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WO 2005/099652 PCT/DK2005/000258 1 A COMPOSITE MATERIAL, IN
wBARIABWMEAR A DENTAL FILLING MATERIAL, ULTRASONRCTEHRIN(G00258

OF DENTAL FILLING MATERIALS, AND A POPULATION OF ZIRCONIA

PARTICLES FIELD OF THE INVENTION The present invention relates to

a composite material exhibiting a low or even negligible 5 volumetric

shrink cyyi ' t % dIC
n com e B e e
CURING QE BN R ANGMAEIRIALS (UL B %Mr%ﬁiﬁbg?&ﬁmemc

shrinkage of a composite material upon curing, and to a method of

reconstructing a tooth. The present invention also relates to ultrasonic

FIELD odriing afviidiialNilling materials. The present invention further relates to a
population of zi rconia 10 particles and methods for preparing such

The prz'm%nﬁ‘é%é%%%'c'r%?a %’%&5@%@9&%&%@@?@#&%&@@ RN b srneral s
‘Eﬁ?ﬂ/ Srizable resin bases (e.g. monomers or monomer mleuggls are  icul
volumgsiR/AER%EE YRPMKIERC0ERIS" ASTAAS BEER PbEd Butin e@?.’, th particurar
compotRings@pietimg tiRolymmesiziital {ithaERpransitsn ThOVBRESR TRNEIVIMTa RSP relates
to a mERIE%EL HerBilig FYIMREsERhAADYE ot 2 4o PPESE IBaDEHEL Apd), qmoBigHfand to a
the critical sh igk%gt%&ﬁ(:[r S Al 9eLRAINLID, CERRSs NRKRdDAIE i8lSing of
method, of RENHE o omer-polymer mixture approaches the I?s,s trapsition .
dental fiBing rﬁqméa%tﬁé&%%@ﬁ@ﬁ?&f@ﬂaﬁ%@‘?‘?ﬁ&‘dﬁ*ﬁﬁéﬁt%HﬁéSthﬂé’s thatt's
particl€lesirabletforsmany-applicasiohszircpuly pretitshnology that polymerization
should be accompanied by near zero shrinkage or even by expansion.
Examples of areas where near zero shrinkage is 20 desirable are:

BACKGREIRTTER $RmResienatting resins, high gloss coatings, binders for
solid propellants, impression materials and structural adhesives. Zero
shrinkage mate rials find particular application in R.I.M. )
In gengrahotiberinooIeNTg PR EHRIbRASSS o HeDERCBRT ¥ PRRSBAN AR E™S) are
polyméleaifaklginsyicbaieasasttes presipionehstihgs, high "Snerfaning
rom S S e ool dpthacsmerar s e 5% o
4, oo AR BN BTN O BELBD B S B K oss

linked ofigheririss T Wiseodhe enesP SRR B R APRIRGSRRI AAIRET HiiRfyton
point iMAesiadisRalpmerisedtdHals. Means thettmsrmial nokeotbrddkissiopenbls for
many QE%YC%@%JQ%@&%M&B?OWE Qhﬂ}?ﬂﬁ/ﬁ@ﬁ%l’bﬂ@H@@i@@@@&éﬁ%ﬁaﬁlﬁs by near
Zero s??rinlggg gr[%t\llgrq g; ter;% A%%gc Ixl'clzrnjr(\;f:iies of areas where near zero shrinkage Is
desirable are: strain-free composites, potting resins, high gloss coatings, binders for solid
propellants, impression materials and structural adhesives. Zero shrinkage mate rials find

particular application in R.LM. (reaction-in-molding) technology.

However, even expansion may be desirable in such areas as e.g. precision castimngs, high
strength adhesives, pre-stressed plastics, rock-cracking materials, elastomeric sealants and

dentatl fillings.

Dental plastic fillings are based on the principle of polymerization of resin bases including
monomers or oligomers. This can give rise to shrinkage when the plastié dental Filling
material is polymerised, This means that a small micro-crack is opened between the tooth
and the filling. The crack can cause secondary caries or discoloration of the plastic filling.
Micro-cracks give rise to a degradation of the mechanical properties of the comp osite
material. In the field of bone cement the shrinkage creates porous structures hatween the
bone cement and implant cement. This can also give rise to degradation of the mechan_icai



30 Micro-cracks give rise to a degradation of the mechanical properties of

the composite material. In the field of bone cement the shrinkage creates

porous structures between the bone cement and implant cement. This

can also give rise to degradation of the mechanical 2 properties and

failure of implants. In the field of imppession materials, shrinkage can

cause dimension problems which can lead to misfit. Thus, it would clearly

be useful to utilize filler materials that could counteract the shrinkage
PropsH¥taiyoBEUrMY UpdrEuiihgefistlymdnpatsieoresintiaseshamaarhien cause
din@eneky-aY PEwused [diipohRIerization processes (i.e. not restricted for

practical purposes to thermal cure). Zirconia has widespread utility as a

filler ingredient in composite materials, e.g. dental materials. Zirconia can
Thgxistwintkrelgiineipaktrystaline: ghases:ithie! tetragonbl pheseadhthcalriokage

RRASS R0GiDERCAREINE RIMASE: Ahe SRACHICY AIHMe(deRsila Ok l®e used
" thre§e phasté%]is 0.16,0.16 and,0.117 cma3/g, respectively. SglejﬂMl%/l,&pél OIPiuse

™ PP BRI PIIR THE D AOSERE GHECIBE AR Proviteessh R IBYARE S8fition to
the above-mentioned shrinkage problems, in particular the shrinkage

ZirPSARIGING K0oWA f1RM A& COMBOSILE MAUGHAISMAN AP ?%fsdgftBIE‘%atleri als.

_ present disclosure relate to composite materials, and in particular denta
LIt AR e Ptells s o B e %H&%J#&e@t@%ﬁ%@g@wﬁ%é@wﬁm and
the GRSAPABIRGORE Ahinteifitl ers.and anpolymenzabiedesinbasinovheseind 0.17
Cms,aigegrégd%\more fillers comprise at least one filler ingredient, said filler

[ re&)ient(s) being present in a metastable first phase and being able to
undergo a martensitic transformation to a stable second phase, the

suvelue ratia-etwegnsaichstable second phase and said metastable first
phase of said filler ingredient(s) being at least 1.005. In another aspect,
there is provided a composite material as defined above for use in

Thereelioindisitesparticnlidednde sgistrolOthre ot ntaspevigiofith ehpréeanprobiems,

in Sisciasuie telatete aamethadRfcontraling thg yalumetds.shrinkage of a

composite material upon curing, and a method of reconstructing a tooth.

2a In another aspect, there is provided a method of controlling the
Mavioluspmetsio Shrinkagetofialcom pesitetonateriaditpor et gnddmpaisingpthiantal
ﬂIiﬁEREREﬁQ@. providing a composite material comprising one or more fillers

and a polymerizable resin base, wherein said one or more fillers

In one aspect, there is provided a composite material comprising one or more fillers and a
polymerizable resin basin, wherein said one or more filiers comprise at least one filier ingredient,
said filler ingredient(s) being present in a metastabie first phase and being able to undergo a
mariensitic transformation to a stable second phase, the volume ratio between said stable second

phase and said metastable first phase of said filler ingredient(s) being at least 1.005.

In another aspect, there is provided a composite material as defined above for use in medicine, in

particular in dentistry.

Other main aspects of the present disclosure relate to a method of controlling the volumetric

shrinkage of a composite material upon curing, and a method of reconstructing a tooth.



comprise at least one filler ingredient, said filler ingredient(s) being
present in a metastable first phase and being able to undergo a
martensitic transformation to a stable second phase, the volume ratio
between said stable second phase and said metastable first phase of said
filler ingredient(s) being at least 1.005; (b) allowing the resin base to
polymerize and cure, and allowing the filler ingredient(s) to undergo a
martensitic transformation from said first metastable phase to said

In geeibadstebletphage . rStilldutthensilspeofscretatdity the colmpositesmategalo’ a

coflgfine dRrEain [R5 UG, MeRIGRE: ImPadicular i Ae0IREY » ARt HB§ S aterial
of a filler mgredlen for the preparation of a composite material for

COPRESREPIRFRG S BRI M BMTETIZAD S SeR bfer HisaR s dps & more fillers
corppd\?ﬁde dewmetﬁd&ﬁmgthémgp@‘aﬂbn iofradpopidlationg pfainaonianpaigiestist
ph{1BVING, ARA¥RI 306 RAHCIS 2i78 0 D8 Langef:30-2000.N0 AR 8BEL volume

surface area of in the range of 10-250 m2/g, said particles being present
ratif, betmiean stidhighirse 3R ASEHG BB At Rjesa thertb Aldngredient(s)
beittaasfarmaton (o)aisiabie secesnd phase psaidamethod camprisingvhe stepiler
ingfr%!iggﬁt o HRRESION glftean N dengl%frmszg? a1|1| E?é@%gﬁ%%{yn%%%lgts%ﬁezw1%@'%} said

in a strong aqueous base, and eating the suspension to aatempepra%ure
seqpEHERPiEsef 150-200C. Still further aspects relate to populations of

zirconia particles and methods for the preparation thereof. BRIEF

.DESCRIPTION OF THE DRAWINGS Figure. 1 illustrates the . C
S“ﬁe%%‘é%se rdction of é‘é‘%‘fmtc‘iwaI%F&‘b§}°{H%°F'%%"‘etﬁ‘é“f‘f%%1 tﬁéﬁf}?gs%ﬁ?lfh Antisn TRgicine. in
parZiQ@s/ H9GBE X PN HIKBO0SA00BR 5@ <FiBEFA N ERBEREC Rl PTd@Ns@Fnaterial
for FdBnsNMEN TN AS /nentioned above, the present invention; La.,

provides a novel composite material useful for applications where

volumetric shrinkage upon curing of the material is undesirable or even
In peolmbitisrensbelMorerp &rticonaidy sthethse Senthin yeption qroVides d compositenia
paMALCHALROMANEING as AL ke dUeia. 2060 BAMRIEARBES UL BESR e orin

wherein said one or more filters comprise at least one filler ingredient,
theganesine g Feidh ey BEHFEpPERBIE HistISTATIEIfifgt pidgerahiring able to
unbeipg: ahiedeivndergoramantensitishisansiainatignsiedastable:sas088: the siep
fOIphase the volum(% ratio?bet een Isaid staQIe sec ndF %l;]ase a '

, nd said
e SIablE i3t phase of Said M L0 RQFacientt) beig aidas T oo™
base, and heating the suspension to a temperature in the range of 150-200°C,

Still further aspects relate to populations of zirconia particles and methods for the preparation
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the reconstruction of a molar by the method of the present invention.
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A particular feature of the present invention is that the martensitic
wdyangfossaation of the filler ingredient(s) can be provoked by &GEFyei005/000258
mechanism (see further below). It is well known that many polymeric resin
bases (see also below) exhibit volume#ic shrinkage upon curing thereof.
Thus, a particular feature of the present invention is the 15 presence of a

DmAIngfé%r#rﬁgi Bht% t_P/i\r/{iE {ﬁggﬁﬁgﬁeliminate the volumetric shrinkage

e polymerizable resin base, or even counteract this
volumetric shrinkage to such an extent that the composite material

As menﬁ&hébi@ba\@eth@hmﬁmttimemmmﬂsiba.upmvid@s@r@ﬁ/ﬁi@opmyﬁﬁ@ﬁ@qt@gﬂ useful
ror appRBREnd IS ARIRIE el SRRRAIpER Cofitie sampositermataialesheble or

resin base, upon 20 polymerization and in the absence of any
even piehi¥Rsating effect from the one or more filler ingredients, causes a

volumetric shrinkage (AV~,,,) of the composite material of at least 0.50%,
More pAEUMRGT QIR SRS CAMNESHSMpateNiEs apmmﬁ&?@m@h @fggﬁiﬂéﬁe or

ase an efk it3 at least

e A AL e e
one fillefriagFAfiERk R %‘?ﬁr‘ﬂ&ﬁ@%’ﬁﬁ%l@%’gg(,&ﬁgﬁ? 3 gaﬂge%%yt e resin
being dbéstn MdrEqaT OBILaNSIHAE RN RTBAHOB AR AERRIEP R4 REagehg o lume
ratio bdnPO% ssiichadteaidennt dhaO9endnaihetntatuble st thsheinkage filler

) ) A\ét~ ai} [ ar %‘?L}Oogg%- point less, such as 1.00%-point less than the
'ngred'f(]'ﬁt %)r;jgé’rgs%te% volumetric shrinkage. Alternatively, the present invention

provides a composite material comprising one or more fillers and a
A partiplyraniaaine tesprdsase jwhetieiisARe e SPasRSiferS eTRIpHSEHET the fller

ingrediSAEHQAG 80 fillsbingr adisthigricidlendngradieni@)thetusingrmetastable

zirconia in the tetragonal or cubic crystalline phase, wherein said resin

base, upon polymerization and in the absence of a%conﬁ%ensitin%tggect
It is wetidmattia Bt mamciebMer figRItiRaATES (5R7sBSA RIRTM U EHREGE

shrinkddMupohQliie enenpersitaumatasiatioh gt eabt G: 0% eardsmhletiniandiaiy is the
presence 9 ORI WEAA0R/QRPGRR BGutiDS-20R0H M0 2RE véimaienakhipange caused

polymerization of said resin base and u ' 9 an
o the IREHRILHL) BRI A o PR e Lt (VIR Rt
extentOt@Etheintesitetmatetbafikinp AR MAIH S SHARKES EARV?BaQaSS ©
polym&dtiegghmagbe resin base. The composite material typically comprises

5-95%, or 10-90%, by weight of the one or more 5 fillers and 5-95%, or

- 0, i 1 H . . _ 0 .
Thus, G SERUBORA RN e eSO e TTARL Ahers A0 O 1080, by
polymevizgitroéind in the absence of any compensating effect from the one or more iller
ingredients, causes a volumetric shrinkage (AVsn) of the composite material of at least
0.50%, and wherein sald composite material, upon polymerization of said resin base and
upon phase transformation of sald filler ingredient(s), exhibits a total volumetric shrinkage
(AVirar) OF at least 0.25%-point less than the uncompensated volumetric shrinkage (AViesia)
caused by the resin base. More particularly, the volumetric shrinkage (AVies,) Is at least
1.00%, such as at least 1.50%, and the total volumetric shrinkage (AViw) Is at least 0.50%-

point less, such as 1.00%-point fess than the uncompensated volumetric shrinkage.

Alternatively, the present invention provides & composite material comprising one or more
fillers and a polymerizable resin base, wherein said one or more fillers comprise at least one
filler ingredient, said filler ingredient(s) including metastable zirconia in the tetragonal or
cubic crystalline phase, wherein said resin base, upon polymerization and in the absence of
any compensating effect from the one or more filler ingredients, causes a volumetric
shrinkage (AVyesn) Of the composite material of at least 0.50%, and wherein said composite
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the polymerizable resin base. Calculated by volume, the composite
' ically comprises 20-80% by volume of the one o ] .
w?r?ﬁ%@%%g% by volume of the polymerizable resin base, sucf??f@j@ggééoms
10 or 25-75%, by volume of the one orqmore fillers and 25-75% by volume
of the polymerizable resin base. Preferably, the composite material is
substantially solvent free and water free. By the term "substantiall )
materiasolvenphigEnanadatatepfreid residase it HROBANRSSHE RefRERAATion of said filler
ingrediGRBNIIRED ilesSs than wesickheaskegs thda.D. 0VeorHess Qa0 B [Bps than
the unciiFISNEALS VAR BRI YuA(RY, £ eslislariparedianhibadew of the
above, it is apparent that the one or more fillers, and in particular the one
or more filler ingredients, are important constituents of the composite
The compatikaniaréidas rcHbY CRMBYSESST IR Co RN AR NNithY PURIANERE FigRnfafg more
fillers aHY BrdsvioprRvide ) besisaiie sneehpsticabdraplertiesofbesehimpadeiiales 30-
95% ote%‘-%@%@&S@ﬁ&aﬁ%ﬁe%@%wnBQMferé@i@@a%%,r@!@@ﬁ‘?ﬁ%, by weight of
' “compressive stréngth, compressive modulus, flexural strength, flexural
the polyfisaEREE €8S rRaSRerm “filler” is to be understood in the normal sense,
and fillers conventionally used in composite materials in combination with

CaicuIa@alm‘%l%é}lﬁ%LbQﬁMtH‘@xﬂ@%W;ﬁ@ﬂtﬁﬂoﬁbﬁ;@mﬂ&tﬁﬂe@a\mmm"e of the
one or More. f{p,grseagggez%ga%r Qf K?"M)rﬁé‘%ﬁﬁes?bﬁwéi%%ﬁ'é%m%aggnga&ﬁ% 25-80%,
rﬂ)‘r@lase whéreiri the filler Is 3lspersed. lllustrative examples of fillers are  izabl
or 25-75%ri N QUirERE FBASCUE RLIEORR f&éﬁfﬁd’ﬁﬁ‘té?ﬁé&&*ﬁ, PAHEREGifg poymenzabie
resin baygdroxide (Mg(OH)2), quartz (Si02), titanium dioxide (T102), zirconia
(ZrO2), alumina (A1203), lantania (La203), amorphous silica,
silica-zirconia, silica-titanja, barium oxide 30 [ '
prfere RGOS AR A A eSO Lo At (RO By The cerm
“substapOeky 596 5Y PESTIDK RO H562 55mE394 At thaaRetG material comprises
less tha 6@, Bir€ANigiRECHIMMSS, 0V d s i S YeFByor ipFEaf srtictass and/or
. glass fibres, metal alloys, etc. Metal oxides, e.g. titanium dioxide (TiO2)
" and zirconia (ZrO2), Alumina (AI203), lantania (La203), constitute a
particularly useful group of fillers for use in the composite materials of the

) Fpres_ent invention. 5 The weight content of the one or more filler materials
Filler/ At {R9EHTSBsite material is typically in

wate

In view of the above, it Is apparent that the one or more fillers, and in particular the one or
more filler ingredients, are important constituents of the composite material.

Fillers are frequently used in connection with polymeric matetials in order to provide
desirable mechanical properties of such materials, e.g. abrasion resistance, opacity, colour,
radiopacity, hardness, compressive strength, compressive modulus , flexural strength, flexurai

modulus, etc,

The term “iller” is to be understood in the normal sense, and fillers conventionally used in
composite materials in combination with polymer are also useful in the present context. The
polymerizable resin base (see further below) can be said to constituite the “continuous” phase

wherein the filler is dispersed.

Tilustrative examples of fillers are barium sulfate (BaS0,), calcium carbonate (CaCOs),
magnesium hydroxide (Mg{OH).), quartz (5i0;), titanium dioxide (Ti0,), zirconia (Zr0,),
alumina {Al;05), lantania (La;0s), amorphous silica, silica-zirconia, silica-titania, barium oxide
(Ba0), barium magnesium aluminosilicate glass, barium aluminobo rosilicate glass (BAG),
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the range of 5-95%, or 10-90%, such as 30-95%, such as 40-95%, e.g.
w89095%9edt:should be understood that a combination of two aamansfil®s0258
may be desirable, just as the particle size distribution of the filler(s) may

be fairly broad in order to allow a den$e packing of the filler and thereby

facilitate incorporation of a high amount of fillers in the composite material.

10 Typically, composite materials have a distriqution. of [ O)pe SRR
barium-o ARGl HRIV IO S’an?ﬁ%?‘éi %aﬁ_?r;' %%@%. Thiéep_ ;’
glass fibdistribatiorlpeeanits rstel eftidrn egh ARmBiLWHEREISY é‘f’gmf&'b%ﬂ‘?faééﬁ 2
Amminaﬁ&lc\ﬁt@aﬁnaﬁ%iéqwgggl,mwtgee pasticiesiaFhysiattwsrfomidefileonfengse in the
comDOSﬁﬁgﬁ‘\ &grpﬁgh%%ﬁbg}@z&tq%\g@gm. An example of a one size distribution

er wou pm structural micro-filler, with the distribution as
follows: 10% by weight of the filler 15 particles have a mean particle size )
The weightesmteano0tRe pim o50serbyilesightsiatiamilée sarmersieageaaiadypically in
the rand2Eiglepsize Qf 18ssoiaRRif 448080k Bycweighoaishe Bller gaAfiteslt should

ave furean pAIicle Size of icaliybibe RaTtcknsigarticle
e i O i Do
size disGiBRB B PRl RO N ARG SRS A ol oG B2 hna of the
filler annairabyFadliGarminca@onasiomes erisbcimenrt afdiliarieIshgzempasite material.
TypicalfIeEhivREGIRRRISANGR SlbRB/IBMNEhS omereryifimeopairtictestoles plus
icrof a'bo%f 9% @é'%sfﬁgr%%@{g% » faldylares fllsy padiclesmayRRidtegddRing,
microfing e LS WA amorphots dilica in order to allow for a.dense packing ofc.
wherebyifarsleT RRrcieR RIAROR 8 ORIRRIH s RS R R S S B
contentglEnensionigf they peatitutatevaightenlsxpauieistions R thezeVERT HUSBRHIEs would
be 0.4 B%rgt&lx‘lr’&ulfla?n@#@mﬁfﬁ‘téglﬁ,i%zmﬁtﬁaaﬁlﬂﬁli@&izﬁ'a%&d@zhflaﬁeas;meygﬁ?ﬁzh tiehe filler
_'particle size" for a fiber- or needle-s artic ] ig¢-the SherHbhrticles
particleghays @ Msan pRIEc géyift%tca[:esasn r%n?)g?tg ?gét%%l (%iﬁ%ﬁéf;{ﬁ\rtigle s tr%bvea
have a gteRlPeEeasiaR el iR Th AR &4 SR 3‘%%’(’(8%&%&'1&8%5?“é|8"s?§‘é§)“\'}6‘iﬁ 2
mean pAglicreinatbrectar e Quédened crystal phase under given conditions (see
also further below). In the embodiment where the composite material is for

dental use, particularly useful fillers, 30 are zircania, ili
Tyoicaliyifag PGS S G sQir'%?)rﬁF&?nfﬁgﬁféai%ﬁﬁﬂ%lm%%%ﬁ aLlffthe range

of 0.02ebketchableaydrgufing vErg-6is Bltes AN QeRagice SHB RIsMaIM L e ™

or more fillers comprise at least one filler ingredient. The term "filler

ingredient’is meag the il tipnal iyl diaviogm wi
o somg SRR efizally B 0 WS B RIBE AR %gpgﬁ%éﬂ’qw o
some vigginfig BREicRR AERPSIH Y B RE BY &Sansion) for volumetric

used instuinkagtaawibdimprphous sllica in order to allow for a dense packing of the fillers.

The term “particle size” is intended to mean the shortest dimension of the particulate
material in question. In the event of spherical particles, the diameter is the “particle size”,
whereas the width Is the “particle size” for a fiber- or needle-shaped particulate material. It
should of course be understood that an important feature of such particles is the actual
crystal size in that the crystal size (and not the particle size) will be determinative for the
preferred crystal phase under given conditions (see also further below).

In the embodiment where the composite material is for dental use, particularly useful fillers
are zirconia, amorphous silica, milled barium-, strontium- or zirconium-containing glass,
milled acid-etchable glass, fine YtF; or YbFs particles, glass fibres, etc.

The one or more fillers comprise at least one filler ingredient. The term “iiler ingredient” is
intended to mean the filler or a fraction of the filler having particular physical properties,
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polymerization and curing of the resin base. Thus, a certain filler, e.g.
w59 iR paay be included in the composite material, and a Caa/g AR 258
of these filler particles may have particular physical properties, i.e. exist in
a metastable crystalline phase (see thegfollowing), 5 and thereby
constitute the filler ingredient. The particle size of the filler ingredient(s)
is/are typically in the range of 0.01-50 pm. The filler ingredient(s tp(/ icallg/
namelcosinbesesy 2b0tB6orAT R TBtaIRERIREBHAN B BIMGHC fi v&,%@.c used by
polym 33300 anguaiias FAREQ@%N dra58- T000a Wirainchillen) etet] Tinctheabayly be
o 5O B o e b shdcungte amen moy tve
. pically. constitute(s) 15- of the [ :
pertc L TR 8 0Bh il ety L0 B Theone b roncp e
and th gRMfgRebibiRd e &isessrdifa metastable first phase and are able to
undergo a martensitic transformation to a stable second phase, where the
The paVﬂEﬂéTﬁzEaﬁ'&hQ%%?%?&i% I ApeepslaNgse Mac-srid wrasastaefirst
phase of said filler ingredient(s) 15 is at least 1.005, such as at least 1.01
or even at least 1.02 or at least 1.03. In the present context, the term
The fil lan atastdiskifstipiralin constipsat PP i Mghedint \WxighhgliHeras g more
fittlers, RNGS€0has0adregcanergy-lnatisdrighercttan the free energy of the second
phase, and that an activation barrier (F*) must be overcome before
transformation from the first phase (high enecrf% state) to the ﬁeﬁﬁon‘gn
when gpigelatag\oreHisrgpitaleiedRplotaed orile, HaPSH B RAgE AN S Srmation
ingred BoeENbinraibeechspiottés IR shiesal treadifb A Bid A0S ReSHR AXaierial,
e.q. 2 Svbigh hy.detisitormsansihasdamensl-ssusture of the filler ingredient
needs no extra atoms to undergo the transformation. Thus, the
transformation can be very fast, almost instantaneous. The expression
The orgree BAET e dlgradiBNFP s T IERER éﬁ@?ﬁ@éaﬁlﬁ#‘iﬁéz‘ﬁﬁﬁ?cgé’%ﬁfﬁ R to
under b paviickm sitif acasindnatiamtoan e orsnbpimest whertdhkpmiyssesatio
betwe :%’J{‘ %/am%tféscij% @Qcﬁf@.@l%ﬂ@%hﬁ“@aﬂﬁ%@ﬂ%@wé st %w&mmMatsm?&?ﬂbnt(s)
0 be copsidered. Thus, w, considerj | [ otentia
Is at Eeﬁ%rlir%)lgeoﬁgﬁﬁséslﬁsl?g 5\%&&1?% t%%él ?rtlrtif% gg‘r:ls'l e?g]tlgg‘j\ét e gi%r)egé main
requirements: WO 2005/099652 PCT/DK2005/000258 7 1, A first
In the SRU4ERMGRERY, the tilen iﬁmméﬁmmhee%enemuhmaﬁmﬁlphlawedien’c
existirs,t h?ﬁ%&%h‘%*ﬂa‘ﬁa@}é%@'&ﬂ&@ &@WQI’%F% FADSE 1825 1RRIerddNdRIrgy of the second
tandard” conditions, I.e. standard : .
phase, and that an activation barrier (F*) must be overcome before transformation from the
first phase (high energy state) to the second phase (low energy state) can proceed. Thus, the

phase transformation does not proceed sportaneously.

The phase transformation is mai‘tensitic, which by definition means that the crystal structure
of the filler ingredient needs no extra atoms to undergo the transformation. Thus, the

rransformation can be very fast, almost instantaneous.

The expression “free energy” refers to the sum of free energies from the particle bulk, the
particie surface and strain contributions. For most practical purposes, only the free energies
from the particle bulk and the particle surface need to be considered.

Thus, when considering various materials as potential filler ingredients, it is relevant to take

into consideration the three main reguirements:
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pressure (101.3 kPa) and at least one temperature in the range of 10-50C,
wheosmuasponding to the conditions under which the producti€ UB&R6& /200258
A second requirement for the filler ingredient is that a metastable first
crystalline phase of the filler ingredient can exist the under the same
"standard" conditions. 3. A third requirement for the filler ingredient is that

1. A frsmg %::B"?agx volume Jia t'O% ‘?I’nt 216, ﬁ‘Q'Qe%S&&’@FPPJ%ﬂ:%% ﬁﬂgsﬁfﬂ%reof

|rstp ase o filler Ingredient(s) is at [east 1.005. 10 The

within t@w@ﬁwa&méw@m-ﬁﬁ%@a LA GBS SRIbpe - st
pressur&ROMt k) siycsidenthen e drditierrs it fongansitrhiiG thé-filler

correspdR@lSsignhiem dhedi shaeetaninpleahnasauct issdbe "stable” phase need
not always be the phase with the "globally” lowest free energy, but it often
will be. The filler mgredlents relevant in the present c

PUeXt COMPIIae, iase of
2. A secpasticaniuFenpslainnE dilRS Bromeslieahls Brihe MR IGH S SEOVE Mase
the fillePRigiediantofathextaetad oxither filhersarte/tatpudefd] aoxdifiphe-hereof is ZrO2

(see in particular the section "Populations of zirconia particles” further

below). Zirconia can exist in three m [C stallin fefragonal 4
3. Ath"ﬁh‘%’é"%e%gf& 'b‘ﬁgi y CLeerr]ﬁc')sr?if!)l?:|n{?:{ RAse. 'EFR%ES%? ee(f;%ﬁco\?)(t)élume
stable s@mng.my@amwﬁé@em@ag.gr@mmfé s @‘i’?*%?ﬁ%‘?&n%?p'&ﬁf\)‘é’ﬁ?t
1.005. Thus, the monoclinic (the second phase) and one of the 20 former two

phases (the first phase) have a volume ratio higher than 1.005 (i.e. 1.045

and 1.046, respectively). The tetragonal and thec bIC haste Dave - der the
The exﬂﬁﬁjﬁ@"bﬁﬁﬁ%é@?ﬁfﬁﬁﬁaﬁ%’?%E rﬂgeﬁn%%tetra{% Raa concf ions.
conditickiisisérativel Exctmaplesrofifil shinGletiaatsdisat Fircp e ﬁ‘f%hé“ﬁ‘i%‘i%?é%%?@ase

Thus, tietFegeRa!phasadspestiisvalme e flemdig) whithiamiPSdramsivemeneray,
into thﬁ: monoclinic phase (specific volume = 0.17 cm3/g) (volume ratio =
but it ° 96'4‘§5 bflrconla in the metastable cubic phase (specific volume= 0.16
cm3/g) which can transform into the monoclinic phase (specific volume =
The filld- TG RAN31E (rielmicinatio prs@4B Yo tantranipeisepatekres ERns)forms of

some oWﬁ%rﬁilleFE P02y < hsansiarpsram-repnecinielokidei allpRasevaty useful

a volume expapsion of 1 o
examplp SR A SOOI B 1L LIS 1) T o partces” e
below).rAémmténeRir 8K mﬁ&g@ﬁ@ﬂﬁ%&ﬁ’%é‘ﬁ?ﬁ%a ol ANERH e cubr<
phase 6 thensiydinddgasd. The specific volume (density” %y of the three phases is 0.16,

0.16 and 0.17 cm/g, respectively. Thus, the monoclinic (the second phase) and one of the
former two phases (the first phase) have a volume ratio higher than 1.005 (i.e. 1.045 and
1.046, respectively). The tetragonal and the cubic phases have higher bulk energy than the

monociinic phase at the standard conditions.
1llustrative examples of filler ingredients are:

Zirconia in the metastable tetragonal phase (specific volume = 0.16 cm?/g) which can
transform Into the monoclinic phase (specific volume = 0.17 em?/a) (volume ratio = 1,045 );

Zirconia in the metastable cubic phase (specific volume= 0.16 cm’/g) which can transform
into the monociinic phase (specific volume = 0,17 cm3/g) {volume ratio = 1.046);

Lanthanide sesquioxides (Ln,0;), where Ln=Sm to Dy. Transforms from monaclinic to cubic
phase at 600-2200°C with a volume expansion of 10%b.
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Dicalcium silicate (belite) (Ca2SiO4). Transforms from monoclinic to

w&HRRIgRIc phase at 490C with a volume expansion of 12¥g1iasisity /000258
3.28 g/ml. 5 Lutetium borate (LUBO3). Transforms from hexagonal to

rhomhedral phase at 1310C with a voRime expansion of 8%. The surface
energy of the tetragonal phase of zirconia is lower than the one of the mon

oclinic phase at standard temperature and pressure, which_r e
ke NG HAIRDFe T AT A B RESRe TR LTt TR 1 =
volume exystaipmefstdbeBmait(ILBirmirtor the 10 difference of surface energy to

compete with difference of in bulk energy of the tetrago nal and

. .._monoclinic ghase. FQr ziccania | BiChhase at
sy S AR e T o B s
490°C vrith aYRIHMBS 20T Rh LABUBREY befiWithat a mean particle size in
the range of 50-1000 nm, such as 50-500 nm, provides the best 15

LutetiurD HAREE REBYSE T QRtigalan & stiusHEabREV RE ivmadpaiepasb adinsentireith a
filler ingredie }(s) is/are able to undergo the martensitic transformation

volume Sﬁﬂ@?s?ﬁg ﬂt tiénce of ultrasound. In view of the above, the filler

ingredient(s) preferably include(s) zirconia (ZrO2) in metastable
The surtStEagaiay of aubiaenmialinhphastz(seeiniprvenideththesntod the mon odlinic
I | IcpRiIaRasticesvHisRheshelavatdnanaibgsnal (pure)
phase a&%&%ﬁﬁﬁ%&ﬁlﬁ%ﬁqgﬁg t(s Is{a\re ablggg g{ggﬂg%hmﬁ{'t%@itic
ZirCO“iatFé}‘%ﬁﬂ?rﬁ%\fﬂﬂ‘T'JSB}P&%%§ 're'!f% 4 ¥hémicar trigger. In some Instances,
differentieeofstivationissoHaO FomBeRRMRiFFBiERRyaR RfdNdpkesate p R [l g0 nal
and mollédipiersaatien from the first phase to the second phase. This may result
In a spontaneous 25 transformation upon storage of the composite

material. Thus, in some embodiments, it is aqvant%eou&go sg%gliliz%éryg
not

For zircapiae HMR MARSHNS R 6RI8RTS oBtEIn SRSt BIE Shase that wi

preferabipdente raoge of 5e89 PErancwish, 32PmePRare, PaHefotifRRIFFId2E 2

mean pévfa@@@z@gmﬁiﬁm@%séﬁ%lm i ebr?;tabctlm]; iena%p?wer:mem?ttﬁ@?;m”
can, e.d., . acnieyve e%:II‘ ace moairication o e tler

ba‘a"‘:ep%‘?%?é‘, "é%%f:%sa?/vnfb'é ‘g%?p a?rrl]%% in the following. WO 2005/099652
PCT/DK2005/000258 9 Doping Many crystal phases can be stabilized

In one BSIBEHABEMOtedtsalagtadivatadlyistdtle pldectesiigergo the martensitic

transformation under the influience of ultrasound.

in view of the above, the filler ingredient(s) preferably include(s) zirconia (ZrO,) in
metastable tetragonal or cubic crystalline phase (see in particular the section “Populations of

zirconia particles” further below).

In another embodiment, the Filler ingredient(s) is/are able to undergo the martensitic

transformation upon exposure to a chemical trigger.

In some instances, the activation barrier (F¥) is not sufficiently large to prevent premature
transformation from the first phase to the second phase. This may result in a spontaneous
transformation upon storage of the composite material. Thus, in some embodiments, iC is
advantageous to stabilize the native filler ingredient in order to obtain a metastable ph ase
that will not undergo more or less spontaneous, i.e. premature, transformation upon storage
of the composite material. Stabilization of the metastable phase can, €.g., be achieved by
doping, by surface modification of the filler particles, etc. as will be explained in the following.



10

15

20

25

30

Doping

amounts of dopant, the more the phase is stabilised. In energy-terms, the
waatystenharrier (F*) becomes higher the more dopant use®UVBEIEPIH00258
trigger the phase transformation, the 5 activation barrier must, however,
be low enough for the trigger method 8 overcome the activation barrier,
but high enough so that the transformation does not occur spontaneously.
Zirconia is typically stabilized using up to 20 mol-% of one or more
dopants. Zirconia can be stabilized with stabilizer such as calcium,
cerium, barium, yttrium, magnesium, aluminum, lanthanum, caesium,
Many coatioljiasasand el |izes weiflcagopii cemarRiatsnBRRATRINS WY& epging

amounM@f%oﬁPﬁﬁ'ft@@|bﬁo¥'&&ﬂ@%ﬂ%@1@},@@ﬁlnﬁéﬂf%ﬁ&ﬁ&eﬁ—f@rrﬁ@m@emﬁdtlon barrier
(F*) begglﬁ %@Yﬁo%&' %am QQ éll&%/QE%Qr‘%%%ﬁ%ﬁb ;ﬁ\%%t@-n&%%&aﬁon, the

opant level of, e of 0 Eo/g ¥VI||;[>/ 'Ca”é/the
aCt‘Vat'ﬁﬁtbéﬁfﬁélw %%ﬂ?“féftﬂ%'?@’tr%ﬁj’&ﬁﬁl G488 SHPRidSHBRE ShaLE 6™
activatigiftaniserabet $igh dtopetl sirtehideviatibestopsiontipenastgeaptRastaneously.
transformation spontaneously to the monoclinic phase at room

erature. Adding tao high aleve Y 0 I- l
2|rcon:§tx§6§[|ggaﬂ¥ 3 crjg‘l‘ ed‘?la W L%goaéls (géQ;é[citﬁfc? %%ggﬁ%%%ﬁgéﬁ%ox%%ﬁﬁa%an be

Stablhzﬁ@%ﬁéﬁdﬁ%ﬁ@r%ﬂaﬂ%%nf@rf%’ h@f‘fb”&v\é‘?ﬁ%‘l’ﬂe WRATATOLE iy ™

lanthariae esssidvh, sprtgipiantandogilidenathevatitaatisiddsaprie camginations thereof.

More sév "ﬂﬁf&i{( m%ﬁ}@FleE@r’&rﬁ@nﬁ&%&@d@&f@ﬁw@?‘éma&ddmﬁf&fm gapant8%),
ill make riggeri cu |

MgO (AR TRakEth 1*}%9’ ia%%én? 94;11 hot u§eﬁJ as a A'A&)q]rgeﬁ:}lclel%r?té ;It;:,(@épgrbt Y205

of 0-19%hyelilty Dl teet m@fﬁ%@?ﬁmm%@ﬁaa&%%@ﬁr&hamaﬁw@g S Racisse of

zirconif hrfBilem dSpiehzisosill anliptirisfofd)aftiliomearegesy Weedtinnkhermation

T
i i

&9 Ba’fé%tﬁlﬁfﬁe‘ﬂ"b?tﬁ‘aB?ﬁé%ﬁ,fﬁtrgﬂog &e se‘leec?ed rom %56%%%% E\?&% FPBRent
that thé:e@rga%md@W@@W@Wﬁrﬂ%ﬁ@éﬂ’%ﬁé@%‘f”%ﬁﬁ?ﬁ%q&ﬁgﬁ@?&%s At
some ph#R(BedlehiMBOxCinbiign Catkt] the Urpnafut e 0a £4an09% Yrivaeesd as
descni:neﬁ%CI Afical @ﬁ%%%op%%@ﬁ?nﬁ@?@@W@Qﬁ@é‘r‘ﬂé@ﬁo@é‘@‘m&@@@m}ms slower.

ce modification dificat f
Adding s R M@ﬁémaﬁ'égﬂéﬁtﬂa% e e sctonc

should drergig it dmmerishasssaemate SENG PiRE 2l FrAEECa RE QR U HEN tHRYCh
small éw&'&:&%ﬁgyabﬁmme@ eyesitaan the disdasdenasgyeandahsbbiienr iy viewed

q q p&%%a and thereby "reverse" the stability order of the first
asan m 'S § gorf)hase Inithls way, the "metastability” of the first phase arises

WO 2005/099652 PCT/DK2005/000258 ) _
In a preferred embediment, the metastable phase of the zirconia is stabilized by doping with

an oxide selected from Y,05;, Mg0Q, CaQ, Ce0,, and S5¢;0;.

The recommended levels of dopants for ZrO; are Y03 (1-5%), Mg0 (1-5%), Ca0 (1-10%),
and Ce0, (1-6%), more specifically about 1-2%.

Surface modification

Surface energy can be changed by surface modification. By modification of the surface by
adsorption of a chemical constituent, it is possible to lower the surface energy of the first
phase so that the sum of the surface energy and the bulk energy becomes lower than the
surface energy and the bulk energy for the second phase, and thereby “reverse” the stability
order of the first and second phase. In this way, the “metastability” of the first phase arises
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10 because the first phase is only "stable" as long as the chemical
W&%&%H&g&is adsorbed thereto. Thus, the first phase is stabylispglksiidsiiR2ss

surface modification is altered or removed, e.g. by treatment with a

chemical trigger. Polymerizable resin lpase 5 Another important

constituent of the composite material is the polymerizable resin base. The

term "polymerizable resin base" is intended to mean a composition of a
becousedbARIGNESE I ANKISTANT OSBRI LA GHBHHEI B o et
thereto. aligRMAEstRIgHakmessisedhatttane LavdErgo potiivetivaipalissedPto
removed P01 S QANIRIAE RAY & naByORgdAY% polymer is typically meant an

organic polymer. The resin base is typically classified according to the

major 10 monomer constituents. The weight content of the polymerizable

resin base jjn the composite material is typically in the range of 5-95%, or
Polymer, fﬁ%"’b@%f’é’.g‘f”%-?O%, such as 10-60%, e.g. 10-40%. Virtually any

polymerizable resin base can be used within the present context.
AnotherRPaporerizabietivesin dabeswohperitie miatiisl dstha@obireenirablesigen tage-

upon curing will cause a volumetric 15 shrinkage of the composite

material when used withqut a compgnsating filler ingredient. ;Th '
The e P AR AR DGO e oatoh & Lt o haient or 2
mixturelwisensEiams|euchiacaIPND EsEs Uit he A AR R SPRM) e e dRALE"
undergEioWeReI g0 lseHRyie rensyGuilyaier capralactannsagoylic Biciehlymer is typically

acrylonitri ! A e, SHVeRE 2 6Aan S TRVIREEaj
meant ag ﬁé%”ﬁé%é‘fﬁ%yﬁ%?%ﬁ%§3\§%f73{ﬁ +Ia90id, e.g., e?hyleng %chol + Za(j)Gr

monom?ét‘é’ﬁﬁngﬁr&Eid, etc. One class of preferred hardenable resins comprises
materials having free radically active functional groups and includes

The weim%m@ﬁgﬂ@g@ﬂﬂﬁfﬁ@&@@@éﬁﬁ?&wmg@mmommaﬁnwbhiq?lyai:y in
uns r rnativ r c materia

the rangh S 08 Bt it et Tl oy Seve ool oroups.
Alternatively, the 25 hardenable resin can be a material with active

Virtuallfuigtionargroap thatncorse ond eassaghoritivhdhdaakpaebetivaxt. polymerizable

resin bggt#ﬁgaiqﬁgﬁfﬁﬁ%@% anﬁéj;aﬁ%e?fzﬂem@renaajgbfocmahappuwaogmmemc

shrinkaﬁqe%gbei,ﬁgﬁgglsdtﬁw&%enaem%ﬁq g%ﬁa é’% ateﬁf%%ﬂ%g%’%&&'ﬂﬁ@kﬂ@r@ ient.
2-hydroxyethyl-methacrylate (HEMA), triethyleneglycol dimethacrylate

The terfd RGRMAY, M 2Q05H/ Q2965 PR TAHDE ASASHH0PREBardening of the resin base.

Examples of resin bases are methyl acrylate, metiyl methacrylate, ethylene glycol, ethylene
succinate, caprolactam, acrylic acid, acrylonitrile, vinyl acetate, 2-vinyl pyridine, ethylene
oxide, ethylene glycol, acetaldehyde, lactones, gly-col -+ acid, e.g., ethylene glycol +
terephtalic acid, etc.

One class of preferred hardenable resins comprises materials having free radically active
functional groups and includes monomers, oliogormers and polymers having one or more
ethylenically unsaturated groups. Alternatively, th e hardenable resin can be a material from
the class of resins that include cationically active Functional groups. Alternatively, the
hardenable resin can be a material with active fun ctional groups that can condense upon

chemically reaction.

_ particularly interesting resin bases that are useful for dental applications are those based on

compounds selected from the group consisting of methacrylic acid (MA), methylmethacrylate
(MMA), 2-hydroxyethyl-methacrylate (HEMA), triethyleneglycol dimethacrylate (TEGDMA),
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11 bisphenol-A-glycidyl dimethacrylate (BisGMA), bisphenol-A-propyl
wdhnetihenndate (BiSPMA), urethane-dimethacrylate (UEDMACERKHBWIN0258
condensed with butanetetracarboxylic acid (TCB), as well as those based
on combinations of the above-mentioridd compounds. Such resin bases
are, e.g., disclosed and discussed in US 6,572,693. A particularly useful 5
combinatjon of compoupds. is D, Bis BisPMA),
bisphengirfsglyqdy! %%%ac‘g Esﬁ?u e 0 gwghr%ﬂgg%e%nha@rgﬁ%ﬁ%&égrﬁéo%te y )
uretharmatevsiasaip e FRSE biRed E&{%ﬁm@ﬂ%@iﬁ%ﬂ%}&%‘@@%&ﬁ%ﬁ%ﬁ% lieac
(TCB), SheRipgicaiossermetion etoniprepenties! Bxarhoks BEsHeRedRRMPounds. Such
resm bEQSHLISNLS AR ANES figmaNSeaa s pEsR RIarmald Y weet
co-Initjiators, stabiljz ride r | ateria ents,
Combm%fi‘ﬂﬁrﬁtt%ma?'fﬁé%e'a gﬁ?sg %ea%e%tagri fﬁ[g%r%sgt 'é%?'gss%ﬁ%'se ?ﬁgay include
initiators and co-initiators, and illustrative examples of such compounds,
particularly for use in dental applications, are benzoylperoxide (BPO),
Other conpHIIRIIG FHESCRCPesiiMERffopanedione (PPD) and
N,N-di(2-hydroxyethyl)-p=toluWine (DEPT),
The co%%%igé";ﬂ%f@%ﬁ]épiﬁmB%?EH%E%&?%}%@H@M%@@& DAk M)oylﬁeﬂ‘g;&&e?@tgqheoiogicah
content of other constituents in the e
cosmetegti, BIOBELR STV O 2VE o DI Lok el T merials
polymehissfiiow ipftitferaovecatiaiesentiAblzssn s R 46iaad"y &%ﬁ%ﬂ?.ﬁﬁéz’“g
agentsAaigHRIdBiIthe foemeasprzemepasiantsaterial as defined above. In
particular, the filler ingredient(s) of the 20 composite material include(s)

zirconia (Zr(02) in metastable tetragpnal af.cubic cr. ine.,.
Thus, tha ieEN S ﬁ‘ﬁé‘VeW%fﬂB’BﬁqFﬁeﬁ%ﬁﬁ%ﬂ&e{h al il Iinrgdsrr@tggr%,gcgo%g@ Ig?: of such
compod@EQsrbsulmdighor ofsthis dertadipelicatings, WAGRIAYRESHESE R e
camphiRIBGRIMEHSS, Bhdepptanedileningretientdsjt-ier-ygredisti)-p-toluidine

include(s tast ' ig byt r cubic crystalline
{DEPT}pﬁa%é&ng%ﬁ% SB& %%%ﬁ%%@lt%%ﬁa@r% y%ggﬁfggﬂgin base, said resin

base being based on one or more compound selected from the gr_ouR
The wéigmSistitarofimerthacopkittaeids Mt erreTRARiERRRIalds MRER)lY in the range of
o_m%z-gﬁxgr%q%lg@tbmyy@t@-gv}gM_A), triethyleneglycol dimethacrylate

(TEGDMA), bisphenol-A-glycidyl dimethacrylate (BISGMA),

bisphenol-A-propyl WO 2005/099652 PCT/DK2005/000258

Dental filling materials

In view of the above, the present inventior also provides a dental filling material in the form
of a composite material as defined above. In particular, the filler ingredient(s) of the
composite material include(s) zirconia (Zr©.) in metastable tetragonal or cubic crystaliine

phase,
In a particularly interesting embodiment, the dental filling material consists of:

40-90% by weight of the one or more fille rs, wherein said one or more fillers comprise at
least one filler ingredient, said filler ingredient(s) include(s) metastable zirconia in the
tetragonal or cubic crystalline phase;

10-60% by weight of the a polymerizable resin base, said resin base being based on one or
more compound selected from the group consisting of methacrylic acid (MA),
methylmethacrylate (MMA), 2-hydroxyeth yl-methacrylate (HEMA), triethylenegiycol
dimethacrylate (TEGDMA), bisphenol-A-giycidyl dimethacrylate (BisGMA), bisphenoi-A-propyl
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12 dimethacrylate (BisPMA), urethane-dimethacrylate (UEDMA), and

W&Iﬁ%@gggﬁdensed with butanetetracarboxylic acid (TCB); O-pg4 Y veeiahhass
of additives; and 0-4% by weight of solvents and/or water. 5 In order to

avoid premature curing of the polymerizable resin base, it may be
advantageous to prepare and store the composite material as a

two-component material intended for mixing immediately prior to use. Use
dtmetha@ftﬁéed&iﬁwéwﬁﬁﬁté?%ngwﬁ%‘m%sﬁ%ﬂ%ﬁ%riaﬁ'§ Mﬁﬁﬁpéﬂ%%ed‘%ﬁ%wé?%

butanetetitedrossdrtially @Bpnventional composite 10 materials of the same

0-5% bg,m@;,gﬁggeggéq{v@_g fagt that the martensitic transformation should be

Ilogiv%g t? b(? controll gra\l!!f%gg_with the curing of the resin base. It is

a
0-4% bBé‘fle eaﬂ hsgt\{ﬁrétsrr?gr ensitic transformation can be activated either by

physical means (e.g. application of mechanical pressure, tension,
In ordetifyaseidnst:Reentgemiigaditiopolymercwiy essifo hepudih Blaydifeadvantageous

to prepSESHORBANGHUCHRATIAHO Mt Ass ighvo nern BfaTe th bbeiaditiated for
" heati ¢ tcg) _or%y %gemical means (e.g. modification of the surface free
mixing EW@F&% 89&7 ORtactifig the surface of the filler ingredient particles with a

chemical, e.g. a constituent of the composite material or an additive such

as water). it should be understood that the martensitic transformation of
Use of thrdmepdsit sarétaieferably shall take place with the curing

(polymerization and hardening) of the resin base. However, 20 since the
The o o Sy o

; ' AUMbuld b

mate“a'lﬂn%fr%F@,W%W%rﬁ*ﬁﬁ%tnfoﬁ?gﬁ&%éa%é/% s o?/vrrﬁ?ﬁbgghignt?éke.g., (%lffusion of
allowedvates perdriiiedalens ®WH SbaSHBYiIANER t8AkIBAEess build up by

shrinkage from curing, will happen after the curing. Triggering the

Itis beﬁ%%réﬁf%? ?lsigH"&Qﬁ&'&i&ﬂ%%&?ﬂ@t&mqg§if)%dam&@%Nﬁ&*ﬂﬂ? physical means

compensating etfect will be 25_ ess or lost deBeé' r(n)%n%n gowrgndlrl(%m]s
(e.9. 2RPARRASARE A BETBRE R HRESI itk R A'S58R I Hote ™ cah be made of the
microwalteasouatugigeleririgsnelssimpgnshicsrdiEercasas i tripgrs i@ red
irradiatibANREFRELIOR. Y B ol teRAY ereavitadign ielimelten et skosldpreferalsiyeray
o enE R0 BN P I e AR s
of the C@O’Ff?%??e"é?%@ﬂI?ﬁéﬂt?ﬁﬁlé%ﬁﬁ’a?’t’éhﬁﬁﬁvﬁtﬁ%formation of the filler

ingredient(s) is initiated by
It should be understood that the martensitic transformation of the filler ingredient preferably
shall take place with the curing (polymerization and hardening) of the resin base. However,
since the crystals are small, the expansion due to phase transformation will not cause
deterioration of the mechanical properties of the cured compound. Therefore, transformation
triggered by slow mechanisms, e.g., diffusion of water into the cured compound or inner
tensile stress build up by shrinkage from curing, will happen after the curing. Triggering the
transformation before the curing is undesired since the volume compensating effect will be .
less or lost depending on how much is transformed before curing is initiated. A special note
can be made on the ultrasound triggering mechanism, since it uses cavitation to trigger the
transformation. In order to have cavitation the molecules should preferably be able to move
e.g. at least partly uncured state, thus ultrasound triggering should preferably take place

during the curing of the composite.

In one embodiment, the martensitic transformation of the filler ingredient(s) is initiated by
application of ultrasound. Ultrasound is defined herein as energy at a frequency in the range
of 10 kHz to 16 MHz. More typically, the ultrasound used has a frequency in the range of 10-
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application of ultrasound. Ultrasound is defined herein as energy at a
wifoasaneysin the range of 10 kHz to 10 MHz. More typically, B#8/DK2005/000253

ultrasound used has a frequency in the range of 10 WO 2005/099652

PCT/DK2005/000258 13 1000 kHz, &éch as 15-100 kHz, and most

conventional apparatuses work in the frequency range of 15-50 kHz.

Examples of conv ppar: alersdale
R L A e

range ofi G itraleavples b SWERTOMA! RRPPSTYESSLE: §-2000 kTS Bn Wlt
removaP@Nerhigharihamidsiylcm?2) creates micro-cavitation. The energy in
these cavities is higher than the activation barrier and triggers the phase

transformation. The energy | e jndr alstte of 10-
i N S
1000 kAzeathett dbrevadimEr iﬁébﬁ%&%tbﬁ%ﬁ?é’ﬂﬁﬁoﬁﬁ% Aot A0S ngroY |

these cPAHR{4ORighSrIca) areatemaiphase ramsiniogttn tie dibpessfoRGermation. The

energy |srcf% @E%E‘i&"?&#@aﬁé&% base o haahasertsarsiosmechbynudiragontigsion
g a scaler, I.e. an apparatus used by dentists to remove tartar. In
of F''e"é\’ﬁ‘ﬁ"’t‘fﬁ\?ﬁembodlment the martensitic transformation of the filler

ingredient(s) is initiated by exposure of the surface of the filler
ExamplBOTREAIBRER Joraeiyeraicatdbiggerydalindiidettiarmalkean piisgeound bath (400
sfor atio irst [ éﬂ@@@gtab!ﬁrda;u{ paberan be
kHz) Crﬁ?ate S& 8a onp ar??%ﬁgi h\%%%[ge;sgg gfezzlié%vazﬁrfg  OfdhEsfrsh remove
phase ispasferfed bé(cﬁ\‘iﬁ?BH“ﬂdf? By Eaﬁ’f% NdRefe By Sdrac ce m ication. The
tartar. activation of the phase transformation can be initiated by surface
modification. The activation barrier will be the energy needed to make a

n ano%ﬁ%@@%&é@?ﬁﬁ&rﬁg %Fet%t#&&%%ﬁ %F‘@r{&yf@&hﬁd?@ﬁéﬁt@é} Righesbted

e surface of the second phase). Example: It

by expgswelpkiewHTRES ﬂféﬁﬁﬁ@ﬁf BYEHieg RS P BIEENR Aehical

compounds comprising at least one lone pair can induce phase
in ord%—% Snfm%’ilQl%t syﬂ%ﬁ%?m%alﬁ%j%r piserrRpRAS RS st phtieamE@stIhle, but
tit tipn 1
where ﬁljﬁ-é%vﬁ%b S'g\)/%?gsu FE (EQL?SEIJ I?q%a RN %ﬁ@gg{&@\ﬁom@%st phase, the

jon O aC|ds and bases (e.

act:vat&mrbﬁrl«leﬂsama@}quam Qbyé\éﬁ?%r@gé@ PR %Emvepsmn of
transf&?h‘%%%ﬂ@éﬁsﬂérmmﬁ@éﬁﬁ/%ﬁam tR@ifcitiverherratjielders kaywientyliile the

energyar?eeége t%%r(%%%a&ﬁ'?ﬁé@%%ﬁ%k@&@s g annisle: @HdRgHOhe phase
h:gherp(i)?'vrgak?llgr;r?greers?msigratoe{hcéosw /ersion of phase drapsioiymation with

Example: It is well-known that treatment of tetragonal zircon ia with chemical compounds
comprising at least one lone pair can induce phase transformation. The mechanism for this
process has not yet been proven, but it involves some surface modification that triggers the
phase transformation. Water (H,0), solution of acids and bases (e.g. 5 M HCIO; and 5 M
NaOH) and glycerol proved to trigger the largest conversion of phase transformation at 95°C
in 120 h. Other non-agueous solvents like acetonitrile (CH;CN), ethanol (C;HsOH) and
formamide (NH,CHO} proved to trigger a smaller conversion of phase transformation with
same conditions. Non-aqueous solvents like toluene (CeMsCHz) and cyclohexane (CeHya)
without a lone pair cannot trigger a phase transformation uncler the same conditions.)

Example: Zirconia particles are dispersed in a resin base. The zirconia particles must be of
such a size and doping content that water phase transforms the particles. The dispersion is
then kept dry in a tube. When applied to a tooth as filling material, water from the tooth and
normal alr humidity in the mouth will trigger the phase transformation. In this application,
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same conditions. Non-aqueous solvents like toluene (C6HSCH3) and
W@% hsgie (C6H12) without a lone pair cannot trigger a phgsemicaons/a0025s

ransformation under the same conditions.) 30 Example: Zirconia particles

are dispersed in a resin base. The zirggnia particles must be of such a

size and doping content that water phase transforms the particles. The

dispersion is then kept dry in a tube. When applied to a tooth as fiIIjr\;% .
the dispersieRianawardy RoHFIAESHNAAETIBIREF Rl IRYIENS YR R S G i
particletiggafcthe phassdasioahatierexiratisioragpddatidn sy O=2e0508ibEEYil not
cuse EEMPIZAOPAURI NS er s ol adamadiviayer

particles. Sj
i i .., d t

t*"ansm'gﬂ’?é'l‘i’,"tﬁrégé)?(lbegns’l'dgxo‘c’}'uné'e?t%hgﬂig?es’tﬁaﬂéf!)%f#g't?gnom not cause
compoudeterp iarpaortise EWAtical properties of the cured compound.

Therefore, transformation triggered by slow mechanisms, e.g., diffusion of

Anotherwe%lgﬁ'lmg? WM%I%SQMQH _éi@@dhﬁ@?&%ﬁfﬁﬁ;rs@@v%ﬂﬂ&amat release
soer sC<aBle. Znconi paricles are dispersedl i & gesi) bps i TS

uring process. These monomers could contain both

carboxydi araifrotigroliParadencatbBB RTRESsotliVAAES A EbRIEn aABHBFBERRY e acid

or by af iRiEeavE et &g baminocadroxylics aoitabr Hy anidstefificaiighol group. As

the cu rﬁgagp&%ge&w ROV SLARIANRNAIL ARG plecba), s¥uRiAG Hhe
e PRones BEEing AR el e JRIRIRY (e SONIaR IO ABGES Rausea

phase HaNRTRRIAST Sraal B AR O the ZIFConia paricles and thereby

by the polyperisatenthe shrinkage caused by the polymerisation. In one variant,

the chemical trigger is a constituent of the polyrnerizable resin base. In

another yvariant, the chemical wager is.2 frodsh gHsE AR esin base.

ch
migal t § - i
In one M a7 ation of the Tésin- 15 base. In still another embodiment, the

martensitic transformation of the filler ingredient(s) is initiated by
In anotR¥postiratptibetfileicin gridieriy(s) o denb deisie spoTepaiiestigadosff dhe resin
pase. MPa for ceramic sintered zirconia has proved to trigger a phase
transformation. Upon curing of dental fillings, tensile stress of up to 20
MPa Is observed. The making of more unstable metastable 20 zirconi

in still paotictesmitediteme tre mAtEREdERIFIMAPEATIERS TS0 LosepRIES) s
initiatedf B0 HRpORAHOOF xdmgenghedispeisionehgi stz Aaesin $aews cARNKEMPa for
ceramié"t%m'cg%%qrra—ﬁ%%%Wﬂlﬂ%%ﬁﬁg@r%’%ﬁ@ﬁa’ﬂﬁbwmmﬁoﬂ HRABideor dental

ress which will phase transform the zitconi i
fillings, tensile stress of ug to 2% Evl%a%s 0 sewec%. 'ﬁ'\emr%eﬁ(?rrag%%smore unstable metastable

zirconia particles will reduce the force needed in the zirconia to induce a phase

transformation.

Example: A dispersion of zirconia in a resin base can be light cured. The curing will cause a
shrinkage that will result in a tensile stress which will phase transform the zirconia particles

to reduce the stress.

Method of the invention

In view of the above, the present invention also provides a method of controlling the
volumetric shrinkage of a composite material upon curing, comprising the step of:

(a) providing a composite material comprising one or more fillers and a polymerizable resin
base, wherein said one or more fillers comprise at ieast one fille r ingredient, said filler
ingredient(s) being present in a metastable first phase and being able to undergo a
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to reduce the stress. 25 Method of the invention In view of the above, the
woresenbesyention also provides a method of controlling the \VRAIOWBEERDS/000258
shrinkage of a composite material upon curing, comprising the step of: (a)
providing a composite material compASing one or more fillers and a
polymerizable resin base, wherein said one or more fillers comprise at

east one filler Jn edient a|d filler NG PRRRALd able
maﬁe“?ﬁ@t&fﬂ%ﬁg?émrs'tagfgasaesfn bemg nﬁa ((eg %gggﬁéjg&“ (ﬁz% 5\%3%)? (éi%@St 1.005;
second p@smgoesyngtsbiféffﬁfaﬁaﬁg.ﬁ&%%EP&( e a%régsecSRS
phase, the volume ratio between said stable second phase and said
(5) anom&aé@%%ﬂfﬁs%%%%@%fﬂﬁ Heresieni(Rwnaingatileass d-8@6nt(b) to
ng the resin base 1o meri table
e R TG0 O e e
phase. metastable phase to said second stable 5 phase. Preferably, the filler
ingredient(s) should be triggered to undergo the martensitic
pref eragﬁ ﬁfgrﬁﬂ@%‘%%ﬁ%&é{@%@f@%l&ﬁmé@%&uﬁw@r pdbnegeeside the
fing’in order to fully benefit from the vo ur%etrlc %%'}ﬁéoﬂ_ﬂqﬂqnﬂg?cfer to
transforﬁ&r%me%‘i ﬁ%ﬁ%ﬂg e S S b

reensi transformation of the
fully befilt fngretiengl ey Gpansian qfdi%ﬁ!l%ﬁtréﬂﬁeéﬁma%ound (10-1000

kHz). in this instance, the martensitic transformation is preferably

In one erﬂgnc% ed Stn’%lta g‘%}ﬁx\'ﬁ% %Fo@ﬁ%'hm?o‘?"éﬂgﬁﬂér'mﬂ?é@ﬂn{{lg)h@ﬁﬂl’ﬁaﬂ&@ by

IS cdm n another embo |ment tEhe mart Shc(%:ran formation is
aPD|lCaﬁ@h§fd1‘ﬁﬁ8’fRi’r?61(Welﬁﬁgr'ﬁﬁa'eméﬁﬁéﬁgal’rﬁﬂa 03 "R S RpostTe OF the
prefermfa@mememu@amguemms;rt@f@eeﬁ@mawfgg@?*aﬁ%c{hwmgféﬂﬁeefhﬁ””“g

is Comlgt@e@artensmc transformation is preferably triggered simultaneously with
or after the curing is initiated, but before the curing is completed More
specifically, the present invention further provides a method

In anoferHEhediRya WoMmerONFAE REGpRol (F IBRHE o %%\5&} i pideted
by exphRaHs;o? @ }diiag: stithe ity mgtdictbishaiditingemised fiegess défiaig instance,

the ma@% OVRicANchE) AAWING therkesin RAggrédharmaniaddikngvitateralier the curing

merize and cure, and allowjng .the filler ingredient(s) of the dental

is ‘”'t'%ﬁ PR BLURERGG § rrnng!'%%hdsltlc transformation

More specifically, the present invention further provides a method of reconstructing a tooth,
comprising the step of

(a) preparing a cavity in the tooth;

(b) filing sald cavity with a dental filling material as defined above; and

(c) allowing the resin base of the dental filling material to polymerize and cure, and allowing
the filler ingredient(s) of the dental filling material to undergo a martensiti c transformation

from a first metastable phase to a second stable phase.

The above-defined method for the reconstruction of a tooth may generally comprise some of
al} of the steps outlined in Example 9.

In one embodiment, the martensitic transformation of the filler ingredient(s) is initiated by
application of ultrasound (10-1000 kHz). In another embodiment, the mar-tensitic
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from a first metastable phase to a second stable phase. The

W@Q&\gﬁ@g@ped method for the reconstruction of a tooth may gepasghieseco2ss
comprise some or 25 all of the steps outlined in Example 9. In one

embodiment, the martensitic transforpgation of the filler ingredient(s) is

initiated by application of ultrasound (10-1000 kHz). In another

embodiment, the martensitic WO 2005/099652 PCT/DK2005/000258 l§
transformatisfosfirheiSieT iraseRtiRY iR HEAERS) by FiReRMeRf B suliacp piHEe ftler
ingredieSHERES DEHBEHetritagredient(s) to a chemical trigger. More generally, the

present invention also relates to a composite material as defined herein

for use in medicine, in particular in dentistry. 5 The present inventi I ;
ore oegrRlbe ARESSSE M FTHET MIEHEETRT e PSS et o b e R
for use imatediahiringeotistiacigeatisitth in a mammal, said filler ingredient

having a metastable first phase and being able to undergo a martensitic

The preésgagg%%m?ékogaég asiable S50 PRARE, NEVEIHPRFALIQ Rrtysem st a

€ secon ase and said metastable first|

; § ; ' phf%lsfell of 'Srg igefclilllgi%t having a
compostifgRaIRsiA BeirgrabiEastndchoThie AIBEMBRkient And Hetomposite 10
metastaplarabaragaattkebly agdefinedtsrasrsimaderilifemFpannation to a stable

second PRAEENSIIGIIaRslosmAbaRandsalriightf sesimdaseseiendeanisl ofietastable first
phase of 51 AT InalSRASEEERIERIA e ARk Hciaficitic ARUI B0 BRhposite

i fansrormaton of the filler ingredient by means of application
materialppng PEFEIARY Ehdsiah 858 Busly be combined with 15 the curing of the
resin base by means of ultrasound. It is believed that the application of
ultrasound will provide the advantage that the curing process which
Combineasiuitiativa sfonactensia svasiomaianensLa Hg 196 Esirieralsy neans of
ultraw};Q}ume expansion caused by the martensitic transformation of the filler
ingredient. Thus, in a further embodiment of the above methods, the

polymerizati on of the resin base is 20 initiated by applicatjon o .
The DFEMWWH‘@%W@&%RF&Mﬁ‘&eig‘(%t‘ﬁﬁo‘?fe’j‘%/”b%%{ﬁﬁ i S‘I""“‘a““"} of the

range or =
filler inghdidi ty BeeMis 2 prefersloly if uttreseungecan PE\SDRPRS Iy PASPDIped With

the curii%r SRNIESPYiCES A duwes Beguasshmay also be used because
cAvitation is made from acoustic wave propagation, however, frequencies

lower than 15 or 20 kHz can be heard by the normal human ear, agd ma
It is beltbeedftrat bee application of ultrasound will provide the advantage that the curing

process which resuits in a net volume reduction of the bulk will be countered by the volume
expansion caused by the martensitic transforrmation of the filler ingred ient.

Thus, in a further embodiment of the above methods, the polymerizati on of the resin base is
initiated by application of ultrasound.

The applied ultrasound is (as above) typically in the range of 10 kHz to 10 MHz, preferably in
the range of 15-50 kHz, such as 20-50 kHz. Sonic devices of lower freqquency may also be
used because cavitatio‘n is made from acoustic wave propagation, how ever, frequencies fower
than 15 or 20 kHz can be heard by the normal human ear, and may therefore be

inconvenient to use.

With respect to the power of the applied ultrasound, this is typically in the range of 0.1-500
W/cm?, e.g. 30-100 W/em?. The ultrasound power should, on the one hand, be high enough
to create cavitation and, on the other hand, so low that the tooth is not harmed. The
ultrasound is typically applied by means of a scaler. The ultrasound can be applied directly on
the resin base bulk or indirect via a medium conducting the sound wawes to the resin. For
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25 inconvenient to use. With respect to the power of the applied
walinasoessd; this is typically in the range of 0.1-500 W/cm2, eR§ TADKROEH/000258

W/cm2. The ultrasound power should, on the one hand, be high enough

to create cavitation and, on the other'fand, so low that the tooth is not

harmed. The ultrasound is typically applied by means of a scaler. The
dental auﬁf}ésqﬁggg can be anplied diractly,on30 g resinhasenbukesinmikgehiterial
‘ um’conducting the sound waves to the resin. For yvcg 2005/099652
is placep @b OB SEEcY LRsAERPRRNAENAIE I BRR Hefum would be

the_ tooth in which the dental filling material is placed or a metal matrix
applicatiiGRlMMsEd 9 wmRlBGiRavities dng ok aetadpplicatioly okt aboaricr a
beriod %wltﬁ] her%llmeogflrj'\fg%rdgg 8%8%}.1% atign typically takes place for a period

. f he aﬁge of 10- seconds, such as 20-120 seconds. 5 Although it

is believed that no polymerisation initiator is strictly needed, it is believed
Althoudh iettdBetipaly et zabielyesirs iawe inithetont igysoigdly asiishidels gelieved that the
polymeﬁ%%@ﬁ%%@h%%%ﬁ?ﬁ%&fagu@/ E&Wgﬂ%§@%ﬂﬂl§iﬁ§lﬁc§ei&iﬁ£ﬂtﬁ em. a

eroxy-gro ing compoun . ini

polymeESABUAHUE o SRR O e Rt e DA g az-groc
containpgynerepeiani(aceAors/co-initiators (e.g. EDMAB 10 ethyl

4-dimethylaminobenz_oate) can be omitted. Co-initiators are often added in
On the DEher ﬁ%n89s'EOI'é‘BEH&%@ﬁk%—ﬂB&ﬂ%éwmi&ﬁm&%mf&sﬁewmme.g. EDMAB
ainyl 4o BHO0 pOMErIsable dental materials rebased on WAGOMBRRERL,

yl 4reinetbyiaaiin RRARGY 8% B byiBeroxicie, and the co-initiator, e.g.
conducEfammaetmylaanmmmmmseﬁ%\é&e’si%‘K@&r%fé?fara‘f@m’?ﬁﬁsag‘&denga‘
materifMNSFE Th&. B\ 8 sins R ek dspathernAdtingniisinitiator benheyipfrexise:
and th%%lff?u i 9,?:?.'%&51&8 1981‘&? NG MANAIGFS BEAQOIT: [SRDQIAldEpattblant il use,
ntrary to corventional non-photo. pol megsgbl% nt%l fgl!&g naleria .

where the H@nf&?‘ﬂﬁiﬁ&%ﬁ‘é’f@?i&‘?ﬁ?ﬁ’%rﬁ%@&%ﬂﬂhgﬂ% oofc#ﬁ%' hvention may é% ssibie
to curenieparetstesed anchshippridtas aTHHE. CORTHRIMEACSRNRIo R AR
polymeg;g\éga;g?g%pﬁﬁmg asReRlOfiHeelpresienlitg ventiataarel sametieathadisoth ef the
) . rge pene n i j -curi
e S PR RS 30 B o oy penteiemay bo

|mproveq, and that curing of the resin base may be conducted while the
The geRtHIERBIEAtHRASIOMiaticredf dhEhéillEeaegrdanents) RiRebidbEr YEsoHRgH has a
o Lt OB RS (RS USROS B B it o
conducted while the martensitic transformation of the fiiler ingredient(s) takes place.

Applying ultrasound to a filler-based resin makes the filler particles move and thereby letting
the particle find the optimal packing in the cavity. This means that even small cracks in the
cavity, will be filled with filler particles {and monomer resin).

The majority of organic polymers are prepared from monomers containing a reactive double
bond, which undergo chain growth or addition reactions. The most straightforward

preparative method is that initiated by radicals. Ultrasound at high power (at least 1 W/ cm?)
creates cavitation. As ultrasound passes through a liguid, the expansion cycles exert negative
pressure on the liguid, pulling the molecules away from one another. Once made, the cavity
will absorb energy and grow. Once the cavity has overgrown, either at high or low sonic
intensities, it can no longer absorb energy as efficiently. Without the energy input the cavity
can no longer sustain itself, The surrounding liquid rushes in, and the cavity implodes. Xt is
the implosion of the cavity that creates an unusual environment for chemical reactions.

Disruption of the cavity bubbles create high temperature'and pressure, this is stated in
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cavity, will be filled with filler particles (and monomer resin). 25 The

! 9%120rganic polymgrs are prepared_from monomers ?9%%0@/000258
féactive double bond, which undergo chain growth or addition reactions.

The most straightforward preparative gnethod is that initiated by radicals.
Ultrasound at high power (at least 1 W/cm2) creates cavitation. As
ultrasound passes through a liquid, the expansion cycles exert negative
literatuneres $ueeassoth éotidotd g igmls e PrRs) YR AIREHBhd R S
initiate AAGRIIRErEMGtye3MiillakBogheacndy andddentaOneetiaé cavity has
overgrown, either at high or low sonic intensities, it can no longer absorb
energy as efficiently. Without the energy input the cavity can no longer

Curing SFSIRIRLS9IEsd bR SUsrpaNding liesichaushes dananddhesarity implodes. It

Is the implosion of the cavity that creates an unusual environment for

chemical reactions. Disruption of the cavity bubbles create hi%h
The presemfparaniesdiviprsesinnditieisuingafinonel Slipg mekyiss by means of
ultrasolr@ THRESONAR082685: 518 ditesatate asvivaireasenpfontiventeichts edrigethods,
in partQIRPYRELLIEN Wiraseund. il ReelAgiGals diemnitilintehimpabaaaszag

reaction leading to a fully cured dental m éerlal. Curing of the resin base

penetrafieq dentLFHMRY ST BPPhE&Ts oF Iﬁﬁﬁt Sound The present inventors

have also found that curing of dental filling materials by means of 5

Thus, iHETRSQHAGIPctealhopPridas reaiBraghaniagasathode useratructing a tooth
riscl:on\t/t(;:n'gsit(:)na})lfcuring methods, in particular UV-curing, in particular in view

oM e Fact that ultrasound has a large penetration depth compared normal
light (e.g UV-light). Thus, in a further aspect, the present invention

(a) prepaanidesavimdthibe bfatbconstructing a tooth comprising the step of 10 (a)
preparing a cavity in the tooth; (b) filling said cavity with a dental filling
material compyising a erizaple resin base; NG . .

(b) ﬁ“"lﬂt?ﬁ%ﬁﬁ)(&‘fdgé id %%rh'ptaaﬂ%ﬁ% S GHER c)s{Tc‘)péf:'}s,%t% iaﬁi |gi\%eﬁ)§l?ﬁ§g{%r¥%é?db?§gfnand
base of said dental filling material. The provisions with respect to the

(c) appf?@r@@lﬁ‘éﬁdﬂl@ kblzd@ dendHm)irponwse(Ri kG@o Wiciay dbiapdf sald resin base

of said gg%qgitlil%rb_mgeﬁagsoo seco_nds) are as definc_ad further aboye. The filling
material 1s’in particular as defined above, thus in one embodiment, the

dental filling material comprises: 30-90% by weight of the one or more ,
The prdillairsisanith respect to the frequency (10 kHz to 10 MHz), power (0.1-500 W/cm’)

and application time (10-300 seconds) are as defined further above.

The filling material is in particular as defined above, thus in one embodiment, the dental

filling material comprises:

30-90% by weight of the one or more fillers; and
10-70% by weight of the polymerizable resin base.

More particularly, the one or more fillers comprise at least‘ one filler ingredient, said filler
ingredient(s) being present in a metastable first phase and being able to undergo a
martensitic transformation to a stable second phase, the volume ratio between said stable
second phase and said metastable first phase of said filler ingredient(s) being at least 1.005.

Preferably, the filler ingredient(s) should be triggered to undergo the martensitic
transformation either simultaneous with the curing or subsequent to the curing in order to
fully benefit from the volumetric expansion of the filler ingredient(s). More preferably, the
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10-70% by weight of the polymerizable resin base. 20 More particularly,
wiheseeaismore fillers comprise at least one filler ingredient, Saitybikes05/060258
ingredient(s) being present in a metastable first phase and being able to
undergo a martensitic transformation1® a stable second phase, the
volume ratio between said stable second phase and said metastable first
phase of said filler ingredient(s) being, at least 1.005. Prefer +the.fi :
martenFigFHRBAHRETIRLIG BEHEREEEes" &é“?&%?ﬂ%‘“}‘nsg’ Rt %@y IR i
initiatetramsforfontire eithiog $insofeaiéets with the curing or subsequent to the
curing in order to fully benefit from the volumetric expansion of the filler
ingredient(s). More prefer Q9UPD) zirconia (2r0y) in
In oneﬁggﬁ%@ §fﬁ%§é§%ﬂ§§ﬁ%{ﬁe§&%ﬁéﬁé&%§érmat_io%t;é rgrgferélglg ‘ able phase
metastgRieEFRRISRAL ARFEULSTY SAIDE PRASS (R L GRng e Mitiated but betore the
of the ciitimipis strbipfetbbly Wooing witihauimrie SSGEERAIfEThYrBetidlafs)ca0, CeOz, and
5,0, RifferaRpinshidals) sivenin dB QP thinilmetagtabie el agonakiefizabfurther
herel crystalline phase, such as those where the metastable phase 5 of the
zirconia is stabilized by doping with an oxide selected from Y203, MgO,
CaO, CeO2, and Sc203. Thus, the particle size, content, etc. of the filler
In onelBEIRdieni(s) koeasdfined forarzablrresin hRgrowIigifaplhvales
initiatd & ROLARENZARIG BSIB,RASR GO BRRtiaam G qelyteTisaiahainiiaton egtaining
selected fr ;))eroxy-group containing compounds and azo-group
ComDOEBHfa(i?‘fﬁde‘% ¢ompounds (e.g. AIBN). A population of zirconia particles It
has been found that metastable zirconia may be used as a particularly

suitable filler in composite materials. In particular, it has been found that
A Popldﬁ@@hfgmﬁﬁ§6§ﬁ’é?ﬂe of allowing a martensitic transformation to a

stable second phase is particularly useful in order to 15 counter the
1t has SR KRG RREEAL QGRG0 S RBp OBl snndodalar RS eslimaberfiler i

aspect of the present invention rela i [ i
comp B 5 2 ST BRI 28 T et o g i SLgp Bt i faning
a martsoiigcrengfarnetonieasiable sreephaesa ity Al Es Y ﬁﬁ‘er&ée a°
countéPaitensitiedgansionabtierciaiastaltanpestnthgledsis: said transformation

being effected to an extent of at least 80% within 300 sec 20 when tested

in the "Zirconia Particle Transformation Test" defined herein. F rmox
s, S RESEREA A PIEE TR EES LB o1 ArCarad Sl N barices

havingepalatiegs wHrticle size in the range of 50-2000 nm, said particies being present in a
metastable first phase and being able to undergo a martensitic transformation to a stable
second phase, said transformation being effected to an extent of at least 80% within 300 sec
when tested in the “Zirconia Particle Transformation Test” defined herein.

Furthermore, the present invention also reiates to method for preparing such populations of

zirconia particles.

The zirconia particles of the above-defined populations are present in a metastable first
phase and are able to undergo a martensitic transformation to a sta_ble second phase.
Preferably, the volume ratio between said stable second phase and said metastable first
phase of said zirconia particles is at least 1.005, such as at least 1.01 or even at least 1.02 or
at least 1.03.

As mentioned above, the particles of the population of the first aspec:t of the invention are
present in a metastable first phase and being able to undergo a martensitic transformation to
a stable second phase, said transformation being effected to an extent of at least 80% within
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zirconia particles. The zirconia particles of the above-defined populations
I in a metastable first phase and are able to unde %
R P PR BK2005/000258
Wé‘nzg’rﬁnsitﬁ: transformation to a stable second phase. 25 Preferably, the >
volume ratio between said stable seggnd phase and said metastable first
phase of said zirconla particles is at least 1.005, such as at least 1.01 or
even at least 1.02 or at least 1.03. As mentioned above, the particles of
300 sec e popieanSher AR R HranRoraitol 5/ ARESANRTG!N- Preferably,
the transfoetaaiablie ffstpliaseanstietng atbée Yo wikderyo o Atastn sitich as within 20-60
transformation to 30 a stable second phase, said transformation being
effected to an extent of at least 80% within WO 2005/099652
PCT/DK2005/000255 20 300 sec when tested in the "Zirconia Particle
Thus, wHErRARISdertbIRFEsS Siradorarandmastidarsiye SR tmaisaniamwaitsles: itis
relevant effesitechto ashaxtentiaf etd3096 mithinedGirk8B:stec; such as within 20-60
sec. Thus, when considering various crystal forms and patrticle sizes of the
_zirconia particles, it is 5 relevant to take nto consideration the twq mai
1. A frst ERREHERECT e PRI BPERER TP ThE S SR B b ST TAS LT oreof
within theemaiertedrpatiifinsipheaseends SERbRIHITeN Ssbanstasd sRRHRO 8 d-pastedard
pressurei%igiaﬂeiéy ad@@'t'séaadmd't@mpé%a%eane,iheh@ftm@mobfmesrsm@, (101.3 kPa)
and 21 16ast ORGSHIRRIALL (oI R ARG RIRMy 14fcoRSE8REAREEEIDIs
Corresm{hgéngo‘:rgﬁﬁ%ﬁs uin§er which the produ@:%%typi(g%%/ a composite material) is
10 used. 2. A second requirement for the zirconia particles is that a
metastable first crystalline phase of the zirconia particles can exist the
2. A secoHfRIGNIRSRMSSIRBIREnGORAINNSISRELZY epntadtathie feaiasjataliine phase
tetragonal or cubic ¢rystallin se mg‘ HSL%%F%JE {g{&{grably in the
hE'S ditions. <= T
of the ZifeQrid i E%EC?BB %ﬁ%ﬁguﬁrﬁﬁ’% befieved that a mean particie size in the
15 range of 50-1000 nm provides the best balance between optical and
For zircoﬁiﬂJEIWhglgpémﬂmefmaian ia:p‘arﬁmss!ﬁne ablese ﬂﬁﬂjeﬁyﬁdhéi.ze is .
preerol] W COEHA A IO TR L bimeces o s el e e
. 3 ! - | _'
renge of S AR DR T G I SOONE BT A e 8
preferably include(s) zirconia (ZrOZ) in 20 metastable tetragonal or cubic
The zircéH¥SRIREDAASAble to undergo the martensitic transsformation under the influence

of ultrasound. The zirconia particles may aiso undergo the ma rtensitic transformation upon

sec.

used.

exposure to a chemical trigger.

In view of the above, the filler ingredient(s) preferably includex(s) zircania (ZrO;}) in
metastable tetragonal or cubic crystalline phase.

Stabilization of the metastable phase can, e.g., be achieved by doping, by surface
modification of the zirconia, etc. as it is explained hereinaboves.

Embodiments

In order to obtain zirconia particles that could undergo a fast phase transformation, a large
surface area, e.g. 10-250 m?/g or even better 50-200 m?/g, of the particles is preferred and
also obtainable by the means described herein.

Thus, a further aspect of the present invention relates to a po pulation of zirconia particles
having an average patticle size in the range of 50-2000 nm and a BET sutface area of in the
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Stabilization of the metastable phase can, e.g., be achieved by doping, by

weodeseoddification of the zirconia, etc. as it is explained hepemai»ees/000253
Embodiments In order to obtain zirconia particles that could undergo a

fast phase transformation, a large 253urface area, e.g. 10-250 m2/g or
even better 50-200 m2/g, of the particles is preferred and also obtainable

by the means described herejn. Thus, a.further a t t o
range RN TRl B SO R BSOS (aoRB Aok h e sfibeing abie
to undpadielesizenitinangiefeetionIecotahls spPAEE P Surface area of in the

WO_2005/099652 PCT/QK2005/000258 .21 range of 10-2_50 m2/g, said
Prefer%?sgl%?ss &%&ﬂ%ﬁ%@ﬂ!&&hé metasiahie fissihartasskkringRalemiion to be
u

ndergo a martensitic transformation. to a stable sec nqtp@aﬁpc ia Particle
effected forafaiyethi AblSardor’ °o\°'§n@o?1?§ Daricles gﬂ%%vs Tor & martensitic
Transforamsformasidrdefinse heffdltted to an extent of at least 80% within 300 sec

when tested in the "Zirconia Particle 5 Transformation Test" defined
herein. As meption Ve e gyt iclasizg iz dyaricaltydsothe, such
As mepliQRed HH08 ar\l}ar??a%%%h as in the r%agriﬁ %@ﬁ 50-1000 nm, in particular

as in tﬂ@@B@@ﬁrﬁ@ﬂﬁHBtﬁ'@h {?\@?ﬂﬁi'&éég?ige W& zirconia particles generally

is in the range of 50-2000 rim, it is believed that the particles may
Althou ﬂ%ﬁ%'ﬁ%};&ﬁ@'éﬂ‘%ﬁmﬂ}ﬁawi&tégd@ﬁmgﬁmemdeaﬁg@wlqa{mgo nm, it
ccordingly, it is preferred tha | vV
G e R A A
crystaliettipurtRePrRUTE Yt WURREREEF IR e ZREGTRS P e R s gy e
range ¥ TV e, cadals ipahesitnge of deblaallcwdora FagfidrtFansformation
(as described herein). Thus, the average pore size of the particles is

preferably in the range of 10-50 nm. 15 With respect to th Y, 1S
FortheEREbelh B A O N STt T aha e 0 . S3he
porosisuhoaded (- athow, fare sepifcURIMOTTSHOSIRT @ﬁéﬁ’i@ﬂ%ﬂﬁrﬁifﬁré‘"ﬁiﬁgme average
pore sBRHELIOPS-aLRihoprrhdIe thenzirenptoopditidiesitiave a. an average

particle size in the range of 50-2000 nm and a BET surface area of in the

range of 10-250 m2/g, or 20 b. an average. particle size in the range a
Wit rSERRG09 Hih BB P AL ST ES DPIDLB Y

range of 0.1-20%, such as 0.2-10%, are particularly interesting.
Particularly interesting populations are those where the zirconia particles have

a. an average particle size in the range of 50-2000 nm and a BET surface area of
in the range of 10-250 m%/g, or

b. an average particle size in the range of 50-1000 nm and a BET surface area of

in the range of 10-250 m?%/g, or

c. an average particle size in the range of 100-600 hm and a BET surface area of
in the range of 10-250 m%/g, or

d. an average patticle size in the range of 50-2000 nm and a BET surface area of
in the range of 50-200 m%/g, or

e. an average particle size in the range of 50-1000 nm and a BET surface area of
in the range of 50-200 m?/g, or
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C. an average particle size in the range of 100-600 nm and a BET surface
area 901‘9 in_the range of 10-250 mz/g, or d. an average particlg%ﬂmmzss

W?azf?ase of 50-2000 nm and a BET surface area of 25 in the range of

50-200 m2/g, or e. an average particle;size in the range of 50-1000 nm

and a BET surface area of in the range of 50-200 m2/g, or WO

2005/099652 PCT/DK2005/000258 22 f. an average particle size in the

range oirl 8060 paTtiisk BB Theuage erdQBO0A i 33k gPbT SHERSE area of

M2/g, OiGhalkah agSopRIticleé sizerin the range of 50-2000 nm and a BET
surface area of in the range of 50-80 m2/g, or 5 h. an average patrticle

size in the range of S0-1000 nm and a BET surface area qf i g.pe range. . .
of 56:80 RGP PAHREFEJE H&ﬁ%‘?@%&féﬂ'ﬁ?&?‘%&%s@r 385 et Acs e
and a BEThsurdage efr88-89 inithecrange of 50-80 m2/g, or j. an average
particle size in the range of 50-2000 nm and a BET surface area of 10 in

the rande of, [0, M2I0.0L £y A URRAE LAITEHR SHEIHIBERWERLe area of

50-1"001 nm and a surface area of ,in the range of 75-150 m2/g, or
1. an avedGe Mt A? i ffe PAnge of 100-600 nm and a BET surface
area of in the range of 75-150 m2/g, or 15 m. an average patrticle size in

the rangg al2QSOp R and & %Fﬂé&f@_@tﬁ@ﬂ@fnm HM EABEE Rirface area of
125-200Q m2/g, or n. AD 2 Eag& particle size in the range of 50-1000 nm

and a BETYEUIACE &r8a of ih éor':amge of 125-200 m2/g, or 0. an average

particle size in the range of 100-600 nm and a BET surface area of 20 in
the range of dRiy@ DB gizenp tienravgsag S perticlensizanih A RETang o area of

100-35anmeq%g %F;’S%&aﬁe/&rga of in the range of 50-80 m2/g, or q.

an average partiCle size in the range of 250-500 nm and a BET surface
area of
k. an average particie size in the range of 50-1000 nm and a BET surface area of

in the range of 75-150 m?/qg, or

I. an average particle size in the range of 100-600 nm and a BET surface area of

in the range of 75-150 m?/g, or

m. an average particle size in the range of 50-2000 nm and a BET surface area of
in the range of 125-200 m%/g, or

n. an average particle size in the range of 50-1000 nm and a BET surface area of

in the range of 125-200 m?%/g, or

o. an average particle size in the range of 100-600 nm and a BET surface area of

in the range of 125-200 m%/g, or

p. an average particle size in the range of 100-350 nm and a BET surface area of

in the range of 50-80 m?%/g, or

q. an average particle size in the range of 250-500 nm and a BET surface area of
in the range of 50-80 m?/g, or

r. an average particle size in the range of 400-600 nm and a BET surface area of
in the range of 50-80 m?%/g, or



10

i5

20

- 25

in the range of 50-80 m2/g, or 25 r. an average particle size in the range
wol A0£096¥2nm and a BET surface area of in the range of 50480rmRIO6H060258
WO 20051099652 PCT/DK20 0 5100 0 2 58 23 s, an average particle
size in the range of 100-350 nm and @aBET surface area of in the range
of 75-150 m2/g, or t. an average patrticle size in the range of 250-500 nm

and a BET surface area of in the range of 75- m2/q, or.5
ave?ag%”p%‘fﬁages??étiﬂetﬁgeré?]&e5?%%%9é6§%%gﬁdma%§%? sur agngrgarce%area of
of in the rasmnoé %S%@ﬁﬂggoﬁr\/. an average particle size in the range

of 100-350 nm and a BET surface area of in the range of 125-200 m2/g,

or W.' agnag\%raa?;e p%FH%']é? s?z%‘?n"’tlhtgga 9% 9&8%991%%%91&5%&@ area of
surFace AR5 PA69n the range of 125-200 m2/g, or x. an average patrticle

size in h&ReHPHOTBILMATalNd a BET surface area of in the range

of 125-200 m2/g. Preparation of a population of zircon/a particles The

pbp.!:{'agg%Qfagb@rggllﬁaéiaﬁ@Wtab@y@maymepamddwwrmeofsﬁmce area of

methods described 15 inthe ollowing. Method A One method for the
preparé'fit.t) “of & opulation of {& above-defined zirconia particles

involves heating of amorphous zirconia within a narrow temperature
range. Thusetbgepresent sinventhenrpnguidesQOMBthon foctheBpfepuragparea of

of a populatio pfZiconiaparielgs s 20 defined hereinabove, said
method comprising the step of heating a sample of amorphous zirconia to

a temperature within the crystal formation temperature and not higher than
the viransitioertgm parttlersizsfiththeireagrofraR a8t BhaldPnibictiffee area of

both cap eeteanirast bysR&CEYa(RD. Heating a sample to a temperature
that is below the crystal formation temperature will lead to a sample with

few or none crystals with no possibig%/ﬂof phase 25 transf%rm%%)rn. ace area of
Heating'd &g B3 & aenBeadtie A Hithatyng 2200 KHigher

than thénattystahfsrfatizi 200l mfAslually turn the sample from the

tetragonal phase to a

Preparation of a population of zirconia particles

The poputations of particles defined above may be prepared by one of the methods described

in the following.

Method A

One method for the preparation of a population of the above-defined zirconia particles
involves heating of amorphous zirconia within a narrow temperature range. Thus, the present
invention provides a method for the preparation of a popuiation of zirconia particles as
defined hereinabove, said method comprising the step of heating a sample of amorphous
zirconia to a temperature within the crystal formation temperature and not higher than the
transition temperature of the zirconia from tetragonal to monoclinic both can determined by
DSC or XRD. Heating a sample to a temperature that is below the crystal formation
temper;zature will lead to a sample with few or none crystals with no possibility of phase
transformation. Heating a sample to a temperature that is much higher (e.g. 200 K higher}
than the crystal formation will gradually turn the sample from the tetragonal phase to a
monoclinic phase. However this may be preferably to have heated to a temperature
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monoclinic phase. However this may be preferably to have heated to a

I e WO 2005/099652 PCT/DK2005/000258 24 so
Wc%@?%%%% BewRbR00258

r than the crystal formation temperature. This ensures that the
zirconia is transformed from the amorphous state into the tetragonal
phase. The heating process can be done in normal air standard pressure,
but preferably in dry air because humidity (water) promotes the
somewhaio(ogliPC Phaigh af izohracrast faifAEAN S5 RREPESPe TS RIEISS BiRkthe
sirconiadEtBRLRINRASPHRT eseSatabrasoniageninfrgon tetrhgtivehitweald also be

used. Since a controlled heating is necessary in order not to create

overshoot depending on the oven a heating ramp of %gtisrlé?e:%gr (!)nnggy air
The heaingRERFRRE SO PR AR EMPYAR A (RE LR SROUTH b Kept at that
becausdénpétayutedumy say 3estho minyainbuePes ehakrese AAITEMS
therefold BRESSAONQ CRHbrRIH R angsey Sdios) simogesintegiomy wfithim gould
also be ;%?%ﬁn%%uédcgﬁ%%ﬁegoﬁe H%hsoﬁé@&ﬂq[]ﬂcgmgm%-c'?éﬁf@@@%hﬂ%@

ouUS zirconia particles’have a BE uréace area o %%gg [g{r)llgg of
dependipEOBHEE G1EY 2HREUET g SUthEUh HIETRGE'S é 13 mZ/g,
temper UG R SAMTAgh Suid bakeotpholes HHopArathE) e Sailsialmipheaouah to
enable HIEORRIGHR oA RIEHEEHE Gy, RieatRitationgyibystasichsiutosin@gnaof the
crystaIst%gﬁ;o%gg%nto%g}%{fB{%Q'Q{L%I\IBHD(EH%LZERQQJ? is 15 preferably digested in

erfqui a constant pH in the range of 6-10, such as in the
range of 8.0-10.0, for a suitably period of time, e.g. in the range of

P referaB0tR4Q otsapsscira@siarptingchenyave f BT 246 arsupss AR/ 250-

550 mfé{‘BF@W%WﬁW&‘ iS5, QYRR SHEFh Uy A3 2IrawIaie’/ 6, 9r ZE0GED SR,
y precipitation with a basic solution at pH 10, e.g. a conc. NH3 solution.

After precipitation, the zirconia is preferably digested under ref_qu?F(%at?
Such arbOaBpiss tieoUaTaddisE esaSTRALR ZHEAB Ot B Y2 il iRe Tange
precipit@bBnldifos '&sﬁ&lgbiaﬁdm he. aangasomi-:m h&afﬁrmﬁmg ,bt]ﬁ).;h@q:n.ia is

referametdhtogs ar the, preparalion, of:aPoRrulAR etile MboyRdaitedrisaenies in the
P pa\{rtlcsfes Involves the step forming a suspengion of a poyyder of & U@%I such as
range qbf&gbPar éﬂVﬁeﬁg‘ﬁb}Yngﬂ?gr ﬁf%ea EFoily a%ﬁ%%%s%ase e.q. aﬁg]a i
in the rhage s{i20aB400KHUsS. NUSFRbNeEr FasanRIPDRUR ZFFRN S RYthFaAFA from 2
zircona%?&@-iﬁf?étgm@aﬁe ;ﬁ’é@pﬂﬂﬁ@m(&h&lﬂélsm aogébn\ghei‘émeemm conc. NHs

. Energy ol the cryst i SHHacRANe(8Y100°C) in the

S°’““°'§t£b’%%§iﬁ'§?ﬁ§ ?Cé%%gg%gﬁgﬁgl_sgjs hus,%@?e?i‘r%% the,f ggw%ggpsbéﬂ%sm%e
motherchigyid R RYHRRIY THEF r‘?{/&mﬂﬁ&r%é?co%&ﬁfgﬁs" ’

range of 8-20 hours.

Method B

Another method for the preparation of a population of the above-defined zirconia particles
involves the step forming a suspension of a powder of small tetragonal crystals of zirconia in
a strong aqueous base e.g. alkali base such as KOH or NaOH under reflux for 24 h. The
crystals are then grown in a strong base suspension (1-5 M) to a size, where the bulk energy
of the crystals becomes comparable to the surface energy stabilising the tetragonal phase,
thus, lowering the activation barrier. The crystals are grown under hydrothermal conditions
e.g. high temperatures in the range of 150-200°C using a closed reactor (an autoclave,
pressure reactor) only with use of waters vapour pressure {because of the heating) creating
pressures up to 20 bars. Under these conditions a resolvation and reprecipitation takes place.
To achieve large enough crystals the zirconia particles must remain in the pressure reactor
for 24 h,



10

15

20

25

e.g. high temperatures in the range of 150-200C using a closed reactor
wiamasiestaye, 30 pressure reactor) only with use of waters vESEIRK2003/600258

pressure (because of the heating) creating pressures up to 20 bars.

Under these conditions a resolvation aRé reprecipitation takes place. To

achieve large enough crystals the zirconia particles must remain in the

ressure reactor_far 0 3(000258 25

Prefer%’r%fg Baeb?f/js eé ss’%gf)se%é?g%\é\ilg B%agt)géggjggﬁgg%g@ﬁ%?eég%h an 2 hours.

Composite materials Generally, the populations of particles defined above

are believed to be particularly useful as filler ingredients in composite
CompasiigdRafe #particular, the zirconia particles of the present 5 invention are

useful for applications where volumetric shrinkage upon curing of the .
GenerSRMBASHSpIMAISHAbNRuHELRIsAise fieundesisaliedar teenpprubibitiyeiseful as
filler ing/l%gr%]&&%gnl%uég%o@@e RiESemidnYepLR AL Vide S REAMPAIGT S N abresent
. comprising one or more filters anlﬁgdln&the girconia EJarFll(‘::Igrsi deg#r}:ﬁg composite
inventiqeyafig) Uit B oRRRILS 9B RETR YANE SRR Tar réatlre O the presen
materiaventioroib ehaisthbenadesiitite waRseOraaiti ¥ the 10 zirconia particles

can be provoked by a trigger mechanism. Thus, in a preferred

embodiment of the composite eri in. o
vore GRS on R eeg%gg?%févé#%n%%ﬁé%%ﬁ?ﬁ?"%ﬁ%‘&?ﬁ“ﬁ‘“t gre o
more. ikeisriaeiRIARe SAERISS BPUIH AFIESH PRI P P T RERRRaL e

material of at least 0.50%, and wherein said composite material, upon

A partROMMEIZALOL Bf SpIdd&iIT DGR HROM PhaseehBiliaRsHRroAmtOBrObS the

_ said zirconia, particles eériljibiéstg toé[lalm\/ec():lflljarp“estric shrinkage (AVtata) of at
zircon |3 pArHCBEER B HRARAS YR P¥r (Reempensated volumetric shrinkage
(AV,,,,) caused by the resin base. More particularly, the volumetric

Thus, FENKEEREANGRHSAINeRsHOBempochcasatielagshe. 66¥ basel tinotal
poiym‘é%gﬁ%naqH%g%%%\ég%@éﬁva{clﬁ“%hgagqﬁoéﬂ@wﬂ%ﬁtlﬁj@ﬂc@ﬁia particles,

point [ess than the uncompensated yolumetric shrinkage. 20.The

causes AABARETAHRIAG Aty Bt NG BPSREE TP TOBLA L TS o o
wherethesaideonposie fesidincRAiRHITRCTFRBRM00 SATE 58] HPRFS a5oPe)t pPhase
transFORTR BysyRightetitparbolenesinblicarasin base)dtripatiitiday3(ba590 of at
least O r2§959|9 Hor Pé{:sgv f%' 0 tﬂ'noé E}%O%Seﬂgm CoflELR-RNGARKIR.(RY 10 @%by the

Welgﬁt ot the olymerizable resin base. %gtlculated tg/.votlfme {h&}*’/ ch as at
resin lasApliSHe PREHEHANMis K HErAD TN BRI Y g=0b I8 i B trie 0 Yor S
least 1.50%, and the total volumetric shrinkage {AVior) Is at least 0.50%-point less, such as

1.00%-point less than the uncompensated volumetric shrinkage.

The composite material typically comprises 5-95%, or 10-50%, by weight of the one or more
fillers (including the zirconia particles) and 5-95%, or 10-90%, by weight of the
polymerizable resin base, in particular 30-95%, or 30-90%, by weight of the one or more
fillers and 5-70%, or 10-70%, by weight of the polymerizable resin base,

Calculated by volume, the composite material typically comprises 20-80% by volume of the
one or more fillers (including zirconia particles) and 20-80% by volume of the polymerizable
resin base, such as 25-80%, or 25-75%, by volume of the one or more fillers and 25-75% by

volume of the polymerizable resin base.

Preferably, the composite material is substantially solvent free and water free. By the term
ssubstantially solvent free and water free” is meant that the composite material comprises
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25 one or more fillers (including zirconla particles) and 20-80% by volume
fthe erizable resin base, such as 25-80%, or 25-750/9&)/1)\‘@5@390258
W(g]zéﬂ-aé'()g%%%} more fillers and 25-75% by volume of the polymerizable
resin base. Preferably, the composite gaaterial is substantially solvent free
and water free. By the term "substantially solvent free and water free" is
meant that the composite material comprises WO 2005/099652

' Jess thaPETYRK 20064006258 20611696 thiasutes, G0k &y kaigthahseloentsansker

water. than 0.5%, by weight of solvents and/or water. Alternatively, the present
invention provides a composite material comprising one or more fillers
(including zirconia particles) and a polymerizable resin base, wherein said
Alternadily o tRRTEe SSTHIBNS BOPRTOYE R A SS MRS o5 EISHRL Fh SHEREH AR SRG 6 OTe
fillers (ioubitingystedite gHvtiseswmeteindaideriziblo sedn bpeh pORIsERidieReAIdNCre
fillers c&ﬂwHﬂ%@@ﬁeéi*lS&ma&%mnﬂrtﬁa&aga@ﬁest &ﬂmﬁh&mum@éfﬁl}?ﬁrem said
., causes a volumetric shri lgﬁé{r 0 Qsite-mater at th
resin bqsé%islt'_p&]sB&Xn%%ﬂ %ﬁ?ﬁéﬁ??ﬁﬁ gom%eggﬁé f;?ﬂt\gﬁa?%ugongggme izatio (ifleast
zirconiagaatf Helemn FREESAYOliT s ROV ni i g?és% i rgredian Ecs
0.50%, exidilsitseaciotsd ivatomesitestvibiialeupon AveTipGraioR A5 s8I0 5y RARe and
upon pﬂ§§t§ %P&%%Hﬁ&ﬁmm M@#ﬁ@l@ﬂﬂ@ﬁ@%@#&ﬁgw}!mmmmge
(Avm,ﬁg@a@ﬁs.'QsPﬁﬁfso}§-'§*o?rRH3£§.@ﬁ},'H%Q“&ne&% LR tf;ume@rwgms_nesget{@@m)

Zirconia particles, are important constituents of the composite

caused pyaAdRSHRFEeare generally described above under "Fillers/Filler

ingredients"”. 15 The one or more fillers comprise at least one filler
g1 g b ) o
) . . \ ( 1 d
importagt SpsH '%Wﬁ?iéhﬁllceorrﬁ%slha {@ﬁ‘aar{t]el%'lﬁark%g]ﬁ?sﬁgglgproperégs, amely the
“Fillers/Fibesrapgrediinisto compensate (by expansion) for volumetric shrinkage

caused by polymerization and curing of the resin base. 20 The zirconia

The oné gl[t}gll%” t%ﬁ’é??@@gﬂ%g%%%ﬁ%@&&ﬁﬁ% R tReidatal Nve s ofth 8UPP&ObF this

more fillers, e.g.. 30-100%, such as 40-100% 0r 50-100%, \Whe
secton} Bl RS B BN WL HE BT SRSk h ap o mean
the filleziocanfaapaniokhe,/fleahavoasriicntr Phgtios orenertise wEgh the drberent
ability tBURRER ARALBYIksaBsic)-BfY dishieirRsRArRAYe, cnmeddpepdigaliyization and

- [0)
curing &%%5 r/g'sin base.

The zirconia particles typically constitute(s) 20-100% of the total weight of the one or more
filiers, e.g. 30-100%, such as 40-100% or 50-100%.

When calculated on the basis of the total weight of the composite material, the zirconia
particles typically constitute(s) 15-90% of the total weight of the composite material, e.g.
25-90%, such as 30-90%, more specifically 60-85%.

Another important constituent of the composite material is the polymerizable resin base
which is described in detail under “Polymerizable resin base”.

The composite material may comprise other constituents as disclosed under “Other

constituents of the composite material”.

The popu!atio-n of zirconia particles is particularly useful in connection with dental filling
material, see, e.g., under *Dental filling materials”. The general use of the population of
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25 Another important constituent of the composite material is the
wiolysmepgable resin base which is described in detail under PCT/DK2005/0006258
"Polymerizable resin base". The composite material may comprise other
constituents as disclosed under "Other2&onstituents of the composite
material”. The population of zirconia particles is particularly useful in
connection with dental fillin aterial, see. e. ndgL. | £
Z‘rcomﬁw%?gr%fg GRS G useeg 0 tﬁergﬁ%cﬁtﬁ%?lgﬁ of \%IQDAJ%OOBSFO 4 Q Hpsie
materipl€T/DK2005/000258 27 zirconia particles in composite materlals is
described above under "Use of the composite materials”. The initiation of

The m:@E}ﬂ{&ﬂQa?'Pﬁé&%ﬂéf@é'E}%H%Hﬁé%rpmﬁ@ﬁe&ﬁétw&eﬁﬁ&ﬁr B%&@héémﬂ%ans of
2Pl B TREL, Ch Se B dea ey B Sy ST AIRG W 1Esin base

&resSiTbasge ean trasound, see

by mea@oﬁﬁtyiﬁr@é%m&twroﬁ maktéﬁiﬁft|€ﬂtfa?f§%irﬂﬁ%ﬂﬁﬂ?“a?fd*&m@'8f fepgformation
and cuBagabegieaasedutrescuotititEXAM®PLES Zirconia Particle

Transformation Test A test composite material is prepared by mixing 65

vol% of the zirconia particles to be tested 10 and 35 vol% of a polymer
Exampigadn system (36% (w/w) BisGMA, 43.35% (w/w) UDMA, 20% (wfw)

TEGDMA. 0.3% (w/w) camphorquinone (CQ), 0.3% (w/w)

N,N-dimethyl-p-amino- benzoic acid ethylester (DABE) and 0.05% (w/w)

rt-but henol (BHT)). The test composite material is
Zirconig, ?gr’{}:'ce% |rqag¥€:}§3/rmgrlcé>lllrga\‘/?|ty having a diameter of 4 mm and a depth of

20 mm at 37C. Ultrasound is applied using an ultrasound scaler EMS
A test Pimpadiiel madditols 408paNd 28. v ixditg; d00AViorh B) dairB@0=spartiTiee Hpteftested

and 33ERRUH &ﬁ%@éﬂ%&ﬁﬁ%‘%@t@rﬁ%ﬁ%%@ﬁ)%&ﬂﬂ%i BQ%QQ@?@:) UDMA 20%

transformation is m asure W|th the der T ev
(/o) TP B AT S DS U L B st B AP R Earmino-
benzoaredaﬁbﬁftémbﬁ‘f@(rfrﬁliﬁﬁlﬁrﬁ) &qm@vi‘)&(zbﬁr(qil@ﬁhvﬁ\(ﬁ“whhmfﬁ %WT))
Vm=1.311 Xm/(1+0. 311Xm) Where Im(111) and Im(11-1) are the line ‘

The telrg(tfin Slt:s thgfrﬁg?eﬁa}g n (1 %Q%ﬁﬁd%mﬂﬂl\@lﬁr@@%?n%q of 4 mm and

e intensit o ak for tetragonal zirconi
a deptb WhBfH gyBs % / ?ed using an%’trasound scgle\/\é%s PIEZON

MAster 400 TM (28.5 kHz; 100 _W/cmz) for 300 sec. The tip of ultrascund _scaler is placed
directly into the mixture.

The phase transformation is measured with the use of powder XRD. The volume fraction of

monadlinic zirconia Vi can be determined from the following relationships:
Xm=(In(111) + In(11-1))/( Ln(111) + L(11-1) + L(111))
Vo=1.311 X,/ (1+0.311Xp)

Where I,(111) and [,(11-1) are the line intensities of the (111) and (11-1) peaks for
monoclinic zirconia and 1{111) is the intensity of the (111) peak for tetragonal zirconia.
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28 Preparation of filler ingredients Example 1 - Tetragonal nano-sized
zirconia A_method of making the tetragonal nano-sized zirco r02) i
WARBBESh the following. A solution of 0.5 M ZrOC12 was %ggé)g% 895%000258

ZrOC1281-120 and pure water. The amprphous zirconia 5

ZrO"(OH)4_2,< was precipitated with 1.5 M NH3 at a constant pH of 10.

The mixture was left with magnetic stirring for 10 days. The precipitate
Preparavias ¢fhétlewasinedeonith pure water and the filter cake was then heated to

120C overnight. The cake was then ground to a fine white powder and

put in an oven with dry atmosphere at 450C. Example 2 - Tetragonal
Examp/BanoRized 7k eay kiédreibeg of making the tetragonal nano-sized

zirconia (Zr02) is described in the following. A solution of 0.5 M ZrOCI2 is

made from ZrOC128H20 and pure water. The amorphous zirconia
A methogof @YADY ' piaepEl R MiZe SRR R dnsestper 3t 818 lpying: A
solutiornakuLFeMZISICwitlas rmedh drioakstirih§ feP B0 daypse Pladepr dbipinmerpheye girconia
z:fox(om@ghﬁalsvmbcw&éua&&h Linsilnmtmmrwa:msww detestadanukiinallyas left

with maﬁet%@? !I'i‘elit]he Cal.lkng fllt?ll’leC: QA@Q{% 9}1 %&P?eg\(%@hes e water and the

e'is'then g oun to a ite powder. To obtain

filter Cahér‘ﬁéfetﬁ‘e‘i’Hﬁa&% AR G0 Y R8I a SR AN IR AHIGR SPGB A ageite

powderangdrelgin250<580 witigllyeitero8p0eB50tM2AF 6f the powder is preferred.
The powder is then heated in an oven with dry atmosphere for 2 h. with a
ramp of 4 h. to the temperature of the crystal formation temperature

Examplé8QGEantyshatoh) efdhbemmershous zirconla powder. The crystal
formation 20 temperature is determined by DSC of the amorphous

zirconia powder. Example 3 - Preparation of yttria stabilized tetragonal

A methpg@fonakiy sieSpiRgembIea FHRAdRPIR At dmdmeabad i aliowing. A
solutioniC0ssiz EdCiic B mia (EriDd) i3rdeSkilibed anditefellvatimgTiesuhatiohonagirconia

Zro,(0 llfi’f4 g%@i&vpﬂmelwm L5 FOmOh: ¥ 203046 311 28 6N 0he £iufe2BhACNith

ater,_Th e solu ion was then a to coolt room.25

(0}
mechartgﬁl'sti nPLﬁ’ Tf]g gvg ut;%hr? as e?]t?jl %Eganﬁséﬁ]\%nopfnu er untifio
chloridejiefs-wWrsedesec e ACNHRI s WO ARG 1Ehe fitRs ﬁ&raﬁaﬁ%ﬂfeﬂ%m
oven 6ERITORLRANd ke iomsan gheirdd/traxioe fdritespdideprécipitzie patcles,

that ca,ﬁ"meql %%%Hsm%&gd%%hn%{%&@q%ﬁm filtzate, ﬁtva@.idl%@%z/g better
evera es e-sus nai 1IN etnanol oy ua Irrin
350- 559%%%#5%@%{55&.% B SRR R e cr

atmospperstandrindfig uamp ef futie Brtietrtaivs eltin el dopradon
temperPi@ReAEOIPOSHE befaip grindingndrpbaisedrpaviaeowds. The crystal formation

temperature is determined by DSC of the amorphous zirconia powder.

Example 3 - Preparation of yttria stabilized tetragonal micro-sized zirconia

A method of making the yttria stabilized tetragonal micro-sized zirconia (Zr0,) is described in
the following. A solution was prepared by dissolving 1.5 % (mol) Y;03 and 98.5 % (mol)
ZrOCIy'8H,0 in hot (90°C) pure water. The solution was then allowed to cool to room
temperature. The solution was then diluted with ethanol and added drop-wise to a 1.5 M NH;
solution. This resulted in the precipitation of the zirconium and yttrium ions in their hydroxide
forms. The precipitate was filtered out of solution using a Buchner funnel. The filtrate was
rinsed several times by re-suspending it in ethanol by manually stirring and subsequently
filtrating. The precipitate was then dried in a mortar by constant grinding using a pestle. Both
the mortar and pestle were preheated to 130°C before grinding. The dried powder was
subsequently calcined at 600°C for 2 hours. The calcined powder was then suspended in pure
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subsequently calcined at 600C for 2 hours. The calcined powder was then
weuspssEzin pure WO 2005/099652 PCT/DK2005/000258 PG WBERRg0258

the beaker containing the suspension was ultrasonicated for 12 hours to

break the agglomerates in the powdeZThe suspension was allowed to

settle for 15 hours for the larger particles to separate out. The

water, ggﬁﬁ n%taqi%v 9?#%?9 Vetgu #J'Q.%%H!?‘Wéi: Wtﬁ&%’ﬂgfm&%rﬁ'ﬂ I'%UQQO break the

ion '[O eres tlng S were dried usin ontlnuoush¥ ea
e

agglomgriakafia ShBRrSn AR SHIRSIS RS gRFe a%fg\ﬂﬁgﬁa%sﬁ kS RS [ e'arge’

pow
particlew/as shpardieated Theasl peoTatan @05 Cfop R @r@si@pwlgm%g% *2516 pH

of the sBQQ:BHhoV\iWChq@ %Iﬁﬂ@ﬂé@lﬂeﬁ@r&aéd Y23 stabiltaed zirgGrised himina
mortarg%s“'k”{g '}}%e\gtf?% L RS %#P‘H%%&%&POMQ [RABeASIRPBEUEated In an oven

Xam e a stabilized tetragonal micro-sized zirconia, 10 A m

to 12005 GafRidhg fﬁ@w:pagg%.Frz%@%@6&8%mrowgfgdszw@oﬁfgiazﬁﬁ%f 13 %
Y203 stelsiipeibeiticmizh@He HewilraArsolertionviteprepa Pl WA dis SOR IR 2951%
emperdARY, Y203 and 98.5 % (mol) ZrOC128H20 in hot (90C) pure water. The
solution is then allowed to cool to room temperature. The solution is then
diluted with ethanol and added drop-wise to a 1.5 M NH3 solution. This

Exampl eﬁultggrm tEﬁﬁp&gglg !95}79 mg%lgqgwcaop’gayttnum ions in their

ydr oxide 15 forms. The precipitate is filtered out of solution using a
Buchner funnel. The filtrate is rinsed several times by re-suspending it in '
A methethanoldxngidruatyestirisitzad descraseql erityofitirgtmircontie (Bréeighraiesasibed in
the follB¥ANSESHIRBATO PR tm;eraowt B igaimmé@mgp%\p L%ﬁ@f@m aoiRr
eated to ore gr us
2100k B SR G EAEn P Haer B e ot o,

tempersterse Téio Aol AS BrABElHtRs ih S5YRBaYSRd BAdSH ﬂsgpaagﬁ‘ame%&rés'? NHs
solutiofh e weareihe sugpentitntisrattthedicoritie fordlBtiwurieerinibdurgedroxide

forms. %Q'ﬁl%ﬁl ﬂa%gﬁﬁmﬁr%'&;ﬁhﬁ %%%Q%@ﬁb'%@urﬁﬁﬁéffmﬂqgﬁmt@%by rinsed
a of the out n to er 0¢s Al Batin
se"eral:Bﬁ't‘ﬁglﬁg @f‘%@%’?gﬁ%fur’rﬂﬁa r‘%%or onan fy fg e 16 gﬁ/e t%b %%Ht?r@% g-
The presonikase. IF Heerisiiap Foas RIS FRASHHRHRAIE8 HTR BRERHLS RBEICEe mortar
and pefifie dete prifiea ey stal Formakcsr ¢aripatadu i fonthe 28 e rystalenigtosn to
suspen@&ﬁl‘?ftﬁg 100 WiehdsAhg QﬂﬁﬁhﬂéQﬁ@rsﬁgéé%ﬁﬂﬁ%Mf@@dmf@ﬂ for 12
203 stgglilzed Z|rcon a. The I’eSLﬂ_‘_F guns"n%rnogggvg lﬁe%l V%%@:;@for ik
hours Q,Ra< A9 ?ﬂbé?g tire. anmpFe 5 ermal Synthesis o
hours wﬂa@dnmmmmgig%tpgﬁmﬁpée cut. The supematant is removed and flocculated by
changing the pH of the solution to 10. The resulting floes are dried using a continuously
heated alumina mortar on a hot plate to give the final dried powder. The amorphous powder
was then heated in an oven to 450°C (the identified crystal formation temperature) for the
crystal to grow to the size of 100 nm, which is the critical size for phase transformation for
1.5% Y,0; stabilized zirconia, The resulting micro-powder is allowed to cool to room

temperature.

Example 5 - Hydrothermal synthesis of tetragonal nano-sized zirconia

A solution of 0.1 M ZrOCl; is made from ZrOChL8H,0 and pure water, The amorphous zirconia
Zr0,(OH)a.2x is precipitated by adding 10 M KOH until a pH ‘of 13.5 is reached. The
suépension is then refluxed for 24 h. thereby creating small tetragonal crystals. The zirconia
particles are filtered on a Nytran 0.2 micrometer and washed with pure water until no
chioride ions could be detected. The particles are then washed with 96% ethanol and dried in
an oven at 60°C overnight. The Filter cake is ground with mortar and pestle into a fine white
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A solution of 0.1 M ZrOC12 is made from ZrOCI28HZO and pure water.
gpous zirconia 30 ZrOX(OH)4.Zx is precipitated b)i,

Th ' <
any ?% 0258
W%Eﬁzf’un% a pH of 13.5 is reached. The suspension is then re uxe@f@?’% >

h. thereby creating small tetragonal cgystals. The zirconla particles are

filtered on a Nytran 0.2 micrometer and washed with pure water until no

chloride ions could be detected. The particles are then washed with 96%
powder. @treafiut aideipiedder o BT BVEYRights YReTiREPEARE (SRDHsaker
and suspilitiednartaneRaesiteotatonn fndaskiten\y/ € 2BO5H08REHR and is heated to

1700¢ e G4 IPKZ0QRM0N258;:3cRANIST TR RSO HEPOMEIRF BRSMM washed with
tetragonal crystal is traéwsferr d ip.a teflon be?lé%g@nd suspended in 5 M

pure watRpycEiRaRRl LOFRY 4 ElaVe and is heated to 170C

g I"Le ove

e If'& seafed atitoe
for 24 h. The suspension is filtered on a Nytran 0.2 micrometer filter and
washed with pure water and ethanol. The powder is dried in an oven at

Exampleg C T RIaMpIEEP-51280 &§RA{Hano-sized zirconia A method of making
the tetragonal nano-sized zirconia (Zr02) is described in the following. A

A methoﬁocgﬁ*‘I fP.‘Z;Qr% %tﬂ&a@g A%%@%H%&QQ&?O%@Q&%QH‘W wateliiolheg. A
~amorphous zirconia ZrOFﬁ'OH %ﬂz'l |58rec pitated v¥|th a conceptk%tesdzimo i
solution Rfk%ﬁﬁl&ﬁf?ﬁ%{sd'f&ﬂ’?sffg 5!5?) g% RS M 7 1eR At hechanical
ZrO.(OH3tiskirpferibRated rth riderresikate A i presalsttine s apisiand RbhE Withe
mixture RUES:WatR muthbRr s hlaride itns wasdetected aifiretly metir@Be was then
washed S a”rEthem%e.f'lIﬁ{ucr?é‘EhléElﬁ%‘?ﬂ%@ HRSYED SRR HahtodRealiR L. The

_ IS't ground to a fine white powder, To obtain %{iclesr, th%ttcan hite
fiiter cakeladhgh Qrf%\‘%frbﬁﬁé’gei?a@%fgrfﬁ'gﬁgﬁhg G RRcE AR e . 9ediagy
powder. M@ kprattor3Ei530ahay vhdesaocwast PhprefaartfoTRREBBURIBF 98 BYElRce
area e.gNO8EEHD AP/Q\RRWITECHYSUMBAPbETR po & durusspnifhresta e glod drauissthen

tothe 1 per Jan. temy AdaGder this
reated B e s%%fﬂégr;gp&n“

temperafpgRSHYE @Y Rt SRR EEES e GBIt * BN ous

ifconia powd
zirconia paaruplerie Pysphfatioriiohdeoniiatine maacitaemn eshiYRS eofHégesin

amorph&?g’sﬁ;&ﬁﬁ%l@@&_ir_l the following. The resin u_sed in this example 20
consisted (all in weight%) of 49% Bis-GMA (bisphenol-A-glycidyl
dimethacrylate), 49% TEGDMA (triethyleneglycol dimethacrylate), 0.2%

Examplé‘oc_% %%&F&g@%g%g%&%eﬁpg\@gl(ethyl 4-dimethylaminobenzoate),

"-Hydroxy-5'-methacryloxyethylphenyl)-
H-benzotriazole.
An example of the resin base is described in the following. The resin used in this example

consisted (all in weight%) of 49% Bis-GMA (bisphenol-A-glycidyl dimethacrylate)}, 49%
TEGDMA (triethyleneglycol dimethacrylate), 0.2% CPQ (camphorquinone), 1% EDMAB (ethyl
4-dimethylaminobenzoate), 0.8% Norbloc 7966 (2-(2’-Hydroxy-5"-methacryloxyethylphenyl}-

H-benzotriazole.

The shrinkage of this resin base with about 80% (weight-%) or 55% (volume%) non-phase
transform.ation filler particles can he measured using a Watts apparatus to 2%, thus giving a
maonomer shrinkage of 5% (volume%). This was compensated with the use of phase
transformation expanding zirconia particles (with a expansion of 4.4 %), giving a minor
expansion of 0.17%. In this example, the composition of both types of filler particles used
were 8‘5% (weight) particles with a mean size of 0.1 pm and 15% (weight) particles with a

mean size of 15 nm.

An example of the surface treatment of a composite dental material Is described in the
following. The filler material is treated with a combination of a resin-compatibilizing surface
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The shrinkage of this resin base with about 80% (weight-%) or S5%
wlyolomm¥synon-phase 25 transformation filler particles can bRGHSF0MS$00258
using a Watts apparatus to 2%, thus giving a monomer shrinkage of 5%
(volume%). This was compensated wi#t the use of phase transformation
expanding zirconia particles (with a expansion of 4.4 %), giving a minor
expansion of 0.17%. i le. ihe comnasition ofhath-tvngs of filler
agent aﬁarﬁglé eunstéaa%ze)r(%(ﬁgeé? \?v%?&t pa?%ﬂg:lias with a méa_n, ize of%ﬁipm d for the
copolymagzeton QERGHRYTAEERRRAIGRUBY P& orPaThRA aam e o
zirconidheginttacgitendmibe evimmonip osite Gehtelitvigreerly i@sieaed TRaREent was
applied BlaudperTRe il efmniepalisitintadvwtith sonambinationafet. The preferred
strengt%%ﬂn'}?%r%nﬁ%@ L%%{L‘Eh%%@?%%i%%ﬁ@?ﬁé% a%gm%ﬁ%é!%%éé.@%
agentand an agent, capable of enhancing strength in the inventive
pentanmzaBiiangs G RA§Rerization of the surface treating groups. The
resin-compatibilizing agent used for the zirconia particles given in the
The fiEXSAUIRS IssMahe MRRlveihyisncglvcobaalaatasdhe agent was applied
by dispersing the zirconia particles in a water solution of the agent. The
preferred 5 strengthening agent is y-methacryloxylpropyltrimethoxysilane
ich was applied.in a penta lution of the-agept. The filler and the
Examp )r(ge%n a%’?ﬁ’i’ggg egﬁé%ﬁé tgen rérﬁégi?/ for use. E)fample 8 - Martensitic
transformation by means of ultrasound In forming a restoration using the
In fornGiBYpesie madensigtba Examngte hatecd gfere Brahwie0lidbthddrface of the
tootn ID1BAIRENBY IRABYIRG zﬂﬂygla%%ﬁ’%ﬂk@gﬁ@ﬁt&ﬁﬁﬁéﬂ&!naﬂd,déé?@@?&% %ientin,
~the dentin, that is decayed,or damaged. A 1€ reoye sdhep forpy
that Is ey GeRtif3 ﬁggg'eéi Rt ﬁ%ef/r%e'sré@%g]rﬁﬁggn%r?g%’ooth. Tie °

maintaprAbstieataraien ardReIpakfiERsRIAGIIMERETS AERAPRRIESTGUFRignents to

rmatch ENaGIter Mhatetaipaitte thatedts mafthiectodlir. Gk e dnoposTieearepisitesmaterial

is thentgﬁﬁ't%l&lﬂ PR e susase eidhadaeiiHe rep/aseanydastinsies ahePhgeitioner

15 satis R A SEs A e o s a5, R ARC BLANSE. L MBS APHLORG 1o o

is satisfish Wik A PRRFAPLR XD 6L 10 a visible | mp_source to cure the resin

visible digttarstivasdereadiedranerasinindhg AR TRENMRY HRERACKIOAiREe Polymer

matrix@WHNNgpibIgiey rgdighidigt titrd stinas sualsraeithvatfrednemnsnof 4R42HgHz is

used c@nt%%ﬁ? RiinKeUshLR hedrepeddaeths beissalaidemerdenthe aatitse a
tooth to achieve a homo engual zphas.e traﬁsf rm%tfjtorll £ f ethg r%i ;Eg%aterial

homo%&ﬁ?@'@s?*ﬁﬁ%rtﬁﬂ%sg%m%t&qtg a‘%t/e?ﬁﬁ?nfopr?aéc@esén Cured. the sér%ce is

has bepolighed. the surface is polished.

Example 9 - Overall procedure

In the following, an overall procedure to be used by a dentist is illustrated,

Step # | Procedure Comments

1 Diagnosing dental caries Visual inspection: Breach of the enamel surface and

discolouring. Mineral loss can be seen with X-ray

2 Drilling away infected Rule: remove ename! until non-infected dentin can be
enamel seen all along cavity perimeter
3 Excavating infected dentin | Rule: sonde does not adhere anywhere in dentin
tissue
< Determining whether If penetration occurs during excavation in step 3, the

pulpa and root canal is pulpa is infected
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Example 9 - Overall procedure In the following, an overall procedure to be

ad Qyafentistis illustrated. Step # Procedure Comments Biagasi)ghoss
ental caries Visual inspection: Breach of the enamel surface and

discolouring. Mineral loss can be seegywith X-ray 2 Drilling away infected
Rule: remove enamel until non-infected dentin can be enamel seen all
along cavity perimeter 3 Excavating infected dentin Rule: sonde does naot

tissue 4 Determining whether If penetration

adlirece=dnywhere in dentin
OGS G EGE X EAYATIoN 1
|

phase transformation

5 Bt Roving enptipRiaad, raoEcanBakis pulpdrs and all
eCIed D 2005/099652 Pl LitHOP(U0GaRa dtedg eifihe f24lRfh)
Elr% roc?t canal Remaoving mechanically all soft tissue-in-pulpa-and-all
6 e Xaiaa0f §iFBERCERRal (3 apical opening minus 1-2 mm) 6 Root canal
disinfectiaization Sterilisation 7 Applying root canal Makes the filling
7 ; ‘ﬂ%‘fn’!ﬁﬁa B GREranal Siqes ke IR FRAROa kR TNBgdSotaadl sides
qutta-percha 9 Preparation|for retention Drilling conical canal matching
St stick_sticks 10 Applying cement for retention stick 11.Inserting
fltRebtr cemaliBiMdust leave SPMEERIY 19YRP &R posite material_stick 12
DetepavRiRg Fasatontieavity OdiGa\ioyipabpanatiorafRbieg Stasimelldick
r:os%scilpsle, but with shapes ayoiding to weaken the tooth's intrinsic
properties
10 Applying cement for
retention stick
11 Inserting fitted retention Must leave space for layer of composite material
stick
12 Determining class of
cavity
13 Cavity preparation Rule: as small as possible, but with shapes avoiding to
weaken the tooth’s intrinsic properties
14 Choice of colour for . As tooth-like as possible in colour and opacity
composite material
15 Choice and adjustment of | In order to restore the normal shape
dental matrice
16 Etching of enamel and Mechanical bonding in enamel prisms and dentin
dentin tubuli. May not be needed in case of no composite
material shrinkage
17 Apply composite materiai Could be in more than one layer — meaning steps 17-
19 have to be repeated until sufficient volume of the
filling has been reached
i8 Initiating UV-Curing o While starting step 19
polymerise composite '
material
19 - Initiating Ultrasound The major shrinkage happens during the setting of the

filling material in the first 3-4 min. In the next th the
filling shrinks about 1%. So ultrasound should
typically be used for about 60 sec.

The power of the ultrasound should be high enough to
trigger the transformation and low enough to not
damage living tissue, The triggering frequency is given
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14 Choice of colour for As tooth-like as possible in colour and opacity
woompasissiaterial 15 Choice and adjustment of in order to restoxties/ 000258

normal shape dental matrice 16 Etching of enamel and Mechanical

bonding In enamel prisms and dentin &&ntin tubuli. May not be needed in

case of no composite material shrinkage 17 Apply composite material

Could.he inmara.than.onae laver —maanina-ctanc.dZ...1.9 hava ta bha
OO oG T 1T Irioroe™irTeaTorre T T

]\.l T ||||3 o\.ur.lq = = | L TITAVC U UT
) o as  KHZ,.
repeated until sufficient voluie ozfsff%e illing has been_ re

20 InitidgMeVinY SouAKG 85 While|starting step 19 polymerise composite
materftalodi@ kitiading Ultrasound The major shrinkage happens during the

51 SEIRRh e SRS o e e A s T Be
thé next 1 Ftlh_e filling shrinks about 1%. So Itrasqund should IXQ%C%'%Q% ccur
used35F3bBIT B0 sec. The poRIsHSE Fﬁ?e“hﬁ'r‘a%%f SRYAESHPrighP ©

enough to trigger the transfqris&ierPaiidv enough to not damage

living tissue. The triggering frequency is given WO 2005/099652
PCT/DK2005/000258 33 as 28.5 kHz 20 Removing surplus of composite
material 21 Polishing composite If the composite material contracts, this

Exampr@ 2Py matEhR Bling Restaanes Aﬂf%@ﬁg@)ﬁmmmﬁ%mge%m@sion

occur before polishing Example 10 - Ultrasonic curing of a dental filling
material at room temperature A dental filling material consisting of 9.980 g
A dentbigiBigl A aied0 . 0FBSFIIRGDMIS B DA aTHE - ATateridiGRMb istiiapase d. The

materil@ TOMRERIGH LN ¥AGIEMIhEYRDFRIHAE ahssshad HirmeRPbeerin monomer
solution. A small portion (3 g) of the solution is taken into a small glass vial with 63 m g
benzoylperoxide. An ultrasonic horn with a power of 100 W/cm? is used for 60 seconds to

cure the mixture.

Example 11 - Ultrasonic curing of a dental filling material in a cavity

A dental filling material consisting of 4.101 g bis-GMA and 0.661 g TEGDMA is prepared, and
71 mg benzoylperoxide and 8.060 ¢ silica (surface coated with 3-methacryloxypropyltri-
methoxysilane) are added, The material (a solution) is left overnight in vacuum to eva porate
alr absorbed in the monomer solution. A part of the material is placed in a small cylind rical
hole drilled in an extracted tooth. The hole has a diameter of 2.5 mm and a depth of 5 mm
and is intended to simulate a cavity. An uitrasonic scaler with a power of 100 W/cm? is used
for 60 seconds to cure the mixture. The curing with the scaler is done by moving the tip of
the ultrasonic scaler on the surface of the undamaged tooth.

Example 12 - Ultrasonic curing whife phase transforming zirconia particles in a dental

material in cavity.

A dental filling material consisting of 4.101 g bis-GMA and 0.661 g TEGDMA is prepared, and
71 mg benzoylperoxide and 18.010 g zirconia particles (surface coated with mono{poly/-
ethyleneglycol)maleate) are added. The zirconia particles (as described in Example 1 Lindergo
transformation by application of energy from an ultrasonic scaler. The material (solution) was
left overnight in vacuum to evaporate air absorbed in the monomer solution. A part of the
material is placed in 2 small cylindrical hole drilled in an extracted tooth as in Example 11. An
ultrasonic scaler with a power of 100 W/em? is used for 60 seconds to cure the mixture. The




5 solution. A small portion (3 g) of the solution is taken into a small glass
é’é’}éﬁgﬁé’tm g benzoylperoxide. An ultrasonic horn with a gewer 0§ 190:.,<e
cmZ is used for 60 seconds to cure the mixture. Example 11 -
Ultrasonic curing of a dental filling matgrial in a cavity A dental filling
material consisting of 4.101 g bis-GMA and 0.661 g TEGDMA is prepared,
and 10 71 mg benzoylperoxide and 8.060 g silica (surface coated with
curing VBtmUth aer0 IS/ BrOpyINSEtEdRE IR AEI S M BIRROD ITHARH QR il gyrface of the
undam&RlgtiesthisAethovamightinpracdtrarsera porate thix zihsoibeditidhe is initiated
by the lﬂ%%%ﬁ}ﬁ{ SOMUHAR A PRt IhR MRtRHAIR-RIas§HAea small cylindrical
ole drilled in an extracted tooth. The hole has a diameter of 2.5 mm and
a depth of 5 mm and is intended to simulate a cavity. An ultrasonic scaler
with a power of 100 W/cmZ is used 15 for 60 seconds to cure the mixture.
The curing with the scaler is done by moving the tip of the ultrasonic
scaler on the surface of the undamaged tooth. Example 12 - Ultrasonic
curing while phase transforming zirconia particles in a dental material in
cavity. A dental filling material consisting of 4.101 g bis-GMA and 0.661 g
TEGDMA is prepared, and 20 71 mg benzoylperoxide and 18.010 g
zirconia particles (surface coated with mono(poly- ethyleneglycoi)maleate)
are added. The zirconia partides (as described in Example 1 undergo
transformation by application of energy from an ultrasonic scaler. The
material (solution) was left overnight in vacuum to evaporate air absorbed
In the monomer solution. A part of the material is placed in a small
cylindrical hole drilled In an extracted tooth as in Example 11. An 25
ultrasonic scaler with a power of 100 W/cm2 is used for 60 seconds to
cure the mixture. The WO 20051099652 PCT/DK2005/000258 34 curing
with the scaler is done by moving the tip of the ultrasonic scaler on the
surface of the undamaged tooth. At the same time phase transformation
of the zirconia patrticles is initiated by the ultrasound and thus a volume
stable dental filling is made. 35 CLAIMS 1. A composite material
comprising one or more fillers and a polymerizable resin base, wherein
said one or more fillers comprise at least one filler ingredient, said filler
ingredient(s) being present in a metastable first phase and being able to
undergo a martensitic



10

15

20

25

5 transformation to a stable second phase, the volume ratio between said
stable second phase and said metastable first phase of said filler
ingredient(s) being at least 1.005. 2. The composite material according to
claim 1, wherein said resin base, upon poéymerization and in the absence
of any compensating effect from the one or more filler ingredients, causes
a volumetric shrinkage (AVres;n) of the composite material of at least
0.50%, and wherein said 10 composite material, upon polymerization of
CLA¥Zid resin base and upon phase transformation of said filler ingredient(s),
exhibits a total volumetric shrinkage ((c)Vtotej) of at least 0.25%-point

1. A 18sSHthae mﬁwqms@ﬁ&e&w msﬁ%@@%g MVA%M&Q%Q BYe,

whe the resin base. 3 ﬂ? composite material accordin to any one o

"Bregading’c 5|nrﬁ%recorﬁ'§r%? IS hy Right B'I‘gfﬁg %We HihidRs ingredient(s)
beingipe?serdrid A 5 878995 By e RjIRsefathe hrignbtiz bl desin basetdnsTie
transtompositecaateiiad aecordisigte, any onamé M@@@@ms@laiﬁwmﬂlb&%d phase

and SAMAUSES. 8% than A% i) ﬁf@eﬁthg%%e%@fy%gy@ég% nés In(f?yﬂposne

material according to claim 2, wherein said filler ingredi

metastable zirconia in the tetragonal or cubic crystalline phase. 20 6. The
2. Theoippesiicermaialial aceordhagecdliainis 6heminprisingsi 8088 bynvpeigit:rization
and iafticsonened MRS fﬂdﬁﬁﬁeﬁéﬂia@@%’&bﬁwm &fdhe %Mﬂﬂ@?ﬁ@@d%%@, causes
a volgﬁn%‘?nczs%r%@age-mﬁgm(%ﬁ sr ‘c%l %%%/)v !nog ?P n¥t n?OQ; tag wherem said

claims 5-6, which comp I’ISGS SO ven sandwa

COMBRRES, @ﬂﬁ%@ t@?ﬁa@?i&r&w&m@ftaaé%peawebéﬁwﬁﬁé&hm@%ﬂamﬁfmam of
said (ilsichsesignienl Siliinrrateriah BueetHe dheirted 5ilidy matefiat sesomlrsg:-point

less tou6laian Boyvheseiathe iienhngregienttnoftte, SRMRAFIE, MASLR base.
include(s) zirconla (ZrOz) In metastable tetragonal or cubic crystalline

phase. 10. Tfee dental filling material according to claim 9, consisting of.
3. T“&cf%@%%%? REGHELRERYHAB Br HHRNAIRG & SAEFERINSaRE Bife GHRDRNG:

feelers comprise at 10 least one filler ingredient, said filler Ingredient(s)

30-obReludels)retasiablezireania indhe Jdefragonal or cubic crystalline phase;

5-70% by weight of the polymerizable resin base,

4. The composite material according to any one of the preceding claims, which comprises less
than 4% (w/w) of solvents and/or water,

5. The composite material according to claim 2, wherein salid filler ingredient(s) include
metastabie zirconia in the tetragonal or cubic crystalline phase.

6. The composite material according to claims 5, comprising:

30-95% by weight of the one or more filiers; and
5-70% by weight of the polymerizable resin base.



10

15-60% by weight of the a polymerizable resin base, said resin base being
based on one or more egret d selected from the group consisting of m
crylic acid CKA), methylmethacrylate (PRIMA),
2-hydroxyethyl-methacrylate CHEMA), trie ene | 15 dirnethacryiate DMA),
blsphenol-A-glycidyl dimeth late, (MG MA), bisphenol-A-pmpyl
dimethacrylate (Blsl A), urethane-di§ethacrylate (IJEDMA), and HEMA
condensed with butan carboxylic add CTCB); 0-5% by weight ofadditives,
and 0-4% by weight of solvents and/or water. 20 11. A method of
controlling the volumetric shrinkage of a composite material upon curing,
comprising the step of: (a) providing a composite material comprising one
or more fillers and a poly 'zab le resin base, wherein said one or more
fillers comprise at least one filler ingredient, said filler ingredient(s) being
present in a metastable first phase and being able to undergo a 25
7. Thertpmperitdnaiessb asralidna P Bple sbion dﬁgmﬁs%"ﬁh@%%ﬁﬁ@m%s tess than
4% {veleesisaits iableatsecond phase and said metastable first phase of
said filler Ingredient(s) being at least 1.005; (b) allowing the resin base to
ol merzea d lgr lent(s).
ep 8%5#&0 FaRaT or'ar%caotlon r%r%@& gré% %e Astab Qgp%%%%)% e%% lsseaegﬁﬁm
ﬁmﬁgﬁfﬁﬁ@mphase AMENDED SHEET 37 U. The method according to claim
11, wherein the ma sitic transformation of the filler ingredient(s) is
mmmﬁymmaammga%@ﬁﬂﬂ 3 Wﬂ%’ﬁﬁeﬁﬁe@%dﬁﬁﬂm@hﬁm
mmp@@&@&ﬂﬁﬁaﬂéﬁ%{wmmtt‘B'MI messaiteiotdescasinbatsdsrystaliing
asa|n|t|ated by application of ultrasound. 5 14 The method according to any
one of the claims 11-13, wherein the composite material is as defined in
anyone of the claims 1-10. 15. A com 05|te materlal 1s*defined in any one
10. Tog featel fHRaMRYRR SSEPTPRRGRE™ SToapsFth atry. 16. A method
for the preparation of a population of , nIa partlcles having an average to
40-8REBICR-SEIE bF the targe obEORBER) mam =B E@s:mfawiﬂmsmm at
least %@Q&@t&@&%@dﬁ&ﬁ erbeingpia Reiasiaine i
tetradindi R BGLRDO QA Mnsformaﬂon toa stable second Phase said
15-66@?@9%%%&%&'&%&»,:;1@%% resin base, sakd resin base being based on one or
more compound selected from the group consisting of methacrylic acid (MA),
methyimethacrylate (MMA), 2-hydroxyethyl-methacrylete (HEMA], triethyleneglycol
dimethscrylate (VEGDMA}, bisphenol-A-glycidy] dimethacrylate (BisGMAJ, blsshenol-A-propyl
dimethacrylate (BisPMA), urcthane-dimethacrylate (UEDMA), and HEMA condensed with
butsnetetracarboxylic acid (TCB}; ‘
0-5% by weight of additives; and
G-4%, by weight of solvents andfor water.

11. A method of controfiing the volumetric shrinkage of & compesite material upon 'curéng,
comprising the step of: : )

{a) providing a compusite materiat comprising one or more fillers and 2 polymerizable resin
base, wherein said one or more fillers comprise st least one filler ingredient, sald flller
ingredient(s) being present in a metastable Arst phase and being able to undergo a
martensitic ransformation o 2 stable second phase, the volume ratio between said stable
second phase and said metastable first phase of said filler ingredient{s) being at least 1.005;

{b} sliowing the resin base to polymerize and cure, and sllowing the filler ingredient(s) to

undergo a martensitic transformation from said first metastable phase to said second stable
phass,

Ai\f NDED SHEET
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is

forming a suspension of a powder of small tetragonal crystals of zirconla
in a strong aqueous base, and heating the suspension to a temperature
in the range of 150-2000C. 15 17. The method according to claim 16,

wherein the suspension is heated fora period of not less.than 2 hours.
RPC AMENDED SHEET

37

12. ‘The mathod according to calm 13, wherain the martensitic transformation of the filter
ingredient({s) is initlated by application of uitrasound.

13. The method according to eny one of the clalms 11-12, whereln the polymerization of the
resin base 15 inftiated by application of uitrasound,

14. The method according to sny one of the dalms 13~13, whereln the composite material is
as dfeﬁneﬁ i any one of the dalms 1-10.

15, A composite materlal as dafined In any one of the claims 1-10 For use in medicine, i
mrﬁ&‘s‘éar in dentsty. : : :

15. method for the preparation of 2 mpuiaﬁmn of zirconia particies having an average
pagﬁtfe stze in the renge of 50-2000 nm and @ BET surface area of in the range of 10-250

mifg, seid partides belng presentin a metastable first phase and being able to underge: a
markensitic ransformation to & stable second phase, sald method comprising the step -
forming & suspension of a powder of small tetragonal crystals of zirconia in @ strong aguenus
base, and heating the suspansion & & temperature in the range of 150-200°C,

]

17. The method according to claim 18, whereln the suspeansion Is heatsd for a period of not

iess_than 2 howrs.
toe

AMENDED SHEET



