving a portion of the tooth to expose the root

c L= [ root capal to he filled; and -

8 s, eGP BE clHimb o, 0 ral PO S ey aleohelbhog dmaverage
whenedigcilae weigHt oithebRaBMnBOOY AR JBJoEBAbRe T oot

canal and the outer surface of the tooth 1 s seal ed.

4 he t hod _of clains 28-36, whereinh the method is
fig’:}.ngsrﬁgthf Q& Haims; 28-3dnwvierein the Portland cement has a Blaine
10 number in the range of 4000 to 5500 cm?/g.

36.The method of claim 35, wherein the Portland cement has a Blaine
number in the range of 4600 to 5500 cm?/g.

37.The method of claims 28-36, comprising the steps of:

- identifying the cavity and/or fracture of the tooth to be filled, repaired
15 " and/or capped; and

- introducing the composite material into the tooth cavity and/or fracture
whereby the path of communication between a inner portion of the cavity
and/or fracture and the outer surface of the tooth is capped, temporary
sealed or permanently sealed.

20  38.The method of claims 28-36, wherein the method is for treatment of tooth
decay comprising the steps of:

- identifying the decay;

- removing the decay to create a cavity and/or fracture to be filled: and



41 A kit conprising the dental conposite material of
clainms 1-9.
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- introducing the composite material into the cavity and/or fracture whereby

the path of communication between a inner portion of the cavity and/or

fracture and the outer surface of the tooth is capped, temporary sealed or
5 permanently sealed.

39.The method of claims 28-36, wherein the method is for performing root
canal therapy on a tooth comprising the steps of:

- removing a portion of the tooth to expose the root canal;
- preparing the root canal to be filled; and

10 - introducing the composite material into the root canal whereby the path
of communication between the root canal and the outer surface of the
tooth is sealed.

40.The method of claims 28-36, wherein the method is for cosmetic dental
treatment.

15 41.A kit comprising the dental composite material of claims 1-9.



