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WO 2005/ 099652 PCT/ DK2005/ 000258 1 A COWPCSI TE
MATERI AL, | N PARTI CULAR A DENTAL FILLI NG MATERI AL,
wWomBASGEE C CURI NG OF DENTAL FI LLI NG MATERI ALB;T/BKRD04/000258
POPULATI ON OF ZI RCONI A PARTI CLES FI ELD OF THE
I NVENTI ON The present inventiion relates to a conposite
material exhibiting a low or even negligible 5
vol unetric shrinkage upon curing, or even a snall
A COMPOSBEMMADIRIAL. 1. PARTIGIY-AR. A DENTALFIPHNE] MATERIAL, bRl PNEC
CURINA'®E BENBAISFILOING@ATERIRLDfANGERPBPULATION 0 2TREONIAPARTITIES
present invention also relates to a nmethod of
cont rolling volumetric shrinkage of a conposite

er| aI {)on curing, and to a nethod of
FIELD quE'lnté\'t NEtG™hg a tooth. The present invention also
relates to ultrasonic curing of dental filling
rese r S .
The prer)ent(H\)e{\Ll%nnrelh:gsz Ipo g%orﬂ%)osmi:gr?aﬂgll {?%)éllﬁ g@hggdow %k e% %@ g%le

volumeﬁmébankagg upae UG, @6 BVED i)afr"ﬁi' gxragsion @\@K@R&N@"/‘()F"'FPE“CU'E"'
compositBMRNALN N the 8RRLERdentaMitifg H@tyﬁw |T5é‘tb|"e%eﬁteiﬁi/éht|bﬁlsﬁ§o relates

rs tures) .are
ro 2 melfi bR R o SRUMTRgE ok S BeT AT Gare RSP, gy and to
method"dRirenyn Spetinn @ tothl Yinee piezerttiioventipn hIsExqj@mg fpultiagenic curmg of
dental f\(ﬁHng?cerlQM W pricddBr dhveBadd RYchet re"l’étes Cﬁc%ﬁ@@ﬁ'o@m re&nia
, pages 38-59 (19 e critical

parmm%ﬁ?‘? H‘I@H{f;’é’sé‘?fo?ﬁ?%arﬁ‘lgtséFh F'ﬁcé’”ée‘?ar ‘?Snt in cross- |inked

materials, or when the nononer-polyner mxture

appr oaches the glass transition point in |linear

BACKGROG(pOPTastingERBIOfy | al s. This publication al so notes
that it is desirable for many applications in polyner
technol ogy that polynerization should be acconpani ed

In genebyl, wiar padgnerizhle nekiapesesr (eay emnoyesx@angicomr ExansEEare

polymeﬂieedf"lgma&@SEc%rg‘Qé‘rlt tze%rlﬁeﬁ IBBfn i, . gqo'ﬂﬁéb @rl%%

. strain-free co I"i esl n g
Polymegjfables WoapPABECN i Pe ot 1o %f ol #Gs; smposium 59, No.
4, pagek IBp¥33SEQODY), Medse bi thk sricica sBitinkage ueaks a‘d&hretbe gelsoinkénacross-

linked r&g}%}n%}rﬁ ac?%vl{gﬂttﬁe Tl @bmef- pQIQmeSJ ﬁﬁ)lthl%%gﬁoa@ﬂ@ hefdsOB-defRition

eaction-in-no wever, even
point indingaimtdiPBRORIRE)IC eaterkals. Al R ?ﬁt§0@ﬁ°d&°ge§§hﬁ%'t i dgsirable for

many appIREti&isan p@@fﬁ‘telr lﬁ@i"mnolbg\@fhat §b|§/ﬁl@gidﬂ|oa§h@ﬁd ¥e@iccompa nied by near
e- st resse | ast.i CS

|
zero ShPP%gFé’ﬁg}’ anS| S ?9f5° (rﬁlge%tsg/\frh%igenﬁ&% T er% S%Bek?g? is
desirabls] aiet stmlm—ufnee |Cﬁ@190%\t‘reé, M@wreéms'-t high pbﬁm@qaﬁnés,@ﬂnders for solid

propellmi YBFdsgigh infleriis £|ﬁ§étﬂ1cﬁﬁ§|&e§jhta§]¢ésﬁ dél@%hnﬁ%ﬁérfﬁét? rl{(éﬂs find
e 0 .S i nkage when e
part'cmﬁf ﬁF%IO&éH@ i &F?ﬁt'ﬂﬁ H%O(@'P‘-?) tfed]ng °g¥1 ygmsrl sed. This

means that a small mcro-crack is opened between the

Howevér Q\Felﬂ nglgsdcgf‘hl%a{/ 'b!e ldleglgibl %uﬂ‘\é Fs can gC?*é\%@loﬁ %Q&WQ@J Yngh

I'scol oration o astiC
St"engtMaé'PQ‘ﬂV@Fra‘?fﬁsStr&P%Fé’ mﬁ%'ésftreckacra@@%waﬁr@ﬁ BpsioRgTic SSalants and
dental fix¢gaani cal properties of the conposite

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 between the

bone cement and implant cement. This can also give rise to degradation of the nnechanical
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material. In the field of bone cement the shrinkage
creates porous structures between the bone cenment and
wo ppbarteszenent. This can al so give rise to dePCHUKRI06/000258
of the mechani cal WD 2005/ 099652 PCT/ DK2005/ 000258 2
properties and failure of inptants. In the field of
i npression materials, shrinkage can cause dinension
probl enms whi ch can lead to msfit. Thus, it would
propertieb end Fajiutseofiiswianits.tlo the fiEldo8 impresson matasisisasrinkaae can cause
dimensioR pkdbiGUNEiehash 1ddaaoshigiitnkage normal |y occurring
upon curing of polymerizable resin bases, and which
generally may be 5 used in polynerlzatlon processes
Thus, it(wauld clesnty treegsafilod ediilifeofillgpmaateii@skha goyd sesntemct thersheihkage
normall? l(5E&J)rrmg E3InCAMR &%]Méﬂﬁ§ﬂ@$@gn Whdelsi Sy @ﬁlcﬁggﬁérgl@rmay be

dient in conposite materials, e.(g
used in pRVEIETIEAHEN PPPRRSSA 6o ARt ERITEFeq Ry PrCHE ﬁl"fpﬁé?spté’l thermal cure).
crystal l i ne phases: the tetragonal phase, the cubic

Z|rcon|a€)laass\/§f1$nge tdhl_??l Yﬁﬁ%{f“?é@g I?jgesngén fos p%ﬂ%grhat%r?ai%m gﬁgﬁntal
materiay. ZircavBeay, em@tslpéhneﬁ\péunylpall@ysselmmwse? thpetraggRRmhese, the

cubic pﬁ@%@ ak4 @I%.eﬂ%nbEIMWHa@@ THeOHeEiRS vallme! (aeadity 5 6f thkitiiae thRases is
g% nti one rlnkage probl ens, in particular
0.16, OﬂﬁQ” i nﬁ@ 5#@5? *known from dental conposite
materials. Miin aspects of the invention relate to
conposite materials, and in particular dental filling
sUMMARRtoFrTiHE BIVERSICEN her mai n aspects of the invention
relate to a nethod of controlling the volunetric
shri nkage of a conposite material upon curing, and a
The pregetthontén prevddestanugedany selutiontdthe agBpye-mentiprageghrinkage
problem?bS Fheﬁérﬁct.nﬁl tﬁE%ht‘lﬁkgdéjorGBl@P@%nBﬁn rRheidhl dRiposiedmaterials.
herei n use in nedicine, in particular in
dentlstry, and the use of a filler ingredient for the
Main aspe@paf thkiiornaion aeletnmposintpesiteratagsriagd, ahdin particular dental filling
feconstructing a tooth in a manmal. 20 Still further
aspects relate to popul ations of zirconia particles
and nmethods for the preparation thereof. BRIEF
Other n%&@%e&yo@h%v%hﬁorﬂ%% NS rfrdtfid Bf dontrollilg @t @emediie

nstructl on p

shrinka G ORS00 GD06a0" B BT 06988 SptRe S 165t
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As nenti oned

Still fura‘rkgp\égpecfsh@lapé BS B co'nﬂ%@i@é hpca'@enél d@ﬁnedﬁ{e%fh ‘#(?rsijs@ WQ\‘é@icme, in
nposi te material useful for aP%rl cati ons where

particu g\ HRBUF T 28K 1R k&g e’ & fber ieenerisgt oF thhereRaREPD 4] @ Fymposite
materiall at@sdonhafplicin@r a tooth in a mammal.

materla

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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even prohibitive. 5 More particularly, the present
i nvention provides a conposite material conprising one
w@eoosoess2 fil |l ers and a pol yneri zabl e resi n baB&[/DK2005/000258

wherein said one or nore fillers conprise at |east
one filler ingredient, said f3iller ingredient(s) being
present in a netastable first phase and being able to
undergo a martensitic transformation to a stable

DETAILER PERERIBREDCOF THE INGENTAEN rati o bet ween sai d stable
second phase and said net ast able first phase of said

s g0 DS S8l 15418 e S5k P s o
for applichigonsavheen goltmetricrshnskagenatanonirio§ of the Mmiptdrigh is undesirable or
even prbfGEiedi ent (s) can be provoked by a trigger nmechanism
see further below). It is well known that many
pol ynmeric resin bases (see al so bel ow) exhibit
More pavidulHIBt EHeCpre S invisagen prpditles @rdompotitemacdrial ddruprisiray one or
reie r_f r f e Y
more flI%?seanencéa peﬁ%&o&% I%Si?l baggs/\égérgﬁtﬁi%b% gpﬁﬂr}%nﬁ”&?‘s {:J}ﬁpr?sé at least
one ﬂllee||rigﬁ¢c|mtesa.1ch@“e\m1\qm@emti( bsting prieagiY it aUgei@stablp ftrﬁrephase and

being alﬂ@"ccy Uﬁdérécﬁ@'n%rfeﬂgnhe t@ﬁ&@rm@ﬂ‘orﬁt@st@ﬁw’ﬂeeérfhtﬁﬁhdsb} the volume
I C .SNr a e to such a at
ratio be el SoHIR PTG L0 TRt Ol P HEET on

ingredienp@hbeiog engasif1.80¢ke pol yneric resin base. Thus, in a
preferred enbodi nent of the conposite material, the
resin base, upon 20 polynerization and in the absenc .
A particgfar re@ﬁﬁms%qnﬁgwéwws thAORETRR T EICFaR BAFPT paihe filer
ingrediejnﬁ(gy esH enpdyolcalusestriygeomearimisre (sdu furthageeloVr esl n)
of the conposite material of at least 0.50% and
wherein said conposite material, upon polymnerization
It is welbkneywi that @iy Polgerianesin basss (Beraleo Pelaws LuhikPlymestc

shrmkaé@hﬁ’onf durih§thdrB&H eRIE Bt;fa&)cvuléM’Béth'é &f tgggpﬁ&sﬁnt Wk E itige
oresenci i REParrcip ki A LirSbe BB e IR B ape swees

by the mdywrs@itablg redie bases ionepas@unidyeg: thisrvolunagtae [shrinkalge to such an

extent that HpSsnFthll?ubtrék@g&h(bqgrae%tr\)oldmc'etﬁt: ek@@ston dboRQUping of the
such as at least 1.50% and the total volunetric

polymedfrasihage: ( Avt ot ai) is at least 0.50% point |ess,
such as 1.00% point |ess than the unconpensated

Thus, mvglelue ?rred emg'ngrl"lghachhe chr\l\ c%t{é%étgﬁ!aly 1:hﬁt lté‘émprfagger};on

I Oon provi des npri'sing one
polymegizatignraad irf thel aéonsgncam aav mpwﬂza@ﬁectrfm ﬁh%a@%or more filler

mgredné’M’c‘@ rcﬁhfbs%a}o% rRétBc Ok nrﬂ@@@ (&VJ J,n? BﬁthQQﬂ'ﬁfplogxee alatdrefst atQssst
er

0.50% g AT Ty HR RGP R P o NPA” PRV Gl SgoRaPsippase and
upon phasblt@neﬁoyaatainl df seiddilasogreghientés) nexdubics a égalnmbef@@“c alpbrkage
(Avtota.)ﬂﬁ ay IE%EH @Qﬁ%%mgssl tHal iR GRSEHeRsREd vaIMh B RRIMRAGL (zg/,es.n)
fromthe one or nore filler Har edi e uts1 ‘
caused By 53 (AR e SR APFHAEN A B e TN A = o o5
1.00%,rsatiess at leadt 12%50% earst the t&BPyolametrivhariakages G0 dnpois agted. 50%-

point le¥Ps%99§é 9%8@ BOIEQIé%Q% gg%égénséted volumetric shrinkage.

Alternatively, the present invention provides 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) 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 (AV,.qn) Of the composite material of at least 0.50%, and wherein said composite
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mat eri al, upon polynerization of said resin base and
upon phase transformation of said filler
wo pgseghieent (s), exhibits a total volunetric shPCTREQ®5/000258

(Avtotal ) of at |east 0.25%point |less than the

unconpensat ed vol unetric shris«kage (Ovresin) caused by

the resin base. The conposite material typically

conprises 5-95% or 10-90% by weight of the one or
materiakrgpen Py frierization efrfaidsresigoyase pnd OP@DLYasp rasfAtatig of frid filler
mgredleﬁRE)V @ﬁflb?t@@' t@tdl Q/SIumelﬂﬁ’@Q\rmlkélgﬁ@I\lwkag Lo féi[ led8t 025%-poift less than

ne, qr re fil

af th | er
the unccgn%@/atqesr % shB(}k%ge(éﬁFsm ]causgg by th g/er%? I%%%DI e
resin base. Calculated by vol une, the conp05|te

The con%gl?er I'nQ{eIIIzM Q?&@éllly%oﬁﬁﬁ?éé §—§§%2Qr 88%nby, b\{/C\NH@ﬁt Qif thefAe or more

ers 3598y P BV G WAL he RO SR 58y Logy g particuiar 30-
95%, or250-F&%H bhywaightofiee ofie dth@omileesy amb$-@0%d, Idretr(s 7@%h¢ by weight of
- une of the polynerizable resin base.
thepdéﬁ%%%ﬂ%ﬁ%& KBaps € conposite material is substantially
sol vent free and water free. By the term

Calculate§ Bpﬂul@fﬂé Qhe)éon&@bél@%atfeﬁ@lecyalﬁﬁIy\/@hﬂfrlséé’ 26-80% bISYB/aI’i.l]ﬂe of the
€SS

one or rggrgﬁﬂlg@ cggﬁ’%ﬁé%&i“g},ﬁ% ']?rﬂgrﬁz gleg@s rbbasleaguﬁ?]i 5-80%,
or 25-75%| trewdle nandi the ong Br waatreflllerFlahd @bh7175% bevo Iergq! eij'iherrtolwnﬁﬁ“zable
,esmlxgéeM/of the above, it is apparent that the one or nore
fillers, and in particular the one or nore filler
|ngred|ents are inportant constituents of the
Preferabl@rfﬁé)sdrf’nﬁoﬁitﬁ_, latetlal isFsubbtenisaligrselveneteemid yatiefekd. By the term
“substal(%t nlnggl §Bfr§'}e %nd g\%}:é{‘@erel” ‘I:S Mggr?t hg.J the ch 59‘% F‘fa‘i’eri comprises

e nmechani cal propert es Ol Ssuc
less than&ﬂé’m Ml a%legs tf@brla%%cﬂﬁ lessghat Adde, byopright 9f sakngypnd/or

water. radi opacity, hardness, conpressive strength,
conpr essi ve nodul us, f1 exur al strength, flexura
nDdqus etc. The term"filler"” is to be understood in
nornal sense, and fillers conventionally used in
H”WVH%%Wﬂﬁ@W?Q materials in conbination with polynmer are
al so useful in the present context. The 25

In wew%P % a{ 9 §2R| % [%pe%‘cfeﬂ tﬁgtst?le(oﬁg%nuousﬁﬁerﬁbﬁcpmv\%ea&lg'ethe one or

con rein
more ﬂlfer Ilﬂ9e¢dl¢rstsd?eeple“rp§efént Fanstigieptsqf e %F?Pﬁ!tésmé‘fe“ﬁl llers
are barlun1sulfate (BaSO™4), cal cium carbonate (CaC3),

nes roxi de S 2 It
Fillrs o6 (g aaty 110 < TPET ot pre e Fat il ppolbisp e
desirablean¢chmiaal h@Re3)es obsumhphatesals, ¢. gcasraswri rassstainge; @nacity, colour,
radlopaaw hGRRELE aan%re&‘We' é’él@n@%ﬂ dEmBlski %Qoduﬁ@r kB 0ral strength, flexural

%ne3|un1a um nosi |l i cate glass, barium
modulugy 4% nobor osi | i cate gl ass (BAG), WD 2005/ 099652
PCT/ DK2005/ 000258 5

The term “filler” 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 constitute the “continuous” phase
wherein the filler is dispersed.

Illustrative examples of fillers are barium sulfate (BaSO,), calcium carbonate (CaCOs),
magnesium hydroxide (Mg(OH),), quartz (Si0,), titanium dioxide (TiO,), zirconia (Zr0y),
alumina (Al,0;), lantania (La,03), amorphous silica, silica-zirconia, silica-titania, barium oxide

(Ba0), barium magnesium aluminosilicate glass, barium aluminobo rosilicate glass (BAG),
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barium, strontium or zirconiumcontaining glass,
mlled glass, fine YtF3 or YbF5 particles, glass
wo piwsewesnet al al |l oys, etc. Metal oxides, e.g.PCT/DER008/000258

dioxide (Ti®2) and zirconia (Zr@2), Al umna (A 203),

| antani a (La203), constitutesa particul arly useful

group of fillers for use in the conposite nmaterials

of the present invention. 5 The wei ght content of the

barium- psteongitm e r @irédniyrercontainingi ¢ass, Millechelasse fipe tir YaEohartfes,

glass fibles, Hé@él%ﬂb\}s\/ etd) Megan%xiﬁé‘é"@eg QfaRiulPioxia (1i0;)%H4 zigueild (zro,),
piumina SR ERtAn T oS ERi A POHCHERY B9 e I gy e n e

compositeapateeiatbesithablegentjiogntiars t he particle size

distribution of the filler(s) may be fairly broad in

order to allow a dense packing of the filler an
The weigh{spatgpt P%\*@Ploinﬁéfé“qrﬁéﬂffﬁ%art%ﬁﬁ‘ l§An gre compagite makeiiphds ypically in
the rangkidflses %) v 10r@0%0 BISAst 30-98% psue as 40 9FYqieanld0y95%. It should

be undeps(ggg)dc}:‘%g# SF%E%EQ (‘}i Sf LP% o n‘?‘orgj 'flﬁgfs rp%# bQHeQFag)?Hg udtfas TR Sarticle

size distribyiépnsof zbe flile?rﬁsém%bel@%v brqwl i @Fd§f FQ Bloty dASRRErRfckigg of the
filler anm{e%t@ffﬁtnﬁﬂaﬁé’%c&gQ%hB& of a W@ﬁraebé’urttmﬂﬂé@hﬂ tHe @aﬂiob@é @faterial.
Typ'ca”yaFPQ\R/th?eo'% 11%? SF é‘\ave m&ﬁﬁtr t%ﬁtlgn !8?8)%6‘ %nrc{{le %ﬁgs of f.?n7e %ﬁf %s plus
microfingangfor napgrsies dillgl (@-BI% )k Toisdlistiipetiefi Qermlbuwr@rﬁffﬁqwrﬁ@ﬁckmg,

wherebm'éls%a”@iepé}tléleQm a"teréﬂ)%éérlﬁtwé@ e IEFde' d%“blclé’! trRistdNBws for filler

I str on _as . 10%
content, a3 1561 80717 X TR ARPARPE &L pregya dgbyfsrfier woul
be 0.4 péh 2Buqonal B0 hiyleryriithhthe dibtrbhgohids|fetowsan D¥cheweightefetha filler
partlclesrrr%@ aDrﬂE%ﬁ ?%{@icl? leg o‘PersL 0 d f@rﬂjhng f(ﬂ’/o %mwe%}wo? tIQVﬁIIer particles

articles have mean partic
have a f@@%paﬁlclﬁ &8 of [eah t'"(?”ég“pH‘i” P0%P Emwegﬂht%e“e;fa@f PEftﬁ‘eS have a
mean p&itide sk of kes thdnl®eg §n.is in the range of 0.01-50 pm
such as in the range of 0.02-25 pm and may include a
nano-size filler wwth a particle size of maxi nrum 100
Typicalhnrihe p@@iclersizzofehefiltroth) feeintthe ranae fd:-1-6P ¢!nkiszeh g$ intthe range
of 0.02-b6 LihEEha mdySihali& b Rakd18izd mmevm{ a ParicROsi BT v bR meHTEO0 nm.
very fine particles of about 0.04 pm As an exanpl e,
fairly large filler particles may be wused in
In someCamiiridiraéntenthedphticen@zpbrabis filkdrl §)cia/are inothdearndeoofad. R pm with

some qurgi{Pngﬁ%gfég.°P§%J.t%g?‘p tgse(ﬁ Exérﬁéé fan'-”‘f%r%eeﬂ@r particles may be

used in gRrARinatiaswigt amREPheYF eilieain grder teellaifar a riﬁnﬁﬁu%%k'ﬁeﬁf theyfillers.
the event of spherical particles, the dianeter is the

h I
Thete”E Q%%dF5Fea5fWﬁgpaﬁ%}mﬁ%gﬁﬁgkgﬁgﬁégmfny?nopﬁbt&¥¥EUE% ©
materialnptagestin. In the evloudfispbériaabparyelesetheriiemetenisdthe fipartiglg size”,

wheread tHRQF4@NE tl'feefbtamc?e QersiichaRar b ‘ﬁle@@eisﬁaﬁéﬁgvaaﬁ&l#é’cle material. It
e in that the c

should ogéwrtse :bg ug tiréSoo\%t pt amem}aglft St ag{rF\Q sy pa[rﬁaes is tne actual
crystal guresifi@hatettle crygist aize (drasmeot tindigartiglevere) ooih e deenwinggeefor the
preferrealc%tglLbrhtczg@anoté?lgﬂl\éf)l co#uc?t nlggs@engf%g Irendr psne the
osite material or dental use, part|cularly
useful fillers 30 are zirconia, anorphous silica,
In the emﬂohmianbamiawmhe cBinpO&ite Hberigllis Forr @@iﬂélmepmh&jlﬁ\ilmgseful fillers

are zirc%ﬁg?,t Bmus |ca aClII%g %ﬁ&%blsgro%ﬂ%s or z|r90§n n?arrlmiglgss,

aSS one
milled aeidrqchha@te @lassb éa«stf’cF@neYlﬁﬁs|pae1sucle|sngraé§|iﬁémsz et‘Fhe term
“filler ingredient" is
The one or more fillers comprise at least one filler ingredient. The term “filler ingredient” is

intended to mean the filler or a fraction of the filler having particular physical properties,
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intended to nean the filler or a fraction of the
filler having particul ar physical properties, WO
wWQBSHIBSHE52 PCT/ DK2005/ 000258 6 nanely the | POEDERG05/000258

ability to conpensate (by expansion) for volunetric

shri nkage caused by polyneri&ation and curing of the

resin base. Thus, a certain filler, e.g. zirconia, nay

be included in the conposite naterlal and a certain
namelyithg difesentaibilitheseompansae (pupxRagpigs) fﬁéyo'Hﬁ\F‘é”C shrinkage caused by
polym eﬁ@ét‘dncé,ﬂdatfurihb)b‘ﬁ tlfei@\ﬂesﬂrba@@ﬂﬂ'ﬂueSa cdrtefin fileX) &lg. izitcania, may be

mcludegeraﬁ‘ft abl e05| LY al l I n f%ez?%fn &?%%n oﬁﬁ']esglﬁllg%é}%hes n*?ay have

cons redi

partncuy@aphv.m:aé psqpsetne@f . @ mxlst ina metask@l%a*vetﬁthoephuage gfee the following),
and thdr¥R) &lstitutd Bhd MRr iRp&geRf 0.01-50 pm The fi | ler

ingredient(s) typically constitute(s) 20-100% of the

total weight of the one or nore fillers, e.qg.
The paditeldnRdof tha dilerasgdOichi® s tare BPickMO M thWhaaTgecaﬂ @aL-a0adm.

on the basis of the total weight of the conposite

material, the filler 10 in redient&kg typic
The fillefdngqep'tegt(é( gopicggy onstitite (Eh 201189 % of Eﬂqel v&elgbthg the one or more
filers, €.QMRPOOLS,, FBEICES 2d-100%. @.50200090% such as 30-90% nore

specifically 60-85% The one or nore filler

ingredients are present in a netastable first phase
When calrdlasedcormbiecbdsis of tingltate) ovedghtef thensointrosite meaterfiar natfilleon
mgredléﬁ(ﬁ @B@Q\y‘é‘co%?%mspﬁ%@% dM@I?er tdihe ddﬁ@ b fPRe EdHh bddite material,

S

Ween said s cond F ase aid netastable
e.g. 25f?q/§t5‘t5ﬁaa§e3 ?0 Qaf”&ref?qu'QFa' yr{’é’r%ﬁfl ent(s) 15 is at
| east 1.005, such as at |least 1.01 or even at | east

The one op%‘nq% flﬁér +§r%ﬁ1en% an’Prelantt H% n%t%&%glte fﬁ&rglﬁﬁg%anfi I%?e able to

ase’ neans
undergp ragn@rderewc tranafertratign itCha stedle seeormq%t?éer%%e@ the efe'ume ratio

betwe eRNBId¥ablB@bcdrd dhlagé"tgrﬁd fé'kﬂil‘het:al?s%bﬂd et ﬁﬂﬂﬁé@if safd ﬁlig&ngredlent(s)
(0] as n al an _a *
s ot 15 ar 08k, B0 eanEonardr e SPaatleinhoPan TRaRTIAE 1 ¢ o

phase (high energy state) to the second phase (| ow

In the lrég‘gl&ycoﬁ{e%: &he Q%ﬂ‘le\(}ﬁ@cgﬁzgge fl-lrﬁ%asé”nﬁeang@hm%fﬁller ingredient

ransf ornatlon S not roceed ontaneous The
existing, Kag i35 AheFo Pad (e ehaoh it araphdreh afmecfﬁefbénergy of the second
phase , @@t ithattdnodttiveasrsbdrhat (Fthenuet ysdadrcaite befoner erangfbrnttion from the

first ph{age théh LG ? g{a‘\?&_ltﬁr%ﬁg Qeﬁ-ﬁﬂé’ pﬁg\ger(?ov@gr%@ Et%té‘)ng%r;ggceteheThus the

transtor on can be ver
phase trra@ﬁfomzaﬁtméioeﬁ RSk RIAESEIEBAREANTIEVex pr essi on " fr ee
energy"” refers to the sum of free energies fromthe

The phggez{r%r?%%f# {;?5 is {ggfte%g& Q@V%thy e |n| Bupge%ggrmat tﬁ?le cr\ﬁ%al structure
of the fillegdngradiedfi mesds hp ertré Iatpnpﬂauotundb@oltbde kaaﬁdrmheorpdhw,cme

transFoPMEfiAF Ba6Eded, FadCalrRBShE8h&FHeolENUS, When consi dering
various naterials as potential filler ingredients, it

is relevant to take into consideration the three main
The exp@gsibi effedtissrg R0 b e 36 b 2orPEE/ dDKRITFODARE Particle bulk, the

particle 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 requirements:
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7 1. Afirst requirenent for the filler ingredient is
that the second crystalline phase thereof, wthin the
w@edospws2 particle size range, is "stable" undeCT/DK2005/000258

"standard" conditions, i.e. standard pressure (101.3
kPa) and at |east one tenper&ture in the range of
10-50C, i.e. corresponding to the conditions under

whi ch the product is used. 5 2. A second requirenent
1. A firstf reauirereerttifon tae fijlergperpdient is Saf Hig segonberyselipE @hpse togreor,

within tf@@é&k@d'daﬂﬁ:l@ﬂ@é%n@é istaeapfd”lunger ‘lsmfdeﬁtl”e:ﬁhdlﬂms @xi sthndard

‘st andar.d" .c tiQ A third
pressurs Qo1 THERL ke FofEETne FePEPieie FAF Lot 1phoec
correspopggith ite scwdisives pedeirowhigh m;eewr0§a¢tds usgdabl e second

phase and said netastable first phase of said filler

ingredient(s) is a 1.005. 10 Th res
2. A secor&? tegH Eemeng Ry e e"a %ﬁ%ﬁ@@%ﬁaﬁ adB%tgstﬁg'F% gacﬁ%%?%}ﬁ?ﬁ phase of
the fillerSpgratianeansdxjst tiederdelritee semadstbndard” cagitioned f or
transformng the filler ingredient fromthe first
met ast abl e phase. Thus, the "stable" phase need not ,
3. A thirg|regyjrersat fonahefilies nariedient IsehalgihgisaeFHe vqlye s3ticr hekween said
stable s@RRH GHase dMdisaldt mebitaiblamidst phase ofReidffillel Rrddrgt@lisestticast
1,005 rel evant in the present context conprise particular
Y2 crystalline fornms of 15 sone of the fillers nentioned
above, in particular of the netal oxide fillers. A

The expye%EMn ug &b ref§§mbﬁagg(}vﬁm1 do%s g[)p@ar(s?&% éd’bn%’ébuﬁ%hﬁﬁer the

ection "Popul ations of zir tﬁ: et le ph
conditiops,raaH spd fo:séqaaw?rm'zs? Flag e 'eawdé%@r ErP'W etﬂrﬁté‘ée AwFRp phase.
Thus, th@r“yﬁbah bhde riebaseisalwidye bk ehe pgameabitiptias'globbihe lowdsk free energy,
nd the nonoclinic phase. The specific vol une
but 'tOfen "%ﬁb? ') of the three phases is 0.16, 0.16 and
O 17 an/g respectively. Thus, the nonoclinic (the

The fllleﬁ %%Hﬁen@i‘@z‘ﬁe@)&mﬂF\Qh@B%é&Et t:c'ﬂﬂe%oﬁ(b’rﬁ@ baﬁth&@laph&§@ﬂmétfdﬂﬁ15 of
some of(t}'n g}lerg as g%%%jgavbeoigdﬁpal% ?)re%fttﬁ% 8193%1] ﬁgr}?lferest rA3/%§y u?eful

examplangtetftie Zodisee phastirs: lhathe Shr:m‘rPODUﬂlat(O@rﬁngyOmm a«w ticlgg” further
below). :EPE&H?:L LN & &hﬁﬁﬁe@ﬁ‘\atjglecr?g@ﬂq@rpqaé‘e@nEHet‘de€}8§onal phase the cubic

ustrative exa n
phase apd F%WP%OCF'WCPh@%ﬁ@%&%ﬁw'\wé@ﬂ%& )p?'fnaég tiig Bhpesds 016,
0.16 antd'(l)l]u?rmn#g Gedfecavady. gh ushitehmoaotlids (theagesdrol phasa) and ¢ree of the

former t?«%g?n% ésnﬁtls?«% Hggﬁﬁ?ggﬁg jm'\fc‘)kw Hi% hlgl‘%r l-l'?aanTg()@zl e. bl .045 and

rconia in t ast

1.046, respficiveiade fespeend @nd He gHiis PHa3ss *@Hehg?)“ew'ksﬁ“er&% than the
monoclihicpAsEDstthe stdhBarditenanreasl i ni ¢ phase (specific vol une

= 0.17 cnB/g) (volune ratio = 1.046); Lanthani de

sesqui oxi des (Ln203), where Ln=Smto Dy. Transforns
Hlustrativecaxampleo oF fikdrdndredients @re: phase at 600-2200C with a

vol ume expansi on of 10% WO 2005/ 099652

PCT/ DK2005/ 000258 3
Zirconia in the metastable tetragonal phase (specific volume = 0.16 cm”/g) which can

transform into the monoclinic phase (specific volume = 0.17 cm?/g) (volume ratio = 1.045);

Zirconia in the metastable cubic phase (specific volume= 0.16 cm?®/g) which can transform

into the monoclinic phase (specific volume = 0.17 cm?/g) (volume ratio = 1.046);

Lanthanide sesquioxides (Ln,03), where Ln=Sm to Dy. Transforms from monoclinic to cubic
phase at 600-2200°C with a volume expansion of 10%.
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Ni ckel sulfide (NiS). Transforns fromrhonbohedral to
hexagonal phase at 379C with a vol une expansi on of
wa2050exwsity 5.34 g/m. Dicalciumsilicate (bePCT/BK2005/000258
(Ca2SiA4). Transforms from nonoclinic to orthorhonbic
phase at 490C with a vol une &xpansi on of 12% Density
3.28 g/m . 5 Lutetiumborate (LuBO3). Transforns from
hexagonal to rhonmhedral phase at 1310C with a _vol une
Nickel s@figratMi$ o T rassfopyas fere rbwg@t@@@ﬁ@h@gﬂ%ﬁa'mésq @t 372g6mdth @
volume BARRS0Rbf 244 DeALRY ESalgwer than the one of the non
oclinic phase at standard tenperature and pressure,
which results in stable tetragonal (pure) zirconia
Dicalciumrsyistial (belitt) (e BiQ.rifrensioumsefroiveorochse t etharkembie phase at
490°C Wi Voldrivd QxpHikicite 106, Bhsftl iRy gae of surface energy
to conpete wth difference of in bulk energy of the
tetrago nal and nonoclinic phase. For zirconia in the
LutetiunBérasd @bes)t etair-agornal fram hexdyoaalapyrsdrahédralephpbasie] 3108€ with a
Lelecghyze is preferably in the range of 5-80,000
such as '20-2000 nm though it is believed that a
nmean particle size in the range of 50-1000 nm such as

The surfaBs 2 g Bt thRk&Y-bg& sl bRsse i Hrcda RabRACEH aR ERERIof the mon oclinic

opti a? and structyral properties. I.n one enbodi nment
phase af Hengare KSPSSRGT B ST, ST Saiech s B GRrg g Fare
zirconia eystadnat obm tetnigenatiuca. IMhk icorstals deist bhemalhf < Wemo e fasfthe
differentd 553%@“9&@1 eréyntc‘/ L&Wp&E WiftediRBRUE: oft iRBulid drefdy of the tetragonal

Ingredient(s) preferably include(s) zirconia (ZrQ2) in
and mopRdfinie PHRYCe t et ragonal or cubic crystalline phase (see

in particular the section "Popul ations of 20 zirconia

. particles" further bel ook . [ ] .
or s AL TR PRMAE R SO e sk
preferatyhpint thasandecof 5t8 QMHPoNMERICDAS agwogwﬁbsthw%mb'%e“eved that a
mean p&tiERIsERlin td GHSE of 5D-1DO0BM, NRIERBE 86500 e, b lid@t theBest

arrier (F*) is not sufficiently large to prevent
ba'ancegﬁeg’ﬁeﬁﬂ"&p 'Ca'tanrﬁ'F%bﬁﬁlt'?rBPle#'F%mthe first phase to the
second phase. This may result in a spontaneous 25
ARk | B {RREUiISAPLAGRrOhbIE BE uSRIPO R RaltBshlc al -
In ome G BB ot O e S TR
transforgtasipp |Upger e dfiiance af ¢ifPFNdi ngredient in order to
obtain a netastable phase that will not undergo nore

. or.less spontaneous, ..i. r ot '
tn view 3 e Py s AR DY dfesersfia sRIFEBIID Guad PR RR TRIGER |,
metastaple tetragonst ascubbt erystriline rhwae (seedn patsisulae HieesgeepyPopulations of
zirconiadR2Ri My rlyhes BeiARe modi fication of the filler

particles, etc. as will be explained in the foll ow ng.
WD 2005/ 099652 PCT/ DK2005/ 000258 9 Dopi ng

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

volume E)?ﬁra%

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 spontane ous
transformation upon storage of the composite material. Thus, in some embodiments, it 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, e.g., be achieved by

doping, by surface modification of the filler particles, etc. as will be explained in the following.
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Many crystal phases can be stabilized using doping
materials. CGenerally, with increasing anounts of
wa@lopane96s1 he nore the phase is stabilised. |n PCT/DK2005/000258
energy-terns, the activation barrier (F*) becones
hi gher the nore dopant used.9 n order to trigger the
phase transformation, the 5 activation barrier nust,
however, be IOM/enough for the trigger method to
_O.Qlﬂgovercoma the activation barrier, but high enough so
that the transformati on does not occur spontaneously.
Many crgftagﬁ'gasg?lcs t%ey &a%@zaeﬁilugﬁltg%ﬂp%éﬁ%%tegg%s engrat%( &gg%é%%g
amountgjof forsinhithé moese theudtesals statlilisedmin geqzrguﬁ@rnmlthqjmtivation barrier

(F*) beé’&n‘ie{s' Hi'gﬁﬂer@f‘?@ﬁ*\%?é &’dﬁan@lléém ﬂ%erlt@mdbﬂpﬂ{g pl%@@%*aHBﬂormatlon the
I Nl um

actnvah%‘bpﬁﬁlﬁ piuatn owﬁv&r,elizﬁ; Ilowmo@%/ve taggf $qe6£16f%§oda{]on%vercome the
activatiorec@mams ihde tighehe 84hcamtheinthe fram ssonmatios ebed natowamt spontaneously.
Y203 (1-8%, MO (1-10%, CaO (1-18%, Ce2 (1-12%,
~and $02025¥1 109% . A dopant |evel of, e.g., Y203 of
Zirconiais £yRiGRlly st V'}?)?‘EH?“'P%/UPIB% Y yeFPeictrpe 9" gosh ApRanks. t4ysonia can be
stabilizddeWittagapiaterghases edlurh heeranhisarphesetromm, radgnesinmg aluamaum,
Ianthanﬁrﬁagaesﬁjfg%sa ggnﬁ:rugmag%m lsl'th%sg\ﬁvéaou lo?ddtegt b%l]lco#ﬁg%g{l?ns Bereof.
More nghlﬁgféwa‘therrémm@l?ﬁ?érfmlt%@onma|f¢TgSOFt?oUS¢fL@Iqloaaﬂté1ﬁele%(1 8%),
MgO (1\%@@ cié (?—1@0/0)8%@{(1']17!0)@) aVMj Iéc;_@} ek bdes ea tibgant level of, e.g., Y,0;
SUC

of 0-194 R RFRly ok P PO BeRI3eah GEFPOBRLBHESCBE T GHOE Broce o

zirconiapweed sumhedoped birqvoit witl r thgepfere prtilt esdergd\e phesmapaienmiation
spontar%@&é’i‘@f‘d"th%%g%%dlé’%és@ Rt pé%rn{ tefhpeltabifet A@NSS Qforf%ﬁ Qne\)‘éﬂ@f Y503,

%ere describ bel ow. Addi ng nore (%
e.g. 8%,pn Moriga mhﬁerth@@eémﬁ@a'ﬁaﬁsee aNf £RSEHHIC ifrge Ep gach an extent
that thesdcbivetion bafdeh wig) beesse thopadi towbldrcorak eithheost itriggemipgocess. At

some p&ﬁtsﬁwaogk\ﬁee%ncqf ggﬁvaleéﬁfbg rleﬁsthgtr‘%rls“oq gl:lglg IE%QB@H%QgeLJGI aszo

describechpriew rmiddipasiare dappaict il grakefth ﬁatf'awmg rapreriiffigyppnd thus slower.

Adding muwaﬁht il ﬂnalﬁmtwém.raérﬁa Uﬁﬂétﬂét;ﬁﬂi Add ubéral 85 s auESh@adient. [It
shouid @%3&\??? El'ba %gnl'%]s'nelr(ﬂa gr% Je; Ic?r}éagn ns a%n@%l?fraf oengorf%afrﬁtrf}nt Such
small amemspabafelunha@ewegredtenm merdtmﬂsalombsveamepau@é@aﬁyum is viewed
asan”ggﬁhﬂg”y%ﬁg}aN@Q]OX|de sel ected from Y203, MO CaQ
2, and Sc203. 25 The recommended | evel s of dopants
for Zr02 are Y203 (1-59%, MO (1-5%, CaO (1-10%,
In a pra@rtedCatBodirhe@Ydhe mmtactableabiboéd ©akhe/ziaboiatis dtaBlizedSoy @@y with
: e changed by surface
on ol A o G S PRt 5O Fhe aurt ace by
adsorption of a cheni cal constituent, it is possible

The recb@rleA¥&d lebb1g osaw;faat:sefoezngaye etol (rles%i) J18§0 (BGophase (30L0%),
dCe%gghﬁége su n1gfc E L S# energy and the bul k energy
an otes TYRSPeY'I4 y?%é'% Pace energy and the bul k

energy for the second phase, and thereby "reverse" the

stability order of the first and second phase. In
Surfacetrhbdifiasdign t he "netastability" of the first phase

ari ses WO 2005/ 099652 PCT/ DK2005/ 000258

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 |ong as
the chem cal constituent is adsorbed thereto. Thus,
W b@s099s1 phase is stabilised until the surfaP€I/DK2005/000258

nodi fication is altered or renoved, e.g. by treatnent

with a chem cal trigger. Poliyarerizable resin base 5

Anot her inportant constituent of the conposite

material is the polynerizable resin base. The term
because"thefigatwhisedp Pely "eabla” palvag ap Fhe gheRigalronstitygatis gdsorbed
thereto.CAUBARE kiR Phefe |§lslfé6m§éd iR Be @urfece Ab&fitHtdNGF altered or
removag onsti tuents su di mers, oligoners

PR Nty ?Wﬂwcggﬁgmﬂ%dergo pol yneri zati on so
as to forma polyner or polynmer network. By polyner is
typically neant an organic polynmer. The resin base is

Polymerizgplecadih yasd assi fi ed according to the nmajor 10 nononer
constituents. The weight content of the polynerizable
resin base in the conposite material is typically in

Anothertimgortaiigensituat 9bthe @mpegtopateral i thf@OW/éﬂ?@B'@ﬁe%\% base.
10-60% e.qg. 10-40% V|rtuaIIy any polynerlzable resin
base can be use R th resent conte.

The terpapg HERTZZ I B Dai e AT 5P Bt EL BT of oSt or @

mixture®f castiteets suic bs trivabmap aimensy ioligomgrs] preaolymess, etc. that can

undergov\ﬁlmzraggn sél-% SR K IR O%IWM\NB& E?tp%fylm'é'r is typically

a conpensatlng il i ngred |%
meant apHREIITEE ARIY B |TH@"’esfrbbElsﬁt'%W8§6’”t’6 Falieg poraraing to the major
monom@Odoyiseauergat i on and hardeni ng of the resin base.
Exanpl es of resin bases are nethyl acrylate, nethyl
net hacryl ate, ethylene glycol, ethylene succinate
The weiglaponteat phie Palymerizablesdsts, baser ItBRTeRPosite mateyipl is pically in

the rang'fbccﬁ‘tsa§@/o, ér ¥d-8ds @gr h 6706, sBERsanes0exé.deLo-abbyl ene
gl ycol acetaldehy | actones, glycol + acid, e.g.

ethylene gl ycol + 20 terephtalic acid, etc. One cl ass
Virtuallyoénypsadfreerizable hesid bazbiae beestdsvitdumphrd wesentapetekialPglymerizable

resin baggsv+ﬁj%rﬂigu%‘? s B CAk! ?,( r @GkdeY 8 cHf Hﬁ@hb&n@urlrgf\ﬁmQ%u@‘éjvolumetrlc

€S nononers, I ogor ners and ne gqrg
shrinkags ik GoMBEHY IEHPAMNG URELY LIPSt bd chpedpeting fer ingtediat.

Alternatlvely, t he hardenabl e resin can be a materi al
i f ha I )
e terig Bing” FURAT BRI T RSOV i P B E ot pose,
har denabl e resin can be a nateri al MAth active

Exampléé"&qgélf?'ﬂ@ées%@%%hyﬁ Q@QIa@@%&ﬁ@ﬂﬁ@%cW@ etﬁ{ﬂlﬁﬁé QIQEAI)’ethylene
reaction. Particular I Nt eres

succinaigy gaRielaFigm: PEYIGRAH: acyyé%trlec SrUACeaiee 2 YBeS BbBcEaene
oxide, etioygraudvis!, seteibegtief raatankhehgcd upaddrsg.s ethytenefglycol +

t Lyl ic acid (MA), methylnethacrylate (M),
tmemﬂgﬁﬁgggoiyethyl met hacryl ate (HEMA), triethyl eneglycol
di net hacryl ate (TEGDMA), WO 2005/ 099652

One claB¥J JRAQEhQRRRESe rebihs 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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bi sphenol - A-gl yci dyl di net hacryl ate (B1sGW),
bi sphenol - A- propyl di nethacryl ate (Bi sPMA),
wae@shegss2 di met hacryl ate (UEDMA), and HEMA conPEnBEQ005/000258

wi th butanetetracarboxylic acid (TCB), as well as

t hose based on conbinations eof the above-nentioned

conpounds. Such resin bases are, e.g., disclosed and

di scussed in US 6,572,693. A parti cul ar| y useful 5
bisphengloAriglynigy| @meﬁﬁcwm&%ﬂwsblmwwmﬁ@@%&@crﬁ@@ (BisPMA),

urethan@-ﬂnethé@yl@teo@ﬁDm andIB A AASskE Uﬁtﬂtlﬁltﬁetéd’&arboxyllc acid

{ t
rce, ST s TR EoURFeERD 3o oL B ARIRIL S
resin bastewkog b alisclosebamedisaissed i UP G §93% 4. parsiewasyeusetl

combm&féﬁ hye @8 ASSunG RStEdBMA R BiksMhi, @8e, 4.5 AR RDES 112.
po yner|sat|0n initiators and co- |n|t|at0rs

stabilizers, fluoride releasing materials, sizing 10

agents, antimcrobial ingredients, fire retardants.
Other Cqmtléfffentslﬁt/ﬂfeéqmp%ﬁ@@aﬁﬁ'yafl nclude initiators and

co-initiators, and illustrative exanples of such

The CO%EF?O [%g?qsr@h %{/%b%gﬁar%ﬁﬁr 681? giﬁ?e&]:gsn (vg%g)p?clavide beneficial rheological,
cosmeticaetphwopputien Esah QRSP syskreotpeprastitvediscarady ¢RPPBy oran

polymell\!;a%mnﬁl??-a'tﬁ%%rngiégﬁl E%ﬂo)esﬁrzéé?%@iae‘g% Q’lugtﬁcrlﬁl Fém;agpegrm?tsgaéﬁb sizing

agents, th“T'ﬁéO%l'%?d'%'Hﬁtfé”ﬁtmtér dier constituents in the
conposite material is typi caIIy in the range of

Thus, thoe r]églg/ a?eu%rfjﬁéécludeﬁrﬁlat%ﬁsq ”ang mlﬁ%tﬁt]s %% |IB§GEme &aHle&%f such

resent 1| nvention
compotmﬂscpamcawlaé@r wsededenthl @PP'Ian@f‘SmﬁfeeP@r&PY'Pﬁrof(ﬁé (BBPIn

camphd?cﬁun%n‘éqma@?|dh€nﬂ'§ﬂoF§de@io r@@(ﬁl”@f) laned, W}Za;yﬁlfdkzygthyl) p-toluidine
n e
P GG T o= R T UGB LA (CRRYS (2 02) i

nmet ast abl e tetragonal or cubic crystalline phase. In

The we@hffb nidnt Qtrheycc?rﬁtxﬁlreﬁétlh%e%ﬂpﬁgbf@rﬂgterﬁahl@ toi IRl the range of

(0; terial consists of 0% by wei ght of the
0-10%,g4eh 87 O1pdpe-9i 918 & 1-Rferein said one or nore fillers
conprise at |east one filler ingredient, said filler
i ngredient(s) include(s) netastable zi rconia in the 25

Dental kifhd A&l or cubic crystalline phase; 10-60% by
wei ght of the a polynerizable resin base, said resin

base bei ng based on one or nore conpound sel ected
In viewfaf tia aHmee,gmewpesreohmi/mnonrgalecﬁ prvidea@rdgnia filliog dngtepg! in the form

of a co ln@énﬁ%gﬁhﬁrﬁe% ) garGXQEP)EN@FlIWlmdF@@lQ §ydrake

), triethyl eneg di met hacr Iate %
compose SPEIRNININEL Y rﬁ%s? B oL (RGO DI Lystaline
phase. bi sphenol - A- propyl WO 2005/ 099652 PCT/ DK2005/ 000258

12 di nmet hacryl ate (Bi sPMA), urethane-di nethacryl ate

(UEDMA), and HEMA condensed with
In a particularly mterestlng embodiment, the dental filling material consists of:

40-90% by weight of the one or more fillers, 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), triethyleneglycol
dimethacrylate (TEGDMA), bisphenol-A-glycidyl dimethacrylate (BisGMA), bisphenol-A-propyl
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but anet etracar boxylic acid (TCB); 0-5% by wei ght of

addi tives; and 0-4% by wei ght of solvents and/or
WOWR1081099652 | n order to avoid premature curing oOPCT/DE2005/000258

pol yneri zabl e resin base, it may be advantageous to

prepare and store the conposiZe material as a

t wo- conponent nmaterial intended for m xing

i mredi atelghprlor to use. Use of the conposite

dimethaggtiaie i(BISBMAh dretbisodimethagedase K%@“%ﬁn%é%@“&ﬁaseé‘rvé'th
butanettts @ebB§BEAdd atdsy; as conventional conposite 10

e f the sanme type, except for the fact that
0-5% bi’r‘ﬁ"g'grt}gf’){ Chdﬂt EPic? CI?ansfor mati on should be allowed to

0-4% bbe/etgdjhpfrml\re@ts aflddergvatet-h the curing of the resin base.
It is believed that the martensitic transformation can
In orderb %Fﬁa"%b%g%‘gg%g Ic&fxfgfg;fgm(% E{)‘?I/r%legz%glﬁnrggﬂ%éﬁéﬁgﬂﬁay be advantageous
to preparetandsaue the ddognbige makartabed atwaongmparieot overwea intended for
iing inPR&d; [ yges, electromagnetic irradiation such
miing 4s %%tgg',&ﬁtgr infrared 15 irradiation, heating, etc.)
or by chem cal nmeans (e.g. nodification of the surface
free energy by contacting the surface of the filler
Use of thageradpsiietmataria/f cl es with a chemical, e.g. a
constituent of the corrposi te material or an additive
such as wa er%. It s 4d be lé|nderst ?od t hat ghe it
The comppgstte atsals MPRAS PETHRS YA ol et 83 CPmgnEand spmposite
materiafsr o ftied sd]hg'typshatcleptt fak ehepfhetabatvihe Imarteasicio rti*aTgsformatxon should be
allowed'(ﬁg(%)é%&?eg 'Iowa v@rfhdthg%ﬁqﬁd’]bﬂg% ré)sfm gk% resin base.
wever , 6 srnce the crystals are small, the
expansi on due to phase transfornmati on w N not cause

It is bel@QEE B maRe@itid thghsrimAam el b@é@l@@ﬂeﬂieﬂﬂ‘\e@fbytplhesmal means

{e.g. ap%yéazilgg\%f ﬁggﬁa&gqaggjgegsruzg otreﬁshca't fuﬁgazslglgrﬁl e%en |F|Jag%§5
microwames eldnaiprdirel e vesy eienm@magrteéngradeat@ﬂrse%a%ughid nap" 'birared

wradmt@ﬁ%é&%ﬁ@eetf:? QFb§ Hlﬁérﬁ‘@al Mdanb (@@pﬁ’n@&ﬂ@é‘tfoﬁroftth@ sGHEtdPee energy
erin tion @e ore the curi

n

by contEABaNT 84T AEEa HET DIt EOREEAL AP i oaP FElE el prgiiuent
of the c@mpbsitesmateriblostandelgitivdisndh asrwdter). nuch i s transf or ned

before curing is initiated. A special note can be

made on the ultrasound triggeri n% mechani sm since i
It should heqingarstacditharihe gartengie frapsfermation vs ther ke ipgredient preferably
shall takd §|I€Ee WET Hﬂ%/@lrﬁg\(bdl%bﬂihtlblh@ndmbreléhllhgﬁofa:lmwedmlbase. However,

r ra e to .no . par

since PG s, O TP A s Pl SRR ARt couse
deteriongkief ef @nlgmyechalklgalFprcmgaetlesd:lﬁythmg,lrg%gor@mqnﬁgTbﬁrequ@, transformation

trlggeréélodm&/{l tRchatkrhd) ecﬁqedlﬁ’ﬂa@rﬁbm&tar infd@eRFd €BShpbhd or inner
er

f
enste 882 by Pt D5 e o LT Pl P gger e
transfoighgdtion ddfdne kied quriag iewretegiyedssing the gluarecypm penshiéng effigge will be

less or Qgt c]é?)ehé'fﬁg tof':? hoW i is %@H%Mé&' %rje)éurlﬁ % itttk @b QU cial note
uency in range of WO 2005/ 099652

can be pseql? mmgfr@%;%ggng ering mechanlsm 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 10 MHz. More typically, the ultrasound used has a frequency in the range of 10-
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13 1000 kHz, such as 15-100 kHz, and nobst conventiona
apparatuses work in the frequency range of 15-50 kHz.
wEx@spdws2 of conventi onal apparatuses are, e.gPCT/DK2005/000258

ul trasound scalers for renoval of tartar within
dentistry. Treatnent of theisetastable phase in a
[iquid/fluidable with u Itrasound (in the range of 10-

5 1000 kHz and with a power higher than 1 Wcn®2

1000 kHer sugheds L kR Okhzagnd BOPlOTPNVaHionamapgiatupes Weréde the frequency

range ofCEM5d kAS. Ex%nﬂii@fbﬂ:ort\ﬂéﬂﬂ”bﬁah@p@%thye%tdr@n eba/ liltrasoumddcalers for
se transformation. The energy is, for
m”wvméiéﬁgveMt gﬁgﬁﬁged as radicals to make a surface
nodi fication or by collision of filler particles.

Treatmeli;r)i‘@ﬂ‘lﬁlnI etggtgﬁi(e'ﬁﬂc%e iﬁfa quﬁfd/fﬂﬁm Wi%i‘i LGQRdRNE r(MStB@h@nge of 10-
et hanol an ul

1000 kHzpaggd %p%%iéiégitermlo ?ﬁiﬁ .>c9ﬁeat9£ fa‘%'ﬁecia&%?ﬂ?“%e energy in
these cakitles @Nhighgrathbin tHeesktivatioa baetirrnbasggecanhdehagehtagsformation. The
energy i‘srf%Péf{i%;BiSder d e& 9‘?’%?& tUShHQQe a‘ﬁsﬁ@éeerﬁodihcﬁron%m by collision
arat us use denfists to renove tartar.
Ofmmr@mﬁﬂﬁ%r enbodinent the martensitic transfornation of
the filler ingredient(s) IS initiated by exposur e of

Exampiet Pfaaéur f 9Cfete r%g%%ﬁgwop%%%sﬁaqg ecql 5!’9 @ra%lc;@‘m t?an'n f(400

rans or na

kHz) cratewaspmmtaeisﬁermat@nf Ardispeysirenses Zirsormsmsﬁi%l ia a ngein base can be
phase tilém%ﬁnech@y @ﬁﬁabé@ﬁ'&ﬂg%célb?ri el 8in BpSH- RES adésiBbydentisls @ remove
surface energy of the first phase, the activation

barrier can be | owered by surface nodification. The
activation of the phase transformation can be

In anotilberille“nb%aggenP th%%%r%ﬁgtimgngfo%iog%f ti@%ll@pnbi’éaie'nﬂg) is initiated

nee ke a surtace
by expogwygiof thragurtnge Ohe fwak@sreen@t(éhioraaei@reﬁéifw%ff t he
phase 20 higher (or nake it nore simlar to the
i orde BN e bR E BRI UL PABGRE 3B 3 Terpple, bt
where thédectivetibn bamieoisridsh basengerdf si lny satfadecagergp wéthedirst prase, the
activati , riigidéé(fieoeollaﬁéi%d tran isfg&rrﬁ%ih&rt‘ion e a&nﬁ%eh %mifeq:Fhase

process has not et been rfr gven tl) El b ﬂS”I
transforERan §6 PRUBIHHBAPY Pt GHoctiicato 1 aﬁ'eCF'gafi%’e arﬁﬁ e the
energy héaiag fte hiaikt iacirfadddinedifiadtBOrhatsodket ition soffacecerdsgyaoitthe phase

higher (%?‘ﬁ-.%ﬁe (tei‘n&’e sﬁ*nM '_Hii%ls@fgge o %%QCJNQ%‘Bas@ d glycerol

ed to tr rgest conversion of phase
transfornation at 95C in 120 h. O her non-aqueous

Exampl§ OﬂtYse\n&IiikndviﬁﬁtlﬁEﬁe&ﬂiehf bfl Rtrb &8RN con @4 ah @heficdHodBhounds

comprsf ) AT BRC STOBRACE" [ AT B e a b LRy eHiahhn or o
processd@a chiot Veirigen mmveaqmé@migvcgms\ﬁ@megﬁurfp{@ quifl;@ﬁ@n that triggers the

phase tkeefarrition WerCOFQd) I’%@P&ﬁ&?oi(%]a%}j badkt hedt S(’M HQI@)‘% aRaisrm

cannot trl ase t ransf ormati on fe at °
NaOH) @%g{y@qr@rpgow?ed%t elaragst CONPIEOp&R: rﬁa grag; grmation at 95°C
in 120 idiGper medadueoas sebgints Id@seetomtele {CH 4], Ethraot (@He@H st
formamlPoee @f fz% ngaro@ecﬂozt‘? gad; gi‘?ﬂ'eﬁgorﬁfé%cﬁi']&f bi&i&fe MBS mBASS Rith

|cles di spersi on
same conditions Non- aqueous solvents like toluene (C¢H 5CH3) and cyclohexane (CsH12)

tartar.

without a lone pair cannot trigger a phase transformation under 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 air humidity in the mouth will trigger the phase transformation. In this application,
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then kept dry in a tube. Wen applied to a tooth as
filling material, water fromthe tooth and normal air
whenosaddey2 i n the mouth will trigger the phase PCT/DK2005/000258
transformation. In this application, W 2005/ 099652
PCT/ DK2005/ 000258 - 14 the disipersi on may only be used
inathin layer in order to provide water to the
zirconia particles. Since the crystals are small, the
the dispesgiranRy ANl e used [HaEWn e aIaTEP PEYIGR Waterdp theZronia
partcheQQinﬂ:rel tﬁé atysels £t shiae, theeRparsal duprtopeise e@ansbrhdtdn w1|l not

und. . Ther.ef or e n r
cause dBtSerlgTa(SW\ ﬁg%ﬁarﬂecgﬁglcaleor%pem%; ?fftﬁ%?'“fg%g g&i"l\ﬁgp 3 'f’h%?egB
transformnatied tBggsoerpyusiow ceasharigipe e af diffisiomef U\@tﬁfrrigto tAﬁGP'f?é‘r
compoueaggpheppezlarft@pmeac@,aat| cles are dispersed in a resin
base with nmononers t rel ease water in curing
process. These nonomers could contain both an am no
Anothergh@uiplaartircania partiolex ytd disgareadpn tehasinibase withnudemyagrs ghat release
water |rpétﬂg@st§oc%gé mh@% SolGh&S cGuld cor@tgmqmtﬁ‘gﬁ: A% Yhdp el £

an ester icatlion reaction between nononers
carboxylie AEGAPrihairN AP BMRAHIANPrAFEs KB gFolRrer As9-19r3HROBIRFHY acid
or by alPEQESESELIE HadSon bdtResvm@homesceamedart ieidcmddansathobgroup. As

the curlﬁﬂ glc*:o%ég’s be\#lnlsl, the%gt&aﬁ'&egsteg thsgpo%%gnéaqt %E‘SSrBE&@t fﬂqnlggte the

cl’

phase tegnsfonkalis @‘ane éldcon@wqrmréewdyheﬁebg a@m@ﬁnsatﬁ tfeﬁ@rmkage caused
by the b’m‘\frhéﬁk‘{auoﬁ he chem cal trigger is a constituent of the

pol yrneri zabl e resin base. In another variant, the

chem cal trigger is a product arising upon
In one yeolayityghé zistnhical tddget isea capstituentld thaselymierizeblelresiahesder

enbodi nent, the martensitic transformation of the

filler |ngred|ent(s) is initiated by exposure of the
In anotipgr| vagipnt, Hifr &@masel E@Pef 5 a REALYGt @riging HBY PPGizatiay ofdfag resin
base. Of 200 MPa for ceram c sintered zirconia has proved

to trigger a phase transformation. Upon curing of

dental fillings, tensile stress of up to 20 MPa is
In still aostereetbodifireat, rthk imegteositiotresfomsatiah|oé tine filert inptediept(s) is

initiated by EsreRitlthd file? Snared; ent(s‘?qy%sﬁ@&r&@rﬁ@nﬂﬁ%@r‘é% biﬂzdchﬂpa for
zirconia to induce ase transf Or'_n'a

corami I GG B 1o PILER I DRz PGP {88 BN S s of dental
fillings, censid stra'sl'se)fmurtb g Mealis olosensd. @he stakinglofgeortehaistald Metastable

zirconiarpza?Htj:IES W r@dl}cgrﬂﬁe l’o@ esrqé'egéc?mv\éﬂ Qn'CCYMIi{ZO RhRse atprhﬁﬂeSf orm

zirconia part festo re uce the stress.
transfongeatiesd of t he |nvent|on In view of the above, the
present |nvent|on al so provides a nethod of

Examplﬁag gPp8r5|oG 6ﬁ|r%onru—1 'H ga“rrég%%%’e cS:ahnr llaenrq%lg oed al‘h%: {mﬁ)%‘; l/v IFcause a
shrinkape thait dmlhgesalt tonprosilg etrmmé\rqhamlll @bmrtray‘lfifgrr@ﬁte ZjlfCOﬁ@rF@rt'C'eS
to redufd tHeB&s@Nd a pol yneri zabl e resin

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 least 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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base, wherein said one or nore fillers conprise at
| east one filler ingredient, said filler 30
WO pgseghieent (s) bei ng present in a netastabl e fPCEDK2005/000258
phase and being able to undergo a WO 2005/ 099652
PCT/ DK2005/ 000258 15 martensitic transformation to a
stabl e second phase, the volune ratio between said
stable second phase and said netastable first phase
martensgfc tsaristPrinatioreto @ AgPlEdeeINd(RipsH Ehpyolbme ratigspetvesysaid stable
second fHfBke @hd QM MekthdiBblE Gifdt PhBASE shid e} iigRIdiche(s AbEi ngit 8sast 1.005;
and allowing the filler ingredient(s) to wundergo a
martensitic transformation fromsaid first nmetastable
(b) anovph@slm tesindmiel t popmerizst andl agre, Bnp lalieveng Frechiller Byrpdiept{e) to
undergo iHa%néanrQﬁéf&Wa@é% o4 FriRE nfetds RS Sithst & YBREIEONd stable
e martensitic transformation either sinultaneous
phase. with the curing or subsequent to the curing in order
to fully benefit fromthe volumetric expansion of the

filLg ( (P
Preferabn;g b Flllérq &érg? fgé)f%%wgtb%gﬁgi%rgﬁ ﬂ#dgrg{% thelnf;égi%een |t|ecnt (
transforgiptipgy eitlpﬁrtqlrgylé@ebgs witintheppiring &F pdiseaent kq 'thsql}um in order to
fully berdeki© frbR0P e KbimettidledpahSoh BSthammes ingleieRHEL. ensi ti c
transformation is preferably triggered simltaneously
wWth or after the curing is initiated, but before the
In one amisddingent] tsheonanbérettedranlsﬁmrraamnrh@‘rth@fﬂtmmdmgfedient( shis initiated by
apphcat[mrotf %RISJSB ﬁ‘d {foaftfofo%rfﬁtlh%.s%téri&@ tfhblnl]a@fenblﬂgf:?éhs?d?h{a%bn is

exposure of the surface
preferat?'haw@ere@rﬁrpg'farteeuav AR T S5FT ih.elcgaréq s 'mHaReaq %“t} H?’P%ﬁq%'s curing
is complkbed. he martensitic transformation is preferably
triggered simultaneously with or after the curing is
initiated, but before the curing is conpleted. More
In anothyyeoibod cadnt Athe tnirstensidis siansfprvationi ab the filler ingredd eBipLisdnigated

by expog@liem‘éh@éurfa%g Qheer et In@gad%nt(@mcha chéﬁﬂ@&h@deﬂglﬁ hﬁs &%ﬁhce,
n
the marfenefE e Gy s 2raRRP I PR ARt Brp R et B curna

is initiatab,owe ;betomel tiecqurmblipwinmgetetie resi n base of the dent al
filling material to polynerize and cure, and all ow ng
the filler ingredient(s) of the dental filli % .

More spgegifieally afhetrsesshb BV gion THEPeeNeY desc? Wﬁwgfocsf?faf' gHcting 3 Foth,

compristhgfthe stepdt ast abl e phase to a second stabl e phase. The
above-defined nethod for the reconstruction of a tooth
may generally conprise sone or 25 all of the steps

(a) prepaing iarvadity im tBrdeqshe 9. In one enbodi ment, the
martensitic transformation of the fiIIer i ngredi ents)

is initiated Ey gﬁﬁllcatlo of _ul sound, (10- 1000
(b filing Fpifl cayihy Wity e KERtabiiiRRIMRERTRR! 2 figfin RORHSPET ¢ WO
2005/ 099652 PCT/ DK2005/ 000258

(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 or

all 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 martensitic
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16 transformation of the filler ingredient(s) is
initiated by exposure of the surface of the filler
w0 p@yseghiesnt (s) to a chem cal trigger. Mre genBCEDKZ(05/000258
the present invention also relates to a conposite
material as defined herein 1kor use in nedicine, in
particular in dentistry. 5 The present invention also
relates to the use of a filler ingredient for the
transforpegaefahe (ﬁlﬁeruﬁgladleotﬁﬁplgg‘mﬂ@edrﬁy €XpasHre ¢fithe surface of the filler
ingredieh®§)SH EHeRliddN&riet.00th in a mammal , said filler
i ngredi ent having a netastable flrst phase and bei ng
able to undergo a nmartensitic transfornation to a
More geBéraby,ehe pesemdnypdntise alsb helates ko rromatsie rhakeweéas defingd herein
t aid netastable first phase
ﬂWUSEﬁf9§%%1 sQPﬁngFﬁﬁﬁg ﬁ%ﬁf being at | east 1.005. The
filler ingredient and the conposite 10 material are
The preﬁn@frﬁ’éﬁ’tﬂirﬁ’alﬁﬁreﬂ’eﬂéé ede h@é 6ﬂ &flll@.@@fﬁ‘dﬁéma@t fomnihtd piteiparatioh of a
composnﬁgg\ﬁgenéa}l orgeﬁtoﬁggtg%lﬁén’.?t an?nq QQdQ Ierr ?ﬁ'r&j Qﬁ%%vl% a

resent |hventors
metastableifiret tHaae anhbeinmiable 4o |uo¢her@¢ amartespisic tiagsformation to 2 Stable

second [Sﬂaégstfh@trvgglﬁlﬂégr?tl@rbteivﬁ%n shidlsk#ie éé&gﬁ&gh&@tan@)/sar@m’&as}ﬁzﬁble first
| u Iraso a
phase of GI MGAMSIFY AT SRR FdS 310593 it YiRe Rt g fig pomposite

materialnaramsefefablyl dsrdesioerhblereint i s bel i eved that the

application of ultrasound will provide the advantage
that the curing process which results in a net vol une

Comb/n%cie /nL{/Ca /Jor(r) Igf marte%]se t‘/cg}%/%< %M”Jr?llg’? gn&? qu‘gsup%fagg% \ﬁ%éﬁ%f

ron caus eRsrtid ¥ ansformtion of
wnaanmue f|IIer |ngred|ent Thus, in a further enbodi nent

of the above net hods, the polynerization of the resin

b 0
e ore S o SO B 2 DB 0 S AT o v
filler ingretigre byfmdahsiofizpplaatich Mﬂzl;raqgned eradriwnfageouw$le begagwing with
the curi?{?oé&elﬁ'ggm b§§éctt)1/ ASarfsrahrdcbng, Soni ¢ devi ces of | ower

equency may al so be used because cavitation is nade
from acousti c wave propagati on, however, frequencies
It is belleQ¥@that ttEdppliGatRh o?-QItHsBueraMIII lpeovineathg abyaritlage nioatrthe curing

process%n%ntﬁ?l?# |P%2rgeég? H&Ctlgr %f 91% @ﬁ(t ﬁﬂ%%%ﬁpﬁéj%& btthe volume
expansigh taussd by dhe triartsn$ﬂsc tryrpﬁf@rmatlyn phtheridler 'aﬂrg‘é igtt- 0. 1- 500
WcnR, e.g. 30-100 WcnR. The ultrasound power shoul d,

s, 2 e SRS OHED 4 B GRS A8 P ose

initiatedisy apgdicationeof witkdspasbund is typically applied by neans
of a scaler. The ultrasound ca n be applied dlrectly

on 30 the resin base bulk or indirect via a ned
The appties dlicspyity isHas aryANtYRissbsinthe fangecbd P fHz F!arlo\/w*zr "preferably In

the randD&5{ NOPRAZ FEH bOKEBOHHI0OABSdevices of lower frequency may also be
used because cavitation is made from acoustic wave propagation, how ever, frequencies lower
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/cm?. 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 ca n 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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17 dental applications, a suitable nediumwould be the

tooth in which the dental filling material 1is placed

w@e00s/ovessnl matrix typically used for maki ng CBUI/DKe®5/000258
in nolar teeth. Application of ultrasound with the aim

of initiating polynerisationzypically takes place for

a period of in the range of 10-300 seconds, such as

20- 120 seconds. 5 Although it is believed that no .
dental applicptients, sauitabie imediimwey!d bs the kogh inywhigetédienidl filligg material
is placed® 8} & eesl hdiridtydidagy upel RiakdgkRbatieLHi Mol betzeth.

advant ageously conprises a polymerisation initiator,

e.g. a polynerisation initiator selected from
Applicatfperadxijtragpanrhwitio titesaimi af gnidaimgonehdserisatoraypicgiholases place for a
period o‘?ﬂp{h@' r'\ OorCAIRRAISh dsCsith 17N 20 {Roddte ot her hand,

i eved t hat pol ynerisation

accel erators/co initiators (e.g. EDVAB 10 et hyl
AlthougHitds BElichyd adt mo ey aratajonaaitiatoe istattittiyerthed€h-it isibeliekdits at the
polymerllz(saglemc gxr(? bg?ea? u%g{aafﬁfs&:gotn%pglﬁe{g ﬁglxﬁ\tengﬁﬁ)n nﬂf Eﬂo@té § rﬁbat
polymer@@npmmtlam selqcEddsraan @er@awaottmcoataﬂw e@ﬁmﬁ ﬁ?“‘i‘ é%?i group
containify ebBPduntiBge lghtengt or, e. g. benzoyl peroxide, and the

co-initiator, e.g. EDMAB et hyl

4- di met hyl am' nobenzoate, are kept separate until use,

On the other ieartidh & i¢ believesihas palymerisatiod atcdpratoes/ co-iNddhteng (e.g. EDMAB

ethyl 4- G%étﬁk% %{hﬁ%génzkgtes @ﬁ'a b hicRUHOE . FRK&SIs dre BF&§|$ bBd& 1A Brde? o

oners at roomte erature. EII’ dl’x
conductithe HUtAHOAIt SPRAT tHTRRR FHER &Onwtwﬂﬂogatmoa) F&Ozwaﬂsa & dental
materiafsi dré békgadl’mlt £twatdypohbtt rdsintsgdteil The mgianet ewi dbiszoplperoxice,

and the anﬁtld a’ndb nlﬁﬂ;IEB %;Lg@ﬁ.métﬁ%%%'o%hz@?@é Ql% l@'b?g%?ﬂe until use,

ne-conponent ystem
where the buer eﬁsmammwé@gqshert hﬁ@n%w@vat@w torthe nifiaseempkes it po ssible

to cure tHEVABAdridYs At Ebon*l te"mperattbh%t THibd, rca;&eamdo b@'ﬁ/eﬁtloriaah@ephoto

polymerps;@{?F {ﬁn a}{gi]lngglg%e aﬁs,ggar e Ir]”(?lmgtrﬁatterlgl e e%b&dlmentsf of the

mventlcmhea&f b¢ preparedr suomld@sldrmy)pb@% mnwempow@ smam curing
of the resin base nmay be conducted while the
martensitic transformation of the filler in {;edl ent (s

The genpgal ¢GvpItaess. " CHpSIRFFIIY UF PFRSBURGEEN &% 71 dpAgagUnd has a
large pem%a—bl‘lorlmé@b‘ cbinparkd hbeal pightt dueing UVaveng@nded redatiigtry, that the

packing o?ttIII% PI%r.P%H%Ieg%%# t?e! ﬁ‘l&)r&rég %lﬂ?th%ﬂ: ' %l of@ﬁ'&}@sfﬁgtﬁisg ﬂa@%e

conduct@éwmly thwartewlqwns&ﬂwwo& fhp fider 'ﬁaﬁefiiem(ékta(%eiace
Applym&@ﬁ%@lﬁndt@sd ﬂ)er-ﬁ&dﬂéﬁn R KRE ikheyfilel panr@rReintovieGind tedreby Ietting
the par%%BFcLﬁ-i% §|81al [ om&nﬁ‘%ﬁ ITec!as\/lty tlsa#nré%p m%%é\?eﬂcstnkdagl c[racks in the

ain or ‘a
cavity, witlast filled suithTHier WQ@'E%(&“QH@WWW@ preparative
met hod IS that initiated by radicals. Utrasound at
ovver t | east 1W¥% creates cavitat n._A% bl
The maliy Y as%eﬁracaawéés TR PERRGPCHT T AT AR S GrE double
bond, wyabl eglegpoethbinnggathi oredditipe ssactienso The Irest stepigtdforpatd i ng

prepara'i: Ug n'[&?llwogf:y{’,cm llr"ﬂ‘t{}%)éd B Lo [ ﬁ?&ghﬁé at I%I? Smg@r?(%t Ieta&el W/cm

sor energ I OW. e cavi tg
createswagltacs%r@q W0 PREses RTOHSIR 1BYId] B SXBAHON cycles exert né gative

pressurb @h&ﬁ@l!(ﬁdl@,spulllnfg te@monuled Bgey fralmsanelanetter gyna@snade, the cavity
will absorb enCeIrQGynéAdygrow bné)e%e cgﬁty%%roq/)érdrmytmt‘theatcl*ﬂém Bylow 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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can no |l onger sustain itself. The surrounding liquid
rushes in, and the cavity inplodes. It is the
wo pbogieon of the cavity that creates an unusuBtT/DK2005/000258

envi ronnent for chem cal reactions. Disruption of the
cavity bubbl es create high tsperature and pressure,
this is stated in WO 2005/ 099652 PCT/DK2005/000258 18
literature as the reason for the radicals be

literatunerasdibie exhsow fon the radipslsiieing Praduced aNithalsasoHath Thﬁ ﬁ?@?aé% ghen

initiate tHAEHIRPhHIRIG rahdi@n QARG oM dulAeirag demabPmbtekibly cur ed
dental material. Curing of the resin base of a dental
filling material by neans of ultrasound The present
i nventors have al so found th 2 curing, of dental

Curing {IHE TSP BRse OF P APEB Y RO ARG Db SeOURAPETR i ¢ sel 1
provi des certain advant ages over the use of

The pregenqvm%togp ﬁgvecégol f%lgnWaE Qgﬁ%g ?fl cﬂ—:n&ql Fnh& Hﬂa@érla@/bprE Aof

trasound
altrasound Iarrtg@f pr,sw.dese pestaipad\BERIRS ekﬁfﬁﬁ? e'ae ﬂfoqomntw@ww% n‘gethodsr
in partld%hérrI U\er)ng, _ﬁmé‘ﬁtlculld'ﬂ i vieWr drhed fa@Sﬂ%@ULtra&&lﬁldﬂfa@%Gm’fge

on_pro econstructlng a tooth
penetrebit Pt g Poird ern TORE 0D DX oBPepar i ng & cadi ty i n
the tooth; (b) filling said cavity with a denta

Thus, i !‘Lé klrtHeg a%}%k@rth@breggﬂﬁﬁ\}eﬁh&g pFOVRRL ¥ITREhEabH r%ccfr%%h&mg a tooth
e; applying ultrasound to said dental

Compnﬁﬂqu%ﬂfﬂﬁﬁterlal so as to initiate curing of said
resin base of said dental filling material. The

ov S|ons spect to the frequency (10 kHz to 10
(a) pre nfacmv' "w%ét%ﬁgbo WcnR) 15 and application tine
(10- 300 seconds) are as defined further above. The

(b) ﬂllxrfg' datd Rt RARTE Rntd) $ilihG nRREAd | CnBFisiAS a PelyieAEk DR, base; and
hus in one enbodi nent, the dental filling materi al

conprlses 30-90% by melght of the one or nore
(c) applyingl Birasouadeb salddatgb ijngwenighitl sof astthénipatk womng afadalderesin base

f said HiRRSEatefQ. More particularly, the one or nore
ot sal P%ﬁ%l}?%conﬁrlse at least one filler ingredient, said

filler ingredient(s) being present in a netastable
The profvlsl'o‘hts mﬁﬂﬁ&éﬁ:e@@@ th@'fr@@u@*ék/%l@ RHI e gﬂzﬁ poWat (0ensod Wgcm?)

tabl e th I
S L TN T
net astabl e first phase of said filler ingredient(s)

The ﬁlhp&'n‘l?:Qe is l??ﬁlttlcﬁl ?édeﬁn R &hEVARN Y5 intohE efbbhififent, the dental

I hgr edi ent be triggéred to undergo the
m“mJW%ﬁW%ﬁ%mP”%ﬁ25 transformation either sinmultaneous with

the curing or subsequent to the curing in order to

3090quYMéﬁ@§n ef it Ln nu%hﬁw%glaqptrlc expansi on of the

re Ien r'e preferably, the WO
10- 70°@D@5//€(%96f5@e FP@JW@NZMF@UO@@S

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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19 martensitic transformation is preferably triggered
simul taneously with or after the curing is initiated,
wheaosoefesr e the curing is conpleted. I n one enbCUDReNNS/000258

such filler ingredient(s) preferably include(s)

zirconia (Zr02) in netastabl®e tetragonal or cubic

crystalline phase, such as those where the netastable

phase 5 of the zirconia is stabilized by doping with
martensitic wansiermstibe ist prafefatynirgped sipdianea@ly @ilopr afgighe curing is
|n|t|ateds%gp§ef0|:gw§cuntntnbels%ﬁ’lble@eoe size, content, etc. of the

I er ingredient(s) are as defined further herei n.

In one enbodi nent, however, the polynerizable resin
In one é)ﬁﬁ@iumarrfpsmme‘meamgrﬁd)eme(rsb smféranly inchide(sazoegniae(4y0,) in
metasta%% &%g&haﬁ %P%b@@ér?%%ﬂlgégff&eg Qur};thads'%h(%l v@l{e'ﬂp%énrqgta%gle phase

up cont ai ound N%)
of the Zﬁécmﬁ t&tsit%ﬂ'f'zéﬁ by |dPE'691 MAEN PR P4 %Joecie@ fFPéP% Yt%"eﬁ' ofi#fy CeO2 and
Sc,0;. tHig] theRaRsdeadite camteRtA offtne fhier g ediehs(spareast definédfurther
herein suitable filler in conposite materials. In
‘particular, it has been found that zirconia which is
capable of allowing a martensitic transformation to a

In one é%@Mn%e&eﬁ&n@l/e?h% Solytn st %ﬂlrﬂﬁés}é cb'ﬁnﬁlf'lééls d ;b’blyﬂﬁéhﬂatlbrﬂ
counter e shrinkage nor mal occC
‘”'t'atorcﬁr?pﬁ%F?tE ﬁﬁmer%ysgroeﬂﬁgntalgmrglﬁo%/rwgpn S gcei% @fo%%ceontammg
compoypies@pt AiBMWention rel ates to a popul ation of zirconia
particles having an average particle size in the
range of 50-2000 nm said particles being present in a
A po u/ﬁ& zart% r?:a rt’c}esphase and being able to undergo a
POPURKTT ens PE\SnEf ormation to a stable second phase,

said transfornatl on being effected to an extent of at
It has de@ﬁ%ungqp{gt%&tgbt@b@%}aﬁﬁ& m%Q behRBd E§§b§|‘ﬂ|chlﬁrw B@itable filler in

Zirconia Particl eTans or.m efin
compogifg eatRTialE JP PREFHGF 't ?Sn%eearfe%@ﬁ“a? ﬂ(fema. ch 'Fgapab'e of allowing
a martdneitiatessfoomatinhoc dtabsle peapdphasy is peticplopy lsgfulonordsf to

counte%%\%ﬁpﬂg@cxgg%Ha'hgllgeo%cur?ng|rF&Jn?;§H%lté‘n‘%?tha'lsC| es of the

I ne pulations are present in a netastable
first phase and are able to undergo a nmartensitic

Thus, atfﬁﬁﬁé‘fé%bgatoif% present sivabtien efedth Phafeation 2B zirconia particles

t
naving g YAEp RAYE LA ona e B T P pa B Beig pregent n-
metastatile §shiphagseantibeingsablestoatndeesesa m@rtelwlc sansfrragtion tq ea@ble

second bh8de, QéldQ?é‘?@fo%aﬂlﬁﬁ%mglef@e%tﬁarto a@textteﬁ‘uﬁﬁf atﬂelggitSO%WIt?m 300 sec
i cles of, ulation o
when t%%cf 'I“ltpgtz'é@ﬁ@cptartbcﬁe T% ftPFW%tllﬂnl %ﬁt é‘?ﬁ”%‘?éi@m in a

net astabl e first phase and being able to undergo a

Furtherﬂﬁ) vl etng‘gl;és ntt E@Jh%% RLIBLL QRS L medfh foﬁb:%gaﬁngsﬁﬁﬁrb@pulatlons of

transtormation being ected to an extent
Z'FCO”'%ParHt:'efF ‘east 80% wi thin WO 2005/ 099652
PCT/ DK2005/ 000258

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 stable 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 aspect 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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20 300 sec when tested in the "Zirconia Particle
Transformati on Test" defined herein. Preferably, the
wao e@ssdwsati on is effected to an extent of atPGDHK2005/000258
wi thin 10-100 sec, such as within 20-60 sec. Thus,
when considering various cr¥stal fornms and particle
sizes of the zirconia particles, it is 5 relevant to
take into consideration the two main requirenments :
300 sec vahen festied e g ZEpET? PRrGEle{TReNsEIrmaBen & eplardefippd seieln. tPﬁ%fﬁrab'v'
the transtdtaB6C RNGretticy $6 ah lekitat prarsd ot henieafo-100iskbi such lze within 20-60
sel ected particle size range, is "stable" under
"standard" conditions, i.e. standard pressure (101.3
kPa) and at |east one tenperature in the range of

Thus, whég céps%erl'ng Q/arlo&ocrr K8RORY eﬂ‘gj [Saq’tlél@ﬁzé@%@“cﬂé ARDnldNKRlicles, it is
he product &8¥$|ca a coqE03|te material) is

relevant &q)taéjggao Consideralion g3 EHAEMISP * t he zi rconi a
particles is that a netastable first crystalline phase

1. A first %(ﬂ'} Qﬁweﬂ Fo? g@éng{'cialﬁigwsa?dlcﬁ& i§ @Iﬂat %ﬁ(é ssétcotntaecrﬁﬂglﬁgetz gfs?fsaegtﬁgﬁof,

rconi
within the gelegigéparticlgrsizeupnge. ds ‘gfsqbéﬂ"wnﬁer Srastardt gendiigns; g¢-estandard
pressuref(h@ﬁ3|k$a) é)fdedcteéa%bbb(e tdingehgtursaingee t}fnj@oﬁﬂﬂ@oml et hough

correspopdipg B GF Bt o0 T By k8o a (BT bitnectfe e

used. optical and structural properties. The Z|rcon|a
particles are able to undergo the nartensitic
transformation under the influence of t rasound. hel1
2. A secopd regyfiiesnenh farithe aecopiapagiides 'aﬁ&é@gaeﬁ%éa fiFst Spistqliine phase
of the zirctraa ph iR CHOBXisSHAA unaxfibs barae t'Samd ot rbeditions. i gger .
In view of the above, the filler ingredient(s)
preferably include(s) zirconia (ZrQ2) in
For zircopfetim gteabptasteblertaigaganal orcudisbirstalingsk lapss. ﬁ@e BW&@\@ size is

preferab@tlﬁmé ﬂeagéébbpﬁb -0bod he, E%Uéﬁttabbtﬂlepﬁﬂﬁﬁa&éiﬁweaﬁ pgrt;clebﬁze in the
no
anae or S5TIoEH e Bl B0 hesPbad i RSP SR G bt

Enbodi nents I n order to obtain zirconia particles

The zwcoﬁﬁb%arﬁ@ézg Qe%&q’o%dér904§é rr%%ﬁ%tlé {rgﬁ‘éfopﬁ“lgﬁéﬁ BRder&he influence

surface area, e.
of u'traswdt &he BropiacPanyies, May alﬁ%é”‘iﬁé?? fhe f@%r‘iegg'ﬁf:él'fa@?froaaa%?{a“ﬁm“
exposurefoSOciaiptiadl badyee. by the neans descri bed herein. Thus, a
further aspect of the present invention relates to a
popul ati on of zirconia Eartlcles havi ng an average
In view qfdhe pledve, HieAdler ingradéent@hgefespblpnchgigdsharenty @reaT
metastatﬁé’ﬁét&é‘ggnﬁro@%ulgﬁ chyatalihe pEie2005/ 099652 .
PCT/ 005/ 00025 21 range of 10-250 n2/g, said
particles being present in a netastable first phase
Stabilizatiord ofordie meptadybige phase can, e.g., be achieved by doping, by surface

modification of the zirconia, etc. as it is explained hereinabove.

sec.

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 particle size in the range of 50-2000 nm and a BET surface area of in the
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to undergo a martensitic transformation to a stable
second phase. Preferably, this population of zirconia
w@20osiedess al |l ows for a martensitic transfor naPCDDKR@5/000258
be effected to an extent of at |east 80% w thin 300
sec when tested in the "Zircania Particle 5
Transformati on Test" defined herein. As nentioned
above, the average particle size is typically in the,
range of AAr@E0 0/ GOsaORFDtieles being: Preserd in A r@ﬁésta%iﬁ@ést@%a@oaﬂfmg able
to undePdB a MarRAsitit GdhdbrriRnGOQ skible Mcbh@pidet he particles
size of the zirconia particles generally is in the
range of 50-2000 nm it is believed that the
Preferalplgy thischopsatiay of rmoniagertitesl dllews fryesmaiterkiirdiransioningtionto be
effecte$&rg?9§>&§% ail%agtré/@}o ithireddd & wHAR ¢estdd ﬂ'gt!hlé »zirdonlaSParticle

preferred th he particles have crystal domain sizes
Tra“Sfofrﬁatf%TesF aﬁlf‘é'ée%f‘ergmloo nm such as in the range of
8- 50 nm such as 8-20 nm Furthernore, it is believed

As menb eid atb%%e Ztlh[a%ggljag Bgnrtltc'egz%ﬁ? g’?)Yﬁ%w ﬁﬂ?gtﬂﬁé{a SFY)- W?’mﬁ"‘ such

orosirt or a rapl
as in thtsrrmqfrﬁﬁbatqo@mrqaa paeistlar BRRSARNET-n) . Thus, t he
aver age pore size of the particles is preferably in

AIthougﬁy&EgQFEt Iees%tze 0 trﬁeqlrcgvgaalft\‘é\%f gfiﬁ?e%@)ﬁétdn &l-ger %alﬁg? 81’350—2000 nm, it
is belieVeMihagtha peoidesi hyy camprise smelergeysél dpniai®0¥ith 8 hemoggneous
crystal %tt?celgc/@or@\ﬁ&y,pﬂ dr@f‘é"r@ﬁ k¥arichd ﬁér%%l@s R&ve Er?gtEF St Li¥es in the

ng” popul afions are those where the zirconia
range Oﬁﬁrjtqocﬂ@ss%ﬁ\?é imthedANgR fr8igR NFastit?e®2P28 i n t he

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

ra / or. 2 ;
e 53085 el SRy TRl B, FRAEAGEARE B3 DB Py
porosityfn order ttorﬁélowénrg@ rapid transpBmation §as dpscidbeddiereivkMge the average

pore stf&h@b@rti%ieé% ér@fe?ﬂ'!ﬁy haRg earRk oFA0-580hhm and a BET
surface area of in the range of 10-250 nR/g, or d. an

average particle size in the range of 50-2000 nm and a
With reBEeEt sathegmeosity ei isofelie?ds tihat titveniagragilesf hayg20@rodtygn the

range 02%.12%%%25@%_553@5 1094 tr& b§rt|§¥15r€?y Ierkfh gt @ange of 50- 1000

surfaceé area o In the range of 50-200
n2/ g, or WD 2005/ 099652 PCT/ DK2005/ 000258 22 f. an

ParticuRME§rRERsIFY pdptlBiohs @ thbse Wigere angarcehiaReidthanen and a
BET surface area of in the range of 50-200 n2/g, or

g. an average particle size in the range of 50-2000 nm
anda.a aBEVesge fradleagizeain ghe range toh 80128A¢ & modndsDBBDsurfacg area of

or 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 nm and a BET surface area of
in the range of 10-250 m?/g, or

d. an average particle 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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5 h. an average particle size in the range of 50-1000
nm and a BET surface area of in the range of 50-80

wWor0og/09®6s2 i . an average particle size in the rBCBKG05/000258

100- 600 nm and a BET surface area of in the range of
50-80 nR2/g, or j. an average2particle size in the

range of 50-2000 nm and a BET surface area of 10 in

the range of 75-150 nR/g, k. an average particle

si zfe ian at\/h@grea)ﬁ@ré:leof’flzeslo-tmmgﬁﬁf APRI680 RETensi 7 PRt e rfacggrea of

of i m therahgoees®bod brARGr N2/ g, or 1. an average
particle size in the range of 100-600 nm and a BET

surface area of in the range of 75-150 nR2/g, or 15 m
an avenayeragambittlessizd inghé ranghef F&r2§eo ofn HO-2BEDsurface area of

and a;BrE sHEE 8€50-86 §@/Plor 1N the range of 125-200
m2/ g, or n. an average particle size in the range of

50- 1000 nm and a BET surface area of in the range of
125n.2G0 avBfage paftide sizninak€ ramge op 8041000 @nsariea BET suréace area of

rangelggmﬁgggggpgggh%ﬂ%%%rBET sgrface area of 20 in

the range o an average particle
size in the range of 100-350 nn1and a BET surface area

of ;i %nté@grarg@'?ﬁﬁlc‘iéf sizdn8Re F@/ g.0f 260400 Ath a4 BELsurface area of
partIC|%5$IZE |P5 8 2?% 250-500 nm and a BET
sur f add™§7839%P" 59-A ange of 50-80 n2/g, or 25 r.

an average particle size in the range of 400-600 nm

R B A o g

parti dn Enesfiapee ph73-feo Pafye" of 100- 350 nm and a BET
surface area of in the range of 75-150 nQ/g, or t. an

BETe o R oA ot 423 e ETRRAD 0RO BT R octie Bres o

u. animvtermgee pari-iled e’4, e in the range of 400- 600 nm
and a BET surface area of in the range of 75-150
or v. an average particle _size in the r

nge of
1009J 90 NRTSRPEHBEHT e 2998 6 20GR00 P T P Eﬂa@%&ﬁ area of
125- 200 the/agge 6f 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

0. 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
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w. an average particle size in the range of 250-500 nm

and a BET surface area of 10 in the range of 125-200
Wor00g/09®62 X. an average particle size in the rBCBKG05/000258

400- 600 nm and a BET surface area of in the range of

125-200 n2/g. Preparation of2za popul ati on of zirconia

particles The popul ati ons of particles defined above

may be prepared by one of the methods described 15 in

t he fal dusvaaecpartitie HaelinAhemenasetf HOB-356mn Red prifasatacerprea of

of a perilakken7efishhe/ahpve- defined zirconia

particles involves heatlng of anor phous zirconia

within a narrow tenperature range. Thus, the present

| Nv.erdn avergyeqrdes siae methi oahdeost zshéoprrmpamaai BET gfrfage area of

popul rticles as 20 defi ned

here”ﬁg o&ggggg?gqﬁgpﬁgﬁagonprls|ng the step of

heati ng a sanpl e of anorphous zirconia to a

t eﬂpefrﬁé\}é“ﬁe%etrml@ sﬂ'z&'lﬁl e st gRl of f400 reRbi ron ah @ APBE RS LR e area of
and no z?ﬁg hz transition tenperature of the
2|rcdH gﬁP{ §&M4¥ 0 nonoclinic both can

detern1ned by DSC or XRD. Heating a sanple to a

tegpefpl &y m{lclé §1z@?ﬂ QW b d?%éia%lo Hr@BR®LI BEr surface area of

tenperature w a sanple with few or none
cr ystiaItee {AngR Oﬁé%&gg%?‘ho{y of phase 25

transformation. Heating a sanple to a tenperature that

is nuch h| her 0,

ot B i 1o opa e el R Sl opd' g B8l area o
tetr&géh@ﬁ”ﬁﬁa§é25QOQN1ﬂbﬁmcl|n|c phase However this

may be preferably to have heated to a tenperature WO

2005/ 099652 PCT/. 005/ 00258 S what (s
i e BYEaspe FREHCE 528 ) PG THR oGO OILP A0 Pt firtdce area of
ensuneshéhﬁ@ekﬁ&ZSﬂoﬂmﬁﬂua is transfornmed fromthe
anor phous state into the tetragonal phase. The heating
process can be done in normal air standard pressure,
5Hélsbecause hum dity (water)
i C phase of zirconia. Adry air
f|OMIIS 5 therefore preferably, other dry inert
The pop@bABSPS PG SUSNNES aBdve IRELRe pRDSRA H9TonB & tHENNERKbIE described
| so be used. Since a controIFed heating i s necessary
in the follawigpder not to create overshoot depending on the
oven a heating ranp of 5C is useful. Once reached the
set-point tenperature the sanple should be kept at
Method Ahat tenperature [ ong (say 30-120 m n) enough to
enabl e the crystallisation process to occur, but not
to long (say 8 hours) since sintering of the 10
One meitoy $oratihe prendratianr &t ropubomatiheboyddefinsdgicPniagrarticles

mvolves%%ﬁﬁg oPEn%BI‘?Jrh@@ YircohREviHIPE RBRLW t&hp&aRird rdtdid.IThugSthe present

have g urface area of in the range of 250-
invention provides a method for the preparatlon of a popula iort’ of znrconla particles as

Preparat/on ofp fa E%o%{%%'n of z:rcqq)ra#

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
tempersture 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 te mperature
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550 nR/g, or 250-450 nR/g, such as in the range of
350-550 n2/g, or 350-550 n2/g,. Such anorphous
wQReosoves2 may be synt hesi zed from a zirconat e, PET/DK2005/000258
ZrOCl 2' 8H2O, by precipitation with a basic sol ution,
e.g. a NH3 solution. After peecipitation, the zirconia
is 15 preferably digested in the nother [iquid at a
constant pH in the range of 6-10, such as in th
somewhedigpy f°CBhgheottan the eryatab formator temmerasreo T hie .eﬁéure%tf@t the
zirconia 19tliahﬁoﬁﬁ‘&gﬁ‘foﬁfthé%gfomub@M&_Smt&tlﬁrteﬁSgorianpl’(d@é range
of 200-240 hours. Alternatively, the anorphous
Z|rcon|a is synthesized froma zirconate, e.g.
The healih@@te8424D) bdyompy mciopintlatii sxandeird bressuyashus psefecabivon day air

becauseollx_br{]l%it?/?wgterf"pl%gﬁ(t‘es NERnorllrid hiRRe ofbit@hia. A dry air flow is

therefotgriaferga | aier &y 'q%é%ﬁgﬂcqgaﬁ%arﬁ%g%rﬁ%ﬂetﬁ%ﬁ“r ﬁ@aﬁ&r%s'w"awmd
also be Sibéd. &Mae Pednt@tle®hedtingts necegsary i drider nargereafe Guepshoot
depend'&ﬁg{n e%l\JlgliI?HE% ngq} hrﬁ; of RLYE uQquISOgQ ltégl:’i{e%l th%&th&ﬁntB

her re ar at popul at | on of
temperathee w@csaempd%mqméﬁbezkem’é@ fhat wmrétl%%'onprﬁw 3As42¢ Rn) enough to

enable %Qﬁysft@lh%ﬂltfd)g p'l‘ocse‘sl§ ﬂﬁé&h@fbu@ﬁotﬁtop@\@j@éy afho@rilsince sintering of the
onal_crys conja in 25 a strong
crystals ‘iﬁ’l‘)‘%’o%gatﬁgg%"ﬁj b of g]ekrgfmoc&%g@ &feh as KOH or NaOH
under reflux for 24 h. The crystals are then grown in

Preferagly1 hreoenrgorg ?H:Sﬁ’ig RaHRRs Qﬁ%véa METQrfaceSdré® of WRRE RarlgB®f 250-

t t
550 miQ,r 268 BHETY9: ST 1T UEIgnane) L0l T A0 A CpRdass Mo

thus, lowering the activation barrier. The crystals

Such aTgwgvgwcoundu%gy F%gyrﬁkgs?{e%{; n‘iggg%ﬂ@g@%s ﬁZr@Cb%'ﬂgﬁ by

S In e range o osed
precipiteieic with a(kasicaaglusionas-e; a Blbla poleten Ader é@@%ﬁ‘)%ﬁ'ﬁ%ﬂ%‘?ﬁ'ﬁ is

preferaH@%n%sté@ﬁhQﬁ@ n‘\@lﬁ’é?qﬁuﬂraQ%Sdéh&aﬁlbW muHe rodget dis-Deauengy in the

g Bres 0 ar Und
range o G PioofRy o ORI THER ShORce o B I Al 1ah ey such as
in the rphgecef 200T2>4cab«burev@telraatg/elyetimﬂmorohwzancsmtl Fﬁesvzltheé@m from a

r t t f
znrconaﬁaa \/%Cééggé%“ég6g§ﬁ%t ?célgrli)govggl/ QB%@&&&H&%C&HO{O el d-?ra adftc. NH;

e i o o
motheralqhm.lﬂ’oSa suftattp pstidceofihherd.@lis tI@amagabf §-24thoers, such as in the

rangecﬁ % 4,Qns of particles defined above are believed to
e par |cularly useful as filler ingredients in

conposite materials. In particular, the zirconia
particles of the present 5 invention are useful for
Methoda®pl i cati ons where vol unmetric shrinkage upon curing of
the conposite naterial mould ot herwi se be undesirabl e
or even prohibitive. articul ar

Anothel rbied 6h (gt GFPBELOR OB AGRILTLE Thiterrole-BBREFFIETRG PaRices
involve8the BBap dordnihd arssisfdngioh wélb pgwtiéreof shmad) detiragopalr arystele of zirconia in
a strongeafqhgc?tg L %i.dq.)all?a'ﬂ%a% Db YIIBRIGIZADL S 1 B5ddR rBRSEor 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.
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A particular feature of the present invention is that
the martensitic transformati on of the 10 zirconia
w@ansigdess can be provoked by a trigger mechanPGIDK2005/000258
Thus, in a preferred enbodi nent of the conposite
material, the resin base, upas polynerization and in
t he absence of any conpensating effect fromthe
zirconia particles, causes a volunetric shrinkage
Preferaplgyihessuspersion i é‘eé“@ﬁﬁ%@ periqggafeot lgss Bfanat hqusast 0. 50%
and wherein said conposite material, upon
pol yneri zati on of said resin base and upon phase 15
Cmﬂpog&gpgﬁgkﬁptlon of said zirconia particles, exhibits a
total volunetric shrinkage (Avtotai) of at |east
0. 25% poi nt | ess than the unconpensated vol unetric
Generafifi thBlpagelafiEd &Jatt)clasadesiacd byovieluee béleskd tdbes partibDardy useful as

filler m?n%r éﬂ?sulln%@f)bs&éqﬁagegaggﬁ Fér?cu.?gtr ltlg%@ﬂ:%m%?ﬂtﬁcﬁés%ttﬂﬁspégent

inventigrp pignysefyl @VWI'W'QQ%WPW\M%‘?”'F §hrmkap%a@?n VIrHgRf s gmposite
materidl &Sild SHEWISShe Ind3Mapeichtvdesdhibitas. t he unconpensat ed
vol unetric shrinkage. 20 The conposite nateri al
typically conprises 5-95% or 10-90% by weight of the
More patigulerly nibe eresient ingerstioni providel mgornibrsite inateral gomprising one or
more ﬂnérst(ln%lu@ﬁ\)g RBGirsnirHartiObs d&hinad Yerdi) YRl £ lyrﬁérlztaB@ resin base.
pol ynmeri zabl e resin base, in particular 30-95% or
30-90% by weight of the one or nore fillers and
A parti@iatG%atued oflide FOSSenbiverticpht ticdht thidmapehyitetraxedrhatioesf the
. . I osite materi al
ZWGW"¥€§%CE§%§$g%ﬁpsgéggb%gfggggQ&QS% %ﬁg of the 25 one or
nore fillers (including zirconia particles) and 20-80%
Thus, ub)é dféﬁeurer& eRfbotiAeenRQF yrféecrolrrzp@alt@mafeeﬁn rah@ae%m ba%é'Q!boﬂS
| 0% or ES ZSO vol une $% ne o ticl
polymeyf 'F?’i"’é‘r@‘da' dhost SﬁS‘GﬁB a”\ﬂ/‘iﬂmLH*?Es?}P‘gt §°tp6?r{)r‘i%‘ﬁ%°86‘|aé°ar C1eS
causes regilumdtais shritagk éAdhl.y of thheompogieshateriated§ et ieabt §.80%, and
whereiry Hmtc@l%bé}{é Mat%?%f" %Bgn EBI?%eﬁﬂﬁiloﬂ@? géldfrés%? bas%yanhhﬁooﬁ %ﬁgge

substantially solvent free and free"

transfogrRgfion ?fesa@oﬁ’ff@g‘iatpé’rtlﬁﬂse FK'HPW%%FF}S?' V§@§“W ?U%P@@%@EPE") of at
least O PEV4-PKia0 sé GRH2ARE un2dmpasstet Wamwétwshrmuedm @y, L8 ssused by the

resin bggéa)vloil'e BJ&Qﬂla I?}ﬁ?&?ﬂlﬂ'}e@rm%ﬁrln}ﬁ%%evﬁ feérg |9%t légt\ie(ﬂ) /S such as at

I nvent
least 11§Pé‘fw@é§hfatqicélmmtéc ﬁh'tlré?augal(%@mﬁuaéleﬁ@t Q)ﬁ%%dfio"}?éfifsér such as
1.00% fpolrt @dss thameleUsHcB§ péhdatiNAurb@rit iskfig&peand a
pol yneri zabl e resin base, wherein said one or nore 5
fillers conprises netastable zirconia in the
The comebsimgoa@riabtypicali @nurisss at95%her 0¥, wheeightrofdbg dne or more
fillers (rn%ﬁj'dn\gh:ﬁg%rrc&w‘?@ﬁarﬁ@lleélmd ?—@‘56/ @r @5‘@0%‘ bVWe Geoepre of

sensat | ng eff ect nia particles,
pO‘Vmeé'é %§e beieuife aFF'EU'érhi"(? ﬂﬁ%g@r\’ﬁ QQT/%)deYe'th’iQf BErAIsSr teere
fillers ameter0%l o0l0-aD%A, dgsteigtd.dbOlé payrdendableatsin dased
conposite material, upon polynerization of said resin
base and upon phase transformation of said filler
Calculatethypyerevie ( B1e, coapRpity Matediat BPiRIIY elmRTises Re-88kr Pkelgee 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

“substantially solvent free and water free” is meant that the composite material comprises
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10 (AVtot, 1) of at least 0.25%point |ess than the

unconpensat ed volunetric shrinkage (Ovresin) caused
wWhyoosie6sesi n base. It is apparent that the onBCDDKRAWS5©00258

fillers, and in particular the zirconia particles, are

i nportant constituents of theeconposite material .

Fillers are generally descri bed above under

"Fillers/Filler ingredients". 15 The one or nore

" less thafi j40 %r, sudoapless thaatl. Dbeastlessribart PiSPerbyi wrighe o splvenimpegyor

water. (for the purpose of this section) at |east include

the zirconia particles. The term"filler ingredient”

is intended to nean the filler or a fraction of the
Alternativielyt, e Ipaasenginpenttancarbeidep yon pedite pnaipral comerisingmed gr more
fillers (|Fa$d|n8QﬁE&ﬂ£ aﬁ@kzg} L E‘Bo&ﬂ{m?m@lle%m(ﬂ%)ée %Iﬁ@@é's@@orﬂ‘ec& more

rrerlcs rinkage causeéd $/mer|zat

fillers cQupisRy BepREIe P aEE te'z“egeméo Yoleiy 2! Ls%er Phaéﬁe\gfhefe'" said
resin bdsy,piie@ poly@ensdtioh l&hé@ﬁ)h&ibséﬁk&%fmﬁy cbrap¢rabahg effeay frionothe

s 905 T b i) P g o

0.50%, BRé Whsrain spisi gpmposite méer@énw@mnoblm@a%tﬂnaﬂf saidjjgsin base and
upon plaké ERhisfd rmaash bﬁéaﬁiiﬂl'lémhé‘r@blbb(t(g(?@Sﬁlbxtslﬁ &)(t@)vollﬁw&ﬂysrofnkage

03|te L

(AV‘°“')§’E a@ﬁﬁ? Pé.&gﬁo ggm @Eﬁf r ecosnﬁ%e@ P rE?%I:a egﬁ: %@@ka%mvres'“)
caused pythdegsin bger t ant constituent of the corrp05| te

material is the polynerizable resin base mhich i's

. described in detail under "Polymerizable res Qase".

It s apPPRE CRH U 1 QT eeiflPTSnage EoRASH e B REronGORSEFFEH s
importadscahsitlasedf thedempostdmateriab Mleird aregeserolly tidweribed above under
“Fi”ers/gmg;p%gréoq .JlBterial”. The popul ation of zirconia

particles 1's particularly useful in connection with

dental filling 30 nmaterial, see, e.g., under "Dental

The onéc d)lJ Hniopegfll'i@l: @5&1651% z-gé%’k@ o@@'ﬁﬂérﬂhgﬂé&@nmhltzm@‘opﬂ{é%l—@lﬁds@%f this

00
sectlon)paéfrlﬁa%tl 'B uqlent @&Hﬁ%@? Par I?ea\:egmaglle&é%?dlgxito is 'B% ended to mean

the filleupdafrdttisie obfhetfiler bmmpgpsantxguIalnam@malajrgpequh@amely the inherent

ability tb letﬂp'%%&@ (Qst eRan@ioh £R% vbiufndii@EHnRE JBdEu98H Q;f pbiP@erization and
pul ation zirconia particles by nmeans of

C“”““Eﬁ@?r%%?P@W of ul trasound can advantageously be
conbined with the curing of the resin base 5 by neans

The zirc%?iaﬁjég '@égﬂibﬁjccallf %gnstfutg% 25%5/0 gﬂﬁé}lﬂ?\gelg& c;fitﬂé .bt%lor more

on and curl
fmem,%@é%°ﬁ9°%eéh§1@¥4@ﬂPP%S@Uﬂhimy@XANPLES erconla
Particle Transformation Test A test conposite nateri al

i S X
When Cﬁlglw% %(f q} b%ésrgf)ééc%] 80&915wé’|8ht of%f1e Eo%epo%fté %%Qerlal 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 population 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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10 and 35 vol % of a polymer resin system (36% (W w)
Bi sGWA, 43.35% (ww) UDVA, 20% (ww TEGDVA. 0.3%
w@ oapowsnphor qui none (CQ, 0.3% (W w) PCT/DK2005/000258
N, N- di et hyl - p- am no- benzoic acid ethyl ester (DABE)
and 0.05% (ww) 2,6-di-tert-mrtyl-4-nethyl phenol
(BHT)). The test conposite material is arranged in a
cylindrical cavity having a dianeter of 4 nrmand a
zirconiadegptitlesofn @onpesitamasFtls g deserthed mioysurgspl Vedof i8¢ ﬁ‘gﬂ@ﬁﬁ'te
mater.aqg"trasound scal er EM5S PIEZON 15 MAster 400 TM (28.5
kHz; 100 WcnR) for 300 sec. The tip of ultrasound
scaler is placed directly into the m xture. The phase
The inittatiansf orarensivin tiassivemstioreof the phpylhtdorusfezirofnip pandieles XRDeans of
appllca%mleof\{.ﬁgrg%nEd:@ﬁtaHQéthéeougprb%Céothrﬁed%lfmg'c@rn\@ of the #sin base

termned fromt | owm ng rel ationshi
by meam?qlﬁﬁiq_lﬂ_r)d §e4/R 41 uq_slsr/ qunﬁ:(nf:dl_1|)|t|q_thnrﬂfﬂar5_e)ns¢lc transformation
and currg(cE1d9ih ba2dbymehns bl uldabquhd0. 311Xm) Where I nm(111) and
Im11-1) are the line intensities of the (111) and
(11-1) peaks for nonoclinic zirconia and I1t(111) is
the intensity of the (111) peak for tetragonal
1”r coni a. WD 2005/ 099652 PCT/ DK2005/ 000258 28

Preparation of filler ingredients Exanple 1 -
Tet ragonal nano-si zed zirconia A nethod of neking the
Zirconid PértislgamahsroraredioniTeerl zirconia (Zr02) is described in

the followng. A solution of 0.5 M ZrOCl2 was nade

from ZrOQd 2' 8H20 and pure water. The anor phous
A test compegite BnateiayisaeMpd by miniag 69rvete f tha digoniptrarticles tybe tested

and 35 Mb136 64:a %o%ﬂﬁt@sﬂﬁ s?’s]’fle@fﬁéﬂy (WG BrEGKA 48, W(Wﬁf)tUDMA' 0%
netil c or a
(/) (RN SR T Fp P atiRoes {Go D a ) Bk iR Rzamine-

benzomtd’mi’EthE@S’@d (DABHRHC @OBYN(Wghv) 2, GFHIetecta!ktéymatihnéwhenol (BHT)).
ground to a fine white powder and put in an oven with
dry atnosphere at 450C. Exanple 2 - Tetragonal
The tesﬁaqfap%ltféaatfpplcléﬁrréng_@p iR wllﬁgrdcabf:avhtdmawggtar@ameter of 4 mm and
a deptht @t20agenal 37van Ottedsoacd &l appied asif s Ritrassurdeseler bed PIEZON

MAster 4B8 Ttdélr%ﬁ%}_ﬁ@ Wch-Lﬂtgérgibﬁa{ec T %%&ﬁ%ﬁmﬁ s{:@g‘qs placed

d'rectlyzmiodbﬁlr%ﬂX'CUZ?OX(G-i)4 27e is precipitated with 1.5 M NH3
at a constant pH of 8 5. The mxture is left with

nic stirrin s.. The [ |ta

The phSEfF LB HEpT 6 W b Bk o1 poGeP kS o e o facton of
monoclingSziideih _olechnateldétemainky fraht the o lbneridaiaionshiee il ter

cake is then dried in an 15 oven 60C overni ght. The

cake is then ground to a fine white powder. To obtain
Xm=(Imfrt) kel gs1-1)/has(1ean+unter o+ a(f a9y phase

transformation, a large surface area e.g. 250-550 nR/g

better 350-550 n2/g of the powder is preferred. The

V=133l &3t 1Heh heated in an oven with dry

EXAMP

Where I,(111) and I,(11-1) are the line intensities of the (111) and (11-1) peaks for

monoclinic zirconia and I.(111) is the intensity of the (111) peak for tetragonal zirconia.
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atnosphere for 2 h. with a ranp of 4 h. to the
tenperature of the crystal formation tenperature
W@ 2889662 t his batch) of the anorphous zir conP@I/DK2005/000258

powder. The crystal formation 20 tenperature is

determ ned by DSC of the anorzghous zirconia powder.

Exanpl e 3 - Preparation of yttria stabilized

tetragonal m cro-sized zirconia A nethod of making the
Prepara$jon pf Alesingsediented tetragonal micro-sized zirconia

(Zr02) is described in the followng. A solution was

prepared by dissolving 1.5 % (nol) Y203 and 98.5 %
Examp/éﬁm%etraéﬁmn%ngjﬁzgd'zﬁlcdﬂﬁ (90C) pure water. The

solution was then allowed to cool to room 25

tenperature. The solution was then diluted with
A meth&t sranaitin@tick etldgshatlnap-Bizae zireonda (Zrb, )Mk NEeScribg 6 liruthieGallowing. A

solutlonTc!?gSS Elleﬁblc si rﬂaéehf??rﬁrﬁfg ék@b'aggé?%f‘ef Evggerz'i'lﬁ%a?rmrﬂmus zirconia

tFruhions in
ZrOx(O@n@cwaﬁ Rra¢ipitatad with| 1 2 MdyHo at @ 6Pnss@turH efnl Qdhadgnigure was left
with magHetn&rrihdl Frelo. dalBertei drbE@tt@teV% theh mﬁaeﬁiecsmmrpa&e WatBESnd the

rier cald EETRETRONR Pui20r plariialy Mermbe TPRARED B Mpapre
powder@nd gt nnmrmwmm'ﬁrdrm;atr@oﬁsmgﬁtat gpPP%di ng using a pestle.

Both 30 the nortar and pestle were preheated to 130C
before grinding. The dried powder was subsequently

|_ci urs. The cal ci ned powder was
Exampli o Fetd 8’2‘%’&’289?622%’(%’ 2005/ 099652

PCT/ DK2005/ 000258 29 water, and the beaker containing
A methdd6F BHGRETHY tetfraYérial Hald-aeaizeadnkd(4r0r) it eb@ibed i Bhe following. A

solution\?é@)e.'%rfll %@g&a?%nl g?r at rel I ilglan %ur]g(rﬂat%-rﬂjhfa %sﬁ-\gé@mous zZirconia

ZrOx(Ohhab:tif oregipitetedseipat étMa Nblitat aTdeesteopeld &8 &n fThewdxtu enig Jeftwith
mechanacraﬂstfrh% ?dﬂ 1@t@a@s b’l?hecd?@ﬂ BﬁtQ& i &eenthash@fj withEp 30 Matdr QRtit Ko

chiord i VR RIEr o R B A ARERE SRR Hi° BRETE Ko (s Padked o
oven 603C\oeetrightf Theadake s ehen poores to dfiee poitelepwdars To btain particles,

that camﬁr‘%te%jo é s ?Bh%\éetpansFOQm;@ggca faq)éle lm%-]c%ra)@% @l tz?o-%gé)wzyggbetter

sl ze O critica S|ze
350-55@4n f@zﬁéhgtpaﬁfj?r b4 é’EFf%ﬁr %t offeapowries is thety hepteg in an oven with dry
atmosplidre F6r- PRVEIREH a\wad pak k ovved the ttasiratue bOME cristalPeitidhe.

temperg‘:tﬁlaen@n 8361?6 t{g tblé cﬁ%gll t%? eLr{‘néI%QOLt]st %Fc%g%rb%wdm' CIrh% ﬁ?\{s%aqqormatlon

Zl rconi Tt St a
temperatyrer iageteamined by 3G Qféaezam@r@hw 7 'ZP@'E)DOW§9'descr| bed in

the following. A solution is prepared by dissolving

1.5 % (nol) Y203 and 98.5 % (nol) 2ZrQOC12' 8H20 in hot

Examp/é 930G rePAH:EoNBE REra &Qﬁl/z%y fétt}a?Qnél%/Erl&eQze%} JiR¥Wed to cool

to room tenperature. The solfution is then diluted
w th ethanol and added drop wsetoal5MNH3
A methadbfithalang thENyteid fabilideadetragbie nﬂtr@&iu{lidtz&’fcbma (Rff0,} Bedescribed in

the folIoﬁd'ﬁﬁnéo&lﬂ%ﬂoﬂq&iasyér%ﬁrggb{l Ocﬁsssfol\ﬂ} é?gg% pr%()%r\?él ﬁd %é 5 % (mol)
ZrOCl2 850 rig hat @98 h@ll*ref"iﬁ‘i‘?fel'rhe?ﬁb'tlﬁﬂ Mag dlfen pliowedrfg sglol to room
temper&8MeITAd sélumswbytwea-cmuwmh Behahnbl drid fidearPdp-yse to a 1.5 M NH;

solution@ﬂig%s!l,r)(teg hreI pr}gcuplpa%o qfstﬁg%?potnll falnlj tylétnum |gns 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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The precipitate is then dried in a nortar by constant
grinding using a pestle. Both the nortar and pestle
wae@spywhrat ed to 130C before grinding. The anPCPDEA®S5/000258
powder is then suspended in pure water, and the beaker
cont ai ning the suspension is2altrasonicated for 12 20
hours to break the agglonerates in the powder. The
suspension is allowed to settle for 15 hours for the
water, dndrthe beaker comthiaingt esepranatoa vastultraspaicatasdpha? Apursite break the

agglomdr8fER\e theaitihdel. qm@ué@b@ds'dwwascamurte skt e DhodrBeor the larger

. | ut t Th | t
particed (i stpriais, oft, Thi st Ertes EnaPianadetalisad Oy i Bheine ot
of the sgfutien tohid. fThaagsuitini etiogsovate dried heinaaooptiviesisiydwdisd alumisa
mortar &h@'ﬂop&@@eecg div: 88 fﬂ'n\éeﬂrléd)p(ﬂm fﬁ@ﬁoW&’e‘?ma'sfthé‘dhé‘art%ﬁ%&Hn oven

to 1200 ET 315 @Vt LGOI RRISER of SO8 REY VIah & e Gftsdl ffor 1.5 %
Y203 staphiasiezitaoatas ffoe ratiltory hiaro- pdw&é%\/m’s(}ﬂlowedllm toat éxdlroom
tenmerazth,recom a. The resulting mcro-powder is allowed to
to room tenperature. Exanple 5 - Hydrotherma
syntheS|s of tetragonal nano-sized zircon/a A solution
of 0.1 MZrQOCl2 is made from Zr CC12' 8H20 and pure
Exampleygt-gittria phabilizae kgshaampat infacenizad zB@ifa O, (OH) 4. 2, i s
precipitated-by adding 10 M KOH until a pH of 13 5 IS
reached. The sion is then refluxed for
A meth g TR A RS e Pl RATTO AL REr Yl (B I8 cescribed in
the follomimg: @nsodutiopas preph Bsd ta,r d!lSédI\hﬂ]gaILESdc’/oo(mnca) Mraadl 98.2% (mol)

v, TR LSHEE WD, WS oo
temperatth@nngwaowmﬁrge%te@ WiR Stthanel ae ?%‘?fdl dop-ytisegigent -atM NH;
solutionOPKis Gasatad ghthe pFéEipitatiohasf titakiecdnsing &6d PelriwintibhsTB thelr hydroxide

forms. 'I%\nd r%% )sagﬁg%goagﬂ‘esowhv\aﬁ%g hZQL?C%/ Qp@lﬁg% The 1\’I\IHate is frmsed
several §mgk by tretsHsngoaiap it rny@hmol Py manyaby siiriad ane Sab%eéf@ftﬂ’sr filtrating.

The preQS@&@l‘ls th@ﬂ‘é{lr@&lﬁp@ﬂﬂﬂ%rlw c%nMaK@Fdeﬁ@uQ@@K%ésﬁleS B@‘:Zl*iﬁlﬁdnortar
or

d heated t
and peshil o GERRAES Bt R ¢ eto g 3P R ooy SO i er
suspended|it enreawatemast éue weaker cpoba@invgthersugpahsenhaniiasoni¢psed for 12
hours tooﬁwgl@ Ehd acqgwmcﬁfgtebr]n e Byﬁbrafheﬁg.gpeés @(@rg%\ﬁe@to settle for 15

Tet ragonal” nano-si zed zirconi a od of n
hours for £h¢ l2595H DRTHHATIO SEPRGS PHic ORE aur(eszyt s §efae\é%?r?f}5’%lﬂx?tﬁated by
changint htiee pidloF thai anthloAtoslcﬂ ahé essulrfngGloos MeZdr@dl Wirigsa nadi@uously

heated £|L91rﬂa41 ge g)ud’l\% %tfﬁ'r id E&f— pﬂ%‘]ac‘morphous powder
conl preci |ta
was thef, dweieA i an eue S o ideatiiar %ﬂg'tfaﬁ?atgﬂq tsmperptyre) for the

crystal tbhfow b ¥leldife d)fslobelﬁl’h Which igT@ehiicslasizeSor phidss Graheforration for

1.5% Y;Vra\%? sga |I|zQ zn*cornf;?":\]c lI'H re?uht?ngo I’# —Elo aér |sWﬁ6¢'w§oht%neg5ptoV¥§§ned

wat er i ONS Was ect
temperagnie. flnaIIy with 96@6ethano|. The filter cake is then
dried in an oven 60C overnight. The cake is then
ground to a fine white powder. To obtain particles,

Exampld BatH)/Ef?d?h&ﬂ%%;gﬁhésé BPletRPERH nbheREe RPN, a large

surface

A solution of 0.1 M ZrOCl; is made from ZrOCl,'8H,0 and pure water. The amorphous zirconia
Zr0,(OH)4.2« is precipitated by adding 10 M KOH until a pH of 13.5 is reached. The
suspension 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
chloride 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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area e.g. 250-550 n2/g better 350-550 n2/g of the
powder is preferred. The powder is then heated in an
wo@@s/0esh dry at nosphere for 2 hours with a rBepDER00S/000258
hours to the 15 tenperature of the crystal fornmation
tenperature (443C for this Bt ch) of the anorphous
zirconi a powder. The crystal formation tenperature was
determ ned by DSC of the anorphous zirconia powder.
powder. Ere\fifyt white poeyes o saeil sptragonal eryrigbisitianstested tp &Itefgn beaker
and susp@?ﬂ@éﬂ)ﬂnes afcaHthenhe @@élfbrbﬁﬁ%cé@m@wécbﬁﬂ:odéwdm is heated to
exa

170°C foégﬁg‘i ﬁ%%gus(pgﬁemr?r ﬁ raca?la/aall\'&ftraﬂéﬁ} gncro er fr’f‘,tgr and washed with

pure watebhrphidnodl- ﬁh@jmwedy?e drigchet anaevep| aA4t607C. 49% TEGDVA
(triethyleneglycol dinethacrylate), 0.2% CPQ
(canphoqu|none) 196EDWAB (ethyl

Example 9 %Fgg}ék/{%(q,rynggg@g@ % . 8% Nor bl oc 7966

(2-( roxy->5 acryloxyethylphenyl)
H benzotriazol e. The shrinkage of this resin base with
A metho@BPHHakBgYhd veriagbial %an@fsizfia%rééﬁﬂé vreey) isrieBeredsiethe2bllowing. A

solution 8‘{@\5%{ g Jﬁt %?12& Igl l{%%@ﬂ H:ll grsuj @ﬁln% \Ak/)éatepel%%%%%gph%%s Dconia

ZrO4(OHEhy isrkageitabéd Bih @rohgenieated mHB soluw @foarp@ﬁémt @bl ofiLP1g- The

mixture fsN&rt Witﬁengéchglh\@aﬁ Qutrind Rt ab rﬁ%bl"s?!hc@( RSt Nige ﬁﬂel’:l@@éﬂeavas then
Xpansi on o i Vin

wasned §ih a1 Gatebrmne PO R i Eesessrand VgL PieBinol- The

filter cakefis Umhl’drlbyp)esn oferf60 IGovepeigbt. Jhe sakesigdhemaroen@&9s fine white

powder. Er %anﬂ@l@g 'tﬁ%tec%nv\ﬂlr{cﬁr@o éT?a%9 pﬁés%ecréﬁsfc@m%t@rm aaIEFi_;e]s"t_’J%éce

mean size of 15 n
area e, gem-rg% Ratier SO0 POy B S ERRLPRWaRT P CEATSSs TR PR then
heated ifrah evéralvith 8ryd@&swesptrad fon2 hbers it 4 ewhmgf 4 Thersfto theer

temperam?é SF Eh%l cnybs§?l f%r%?atnglgntg iaur acg(%@@aglﬁ\agé%:g&of the amorphous
zirconia p@wmlm)@meb‘,easatlosntea“g@mtu@ﬁwwa%ﬁetag@ﬁﬁd by H§&Hf et

amorphd@Bhabsiinpowddrengt h in the inventive material by
copol yneri zation of the surface treating groups. The

resin-compatibilizing agent used for the zirconia
particles given in the exanples is

Examplen%ng(erfarii’@f’MF@H’@@P?EEOF’)‘?FFéfaéate The agent was

appl i ed by dispersing the zirconia particles in a

An examgfet gfrth‘?%s% b lé)gestcplge@%eme fol-lrchv\ﬁné) %g ﬁ%sgd in this example

consisteg {atein wmfy%aw HB‘VO&)?TQW\ risMeRYsMatmsidyhAimeshagadate), 49%

TEGDMAa(@r@éthﬂGnég(}/cal diRRMHagPRaty) 0412¢/00@P@tcafnnmo&g¢rmne) Tihe EDMAB (ethyl
an

wmenh oo I S B B 12 A B G fonen

H-benzogfazalet rasound In formng a restoration using the
conposite material given Exanple 1, the surface of the

The shn%l%@%a%?ggﬁké'npgagggﬁt%%#q{%r@gggéy 4 tfa‘}’rc}i Bg%‘%/o: (?fcr)]lu%e%) non-phase

transformation filler particles can be measured using a Watts apparatus to 2%, thus giving a
monomer 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
expansmn of 0.17%. In this example, the composition of both types of filler particles used
were 85% (weight) particles with a mean size of 0.1 ym 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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that is decayed or damaged. A retention groove is then
formed in the dentin if needed to maintain the
WO e®b0Y®mt: on on the tooth. The practitioner theCI/REA®S5/000258
opacifiers and pignents to match the color of the
conposite material with the splor of the tooth. The
conposite material is then built up on the surface of
the tooth to replace any lost nmaterial. Once the
agent apg ae poetopRabEDfieshansirostieagthintthe intuenkipp Bk &Y of
copolyn‘IePlQat'id%S&th@Ehr@él:ettl:t%tlﬁé) @F&@btﬁwmhﬁfdcﬁﬂ\pdtﬁbllﬂmg%@dt tgeddor the

zirconia PRI B LTRSS (K1 (R AT HED M e caent was
applied Whidiseemjngl the agcdanireparticleny 4 weter selndolof thesaneing '@@aﬁreﬁe"ed

strengtH’MnH& #yeht %W%%c@ﬁoﬁ%rmnhﬁthdﬁfﬁﬂ n%WltmwgyﬁbM|e@ﬁn a
treat ed he scaler is used on the entire

pemﬁ”%?ﬂﬂq?”ﬂgt@%ﬂ?%ve a honngenously phase transformation
of the zirconia particles. After the conposite
h face is polished.
The fllleggl;\gwle eélnzaQ&%%clb%?onrrggg ul;egE ?orﬂj%% fol | on ﬁg an
overaII procedure to be used by a dentist is
illustrated. Step # Procedure Conments 1 Di agnosing
Examplel8nt Mértermiticazansfosmation bg peens ohu/tresadsh of t he enanel
surface and discolouring. Mneral |oss can be seen
with X-ray 2 Drilling away infected Rul e: renov
In formigagProrian USHSHNE SPEEPHE BEATIIENEEXMDIE o HeA SLERGR Of the
tooth is@répanédbg r@ﬁwlmg/alp/e;ﬁdrﬂm’( eff thd téoth avatriehgpnidpffeetedary, the dentin,
that is %%g\éédno %%l 8%‘?&%%33{9 e i@ngﬁ'\rf%rrﬁ@éf%ﬁ{eedén@mqﬁ%éd@d to

termni enetration occurs
rmaintaigliirq Fegtassidenyen theriopth. E’@Qe@rast't'qfﬁé”}ﬁﬂl s apacifigistandapgments to

rnatch thé cOU¥ Blathle?cohﬁhfjﬁé‘et @6teWi@ ﬂl@@ﬂ{e%%BQthoDKzﬂQEdoa%E% material
is then ﬁégwg netgt[elesgrfaﬁ éJf tg? koo%{]go re altc%%rgn osg%gaqgr\{élngnce the practitioner
is satisfeedovithathiecppedirancoef tban%sltoreﬂoramecamp@@éﬁ inragenial iuexppsed to a

visible | s&rE@EHr %&t@@li’éa%eginsdn@fa%g%%tggh? é’d}ﬁsﬁfeedvdérb&ﬁm&ﬂb the polymer
i
eratrix. M ARG 1OF GOGNS LA AAT Ui RABE SEATR A TN ReP TR K7 '

used cogtitdausiyernctha t8:aRrdetpathaTheacalayris needert trtmer[hre ftdathgo achieve a
homoge(f\gUéI$ %ha&a@ﬂsfm%‘igh Bgthte'z‘ir@cg}\ié'gbﬁitcl'e%kmter the composite material

has been cured, 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 enamel 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
4 Determining whether If penetration occurs during excavation in step 3, the

pulpa and root canal is pulpa is infected




sticks 10 Applying cenment for
Inserting fitted retention Mist

wW@boosoysesi t e mat eri al

c

avity

13 Cavity preparation Rule:
possi bl e,

retention stick 11

| eave space for |ayer
stick 12 Determ ni ng CPEEDKRG05/000258
as small as

but with shapes avs2ding to weaken the

tooth's intrinsic properties 14 Choice of col our for

As tooth-like as possible in col our

and opacity

phase transformation

ddmpdsﬂte materi al 15 Choice and adj ustnment of In
5 “'F‘& aI ht‘rl:l Fo%ﬂ:é”a‘? e | REk%hg ngcﬂ@rﬂl@ofﬂ%ﬂé frepul®a and all
Et % enanel and Nbchanl %h %
prqx§?ﬁ>a ‘ﬁ?ld dentin deft for?tfml("} ap,\yg o g rWége ITh
6 daset ednanaiseesrosi te| material shrinkage 17 Apply
g terial Cpuld be in nore than one | ayer -
ar%I ?ﬁéthg?tg%s 17- 19'have to be repeated until _
7 Jufiriphdnceneot cameline of | Makes thel filingdhgte KbA rPeEndFides
lINdehiedt | N UV-Curlng to Wile startlng step 19
olvnmerise co a i ol
ST I’JUUI L\. I LI aLI IIU
U R9e5 S iR e maj or QWPPﬂbaa%“h&%B% fis during the
Setrepargtiont fot hetentphas ¢ Drillmgsboicatetanaimétiching niganiameticil
iingtpe first 3-4 mnj In the next 1h the filling
shrinks about 1% Solultrasound should typically be
10 USRIt CeatRptfor60 se¢. The power of the ultrasound
sheuhﬁopgnﬁdgh enough to trlgger t he transfornatlon
AV VAN aVaVatllVal I Vl )
T O Yar Aot TaGcy | TLoblan N, SU0) Ge0eaPonle materia
RGTkKPK2005/ 000258 33 as 28.5 kHZ
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 material Could be in more than one layer — meaning steps 17-
19 have to be repeated until sufficient volume of the
filling has been reached
18 Initiating UV-Curing to 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 1h 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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20 Renoving surplus of conposite material 21 Polishing
conposite If the conposite material contracts, this
waeamsoesmat erial filling postponed in order tBCT/BK2005/000258
hygr oscopi ¢ expansi on occur before polishing Exanple
10 - Utrasonic curing of a d&antal filling material at
roomtenperature A dental filling material consisting
of 9,980 g bis-GVA and 9.975 g TECDMA is prepared. The

mat erial (a sol ution)| #s28.8fkHzoverni ght in vacuumto

20 /ggqsﬁﬁ@s@ygugygsorbed im mononer 5 sof ution. A small

thlontg E%% | the solution is taken into a snal
PR MFEIR 63 mig  benzoyl peroxide. An ultrasonic

maPéHa?ﬂltl#& m xture. Meg lr{l'd'rder &! IteE ﬁ?&gg&pﬁ%&bé\%mn occur

1 dental“filling matertal in a cavity A dent

e
p
g
21 hoPalisiing lsom poeier  of 1HGh&M@Ebsits mesedal fcontréds, Sbis oad se
to
0
f Illng mat eri al consj R&PiePogshing 101 g bIS GVA and

0.661 g TEGDMA Is prepared, and 10 71 ngy

benzoyl peroxi de and 8.060 g silica (surface coated

wth 3- nethacryloxypropyltri- nethoxysilane) are

adde The ma on eft overnight in
ExamplE qa o\ e e o g R e oPa g BB a0 S BT

solution. A part of the material is placed in a snal

A denta?}%'lih&ﬂ{ait&gll &ongétﬁ'l dfld é%‘g%ibg-éﬁA gﬁ& 5353}t5egﬂTEC$lﬂ\g,&]1s J’Qﬁargd The

anet mm an
materigl éa F%wt@ﬂd@dlw\@rmhw daglER {9 eYaPoRRTe SIMAPSRTERT in Tenaraer

solutioMA dinall pmamm (®h) 3Ohe\BbBn iiStausethtd 2 skl gﬂi&s&mw&dmtmg

benzoy@;eromde En U{t)ﬁas%i\% ho-lré]%ltﬁﬁar Ion Wlftlgo I‘/\@g Scad d fd Qqq]sgelg(?nds to

rason sca
Cumth%Uﬂﬂaﬁe of t he undanaged tooth. Exanpl e 12 -
U trasonic curing while phase transform ng zircon/a
particles in a dental material in cavity. A dental

Examp/% . 'M&a%ﬁféwﬁg SRR/ Qﬂ)g zgéri%igrl- $%a%;$' GVA and

pr epar e
benzoylperOX|de and 18 010 g zirconia particles
A dentd] SUih§ ateer®abAEstiMd 6F 2700M0§ IB&LGMA and 0.661 g TEGDMA is prepared, and

71 mg genrzggyl{ %}rggd%cold) 320 g%zé ?ru?fgie aﬁed F%undme&acryﬂ)xypropyltrl—

methows@nsf mradtilednﬂm/mapepslai @asqltdmndafs lefi@vgynidght am/@mlum to eva porate
air absétbtd AR fornTnMraolutibReA PR &F ki m@ﬁe@ﬂa“ﬁs'p@d’&d Wﬁ§ smbRtflindrical

O AL SR T U R E R TAE L A
and is intesded to dryibilatelmiceaity. ol @trdsdnid edler withra ovtar € 116 W/ oot Is used
for 60 s%%oddg tg%vﬁmh% rﬂr&tur@nﬂfeScdHlégr\nﬁﬁoﬂ% GeSeds Ql'bn%% PhRingAWeLip of

is used seconds to cure
the U'”ﬁ?%d%ﬁﬂé'er h Eh ey derssf oo B MAseA BR&D05/ 000258 34
curing with the scaler is done by noving the tip of
the ultrasonic scaler on the surface of the

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
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 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

ultrasonic scaler with a power of 100 W/cm? is used for 60 seconds to cure the mixture. The




undamaged tooth. At the sanme tine phase transformation
of the zirconia particles is initiated by the
wakdsaswend and thus a vol une stabl e dental fiPCT/DE2008/000258
made. WO 2005/ 099652 PCT/ DK2005/ 000258 35 CLAIMS 1
A conposite material conpris3hg one or nore fillers
and a polyneri zable resin base, wherein said one or
nore fillers conprise at |east one filler ingredient,
curing withi thescalpris qon@ Ibléd"l‘%’ﬁtg(tﬁf tip@émﬁg uﬁwg@'ﬁﬁcqlq{ g the surface of the
undamaded esdtRbAtehE i556|$1te t@rﬁbﬂﬁﬁf séﬁfinﬁf&ﬂrﬁ@ti@bbf&&éQirdﬂﬂ@bg@icﬁs is initiated
nartensi_t transfaornmption to a stable second phase,
by the JFReschT aht T4 SR RERR R B b™el ona phase  and
said netastable first phase of said filler
ingredient(s) being at |east 1.005. 2. The conposite
materi al according to claiml1l, wherein said resin
base, upon polynerization and in the absence of any
conpensating effect fromthe one or nore filler
i ngredi ents, causes a volunetric shrinkage (AVresin)
of the conposite material of at |east 0.50% and
wherein said 10 conposite nmaterial, upon
pol yneri zation of said resin base and upon phase
transformation of said filler ingredient(s), exhibits
a total volunetric shrinkage (Ovtotai) of at |east
0.25% point |ess than the unconpensated vol unetric
shri nkage (AVresln) caused by the resin base. 3. The
conposite material according to any one of the
precedi ng clainms, conprising: 30-95% by wei ght of the
one or nore fillers; and 15 5-70% by wei ght of the
pol yneri zabl e resin base. 4. The conposite materi al
according to any one of the preceding clains, which
conprises less than 4% (ww) of solvents and/or
water. 5. A conposite material conprising one or nore
fillers and a polynerizable resin base, wherein said
one or nore fillers conprise at |east one filler
ingredient, said filler ingredient(s) 20 including
net astabl e zirconia in the tetragonal or cubic
crystalline phase, wherein said resin base, upon
pol yneri zation and in the absence of any conpensating
effect fromthe one or nore filler ingredients,
causes a volunmetric shrinkage (AVresin) of the
conposite material of at |east 0.50% and wherein
said conposite material, upon polynerization of said
resin base and upon phase transformation of said
filler ingredient(s), exhibits a total volunetric 25
shrinkage (Avtotai) of at |east 0.25% point |ess than
t he unconpensated vol unetric shrinkage (AvVresln)
caused by the resin base. 6. The conposite nateria
according to clainms 5, conprising: 30-95% by wei ght
of the one or nore fillers; and
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5-70% by wei ght of the pol ynerizable resin base. WO

2005/ 099652 PCT/ DK2005/ 000258 36 7. The conposite
woreaosndmb2 accordi ng to any one of the clai ns S5PEI/DRRI0SI000258
conprises less than 4% (ww) of solvents and water
8. The conposite material acsprding to any one of the
preceding clainms, which is a dental filling material.
5 9. The dental fi Iling material according to claim
9, wherein the filler ingredient(s) of the conposite
material include(s) zirconia (ZrQ2) in netastable
tetragonal or cubic crystalline phase. 10. The dental

1. A conﬁdds|té @ﬁ&%ﬁ @6!’#’1%11519#:&(% di pdrd Ak %h%%olﬁ%ﬁb@l&'ré% Bfse,

the one or nore fil m@
wherein g dcpni 5 e fUF'E PRPIIGE 8. &aﬁtpwesfé'eafngr%efrtea%? [ffrengredient(s)
being prekédrta aingasablefitst psase ahd béleg abl&g:oeddengb(asmartensmm

tra nsforhwrégl)llr' goeg §gab[£|eﬁ[e oag'{?gez lcH'e &%we%@g ?gﬁﬂﬁl se®bnd phase
tall1ne phasé;
and salcb@psaﬁﬁhlezfgsq ehase of ?ﬁ'qbéé'ér '”§Eﬁdd?“|t@g |bﬂ'“5z§§éeaﬁ%i A§°based

on one or nore conpound selected fromthe group
5. The c(é%{gﬁl?ft [ nq%é, (iﬁcgrd@g%m%& ?\&@%&I&I\ﬁ‘%i& rﬁ)s/iln-br%%’hu ﬁogmenzatlon
and in tiiHEiddERN ce off drgrt doyripensagingceifect oo thetoha or yoae é”%f"lfmwtsl causes
a vquinr&@RﬁH@ge’%AQre%‘? ijt)ﬁle éiinﬁf&;sﬂ@‘ﬁ{a)f&@él f GtBle§M0%, and wherein said

henol - A-

acr Bi, s
composiiy BPHETIG- L@owwﬁ{eﬂwmo(w&% n%aéﬁ%nﬁém" BBFRESFtprmation of
said f|lIe\Mlﬁghredlbmt(sanatfeﬁltsai:atdjW&metnatshdnl(a‘ﬁ@&)&vto@) 6%6thgasiv@i APFb-point
- _ o i

ess thaf B e e P g e, Bt e
shrinkage of a conposite naterlal upon curlng,
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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 (AV,es,) of the composite material of at
least 0.50%, and wherein said composite material, upon polymerization of said resin base
and upon phase transformation of said filler ingredient(s), exhibits a total volumetric
shrinkage (AViq.a) Of at least 0.25%-point less than the uncompensated volumetric shrinkage
(AV,eqn) caused by the resin base.

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

30-95% by weight of the one or more fillers; and
5-70% by weight of the polymerizable resin base.
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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 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 tra nsformation 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 second stable
phase.

12. The method according to claim 11, wherein the martensitic transformation of the filler
ingredient(s) is initiated by application of ultrasound.
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13. The method according to any one of claims 11-12, wherein the polymerization of the

resin base is initiated by application of ultrasound.

14. The method according to any one of the claims 11-13, wherein the composite material is

as defined in any one of claims 1-10.

15. A composite material as defined in any one of the claims 1-10 for use in medicine, in

particular in dentistry.

16. A population of zirconia particles having 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, said particles being present in a
metastable first phase and being able to undergo a martensitic transformation to a stable

second phase.

17. The population according to any one of the preceding claims, wherein the particles have
crystal domain sizes in the range of 8-100 nm, such as in the range of 10-50 nm, such as 8-
20 nm.

18. A method for the preparation of a population of zirconia particles as defined in any one of
the claims 16-17, said method comprising the step of heating a sample of amorphous
zirconia to a temperature within +3 K of the crystal formation temperature as determined by
DSC.

19. The method according to claim 18, wherein the amorphous zirconia particles have a BET

surface area of in the range of 250-550 m?/g, such as in the range of 350-550 m%/g.

20. A method for the preparation of a population of zirconia particles as defined in any one of
the claims 16-17, said method comprising the step forming a suspension of a powder of small
tetragonal crystals of zirconia in a strong aqueous base, and heating the suspension to a

temperature in the range of 150-200°C.

21. The method according to claim 20, wherein the suspension is heated for a period of not

less than 2 hours,



