WO 99/ 45890 PCT/ FI 99/ 00120 A
NOVEL PREPREG FI ELD OF THE | NVENTI ON The present invention

relates 'to a epreg, a nethod for the preparatio repreg
and a net hod P@%‘g%ggii ng the prepreg. The invention rel ar}icg‘;syl%g&ﬁzﬁer to

a fibre- 5 reinforced conposite based on the use of said prepreg, and

the use of said fibre-reinforced conposite. BACKGROUND OF THE

| NVENTI ON A ngghggﬁéions and other materials used herein to

i Ilum nate the background of the invention, and in 10 particular, cases to
provi de additional details respecting the practice, are incorporated by
ref erence. Many daily goods and special goods resenble dental and

medi cal devices, nmade from polyners, in the fact that they are prone to:
fracture due to nmechanical conditions of human 15 body or use. In

dentistry, i tFIBLREOE THECLREMTEPR hat renmovabl e dentures can fracture
after the denture has been worn for some years, (1 - 3). In orthopedics,

bone cenents have beert k i . Q.. hoiynt
Pt ant and b KEFReRt IaPLovatn (B12808 MO AWK, BELUES], & SrochBhl |
conposi te (FR®T tdieprgparabhieneff &he prepreg sy ecBepord ks maskéngeen

tested as natglé Preprepe The Sifiveationt feldtes Surdthernto nedfikade-

appl i cati ops. el @p_a; [
conposite 5 I&éabilget?%e%mﬁfgﬁg%/ﬁ%)?} ﬁgfgf_lgﬁe{: ?o%\égfgafglr'g%%gr%r?@fﬁt gﬁgnd 25
requi renent s e dgeniofapage nfinayeinfosreh dirmHosisar gery for such
fibre - reinforced conposite material. Recently, an i nvention of

pol yrer preingiéiggﬁﬁﬂ$ BkbﬁﬁErEﬁiﬁﬂTﬁbn (prepreg) was introduced for
dental and sone nedi cal applicatirons (6). Said prepreg made it possible
to use 30 fibre conposite materials together with nultiphase acrylic
resins which Ry epurlidiaitiehy dndbthesCAstéyiflld Qsed herein to

illuminate the background of the invention, and in

10 particular, cases to provide additional details respecting
the practice, are incorporated by reference.

Many daily goods and special goods resemble dental and
medical devices, made from polymers, in the fact that they
are prone to fracture due to mechanical conditions of human

15 body or use. In dentistry, it is well documented that
removable dentures can fracture after the denture has been
worn for some years, (1 - 3). In orthopedics, bone cements
have been proved to be a weak link between e.g. joint
implant and bone (4,5). During last few decades, fibre -

20 reinforced composite (FRC) materials instead of
unreinforced polymers have been tested as materials more
suitable to the dental and medical applications. Attempts
have been made to develop a polymer fibre composite
material which fullfills the biological requirements and

25 requirements of clinical dentistry and orthopedic surgery
for such fibre - reinforced composite material. Recently,
an invention of polymer preimpregnated fibre material
{prepreg) was introduced for dental and some medical
applications (6). Said prepreg made it possible to use

30 fibre composite materials together with multiphase acrylic

resins which have relatively high viscosity prior
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2 pol yneri zation. The mnul ti phase acrylic polyner are nade from
prepol yneri zed powder particles, such as pol yret hyl met hacryl at e ( PMVA)
and nononer |iquid, such as nmet hyl nethacrylate (MVA) and ethyl enegl ycol
di met hacryl at &¥G9UEE¥H\VA) (7). Ml tiphase acrylic resins werBEWREPOIR dent al
devices and in orthopedic bone cenents (7,5). The use of said pregreg
resulted in a well i npregnat ed fibre cor%posi te wi t h good mechani cal
properties. ce the al t udi es_hav own that the use of such
ol e 10" pPETRBPELH S0 Phf R oA P o Gor T b B LORCE 1458 FUABS  of

acrylic resi frpsnpveptlondahzad epoWd®r particlgs heugh afe above prepreg has

aes;)l ved theyp e&gﬁé@m&tmc&?w{@rml awhf&f%nﬁglr Yi&€id e Q%hreng\éabl e
ent ures | eq_has.not resol ved, certain er .
probl ens rel 3FF L ‘Be‘ﬁ}?&rﬁ?%f @‘E‘H g ae?'ﬁkﬂb]r odineFhacoplab®ials in
dentistry.5 | mman.y) dent aMudppbhase iagwylic ;:nﬂl;naewsrarese’chdm deotrmairononer

Ilqlw d syste@i@v@eéy,and inN3LeRGp &l PRWHEN cbhdtitisd (7 X§ UraS agedegcr i bed
earlier.

é st ens arﬁ ¥Jcal%ﬁradefromdln§ t hacryl ate, 20 resms
such as BI SGI?ﬂl nBEETe8 RPFEnERt yidbiad HeprAgRased tibxgs sHhg

pol yneri zed ithcgooditnemhanficah properdties. byince thesi bdéEidiagiit radi ati on
(9). The vi sg%aawsqiavw%o%nem the ugxswrgﬁ;eﬂ%sl&ﬁay' ated by changi ng

the ratio of nononers this resulted in such nonomer syst em whi ch
coul d be ¥5 é’§8&mPﬁe‘{ffaéi%P§ﬁﬁﬁ?$ orP IR b FRAUFeRbnofer L ure§c AL
product s (Veecrydic \Fesiderembvaklardentneeht ehst ei n; Fi br eKor,

Jeneric/ Pentron, USA) are on the rrar ked Due to quite diffi cul't handl | ng
of di nmet hacryl ate naner pr el nated fjbre ext ensi ve nunber of

equi prent i SHORTRR CBOTSLPTHR AFBITETEITe SRR BFOT RSt ory. The mai n
probl em i n t einfespeaultiiphashcacfdenvasivhadf menovieble denfugeapr egnati on

met hod was tma:hffbmﬁésfrsaxadp{:@pwyimerﬁst resormgaoaértﬂrd%hbkl on when
t he prep t he process

| of the
nononer p|p§| %E?‘ggn%?elg& 1Pngcés£}\lﬁ tuﬁehagd 'rfgtlflﬁﬁr? (gh??"ﬁ’ﬁgigg
sensitize t haagenials piey senglistoy alIrer gynﬁydeﬂmﬁdrmppllcatlons
polymers are made from monomer liquid systems only,

instead of powder-liguid mixtures as described earlier.
These systems are typically wmade from dimethacrylate

20 resins, such as BISGMA and triethyleneglycoldimethacrylate
(TEGDMA) and polymerized by activation of an initiator by
visible light radiation (9). The viscosity of such monomer
systems were regulated by changing the ratio of monomers
and this resulted in such monomer system which could be

25 used in preimpregnation of fibres with monomers. Such
products (Vectris, Vivadent/Ivoclar, Liechtenstein;
FibreKor, Jeneric/Pentron, USA) are on the marked. Due to
quite difficult handling of dimethacrylate monomer
preimpregnated fibres, extensive number of equipment was

30 needed to use these products in dental laboratory.The main
problem in this respect with the aforementioned monomer
preimpregnation method was that fibres frayed to undesired
regions in dentition when the prepregs were placed on
teeth. In addition, the processing of the monomer

35 preimpregnated fibres with hand laminating technique
sensitize the dental personel to allergy by mononers.
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3 + Another great disadvantage of using such nononer preinpregnated
fibre systens | | bridges was that conventi onal gqaqﬁ
preparation mégaﬁg éﬁ Thi s means that a great anount of entéﬁ enanel
and dentine was 5 ground in order to get _space for the restorative

mat eri al . This kind of restorative deﬁtlstry could be called as

Linvasive proglddld. I8at! 81 LadvailaRNEs COMBld GRichORoRbmer [ NI kind of

treatment was hypers nS|t|V|ty necrosi.s of the pulp tissue.
Need for the PW@PW&F& fibre FYREe™fi hordshital bTidges ogps that

"resi n- bondededrivelgathadr type SfvViopitAngrépaciteissn wwhlnéedﬁufamhm®e fron1cast
metal al I oy O?aﬁq:ﬂak 4! Qlgb0at Gidbntl bE 4G3EAL CRHERRNSahd laerddine fas

di sadvant age restoration_was recurrent ondlng of the

restorati oR a@ePynd 4 \%F‘?rhT"@;W?fr ispacsf £95 the W%BPE{'Y%H“%&% of

conpl i cat ed | olDg atiaidy ofecbatoprrive dehbistidy .could beCaabberd grsaphit e and

gl ass fibre- epﬁ%éﬁi@%&b?@ﬁe@a%&%ﬁeuyu S8y P b chlfor e 001 canal
0S

posts (12, % osts S were use o restore tooth for
an artificial thEs drigith °fTF§ﬂ?W%ﬂfaMas7 hyBers AL VESEt 8L WP e from
i ndi vi dual | y néstosint alf ahéopslpreifssam. nBead Hor eae. tbobh epreparagiony r oot

canal posty MlinfiRe ATHENLS gl %dremeggﬁ-%onqéc{)%@lh jepaldy used

mat eri al s. er, one shartcom re- egaﬂé cOo %Q ite posts
in dental appl¥aariand kxidass bé@H‘WeﬁBFFeﬁadQTﬁ§9m Saph ettt 19dhesi on
bet ween resi nand lutdd n® ceaemhmandrbb&nfcémene$qmm cabposhte post which

ead o | 00SCRL DirPlnddiR. BES dssa@fergmpadcﬁn WalPrecyrdddt) . This vas
due to the hlg y Cros I nke thernnsettln ynmer structure of the
epoxy whi ch d gbéwsing |afwthe ¥%ﬁ?ﬁﬁqniﬁnoﬁn@h€9¥%ﬁ%¥ﬁﬁ¥n339%IP¥kfﬁuﬂ ymer
networ k (1BN) the réoutdiartgonr beedlinlofpebypbiéavdd Qabbeadbry fddinique I n
sumary, the ?ieblqu which relate to the state-of-the- art nmethods in
the field are 5 Prepregs nmade from nononer systens were difficult to
35 handl e by dentists and dental technicians because prei npregnation

mononer di d nEhrBeth fdEphiteyahd nglldste fibre-epoxy composites have been

developed for use in root canal posts (12, 13). Root canal
posts posts were used to restore tooth for an artificial

20 crown. Traditionally, root canal posts were made from
individually cast metal alloys or from metal screws. Fibre-
epoxy root canal posts might have potential to replace
traditionally used materials. However, one shortcoming of
the fibre-epoxy composite posts in dental application have

25 been reported. This is inadequate adhesion between resin
luting cement and the fibre-epoxy composite post which
lead to loosening of the post after some period of time
{(14). This was due to the highly cross-linked thermosetting
polymer structure of the epoxy which did not allow

30 formation of the interpenetrating polymer network (IPN)
bonding or radical polymerization bonding (15}).

In sﬁmmary, the problems which relate to the state-of-the-
art methods in the field are:
1) Prepregs made from monomer systems were difficult to

35 handle by dentists and dental technicians because
preimpregnation monomer did not sufficiently bind the
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4 fi bres together. 2) Handl i ng of nononer prei npregant ed prepregs
sensitize dental personel to nononers by skin contact to the prepreg.
3) The treatnent with conventional dental bridges required 5 tooth
preparation am® ¥4#%e defined as "invasive prost hetic JEARIZY02e 4)
By using | ess invasive prosthodontic techniques, such as
resi n- bonded- bri dges, recurrent debondi g of the luting cenment fromthe
nmetal frane qf the riqgﬁ was a problem 10 5) By using currently avail able
fibre-epoxy ¢oRpB3i t¥*"®Tendodontic posts, |oosening of the post fromthe
root canal 2)Hamglingpradbmenemer preimpragaltad prepneghstinsddipeobl em with
?Ihl pol _ym%';L ;dﬁgﬁﬁll%%ersolnedeﬁ%'xﬁéﬂdluélﬁsb&[‘tﬁkﬂﬂdbﬁﬁébﬁa%cb %ecg&rgbg‘sglion of

e resin is lead to poor Ltti restorations and dentures .
and caused nésg%fhﬁl ’feeaatl?gﬁ‘g Bft’ge%ptné'\légg?‘B’h{f‘f%en%aET%’él & JPILeti sol i d
encapsul atied tbpbheprepamgipnepnégran bewdsf thest mishédnvasivee US Pat ent

4,264, 655 (18)ostReti®ldentishfepreg, the fibres were preinpregnated with
heat - curi ng 9 éhernpsetting.resin and %ggr%after covered with E nmenbr ane
i S

of thernopla Y RERY HeE S ARV RTITasr? At en EeChn i UREmEBFRS T ¢
nenbrane renaieséd-bededrdrigaes, frepmrrhat debandéngosbtthiagdutdsgn and no
bondi ng was e@hahfefiror®'the medESi f1RGhe BEl VEENDHAiAGePRAY BpIPAGRS. I N

additionQ“QS éhgrnnglastlc nme rane.wpglsug that it elimnated

interstraifd 2an8¥i OF PFESPEGE AVailabla i reCpeX P AIROS($ 8507, 631) (17)
descri bed a pndpdentic posttisehleeserdnghef nbpt amisitc fEph nkleprmodgeandhe
purpose of thas a piébiBroverage was to increase the strength of the fibre-
30 reinforced conposite nmade fromthe prepreg by neans of high strength
and hi gh nodul us of the polymer used in the film coverage. However,
this film alfrheddhtionwae boadbked eprobdem with gdd- pplymery tusefl Lhe

t her nopl asti GeREeRtLP wdd@nbi bHl Pasi zat i8R cHYBckPok WS & HNLRESHN and

adhesi on of 135 PLEPY egs, 2.0S5aUSe e, BT °PL.AY, YAS L DL IPRIBSLig, I n type.

and caused marginal leakage of restoration.

The use of a semisolid encapsulated fibre roving prepreqg
was described in the US Patent 4,264,655 (16). In that
prepreg, the fibres were preimpregnated with heat-curing

20 thermosetting resin and thereafter covered with a membrane
of thermoplastic resin. It was emphasized that the
thermoplastic membrane remained distinct part from the
thermosetting resin and no bonding was obtained, or
desired, between the polymer phases. In additionm,

25 thermoplastic membrane was such that it eliminated
interstrand adhesion of prepregs.

Another US Patent (5,597,631) (17) described a prepreg
which had a thermoplastic film coverage. The purpose of the
film coverage was to increase the strength of the fibre-

30 reinforced composite made from the prepreg by means of high
strength and high modulus of the polymer used in the film
coverage. However, this film, although it was bonded to the
fibre~rich part of the thermoplastic prepreg, the film was
not able to cause interstrand adhesion of the prepregs

35 because the prepreg was thermoplastic in type, which is a



WO 99/ 45890 PCT/ FI 99/ 00120

desired property for the prepreg used in dentistry. OBJECT AND
SUWVARY ' OF TH | ON Many daily goods and differe cﬁ¥]. nts
shal | neet thgwbw equi renments i nposed by clinical dentistpi/ anﬁﬂﬁ{éﬁt al 5
technol ogy on a prepreg made from fi bres_and nononer systensn useful in
dentistry. The main requirenents are t he? fol | ow ng: 1) the
conposition q n ég@{'qﬁg:(' e 2§ WD) in abRe{SuQps phase of the
prepreg mnust eeéisr}gl&c%%é |ve§t at tlt}ﬁ?epfgﬁreegi nous l|3hase keeps sufficiently

t he shape of the prepreg al though it is in unpolynerized form 2) the
prepreg shoul peJEraxet SUMEARYIIF SHEr GNVENT EONI body s tenperature, 3)

the prepreg should be totally inpregnated with the 15 resinuous materi al,
4) the prepr e!g%nshoul._d be polynerized e.qg. by . aut oRoI nmerizati on,

heat - pol yner i 320y $18ily gpeddvand difiggedhepquipmenis phpdl meet the

| i ght - pol yneria@qiirements ibpoddi hyorpasital nidrariisalrymadd deromal he prepreg
shoul d 20 adh r e{all] t end.al.s ' ntistry

and medi ci e [ecyRiToh ROpkolfdd Hng bR, AL Ee pHa oA ST )

6) the pol ymePYFEARSE UEEARE otk | RN TISHERe TRATIAIN FegHORPMENtS 3Fe 38e| oy as
possi bl e, 25 fgi1lvwimigassi ng prepregs together prior to polynerization

t hey shoul d bj fficiert t | hes , and

) the package) oY KEPBeEEELdn PO Shebl phEt I o, Gl A8 RD)

pol yner i zat i ore®inuans phapret arhf RrePFegkIRse it £0t cohestvediiitet®et o t he
hands of dentaéspessdplase keeps Quffikjieatlpftidashapecnti tie i repragepr eg

fulfilling thglthou q&eggn%ﬁggﬁéhyiﬁyfkgggegéfhﬁ) to 8). Anot her

obj ect of the TnAvemtion is sal d prepreg i n_the manufacture
of fibre-reinPbrekel RXMFESi Fhluldfiej plastic enough” at room's and

body s temperature,
3) the prepreg should be totally impregnated with the

15 resinuous material,

4) the prepreg should be polymerized e.g. by
autopolymerization, heat-polymerization, microwave-
polymerization or by light-polymerization,

5) the composite material made from the prepreg should

20 adhere strongly to the resinous materials used in dentistry
and medicine (e.g. resinous luting cements of BISGMA and
TEGDMA),

6) the polymerization contraction of the composite should
be as low as possible,

25 7) by pressing prepregs together prior to polymerization
they should bind sufficiently together (interstrand
adhesion), and
8) the package of the prepreg should enable the shaping and
polymerization of the prepreg and avoid skin contact of

30 monomers to the hands of dental personel.

One dbject of the invention is a prepreg fulfilling the
aforementioned requirements 1) to 8).

Another object of the invention is the use of said prepreg
in the manufacture of fibre-reinforced composites. Said
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& conposites are suitable for use in any technical field,

paticularly iRyg@nkah or nmedical field. Thus, accordiqqnﬁ@mgﬂﬁoaspect,
the invention concerns a shapabl e prepreg conprising fibres and a
polyneric matrix, 5 characterized in that the polyneric matrix is a

mul ti phase matri x conpri sing - a first matrix conponent consisting of

a Mononer or camposSEsHlldrEbui 8dlle for @s&eLENhy REENXiELIIARARL consi sting

of high nolecul ar 10 wei.ght, o ni c .ecul gs,. said second matri x conponent
formng a st ipstl%’iicﬂ%% yaﬁg 8?“%%@ Pr é'%?éﬁayvi f’hélgh i nt er penetrating
pol ymer network (IPN) bonding to the first matri x conponent.

Accor di ng toTaast heécasiiagt tot bige id¥gRit] Ofhé ANERNAS0R dénddr@Rr 89 conprising
fi bers and a_pol r distributed betmegn tQF fibies. ﬁ@coEdLng to the

i nvention, tI aB%%%e?rei%eg COMEITIET- EABFRT AR PPIPIFLIC maTIiX;

epsi | on- cdpr sharacherifed dndthat the padyheic mMagrixpEA-arohddibpbsse

pol yort hoest @a%riQl cétipralshal bi oacti ve, bioconpatible pol yners having
nmol ecul ar wei ght .20 %n Hbe ragﬁg qaqpo t 0. 400 00%. According to a
third aspect | fh& FRUAMRSESH SOMRATE §onSigbAR &F BT Poers and a
pol yrmer di st depdrégepetangen fibres, wherein between the fibres are
further distri Bukgdond nadeiki ¥efpsiesht 3snSistiedy of, hBih Mledtlada, Ti, F,

oxi des 2 r_oth counpounds. of, sai d_el.enent s, _col our pignments. i nert
cer am cs;sl(ﬁyarl%§§ap%ﬁé{g§'c§ R o0r 6 erte B maledy comeRT | qerr)
ZrJerr], xefoguing djVdGkyvaegbranseofothe (ipranmegakiyh an bj oacti ve or

t her apeut i calihye2pého€rdBingC PbEPmeARict§BPR, (IPN) dBhaDh@tiS chedesi-pf ect ant s,
radi o opaque n%terigls(xp%ganic 30 acids such as maleic acid, polyacrylic
acid, or the™fik&* OHIp ﬁ%cérding to a fourth aspect, the invention
concerns a process for the preparation of the prepreg wherein fibres

are wetted i AceoFBD@fEio @hoBhdenNakgerr,, thadidddicibieconcdidact so obtai ned
Optlonallﬁgl %r25££8650$¥¥i%§%g'Piﬁ%rs and a polymer distributed between
the fibres. According to the invention, the polymer is

epsilon-caprolactone / PLA, epsilon-caprolactone, D- and L-

lactide, PLA-, PGA-molecules, polyorthoesters, or an other

bioactive, biocompatible polymers having molecular weight
20 in the range 5 000 to 400 000,

According to a third aspect, the invention concerns a
prepreg comprising fibers and a polymer distributed between
fibres, wherein between the fibres are further distributed
additives such as Si, Ca, P, Ba, Mg, K, Na, Ti, F, oxides
25 or other coumpounds of said elements, colour pigments,
inert ceramics; hydroxyapatite (HA) or other Ca phosphates,
Al,04, 3r0,, xerogels, bicactive glasses or functionally
bioactive or therapeutically active molecules, antigens,
antibiotics, desinfectants, radio opaque materials, organic
30 acids such as maleic acid, polyacrylic acid, or the like.

According to a fourth aspect, the invention concerns a
process for the preparation of the prepreg wherein fibres
are wetted in a monomer or a dendrimer, and that the
product so obtained optionally is further wetted in a
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, solution of high nolecular weight organic nol ecul es. Accor di ng
to a fifth as e invention concerns a package of t ,
characteri zedgﬁﬁty?’ﬁsgg it conprises t he prepreg surrounded by %Wr?‘@tgal
foil bottomand one or 5 two |ayers of plastic sheet coverage, the closest
sheet to the prepreg being a clear trdnsl ucent sheet and the
out er nost she ' . ans A rs*ﬁ not
essentially p%és]élp?#e}gIol%ghﬁapoég%%qlﬁg%%&gh{:mc a?%ﬁcﬁgo?gc{l ees’f urt her
aspects, the invention concerns a 10 conposite based on said prepreg as
wel | as the uaesordimpitd a fifthpogidee, the inBRtHlonDESARRFE GN OF THE
DRAW NGS 'g“E a h ' Pt £g Qrding to
this inventi oﬁ?ﬁi %}u%@%ggﬁ%ﬁ%&a%{%{ggﬁtgkg% ﬁlg{ g’?égr %S o |et%lur e 3
shows a resi ntherRERPIRG GYErEMRRA Y ehEehat 91l bottplR BREPRR) °%nd
Figure 4 sBowswa Ddysissiofnpahsathnshuetbasedrage | htheusdosbst shédie gor epr eg.

20 DETAI LED DECRLETLQN O THE, | VENTL D1 ycend it 1845BRUS 2 PT epr &g

according to nventd on, prepreg consists of fibres, a
first matrix evhpERsR sheethaing eddidshrenk THRondRLALRLCER AhdF%o a
preferred nétheskdriilallyhpaps ettieed ilglitt e eotfrg.ses a third matrix 25
conponent (see Figure 1B) consisting of high nol ecul ar wei ght organic
nol ecul es, e.g. of thernoplastics, said third matri x conponent being
di stributed blegpedingdo thef fpreher aspectspethe riivapdipnxCepePofe® and
the tg! rd 1mat £bxMpEOHRS Haded30nf 9414 pr@piregThe W& EDIRY theehesabdy st ai ns
i ngredi ents

composite.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B show two different prepregs according to
this invention,

15 Figure 2 shows a package of the prepreg,
Figure 3 shows a resin-bonded bridge based on the use of
the prepreg, and
Figure 4 shows a precision attachment based on the use of
the prepreq.

20 DETAILED DESCRIPTION OF THE INVENTION

Figure 1A shows a prepreg according to the invention, where
the prepreg consists of fibres, a first matrix component
and a second matrix component. According to a preferred
embodiment, the prepreg further comprises a third matrix

25 component (see Pigure 1B) consisting of high molecular
weight organic molecules, e.g. of thermoplastics, said
third matrix component being distributed between the
fibres.

The first matrix component and the third matrix component
30 form a gel. The prepreg preferably contains ingredients
necessary to initiate the polymerization at a desired point
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8 of time. Al the necessary ingredients can be included, except
for the case where the curing process is based on aut opol yneri zati on.
In this case, Wh#/4a80di ti on of at | east one of the necesxavgsmpedi ents
shoul d be postponed until 5 the polynerization (curing) is desired.
According to another preferable enbodi nett, the prepreg cont ai ns
additives such as bioactive or inert filler materials, colour pignments

or therapeut idfaltimgt epl bl &he necespprypigigredéentnisraandecsnelwdrpt he fibers

c?n be mﬁde jessdeptO £by pl@éw&][ei z:até;i:@rt}m‘ cﬁaﬂ@nWssﬁEstB@s%d”dcrﬁced! ayer

0 the pr ; refe .1o . create the. rape_by. i ppi ng
t he preforn1i%?ggaééggrg%%?g%ﬁﬁt?gnLﬁ%égfﬁggryﬁé?.JHEJ@%onAPgr% é%?ﬁfe process
for the prepdiif i®dntBe ReregHagyr épgredientsophpnis tke PRESPPREE MNtdA '
conpri ses % hetHeolpoQymagi sdteipsr (thring) nNpr ageakédg the fibres with a liquid
cont ai ni ng hi gh- nol ecul ar wei ght organi c nol ecul es, such as PMVA

nol ecues w th nol ecul ar wei ght of 190 000 to 900 000 or epsilon-

capr ol act one #<9oEAingptr | FPtELEr Brateide prbeginant; aéhpderepreg PLA- or
PGA- nol ecul escortadhbBendd hervweplsashi £s iioeerpat i &t ean2@tpel yrer nol ecul es

having a nol ggul gr ght, 4 gqgﬁ 0. .40 Q.in. a rapidly
evapor ati ng orgé%%gﬂgblé%ﬁﬁ?;gggﬁsuc ‘%gtP§f$§%§%f§@uggggfﬁ#i%; acet one, or
the like; said liquid optionally containing additives such as different

i nert or bi oaxitonghf thé etenirenbacovagin enent sbeti kaasbsi madd fat P, Ba,
My, K, Ti 190 F’b )ﬂo egizﬁhﬁr OQOQRQ%m%E 83'%3111%&8?3{'&1?%%%@ our
) _Or ot her

pi gments, 1nert ceram cs,_ hydroxy apatite -phosphat es,
Al [err] J err|thezPopRrey: Kergereferableitgacreates gibgsgesbuang hivti onal |y

bi oactive or dippiblethpepiidfain ynastdemmdankessl @sionabli gepeBymeant i bi otics,
30 desinfectants, radi o opaque materials, organic acids such as naleic
acids, polyacrylic acid, or the |like; and b) evaporating the sol vent
whi ch resul t & iBFedeRpghe PG Tor thipPFRRATARLAN I9dt RBENPXSRXEY br es,

according to this invention comprises the following steps:
15 a) impregnating the fibres with a liquid containing high-~
molecular weight organic molecules, such as PMMA molecues
with molecular weight of 190 000 to 900 000 or epsilon-
caprolactone / PLA, epsilon caprolactone, D- and L-lactide,
PLA- or PGA-molecules or other thermoplastic biocompatible
20 polymer molecules having a molecular weght in the range 5
000 to 400 000 in a rapidly evaporating organic solvent,
such as tetrahydrofuran (THF), acetone, or the like; said
liguid optionally containing additives such as different
inert ox biocactive fillers containing elements such as 8i,
25 Ca, P, Ba, Mg, K, Ti, F, oxides or other compounds of said
elements, colour pigments, inert ceramics, hydroxy apatite
(HA} or other Ca-phosphates, Al,0,, Zr0,, xerogels,
bioactive glasses or funtionally biocactive or
therapeutically active molecules, antigenes, antibiotics,
30 desinfectants, radio opaque materials, organic acids such
as maleic acids, polyacrylic acid, or the like; and
b} evaporating the solvent which results in a highly porous
polymer mass between the fibres,
c) wetting the preform obtained in step b) in a monomer
35 system, such as BISGMA-TEGDMA system, or in a



c) wet t i ng the preformobtained in step b) in a nononer 35 system such as

Bl SGVA- TEGDVA system or in a . WO 99/ 45890

PCT/ FI 99/ 00120 9 mul ti bERElob/RRZ
cross-|inker (g"é’%”a‘f?ed dendriner), said system optional ly cofr?tgilini ng
necessary chem cal conpounds required for subsequent polynerization of

t he nononers or dendrinmers, where sai d” nononers or dendriners at |east 5

partly dissol Kﬁ%&%ﬂﬂ{;%ﬁ’a PRS- { VRIRIsRS bb 81 68 Sdendr i Y5eBalde [ bres,

d) pul truding orm ohtained | n step c) m xt u

of a
sol vent and hlsg'ﬁtﬁﬂl eetiona iy GrRtaiRing d‘ecesﬁﬁFﬁch}?"é%"qa& EPH‘BP‘"L’ create a
vel | bound | Pegaliyear for dhbseraeanepd ymerdwatige of tHee nonbmessobxrt he

prepreg, ha?@&%ﬂ@@é' ywl’f@éer ?QS b o By %Q‘ed%&illm |atp§E5hE| es of

pol yner, inert O 1 oactive ers cont al ni n enents . such as Si, Ca,
P, Ba, My, K PArtly digpelee d’theoPP'u BRlY PRS0 8§m‘8)?lassar1’tf &R&fent s, col our
pi gnents, i nelﬁeﬂaéeﬁethmfzibrdsydroxy apat ite (HA) or other Ca-phosphates,

Allerr] O err] q)Zofh ehdind & g B8 obth (od foa0h RS 68D ) fetehighnal |y

bi oactive or t apeutica Ive np nt i anti biotics,
desi nf ect antsmWS 8p Ry RO Lvandr Pﬁ‘i’shl%fhd‘w ecP a%p ?’cﬁ?tﬁ QFIBRLRI ng t he
prepreg in a paileagdesonh adrdery tdOcreate & ovdllbbotndn RN podtymexakl y t wo

|ayers of 06! Yihibrane 20PUoRMELAGE: ehlI%e Gl3CSE LRy Wiiriicgpr o boi ng

cl ear eet an

he out ernost sheet bej a trapsl ucent
sheet capabl e ®f RFSPBRALY | FAVSTAPLRNGiMehTARe. with %‘Bﬁ/ﬂ&ﬁrf 6 €
visible |ight pdlyes,caserofor idloact2ée phi Mesi zabtaipirapredgments The

prepreg thus %&i Redsgongai s, %apohézmaﬁ nﬁnorierog%es or Wiheh binds the
fibres sufficie ystrongyto et her | hi n pol yneric high

nol ecul ar wei JiRmRREAFORE 2831t © emeﬂ’éﬁbr%??é’uwgﬂeﬁ‘b'?/er ®fd protects the
fibres of 1he éﬂ}amﬁe:pr egydddrey lapgititel giaf aor wehglnt Capprempheselsghave as

filiers In the IBROTRI C fBlddets, | BiSad %e@asege;h@r fl}nc.ft(?tgﬂhﬁ?g quantity

of polynerlza crease uantity of nonaonmersS decreases
inturn the pdn,qmmm Péntheraﬁ,e@l*it’-ﬁaé%Yo'?‘Ffdf"et mel?@%lﬁﬁs BRE-igenghe | y
sti cky ther mpmsiyiot3es edds aifecthnts Al talko Ppaguediataritdws anter strand
adhesi on Pfor%n%%%XT§r£§éﬁfﬂ%nthe prepreg in a package containing
20 metal foil bottom and optionally two layers of polymer
sheet coverage; the closest to the prepreqg being clear
translucent sheet and the outermost sheet being a
translucent sheet capable of avoiding initiation of light-
polymerization by visible light in the case of light-

25 polymerizable prepreg.

The prepreg thus obtained contains a polymer-monomer gel
which binds the fibres sufficiently strongly together, and
a thin polymeric high molecular weight thermoplastic
membrane, which covers and protects the fibres of the

30 prepreg. The high molecular weight molecules behave as
fillers in the monomeric matrix, thus decreasing the
required quantity of polymerizable monomers. The decreased
quantity of monomers decreases in turn the polymerization
contraction of the resin. The slightly sticky thermoplastic

35 membrane also allows prepregs to have interstrand adhesion
before polymerization.
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10 The prepreg can be manufacturerd into desired formfrom

continuous unidirectional fibres, a fibre weave, a fibre mat, fibre

whi skers or any other formof fibres or filler particles. M xtures of
the various f M4 ns can al so be 5 used. Sui t abl e PCHFEYRIR t he
use in this invention are either I norganic or organic fibres. The choice
of fibre depends highly on the techniéal field in which the fibre

rei nforced conposite shall be %ﬁ;d' Figres alreadg tested in dentistry
10 incl ude ETYfaBEePLedy|SRds becmamipqinaphilt Bt Agsi gedntprm from
ul t r a- hi gh- nebatihacusweinghiti rpot yendly Iféabeed | by eSibret weaens a fibwat gl ass

fi bres best | fi ; ti S} ' ; r dental
use. As othe%H%iaﬁé#gih@?ggggga%géﬁﬂﬁO%ﬂ%?ég%gaﬁbeQEE%%?%ﬁggﬁﬁ%gres of

) fi ] e .
bi oactive gl R&ELIRLESoIMHETEE| OHe G iPrF H ke fagms can age RSnoner s
used in the fusedt matrix conponent of the prepreg can be any kind of
nononer or conbi nati on of nononers. Anong preferable nononers can be
ment i oned e.%., 2,2-bisf4-§2-h%droxy:3-nethacroylQxy)ghegxlkpropane 20
(BI SGVR), tr PEEEGPLRHRRES dPRethRactsfl aPe tRyECHVAN TP are either
hydr oxyet hyl dinesetfhate yhateergohliEMAfibres. Thhechmilogref 6sece idegdrdssecond
mat rix compoRguhiflol he toRARREED di% Al ehShly el RELIDRIAN LE0Q! VBr 11
its di ssolv orm such_as PMVA._ Thernoplactic polyners are 5
preferred beCouResitRyshadd GPsudPde Hikrss  atyspdvassrted in deptdahgyt he
prepreg. 10 incIhéepblglaes,usSedlass t arbbhygrapititiex apapihenid of the

prepreg can Rg.apyni Iﬁm@cfa%'ksw@ﬂmg%y&(}%%eyh bedDS!re lsaeteglgE gw\)sed

in dentistry and orthopedic surger 1.S" %'

Ot her sui t ablf@@bof{es Sikres be Epéﬂld‘ﬂri&a IS HES (Prh)adhesive

epsi | on- capr olegot. pements fsm?ddem.:al us{eacabdgth&,@x;a.m?ﬂ?és nof ecuilteble
pol yort hoest g;$,reQ" &% Y mentiBhORCHIN@s BEOSQIRALLR! §1 P YR $01-

15 gel derived silica fibres.,

The monomers used in the first matrix component of the
prepreg can be any kind of monomer oxr combination of
monomers. Among preferable monomers can be mentioned e.g.
2,2-bis{4~(2-hydroxy~3-methacroyloxy)}phenyl]propane

20 (BISGMA), triethyleneglycoldimethacrylate (TEGDMA) or
hydroxyethyldimethacrylate (HEMA). '

The polymer used in the second matrixz component of the
prepreg is preferably a thermoplastic polymer in its
dissolved form, such as PMMA. Thermoplactic polymers are

25 preferred because they can dissolve into resinsg applied
around the prepreg.

The polymer used in the third matrix component of the
prepreg can be any thermoplastic polymer. The polymer most
often used in dentistry and orthopedic surgery is

30 polymethylmethacrylate (PMMA). Other suitable polymers are
epsilon-caprolactone (PLA), epsilon-caprolactone, D- and L-
lactide, PLA-, PGA-molecules, polyorthoesters, or other
bicactive, biocompatible polymers.
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11 - During the fabrication process of the prepreg,-the pol yner chai ns

of the preinpr | polymer (third matrix comnmponent) (Fcﬁn W) are
di ssol ved by tﬁ&%ﬁgﬂers (e.qg. Bl SGVA- TEGDMA) or dendri ner's 3 e
first matrix conponent 5 and they forma highly viscous gel containing

hi gh- nol ecul ar - wei ght nol ecul es (PMWA} i n nononeric phase

(Bl SGVA- TE .. The_gel.and the in hiah- -vWel g ane
(second mmat ri LUESABoHERD? ilﬁagfﬂﬁekkfrl ‘.:rees% gg%ﬁ%;ég?r\@?dd%fiﬁ? e fraying
of the fibreschainagehaihdl pxgimpregnatine préymeroeHird pRESEXor the

hi gh- nol ecul aicoipbABht DlAGU! OMMA ) PHIRS @11 s@0 1068 N, b athe @dhaars hes .2l

conmpounds requir t i,nitigte.the pol Lzatio i on. The :
prepreg is pr &3&%1'&%%&%8@éﬁﬁ?ﬁl’%ex%a(?%g‘g%éewg{'ﬁs? lf{aen%gg_(l 8?’5??“%%% t om and
optional | y Sonendr thep fayems hiphiyivis®ushgel eowerigag bighc| osest to the
ﬂ:prfg bGIt ngnﬁh@@ﬁ%ar-wéﬁ!’gﬁishléiéaélééﬂqm ; pdihhﬁmscaml @ gtblasé b]gei ?g a

nsl ucen r pable of. elijm nati ol vireri.zation of. the
or epreq i n t hdBEACRRGTR . Boe, fet e B, rhop Ch df Horeey 8 et g
Preferably, tmembesned(s#wmd metoiangunmiiensl)obind . ththd Lbges| toaethemkes it
e Mol o E e R R e e
prepreg i s'tofprePERCmIHEE HAASE; 8rjsﬁé€_’e{}hisgheﬂ°ﬁ§f‘é_§a’gﬁ%&%t e .ﬁ?‘é{:‘? of the
prepreg duri nghakapi og.bdRdf,ccancecntaimdhardcal Fempounds requiredfter

pol yneri zati onpikhetor SR §bifyRlerBdadidd e ctaBRosi te in which there are
reinforcing fibres in nultiphase pol yner matri x. The mnulti phase pol yner

matri x contained the high- nol ecul ar - wei ght nol ecul es of the

t her mopl ast i c Jpel prepred (e RyefPKAAlY PAQKAdEdCADEe-2 ipAkageopéthner system

(e.g. Bl S@E\dda 1EEOM\ st dntMBptiotd 10y ane 68Vewedalielr® plabtic

| ayer of t rn%%l stic rreneb_r%ne. he_hi gh- ol ecu‘laalrtémegeght cleghases

bet ween t h¥ fiBESS SPESFAIRIoM, SHPERt ared T PheP 9 prepr €g°8nd regi ons

of enriched hitglansdheent sshesdi ghd 8Be nadl sbegtebpinnha tyanfducent

cr fJSS- l'i nked Qak%&tbx%et bEpdWle/ B el imi A irigX polRe 2024 B3N io¥t @hBENEt rati ng

potymer netvw”éégpreg in the case of light-polymerizable prepreg by
visible light. Preferably, the second sheet is orange

20 coloured. The metal foil makes it possible to shape the

prepreg into desired shape e.g on dental cast and the metal
foil remains the shape until the the polymerization of the
prepreg is completed. The plastic sheeths elimates skin
contact of the prepreg during shaping. Reference is made to

25 PFigure 2.

After polymerization, the prepreg formed a fibre composite
in which there are reinforcing fibres in multiphase polymer
matrix. The multiphase polymer matrix contained the high-
molecular-weight molecules of the thermoplastic polymexr

30 (e.g. PMMA), highly cross-linked copolymer system (e.qg.
BISGMA-TEGDMA or dendrimer) which are covered with a thin
layef of thermoplastic membrane. The high-molecular-weight
phases between the fibres are randomly orientated in the
prepreg and regions of enriched high-molecular-weight

35 molecules are bound to the cross-linked part of the polymer
matrix with an IPN {interpenetrating polymer network)
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12 system The regi ons of enriched high-nol ecul ar-wei ght nol ecul es
between the fibres are in fact chains of the thernoplastic pol yrer
(PMVR) (third matrix conponent) which are at least 5 partly soluble in
mononers or d&MUPINEPs. These PMVA chains in the cross-AGTARRAES| yrer
matrix of the finally pol yneri zed fibre conposite and the thernoplastic
menbr ane make it possible to obtainldood bonding of any kind of

resi nuous na%pg%gls, such as those used in dental luting 10 cenents to the
fibre conposi?%. Bod bondi ng i s based on the formation of the IPN-Iayer
bet ween the thernopl astic chains in the polynmer matrix or the

t her nopl aslti @ﬁ@gm“@g@a@s foft ﬁﬁmh?b@ncﬂgmmgae@%?&eag?gi I_Eli_cﬁ:dedﬁd'lté% the highly
Cross- in rt. of .the p ner ri : e prepre

accor di ng tC)qﬁﬁgeg iéh?rﬁﬁgﬁﬁso%r%afptﬁg%%sgga§?F af tﬁegF%%.ka%%S§%§ of
fields: PrlyrerhePEA hdpadird matalix canporemrenthéabdays att deast

bagdagfes Lfemp&&‘:itllg ghﬁumraé\l_dint heﬁ@h%@ywiuﬁbﬁhﬁﬁﬁéﬂi’sg- Thb36 t BiMa lc_haEﬁQdageS
made of the prepteg rdi ng .t s inyentio re_thin, light an
RERLEIBSS llnk%dgﬁ%%xﬁer ma%F%fl%ézsgeo?hg?£¥%

durabl e. Appropriaté col our pi S llers,
t her apeut i calPoddmpslaed Bibre compesiieangnthe | tharovedashic swharneal and

ani cal Zma!ei Ei:e_ﬁossibl.le2):o| BbEBSE gobdbbeReing/ @ FCahRMk Lid Wt E: oactive
gl asses or i, LV YABI'S_anLe Us yari ous s r nabl i ng
ti ssue cont a%te%hgg EE? hlgaige%ﬁ%g‘rg { %‘%‘E tﬁssgg‘gsﬁoﬁsne ﬁélaﬁlg}r%\g?i Sl&égﬁ be

const ruct¥l. cemegysThe e flbge carrrasidebetoadPardingnis rkagedvennd
pl asters, ortihepedinasigpatt thecken{iayeirhBeteeratbendhdbmdpIdaticor for

her oo oGP O5R LS kP 000 e ey RER b U 8Bk
according to bpRgErd iRneAnPe  ohfladgefeviedeohighhy vsiEsnedi cal and
non-dental purip&easpart of ttheapobgnesemti-ox gemeral technical purposes,
e.g. as 35 parts of instruments, as tools, devices, and materials and
15 The prepreq according to the this invention can be used in
a great variety of fields:
1} In the orthopedic field can be mentioned plaster
bandages replacing the traditional gypsum plasters. Plaster
bandages made of the prepreg according to this invention
20 are thin, light and durable. Appropriate colour pigments
fillers, other fillers, therapeutical compounds or
desinfectants improves the esthetical and medical
qualities.
2} In case of bioactive ceramics or biocactive glasses or
25 Dbioactive polymers are used, various supports enabling
tissue contact with the support and tissue wound healing,
can be constructed.
3} The prepreg can also be used to construct wound
plasters, orthopedic support socks for the use around
30 limbs, or for healing constructions for use in done or for
dental surgery, periodontological or prosthetic use.

Furthermore, the prepreg according to this invention can
also be used for many non-medical and non-dental purposes.
It can be used for general technical purposes, e.g. as

35 parts of instruments, as tools, devices, and materials and
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13 . equipnent which can be shaped freely for custom made pr oduct s,
e.g. by hand O'ivd\&/ 5} can be shaped in nolds with the inf 06)50
pressure or in‘ajig Por nass producti on. Mor eover, the prepreg can be
used to repair voids, fa| s 5 and fracture35 of wvari ous product s. The
I nvention is iIIustrated by the follow n exanples t he exanpl es the
i nvention is r gg;qu s and

i mplications f‘eﬁﬂ nn%?gt?gi%\ge‘{?‘ 2 hﬁﬁp%d Vgﬁgl on a so Ia%s ot her

medi cal and t RIAFUCEE /1891 hY hea@. BRswhich caEx BRpfhaged in melds withon of
the prepreg fryna hhéluénaqarﬂgr;aiesdui-eboﬁsln a jigh€otima=s pyedacEighass

fibres (Ahlst rh&;p @.%j!%gg):an b Sl a?g?ggi; rygg £513knhg. Fibre

roving or woven r6v tiv %d was pult rough a liquid of
nononers Bl %Gmdar?&a?Em ¢ l"ra§t’-°H‘ﬁt PR Hfponent ) . The Bl SGVA- TEGDVA
contained all chemcals required for photoi nitiation of polynerization.

Therefore, thiqg, g&%vgh%mn i&'ﬂﬁ‘ﬁl‘s‘&gaﬁéégﬁf M@%oﬁ%&iﬁéﬂ é?%tmgl@sa gark room

or 20 chanber. The subsequent pultrusion l'iquid

of sol vent THERMEXIFDIEEVERE PVR PR CHF e%"P gd in E?’ﬁ?fe °Ff011|’1"§d gel
nmenbrane of t herefieamedgefbediomhtisatniximplicoijonseih)dewt it dyoerdnt he

fibres toget hgg(hodlﬁg%tn&em&m on W3so! HER M&dm@aﬁcsyt add éelz%nqg red

pi eces and I nt o packages with alumniumfoil bottom an tvvo
| ayers of LiGatigR8et coverage: the closest to the prepreg being
cl ear transl ucent and t he out ernost bei ng orange transl ucent sheet.

Exanpl e 2 30E:fgmiﬂ%r gtion of the prepreg fromthe polyner preinpregnated

Preparation of the prepreqg from the unimpregnated fibres

The fibres were E-glass fibres (Ahlstrom, Karhula, Finland)
with silane containing sizing. Fibre roving or woven

15 roving, respectively, was pultruded through a liquid of
monomers BISGMA and TEGDMA (first matrix component). The
BISGMA-TEGDMA contained all chemicals required for
photoinitiation of polymerization. Therefore, this and the
following stages were carried out in a dark room or

20 chamber. The subsequent pultrusion stage was made through
liguid of solvent THF and dissolved PMMA molecules. This
stage formed gel membrane of the prepreqg (second matrix
component ) which bound the fibres together. The prepreg
was then dried and cut to the desired pieces and packed

25 into packages with aluminium foil bottom and two layexrs of
polymer sheet coverage: the closest to the prepreg being
clear translucent and the outermost being orange
translucent sheet.

Example 2

30 Preparation of the prepreg from the polymer preimpregnated
fibres



fibres WO 99/ 45890
PCT/ FI1 99/ 00120 14 A pol yner
prei npregnated (third matri x conponent) prepreg prepared according to

Example 1 in 911 was  pultruded through a liquid rs of
RPN AL rix ‘o Sont o ned GRRAE Lo

Bl SGVA - Irst matrix conponent) which containe
chem cals required for photoinitiation of polynerization. The subsequent
pul trusion stage was made through I|qU|&4 sol vent THP and di ssol ved

PMVA nnleculqsékﬁg%gg ngg&%é§gat%8d Iﬁegh%agg Iﬁég%fgggtiheﬁggl nenbrane

The packi ng
Prepar ati on cﬂrQH%§96réﬁ?%EF%MQ:ﬁoaﬂﬁﬁmnkﬁ1éllﬁlﬂ@l%ﬁﬁ¥59llp8?§|<ﬂ e surface
The fibre praafiagutiabr teedwh as 16¢8Ld ideehonbnéxagd @18GRA 2 TEGDMES

pul t ruded thrﬁigg%u h99¥fk {?ﬁﬁghggg i anggg%siég ﬁq %5 F nol ecul es t.0

formthe gel gel, the
prepreg wad ﬁH%ﬂéFﬁééaF%ﬁP%ﬁ991f°r P%ﬁﬁﬂﬂni§&PF+Qﬂ69¥ @P1MWBEE¥¢Nk9ngIass
(particle sizmeofsub8equent blltmrueiomsytane ahs athby athrbaghheiguird age of the

prepr eg dggw&td&gf%d ai8401h8s MO olde sERflGSfLLN0 the use

of the prepreg any o he” pr epregs descri e foregoing
Exanpl es 1 t Fopponent) yiigh | formed the Jrde MgBlragFe + [fBeppapking was
fabrication aladqeemisodestaibeplinnthe Bampie desired | ength of the prepreg
was cut with scissors,

10 Example 3

Preparation of the prepreg with additional bioglass
particle surface

The fibre prepreg fabricated as described in Example 1 oxr 2
was pultruded through liquid of sclvent THF and dissolved

15 PMMA molecules to form the gel membrane for the prepregq.
Before drying the gel, the prepreg was powder-coated with
small particles of biocactive glass {particle size of 10 -
50 microns) which adhered to the surface of the prepreg
during drying.

20 The following Examples describing the use of the prepreg
refer to any of the prepregs described in the foregoing
Examples 1 to 3.

Example 4

The use of the prepreg in fabrication of periocdontal splifit

25 The desired length of the prepreg was cut with scissors,
the tooth enamel was etched with phosphoric acid and the
normal dental bonding agents were used. The prepreqg was
then pressed againts to the tooth by hand instruments with
or without the aluminium foil package, and the prepreg was

30 light-cured with a normal dental light-curing unit. The
polymerized prepreg was bonded to the dental bonding agents



the tooth enanel was etched with phosphoric acid and the nor mal dent al
bondi ng agents were used. The prepreg was then pressed againts to the
tooth by hand J nts with - or wthout the al um ni um fgi ge,
and the prepre‘gg\%;s O light-cured with a nornal dental Iighﬁ%ﬁ%&aunit.
The pol ymeri zed prepreg was bonded to ghe dental bondi ng agents
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15 whi ch are di_net ' | 8L vber b of the

t her nopl ast i c‘% cé}searsﬁopﬁﬁie{i}%%l?pfrag%l g%aﬂt‘)s %ggc\ili-igﬁ{- ¥ ol yneri zat ioon of
unreact ed carBem-EBORIBERYS RPH2STe O thP pFeRFeMANdeRY aFadfiddi ng agent
mononers. | n pbBymsaiiRatdynSof heniaritiedd capbbitl-derbene Boads pef i tdwont al

splints which were I ' - L eeth. e 5 :
The Use of ¢ et prias &g G6Rtal Mehdilh SR Andllert7Th the sanBBY 2 ° 1
The crown 6&ni the gfrapregheruyd R rwsadadé PREHPIINEale §Pdints pyhifh yege
pressing the prepdeandeerhbheaebtiae it teeth. of dental cast by
transparent nould or with the help of the alum nium foil based package.
The prepregs were |light-cured t hrough the transparent nmould with a

| i ght - curing Examplere 15 pontics of the bridge were nmade from continous
uni di rectional prepregs which were placed over the abut nrents and

pol ymeri zed tQ, t he. sur 7 . tgg;P[ e
| ayer of pr ep?lé su%%r?cffegﬁg Qé%?ﬁ%?gg'ip FQB&%%%EJ,%? OJs]Et ?’(?’E‘?g%g%ﬁr € 0 tolﬁ_he
prepregs and bfidge 20 pol ynerization the bond was based on radical

pol yneri zati on and I PN | ayer formation. The fianally |ight-cured

f ramewor k or si.ke Hg% V, it h r oot h
col oured é‘gnpgé?t%éélg’sﬁlg’%i 18& t(:jtlta\g/e %g\g?glg % !g%%gﬁgﬁcgﬁg J}@%%% t he
abut ment and PoRPFed t & PrefREng thRyPERRTCBUPERN 2 abukeenb teidt feet h

Wi th normal r@eehfaDUsadtilbyn§rafnspaientaiduld of heidiortiengelpeotetmnt to the
cerhoen che il A Best RIBRERES S Bl LERL) BIuRY BN BYET
| uti ng cenent throvsh | thes teAncRareRlinonldpyifhet | Hightogusing unit. The
. 15 pontics of the bridge were made from continous
unidirectional prepregs which were placed over the
abutments and polymerized to the surface of weave prepregs
on abutment teeth. The layer of prepregs bonded together by
means of sticky nature of the prepregs and after
20 polymerization the bond was based on radical polymerization
and IPN layer formation. The fianally light-cured framework
for the composite bridge was covered with nocrmal tooth
coloured composite resin which give the tooth appearance
for the abutment and pontic teeth. The bridge was luted to
25 the abutment teeth with normal resinuous luting cements and
the bonding the cement to the composite frame of the bridge
was based on the formation of IPN layer between the
thermoplastic phase of the composite and the thermosetting
luting cement as well as on the radical polymerization of
30 the thermosetting luting cement monomers and unreacted
double bonds of the polymerized prepreq.



30 the t hernosetting luting cenent nononers and unreacted doubl e bonds
of the polynerized prepreg. WO 99/ 45890
PCT/ FI 99/ 00120 16 Exampl e 6 The

use of the prspreg in fabrication of resin-bonded- bridge The
fabrication o e conposite resin-bonded-bridge 5 (RB%F@I"B’“?\‘G‘E
necessarily require any tooth preparation by grinding as a conventi onal
bri dge. The RBB was nade on a pri mary¥édental cast by pressing an

uni di rectional prepreg agai nst the abutnment teeth surfaces and the
prepreg was | i ght-cured. The optional possibility to twi st the prepreg
10 around di Exampde 6Gesi al abut nent increased the strength of t he bridge

consi derably. The pol ynerized unidirectional prepreg was then rebased
with a layer of weave_pr.epreqg and . Lght - cur ed. tional | the frame aof
t he prepreg usec%%é?%d‘ﬁ%?ﬁe%ﬁﬂfH%#g?89§+°Qﬁ° TPy The pontic
15 teeth of thddBBB were nmade fromtooth col oured dent al conposite
resin. The RBB was luted to the etched enanel surface with nornal

dental |uting,ce ts, . .The bandi S based q he.for.mati on of
| PN-1 ayer an hgh%ggﬁf%%ﬁlon agp%l?%%&?fﬁF?Sﬁ%é é%ngﬁcgg?%é%ﬁﬁiégFo Fi gure 3.
20 Exanpl 5 7 (RBB) thé n@te necesharblepiesyira anbricedhi prepiratiosobycanal

pﬁst . TP%I%QH&%QU@QS? wan%geséﬁﬂgairmbbrerrw emegélwaﬁadﬁ] e:szs%d }ntﬁ
t he nou of the_sha t | r.oot n . < esapeote
=dfeRd G P B BELARD o Rtk agnay

epre
post could bé’e_ Standar di ze ﬁbsg coul d be
finally curedaadnsfiethe apytagatetepedurdpaedyanthdhennuepeeq s of t he

post, or the 1ightPeske@ouind betiaael fyaa@ibhe: oF &y egidiregd pgreprg prepared

10 around distal or mesial abutment increased the strength of
the bridge considerably. The polymerized unidirectional
prepreg was then rebased with a layer of weave prepreg and
light-cured. Optionally, the frame of the prepreg was
covered with another layer of weave prepreg. The pontic

15 teeth of the RBB were made from tooth coloured dental
composite resin. The RBB was luted to the etched enamel
surface with normal dental luting cements. The bonding was
based on the formation of IPN-layer and on radical
poelymerization. Reference is made to Figure 3.

20 Example 7
The use of the prepreg in fabrication of a root canal post

The continuous unidirectional fibre prepreg was pressed
into the mould of the shape of the desired root canal post.
The shape of the post could be either standardized or

25 individual, i.e. the post could be finally cured to the
predetermined form by the manufacturer of the post, or the
post could be made from the prepreg direct to the prepared
root canal in situ. The uncured prepreg was polymerized in
the mould and removed from the mould. The composite post

30 made from unidirectional fibre prepreg was luted into the
tooth with resinuous dental luting cements. Good bonding
between the post and cement was obtained by formation of a



root canal in situ. The uncured prepreg was pol ynerized in t he noul d
and renoved fromthe nould. The conposite post 30 nmade from unidirectional

fibre prepreg £d into the tooth with resinuous degpdpfreddbiiond
cenents. Good WW&B bet ween the post and cenent was obtal neé le)?

formation of a WD 99/ 45890 17

PCT/ F1 99/ 00120 17 | PN | ayer between
the thermopl agpc Qf@:ﬁ%ﬁk hhengogt ﬁmz;l thHt piE L BRNkhe post Qifd Onal Iy
t he uni direct |§ona re pr eepr eg coue a8 m%or por at ed in?o t he root
canal of the tB5{RIiFEPFYor to 5 pol yrrerl zation. The prepreg was cured with
| i ght and/ or aut opol ynmerization in situ. Exanpl e 8 The use of

the prepreg a [ e i gks" made from
randomy ori e%?ggaégjbr}tésdﬂé %%%E%%%engll r?tlgItQh%P%%\%?;g Q?at ggt h whi ch had

been treated INCRFPATHERA dNtOORBEEPAY&EHEL Phetht gIRRN dBUPEI Tt Yht
nol ecul e f 5acpodymentzd hiompr gheegreputy tWae oarediwith lighmdenddbte and

decr eased theagghé Al 447 o000 T &gt on of the filling material. 15

Exanpl e 9 e of the prepreg as matrice for dental filling

mat eri al The prepreg in thin woven formcould be used as matrice for
dental fillingxenphes8te material. The prepreg matrice was 20 such which
was bonded permanently to the conposite resin simul taneously with

pol yneri zation of the fill mat er i t hus, it fgrmadaouter

part of the f The; B Rge qﬁlgpq“ gpreg asldental %lgllng materia

The prepreg "bricks® made from randomly oriented fibres

10 were packed into the cavity of tooth which had been treated
with dental bonding agents. The high-molecular-weight
molecule fractions of the prepreg made the material
condensable and decreased the polymerization contraction of
the filling material.

15 Ezample 9

The use of the prepreg as matrice for dental filling
material

The prepreqg in thin woven form could be used as matrice for
dental filling composite material. The prepreqg matrice was

20 such which was bonded permanently to the composite resin
simultaneously with polymerization of the filling material,
and thus, it formed a outer part of the filling. This kind
of prepreg matrice eliminated the problem of formation of a
gap between the restored tooth and the tooth beside it.

25 EBxaumple 10
The use of the prepreg as precision attachment

The prepreg made from unidirectional or weave type of
prepreqg were used as resin bonded precision attachment for



of prepreg matrice elimnated the problemof formation of a gap between
the restored tooth and the tooth beside it. 25 Exanple 10 The use
of the prepreg as precision attachnent The prepreg nmade from

uni directional_or weave type of prepreg were used as resin _bonded

preci si on at t XAPERPOf or WD 99/ 45890 PCT/F199/00120

PCT/ FI 99/ 00120 18 renovabl e dent ures.
The unidirectional prepreg was twisted 18 to cover the |abial/buccal and
pal atal /1ingual sides qf fhe oot h, ..The l.ogp,part of the prepregs were
covered with ’éemovag’g‘ledgﬁflé?’éeso‘r T&‘Sr 3&}%11;%&%%%3} PR ert o e teép wear 5
resi stance sut$ seerAther hateiadeibpccahyand mgletaphtinaelosides ngf rihee part

of the preci s{;i&&mt tﬂggmg@% &mﬁl @tfbeh?lsmg&?s Wﬁ@@l@ﬁ;@f rbhewgﬁ}hda pl a]t e. The
prepreg was po rized an Ju o the tg urface w nor ma :
dental |uti nggc’iqncsp %ﬁt gr ﬁreal%c?ngggﬁm\?%fs l@agé:ggléné? c?re%af“i gﬁgﬁf an | PN 10

| ayer. The5r enesidiiancgeannfacandlvagpabiralnhantieping iadnpratriegl Qratri ce

part of the pgeehsdOpaztt 3£ preliSiomBd@achnbfioreddla peepsed.tdhe
matrice part of }he Qtilem%%cgn N at ﬁchrrent was QI aocled Jnar rTgI é|u¥dl nto the
fo e oRl e oo G borrresy nef Rmed e

denture. Refef The use of
prepreg as orimeetbritd cheetepiersurface THetlpmeopmad dent@lf damingi di recti onal

fibres or frogeyemen rhef b&idsngeas! bhesh teh trhemet chiedbreaamebysur face of
the teeth gfter g{thodontl E‘)tr%a 1rlnsnt‘. SBOQ%ISng to thtéedeeplgrxﬁlowas made 20
with normiP dAYS - FERIPURERNT SPREVRF et JR8s oY Fre™ tut¥ to the
desi red regi oanadf pateidenpati oyf the precision attachment, i.e. made

from the prepreg. The matrice part of the precision

attachment was placed normally into the denture. Reference

is made to Figure 4.

15 Example 11

The use of prepreqg as orthodontic retainer

The prepreg made from unidirectional fibres or from woven
fibres was luted to the etched enamel surface of the teeth
after orthodontic treatment. Bonding to the enamel was made

20 with normal dental adhesives and the prepreg was light-
cured to the desired region of the dentition.

Example 12

The use of the prepreqg in reparation of polymeric

structures in mouth

25 The prepreg, either made from continuous unidirectional
fibres or fibre weave was placed onto the repair region of
the dental construction in the mouth after the surface had
been treated with any of the known techniques (e.g. acid
etching, sandblasting, using dental adhesives) in oxder to

30 get good bonding between the the prepreg and the repaired
dental construction. Dental constructions which could be
repaired with the preperg were: tooth fillings, porcelain-



Exanmpl e 12 | The use of the prepreg in reparation of polyneric
structures in nouth 25 The prepreg, either nmade from continuous
uni di recti onal | bres or fibre weave was placed onto th >N Al egi on
of t he deﬁygfw@%%%truction in the nouth after the surfa?@ a%M%nB been
treated with any of the known techniqueslée.g. acid et chi ng,
sandbl asti ng, using dental adhesives) in-0rder to 30 get good bondi ng
bet ween the the r d i S ' Dent

| SRy AHA! GRASLE Ustidies Dent @
constructi onsJE\l %:.ﬁt%cg"%lt rl]b(élr&sniJ %E%arbr%gagﬁf h t % p?gper vverdeqj:ést oot h
fillings, poreeramis crowns, precifgicyoptsgghments of removable
PCT/ FI 99/ 00128entures, and the like. After curing th¥ prepreaggedby dhingtal

crowns and br] . r..t o) i , o] iy S ON
?gggﬁ%végﬂﬁgon,y e ;ué¥hd%g§3 F%% ﬁ#%g?@i; tE 8h¢erdd SElh

attachments o ent ures, . ] . er curing.the
prepreg, by | Fgptb coloymed ppl yueTism matREial FuF ST ttﬂe”BP’é‘bY%gﬂ\ﬁas
covered with boseétic epladiteds pof wher irepadiredi eegion.order to i nprove the

cosnetic qualities of the repaired region. Exanpl e 13 The use of
the prepreg as rebasing material of dental constructions 10 Some
dental constrB&apele kdhde in dental |aboratory may have poor fit in
situ. E.g. a crown, ceramc inlay or onlay filling or ceramc or

pol yneri c Venmie G!-,me Q:(fxe\ll\ggéﬁr%gﬂe]s 2 rebragﬂx ﬁééé .i&g Q 6?1&991 h was

tested. The weave prepreg w _to 1npfove the fit of such

const ruct i ons<PPSEraEH¥RPSa 15 pi ece of the noncured prepreg between the
construction and tooth when the construction was cenented onto the
tooth. F 5Bhe CHEA R0 L &\ HEREE R, ag.dtgfqa@; SREEDy h

|l uting ce&gﬁt%§g§ #%#%%b?%@% %ftﬁifﬁg F?brés of the o_prep?eg. This al so
reduced the whareoPoehitytipngitenchtd 20 GEPWR e LPLAY SR t oot h.

filling or ceramic or polymeric veneer might be loose when

their fitting on a tooth was tested. The weave prepreg was

used to improve the fit of such constructions by placing a
15 piece of the noncured prepreg between the construction and

tooth when the construction was cemented onto the tooth.

After curing of the luting cement and the prepreg, the

luting cement was reinforced with the fibres of the

prepreg. This also reduced the wear of the luting cement
20 between the filling and the tooth.

Example 14

The use of the prepreg as preshaped parts for dental
constructions

The prepreg was preshaped approximately into the form of

25 e.g. a core of the crown, pontic of a bridge, occlusal
surface of a bridge, clasp of a denture by manufacturer of
the prepreg. The dentist or dental technician used these
gel-like noncured preshaped parts of the prepregs and
positioned them on the dental cast or on the teeth,

30 adjusted them into right shape and contour and allowed them
to polymerize. The cured parts were then used in a
conventional way to make final restoration or prosthetic



Exahple 14 The use of the prepreg as preshaped parts for dental

constructions The prepreg was preshaped approximately into the form
of 25 e.g. a core of the crown, pontic of a bridge, occlusal surface of
a bridge, clagp of a denture by manufacturer of the prepreqg. The
dentist or deﬂ%ﬁpm?%%hnician used t hese gel -1i ke noncuf&dFFPa%%4ped
parts of the prepregs and positioned them on the dental cast or on the
teeth, 30 adjusted theminto right shapé@%and contour and all owed them

to polynerize, The cured r were then.used in a onyentional way to
ke {1 nal | SSPSEEEEBO: it Sapngtte of S14388 of AppvenfRiigirdd

PCT/ Fl 99/ 0012 occlusal surfaces of teeth, some regigns wergremomectioon. I n

the case of GlaFPSnOthé efabpeodedt UMdSs wadleNiGandsall Byrdaeasngf teeth,
sone regi ons he_fi nal duct. Thi

re_prone iq ar | Q . was :
el i m nat ed bf g&vggfnbcufa’iﬁgf\%ﬁ?t?é&ﬁ ar p’s‘”ﬁ%@a‘%‘% frePﬁ%gp"F ‘%h&&&& prepreg
with wear 5 resiistanee particdessliikemaddl Lopdbtdp legkedr egraticani c

brickets or sgiRKetbBesrtyhRR @fthlei\yw%é)foff nh{6F Sof filleE¥anple 15 The
use of the prepreg as an insert of the dental filling mat eri al 10 The
prepreg insert with the desired fibre direction considering the '
direction of Ex@sipdealSforces in dentition was incorporated into the
tooth cavity partly or totally filled with conventional dental filling

material . After palymerization of the fillin taerial.and. t.he prepreg,
the 15 fi breéﬁlreeiur??o?(k:eg% I?el% 5g§rraesf i F‘Pffaflr:\g?g&rg% §ﬁﬁ %/,PJI ™ " prepreg
was pol yrer i M@¢exripd desired formin the tooth

10 The prepreg insert with the desired fibre direction
considering the direction of occlusal forces in dentition
was incorporated into the tooth cavity partly or totally
filled with conventional dental f£illing material. After
polymerization of the filling material and the prepreg, the

15 fibres reinforced the polymeric filling. Optionally, the
prepreg was polymerized into desired form in the tooth
cavity, removed after which it was placed it into the
cavity, which was filled with the filling material.

Example 16

20 Repair of an old restoration made from the prepreg

The old restorative composite or other material was removed
from the surface of the fibre-rich region, i.e. prepreg
part of the construction. The removal exposed the structure
of the prepreg which consisted of fibres and polymer phases
25 of thermoplastic and thermosetting nature. The newly
applied restorative composite on the surface of exposed
fibre-rich surface was bonded by IPN mechanism to the
thermoplastic phases of the fibre rich region and by
radical polymerization mechanism to the remaining unreacted
30 C-~-C double bonds of the other parts of the polymer matrix.
These bonding mechanisms resulted in durable bond between
restorative material and old fibre-reinforced composite.



cavity, renoved after which it was placed it into the cavity, which was
filled wth the filling material. Exanpl e 16 20 Repair of an old
restoration r t he prepreg The ol d restorative j or

ot her materi g?‘g%&"sggﬂmved fromthe surface of the fibr e'?%%ﬂ”égi on,
i.e. prepreg part of the construction. The renoval exposed the
structure of the prepreg which consi dled of fibres and pol ymer phases
25 of thernoplasti d i n r T 9%9! i ed
restorative C(%grp%’}a‘lf][ ?Lor?&’p%gg%? c%lci{e}gé:f %é%plg%té%‘t& %%:‘Mité?e?f?p surface was
bonded by | PNLRESREHITS oo PPhéncorranadedp phathe of P sds 2oFa¥Hrt¥ idre rich
regi on and byembodimetiteg! opdiyaeféw atti ehibRchsdi Sivdlesktieheesmt NiTg
unreacted 30 C; S ' t t I trix.
These bondi ngmmis:ég%é]nibalsp%sal}%ggu ?’Lédﬁ%ﬁ s%tﬁ?géﬁgggo%aq{)hgt &ggﬁg ¥H§§ es (?rljative
material afd embodimgnis epApsr Ry TMRGsPepart from the spfriy/ o gye

PCT/ FI 99/ 0312%nvention. Trllmg, the described embodimdnts alre Mltstb@tive g
appreci ated that the net o] r nt invention can be incorporate
in the form of’mé Varie fo(%f Be %ﬁ%%%‘%edﬁtgg TeREY at%w of which are

di scl osed herein. It wi |l be apparent for the specialist inthe field
that other 5 enbodi nents exist and do not depart fromthe spirit of the

i nvention. Thus, the described enbodi nents are illustrative and shoul d
not be construed as restrictive. ) WD 99/ 45890

PCT/ FI1 99/ 00120 22
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24 CLAI M5 1. A shapable prepreg conprising fibres and a polyneric
matrix, characterized in that the polyneric matrix is a mul ti phase
mat ri x conpri sing - a first matrix conponent consisting of a nononer or
a 5 dendriner, and - a second matrix conponent consisting of high

mol ecul ar WP ¥M538r gani ¢ nol ecul es, said second matrix cBEEFIPANEI20
formng a sticky nenbrane of the prepreg with an I nterpenetrating

pol ynmer network (I PN) bonding to the fir&t 1 TTX - X 2. The
prepreg according to claim1l, characterized i mmlm“lul ”Imwmer conpri ses
a third matri x conponent consisting of hi g i il organi c

nol ecul es, satGRIME rd matrix conponent bei ng dist Fi bit éd Bet ween t he
fibres. 15 3. The prepreg according to claim1l or 2, characterized

that the prepre to bond to surrounding resin materials with an

is able rro . :
| PN mechani snt ag”d FAPRLAP POTRARS CPRPFHHLNG TibTas ang pedyBeTHecording to

claim 2, charmssteid,zellaractémized inhehdt ridte palynaroomaardrt iswhich is a

monomer or a g0 deNdREtr B0 ikhgd matrix conponents forma gel, and
that the prepreg contains fngré@?@ﬁts %ecessary to initiate t he

pol yneri zati on atfiFsheTRFEH FHAIRCIGRT FoRSisting of arponomer; ef &ccording to
any of the5cldemibrimerg 4nd characterized in that the second matri x
conponent and_t hj tLd 0, : J st

D6 ol ?%%?_&nz@oﬁeg? 1sba%§eg9f}ﬁg% glo%cular

pol ynet hyl met hacryl at e The prep according to claim4 or
5, char act er i @t8hth orgapfig meRCYISFonetid Sepopdpnataly Zompansny - 3-

et hacr oyl oxyjeneiy lepsapake fdibs@hiB) of thd prebbyd enigl w@ol di met hacryal ate
(TECOMA) or a; Jendld MR ating polymer network (IPN) bonding to the first

10 matrix component.

2. The prepreg according to claim 1, characterized in that
it further comprises a third matrix component consisting of
high molecular weight organic molecules, said third matrix
component being distributed between the fibres.

15 3. The prepreg according to claim 1 or 2, characterized

that the prepreg is able to bond to surrounding resin
materials with an IPN mechanism and radical polymerization.

4. The prepreg according to claim 2, characteriged in that

the first matrix component, which is a monomer or a

20 dendrimer, and the third matrix components form a gel, and
that the prepreg contains ingredients necessary to initiate
the polymerization at a desired peoint of time.

5. The prepreg according to any of the claims 1 to 4,
characterized in that the second matrix component and the

25 third matrix component both consists of
polymethylmethacrylate (PMMA).

6. The prepreg according to claim 4 or 5, characteriged in
that the monomer is 2,2-bis[4-{2-hydroxy-3-
methacroyloxy)phenyl ]propane (BISGMA},

30 triethyleneglycoldimethacryalate (TEGDMA)} or a dendrimer.
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25 . 7. The prepreg according "J LLH IM’H!%I ns 1 to 6
characterized it contains*
according to ck&’%ocharact erized in that t he addltlves are%&??{erent

inert or bioactive fillers 5 containing e] ements such as Si, Ca, P, Ba, M,
K, Na, Ti, F, oxides or other courrpour?t?s of said el enents, colour

pignents, inerf ggl ag}@:%&%%;&mng%@ RheOL0fInEa to ROSPNAL €S,

A [err]derr], i oact | asses or _, functlonally
bi oactive or @M&E&&M tvétnﬁ‘l”éﬁﬂ‘l?sgf“fé hert dddHEvesnt i bi ot cs,

degi nfectants, radi o opague materials, organic acids such as naleic

acid, polyacryli Kk okgdipg to
Che any ol "t nd ot gEebfes Heddiipl € clasn 1., IHEERLEBLGARPIROERRED |
conponent s of Hhiee addipiens etradififersptatnent 6’fr BAopGtEFS fdthSESi ng pol ymer
network (I PN) doaqxtarinfiﬁg dpaskme anyhkasdsdf agsgsirnoBa, Mg, et evai,alts,to the

surface of theF fi ng Ig Syr(g&%ﬁrg&%ﬁgggnds ° g_df rQ ‘t;uﬁseprce&r and t he

resi nous materi‘al’ accor % an the cl ai ns
1to9, 20 chaqwe@ftﬁzeéln?ﬁttqf’ﬁanﬂ?é fhm’%%%%?‘al et KEA} o?’?n‘-B’f e;FaFﬁ
roving, woven ghdsph@tesnAljOypusrd,i, bxerm@éls,SMppedme r@l‘&‘bses orat, short

fibres, a whi f#%nctlongﬁir %@aéﬁx}@@r Shefapeut Bty Sc&;vé lecules,

af or ement i one repreg _accordi ng SAime’1 to
10, 25 chal&ctmmslrnaﬂﬁhblqwsm Bﬁésné?‘éta}’}ﬁ?rrgéﬁﬁéc’f?h?‘&e such as
gl ass or carbogdianarhist, eokyd 86 ,adiidsOEgani &s fidleds augd, polyrsmiaei d or

ul tra- hi gh-nol ecu h onetherne fibres, or any kind of
reinforcing fITﬁké? “?b?|i+§ their conblnatlons 30 12. A prepreg
conprising fibers and a polyner di stributed bet ween the fibres,
characterized ¢n tﬁﬂ'@tpr"ebg‘eﬁoé&’éwdﬂn@ to tE@SAﬂyﬂrbe&héObB&imel /toDIBA,

epsi | on- capr Olga}$t¥oﬁnei;'%¥ §?§ _i;c.ln I‘that theagl dpfl'g%z.c %bggéx%syloefs '‘the

pol yort hoest er
15 prepreg allow formation of an interpenetrating polymer

network (IPN) layer for bonding any kind of resinous
materials to the surface of the finally cured composite
made from the prepreg and the resinous material.

10. The prepreg according to the any of the claims 1 to 9,

20 characterized in that the fibres are in the form of yarn,
roving, woven roving, continuocus fibre mat, shopped strand
mat, short fibres, a whisker or particle formed, or a
mixture of the aforementioned.

11. The prepreg according to any of the claims 1 to 10,

25 characterized in that the fibres are inorganic fibres, such
as glass or carbon/graphite fibres, or organic fibres such
as aramid or ultra-high-molecular-weight polyethylene
fibres, or any kind of reinforcing fibres of fillers or
their combinations.

30 12. A prepreg comprising fibers and a polymer distributed
between the fibres, characterized in that the polymer is
epsilon-caprolactone / PLA, epsilon-caprolactone, D- and L-
lactide, PLA-, PGA-molecules, polyorthoesters, or an other
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26 bi oactive, bioconpati bl ' mm‘m i W nol ecul ar wei ght I n
the range 5 000 to 400 000. conprising fibers and a
pol ynmer distri buted bet ween ™ bfest characterized in that the between

the 5 fibres V¥4t her distributed additives such as Si,PCEFIo%0120 Ba,
My, K, Na, Ti, F, oxides or other counpounds of said el enents, col our
pi gnents, inert ceram cs; hydroxyapatites (HA) or other Ca phosphates,
Alferr](err], Zr(Jerr], xerogels, bi oactive glasses or functionally

bi oactive or Biradierapebiveannatidde pelysrs hauing Amlesuder waldhs oti cs,
desi nf ect ant sin rik cadgagqseodmtiwy 4dbsoo®r gani ¢ aci ds such as nul eic
acid, polyacrylic acid, or the like. 14. A process for the preparation
of the prepreg clained in claim1l, characterized in that fibres are
wetted in a 153 nOhARSPTEF PWRIHEINGefiPerr] aae PREYRRTOEdstributrd ai ned
optional |y i sbétwddrerfibets edcharaztent wéd oih ahabi ghe betwsaheenkar wei ght

or gani ¢ nokec s i o) ai 4, ar.acterized
thar the o EHETes aze sutthod deRReRa A AMLR0El Dottt ol B2, FT0 50
covered with Bae ¥t/ for Baadlit ifreSxitden s oghercgouppouds of ggidK Na, Ti,
F, oxides or elémsnteouepdondspiaimedasd ined ereamhscs CHy@toxphgaents, inert
ceram cs; hyd t ( h sp Alferr]Jerr],
Zrgerr], xer E%%Y?ﬂa &thgfo%acté}‘\@espgﬁggéé?%rg?'f l%%@f'i gﬁeéfﬁ f?ll%f oactive or 25

t her apeut i cal P¥Pa®tivee IABFERR | s TURRELGRALLY SAPRBEBIS O3, desi nfectants,
raplijo opacuﬁe ﬂnéﬁﬂeaits.camlégaa%iﬁv@cmdSe@m, an8$g&mé ,eia;ht_a_@)&ezi@gj {gcryl ic
acid, or the . s_accarding to claim, or :
charact eri zedﬁéﬁ;}fﬁa?t aélfc%é ?%(threod%kggfgléxm%oer%ﬁ’ggghto% Msi s éso?u?ﬁ gh 30

mol ecul ar wei htMdYFanPEifpl ROWESSYRES Melch @rsthe blitksd bet ween the
fibres before the fibres are wetted with the nmononer or dendrimer.

17. A package; pf 1 he REERT £8 AGEOLILPI I AM%:Otnt NS @™ 1ainea in
¢laim 1, characterized in that fibres are wetted in a
15 mononmer or a dendrimer, and that the product so obtained
optionally is further wetted in a solution of high
molecular weight organic molecules.

15. A process according to claim 14, characteriged that the
the membrane is a thermoplastic material, optionally

20 covered with one or more additives such as 8i, Ca, P, Ba,
Mg, X, Na, Ti, F, oxides or other coumpounds of said
elements, colour pigments, inert ceramics; hydroxyapatite
(HA) or other Ca phosphates, Al,0,, Zr0,, xerogels,
bicactive glasses or functionally biocactive or

25 therapeutically active molecules, antigens, antibiotics,
desinfectants, radio opaque materials, organic acids such
as maleic acid, polyacrylic acid, or the like.

16. The process according to claim 14 or 15, characterized
in that a third matrix component consisting of high

30 molecular weight organic molecules has been distributed
between the fibres before the fibres are wetted with the
monomer or dendrimer.

17. A package of the prepreg according to any of the claims
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27 1 to 13, characterized |jlﬂ‘!ﬁﬂ"gmﬁﬁ}ﬁmﬂes t he prepreg
surrounded by foil bott | ayers of L& sheet
coverage, the g’loom?é’%%osheet to the prepreg ? bei ng a cl ear F?Q‘Fl%@nt
sheet and the outernost sheet 5 being a %[Iansl ucent sheet, treated so as to
not essentially pass the light for cufing. 18. Afibre-reinforced
conposite incqrpqrati : X cordj : | al to 13.

19. The corrpogi ?g g&cb&%@ﬁ%&&@g &\glc'} éh%%lging%%lecg%qﬁth% %g%ﬁ%g or_nore
desired bl ock&usForries Pyyaspeedl ik bottomopnd 9ne Arnbyei tavekE ffding to
claim 18 or 1pihstitisshdetr coverdgepltinr cdeseat slosmst ruectthenprepedy as
prosthodonti Cgy; g £e§£e%rzatt5:¥ﬁs§§§ Aészh%etoshgoéﬁé‘tdﬁ%m%fnhgﬂégé.C

appl i ances and”cenent's;. renovabl e denture franmeworks or precision 15
attachnment & SPaBEs2 HEANSHUCERE d§RRet r SFEALBENBR B DrIUGEE, esserbipllzanal
posts, cores, paeki eR@Mtigthts foiknttriwyt hodontic retainers, crowns,
fillings, nouth guards, matrices and inserts for dental filling materi al
and the |ike. 21. The conposite according to claim118 of 19 for

techni cal 20 d8e Astparawrednfprsed (FRIIRAS1tEs IRERFROTAIFIcEEe BRRPTeY

mat eri al s and aegor@DEgtto WhieCklasms be thaged freely for cust om made

pur poses or used in nass production.

19. The composite according to the claim 18 machined into
10 one or more desired blocks or into a desired form.

20. The composite according to claim 18 or 1% for use in
medical or dental constructions such as prosthodontics,
restorative dentistry, orthodontics, orthopedic appliances
and cements; removable denture frameworks or precision

15 attachments, clasps, dental bridges, resin-bonded-bridges,
root canal posts, cores, periodontal splints, orthodontic
retainers, crowns, fillings, mouth guards, matrices and
inserts for dental filling material and the like.

21. The composite according to claim 18 of 19 for technical
20 use as parts of instruments, as tools, devices, and

materials and equipments which can be shaped freely for

custom-made purposes or used in mass production.



