; e3e2U2RLf N6T; G - 6 AUG 2002 1 FI BER- REI NFORCED COWVPCSI TE DENTAL POST W TH
GRADED STI FFNESS FI ELD OF THE | NVENTI ON The present invention is relgt eﬂ(a to
the fiber-reinforced conposite dental posts. In particular, the-ﬁrAH a2
invention is related to a functionally graded fiber-reinforced conposite
dental post and processes for making the sane. BACKGROUND OF THE | NVENTI ON
Dental posts are used in reconstruction of endodontically treated teeth.
The function of tHBER-REINFQRCED COMROSITE DENTAL FOSTIWITHer al
stability to the restoration. The restorative material is used to build the
core and the crown at the coronal end of the tooth. In order to provide
effective lateral stability, th@RARER SIEFNESSI d have high stiffness in
the coronal region. Stiffness refers to Young's nodul us, which is the
resistance of a material to deformation. Another inportant function of the
dental post is to disperse oodusal forces fromthe coronal region to the
remai ni ng tooth structure. In addition, a good dental post should have a
long fatig if i sion resistance. | n view of the

above- st at E’ﬂ%@ﬁf%%gﬁ'@@ -of-the-art dental posts are either nade of
stainless steel, titaniumor other netal alloys, or fiber - 6 AUG 2002
2 reinforc eggrgﬁ I - Whi v, iffness nuch highey than that of
denti ne. Alel'?h u 8&[ 'hgé’ﬁ'Pgﬂg i&?@n@s@gifi)eﬁg%@rpmepf%‘g%ﬂ{ﬁ g%ﬂalagosg i'ﬂg
necessary ffs f ' . [,V ial .in the

Cor onal Y edPHeUaF o PREScHY fnvetRE it rlaisti)B & BRicabaink a3l definituchd
crown, it Vopsphcity i L stress concentration
at the apical end gfénﬁ?%ﬁ?@ﬁ%@ﬁgf@agﬁgﬁﬁgﬁ?ﬁ%éns t he coronal posted
section and shifts the flexure point apically. The effect of this
stiffening is to cause the non-posted apical portion of the tooth to deform

at the post apex, resulting in a stress increase in that portion of the
canal wall. Furthernore, the cyclic |oading and unl oadi ng during 10
nast i cat i olPACKARQAINELRF dEEINYENTHONt i gue failure. Since the maxi num
bendi ng stresses occur in the vicinity of the apex of the post, any
“inclusions or defects within the wall of the dentine near the apical end of
the post would create stress concentration that increases the risk of a
fatigue crack formation. Defects and mcrofractures introduced during
access tion could becone areas

cont i but i ng. t o LA PAEESEABASEH PSRN cbeanpdonticaly tipeiect ety dne! y

occur at t jenkGotof %etéﬂﬁ\télo%g' isFlt'cgt;;'r%(/%r Sotohfish and lateral stability to the
restoration. The restorative material is used to build the core and the crown at the
coronal end of the tooth. In order to provide effective lateral stability, the dental
post should have high stifiness in the coronal region. Stiffness refers to Young's
modulus, which is the resistance of a material to deformation. Another important
function of the dental post is to disperse occlusal forces from the coronal region to
the remaining tooth structure. In addition, a good dental post should have a long

fatigue life and high corrosion resistance.

In view of the above-stated requirements, state-of-the-art dental posts are

either made of stainless steel, titanium or other metal alloys, or fiber

T
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“high stress experienced at the post-dentine interface of a high stiffness
post often causes | oosening at the post-dentine interface. Various designs
have been suggested in the art to address sone 20 probl ems stat-e§l AUBEH?2
These include tapered posts (U. S. Patent 5,104,321 ), and flexible posts
(U . S. Patent 5,518,399). For tapered posts) the change in the shape of the
post affects the bending stiffness w thout2 changi ng the Young's nodul us of
the post. Since Young's nmodulus is a critical paraneter in - 6 AUG 200T 3
det er mi ni ng t teinforaeskeompasitasy which havestiffneksnmucb higher therethah of aleatind.
post does not solve the problemof root stress resulting fromthe high

stiffness of Alisowdtsithe hitl bEfesses gupdealloreebinizbd ARAEIAg HecbBSaryifer e t he
tapered end, resulting in vertical fractures. fl exi bl e post has”a reduced

Young' s nodul é'f?ect@e"gﬂ;pﬁ&{tg &Sﬂ%?ésetg)fégiv@rﬂgle‘?m mth%%oﬁélgr‘éﬁﬁn MEe%éﬂﬂﬂ

gi ve sufficient suppo ration, resulting i ooseni ng
her ef ore

early failure_of the rest?r®tion.. CBgECT OF é’HE | NVENTI It is h

an object of PErIPePERENtO9ENIDE ©F GRBVARE AL el 8ISOr gives dhg “maier
post to overcone the shortcom ngs as stated above. It is another object to
provi de a5f i bdawhacks freausing sfiess ceneenteation atsherapiealyend of tthe ftaeths The - 6
AUG 2002 4 SUMVARY OF THE | NVENTI ON The present invention provides
fiber-reinfordgid postpstifidrs tha edraral wpbdstedr seletibns antlf shifis, thndlexatdqsbint
maki ng the sane. The degree of stiffness variation my be controlled via

T ook o SR THERIAS SHERPSPRy Sy Bt Ao
of the tooth to deform at the post apex, resulting in a stress increase in that
portion of the canal wall. Furthermore, the cyclic loading and unloading during

10  mastication requires consideration of fatigue failure. Since the maximum
bending stresses occur in the vicinity of the apex of the post, any inclusions or
defects within the wall of the dentine near the apical end of the post would
create stress concentration that increases the risk of a fatigue crack formation.
Defects and microfractures introduced during endodontic treatment and post

156  access preparation could become areas contributing to stress concentration.
As a result, fractures frequently occur at the root of the tooth. Furthermore, the

high stress experienced at the post-dentine interface of a high stiffness post

often causes loosening at the post-dentine interface.

Various designs have been suggested in the art to address some

20 problems stated above. These include tapered posts (U.S. Patent 5,104,321),
and flexible posts (U.S. Patent 5,518,399). For tapered posts, the change in

the shape of the post affects the bending stiffness without changing the

Young's modulus of the post. Since Young's modulus is a critical parameter in



exanple, a dental post is fabricated frommaterial according to the present
i nvention which has one end with |ow stiffness adapted for insertion into
the root of the tooth, and a high stiffness end suitable to support the
restoration. - 6 AUG 2002 5 BRI EF DESCRI PTI ON OF THE DRAW NGS _Fgmdbﬁz
i-s a schematic diagramto show one nethod of producing a post in e
with the present invention. Figure 1 B i s3 di agramto show a preform
produced according, to the methaod 5 sho in Figure 1, A _Figure 2Ais a
schematic di a‘b@tﬁff%lr@"%ﬂ W%’%@ﬁ%‘i‘"ﬂeﬁ% BestyHnG Hﬂe'ga%%s? tapered-pestance
with the present invention. Figure 2B is a photograph of a preform produced
by the net hoddegsonat selveithepsoblam of toatisiiess resukting kometie: ﬁlghdsﬁfmem ofo
show a third nmethod of producing a post in accordance with the present
invention. Fithersost. FarthefmoRavedying affeetocourshaitie tip usft themedgardd oénd,
produci ng a post in accordance with the present invention. Figure 5is a

finite el em%sﬁﬁﬁgﬁﬁ hBrRdHP WabireS! ARbxibRBbstenad AGeTuCLEY e\*o%r# ﬂé@??g’%t

interface. Figure I's afinite element analysis show ng nor

e N San WAIGBBaEER IoproBlh b ot et it el RO afie it aingal o)

post is its stiffness. Since stress sharing within a system depends upon
t he nateri al the restoration, resulting in loosening and early failure of the restoration.

OBJECT OF THE INVENTION

It is therefore an object of the present invention to provide a material for

10  a dental post to overcome the shortcomings as stated above.

It is another object to provide a fiber-reinforced composite material with

varying stiffness.



stiffness of each conmponent, a key to the present invention is the
‘recognition 5 that the ideal dental post is one which gives graded material
stiffness along its |length. The post should reinforce the coronalgrA-uﬁ Q00X 0
as to reduce stress in the restoration and associ ated interfaces.

addition the post should not cause stress concentration at the aplcal end.
This requires the post to take away the syresses fromthe coronal region
and gradually unload themto the 10 dentine. Therefore the segnment of the
post at the core region nmust be stiff to take away the stress fromthe
core) while SUNMMXRY GHF THIE INVENIEION ne regi on of the tooth should
gradual ly be reduced to the value of the dentine. Hence, the post according
to the present invention conprises segnments of varying stiffness along its

I ength. As fiber W@ﬁ@séﬁﬁn‘?@%b&ﬂndés HB&ArdisfoftetEcdMBodito ﬁféﬁéﬁél \Hﬁﬁt in

t he present invention, good fatigue and corrosion resistance Is

achi eved. For t 38 0 ffness
Hefers 1o vostadgd RIfiESE Mo nRba'GaRRgL R, BfRC nd P%&E#&L d? s 'one
along the len th of a single t foQr ease oOf de raded

TP neas. | SharBESD ghay beconlslad \jA rBanisalions da) thBripariealioR graeassesn of

t he post into different sections. Braiding angle refers to the angle
bet ween a5 br &raductsi with vandinghstiffnessi alomigndheinxdengits are adascpibedudn. ofigie
material may be any conventional conposite material such as a conbination

of ceram c, RpXawiplé, arddmakpsst iShRbricated fibka MAgrialnB@écurdingStoT™Me plesbnie a
conblnatlon of dlfferent polymer or different nmetals or different ceramc.

The fol | owi n%@gﬁ@ﬁ@ﬂﬁheﬁaﬁmgf‘ée R 0 36w SHtiles8lAdagid RShsdtibh A6 YR8

stiffness. For erre s at the aplca end is

o oPpr o e TR it o Sl By subeei G ApPE1pE radottAN: no

stiffness, such as 100GPa. The stiffness which can actually be achi eved



woul d depend on the material used. For exanple, a carbon fiber conposite
dental post may have a stiffness of 150-80 GPa at the coronal end, and 25
10 | SGPa at the apical end. Other stiffness ranges depends on the
-application, and may be obtained using the nethods described bel \% l}EWLE
1 Referring to Figure 1 A spools 20 of netallic, ceramc or polg l|I
fibers 22 are interlaced into a preform2& wth or without a mandrel or
core. 15 After braiding in the braiding nmachine 28, the preformis
transferred to a resin bath 30 containing unreacted resin 32. Once the

unr eact ed r esBRIBRBPDESGRIEFHANQF (THHE Di NGE the preform it is
transferred to a curing die 34 of the required dianeter wherewith the resin
is cured to formthe polyneric conponent or matrix of the fiber-reinforced
conposi t e posFigurd¢As aysobicheatitdisgrane tee showeyhe enathyd lof proddcihg e pBsteint | ng
resin such as epoxy, polyester, or nolten or solvent dissolved

t her nopl asti } ording to the conventional nethod,
t he take-up g%%ﬁdﬁic%gﬁgaﬂé y ﬁﬁgi/‘v\%4 and spindl e speed N2 (shown by
arrow 36) has a fixed ratio and hence, the angle of braiding is fixed.
According to g t il ] o) : - N1
(24 and spi ndpar 183G\ JeGHES 1> how HorbinCiehes haadfihd 15148 B )
the angl e of hraiding. Fi qAr/e 1 Bis a schematic drawi ng of a preform nade
accor di ng %t o $OWVIHIEEGWE 1Aventi on. This corresponds to section 38 in
Figure 1 A. The angle of braiding in segnent 4 O with reference to the

| ongi tudinal axis of the post is smaller than the angle of braiding in
segent 42. drigute PA s sehematicodiagraay ta skowta seemcg ragthod coff progiucingr a
reinforced material is higher when the braiding angle is smaller, varying
the take-up gvsktsimiasobrlanpeanith thel present lvestien.t in a product with varying
stiffness. A dental post 46 in accordance with the present invention my

t hen be obtained, for exanple, by cutting the material at sites 44. Hence
post 4 6 woul gﬁgﬂg 0 i | i bf i
segnent 42. ffﬁg??ﬁé??ﬁ%? e gﬁﬁggrgﬁgo@%{dﬁg{ %E%(?ur%ateﬁyghﬁe@ﬁggﬁ gﬁ@\ﬂn n
conti nuous gr gl’ﬁeﬂé of stiffness is obtained, and that describing the
material as ha gélfferent

10  Figure 3 is a schematic diagram to show a third method of producing a post in

accordance with the present invention.

Figure 4 is a schematic diagram to show a fourth method of producing a post

in accordance with the present invention.

Figure 5 is a finite element analysis showing normal tensile stress levels

15  along post interface.

Figure 6 is a finite element analysis showing normal tensile stress levels

along dentine interface.



~segnents is nerely to facilitate understanding of the inventive concepts.
EXAMPLE 2 Figure 2A shows a variation to the braiding nethod. In addition
to the 20 netallic, polyneric or ceramic reinforcenent fibers _4&, mzzqﬁzst
anot her set of the fibers is a polynmeric material 50. During th % i g
process, the ratio between the take-up speed N1 24 and spindl e speed N2 36
I s changed continuously in order to vary téthe brai ding angle. The braided
preformb51 is - 6 AUG 2002 9 then transferred to nold 52 for conpression
nol ding at required tenperature at which specific set of polyneric fibers
mel t and i nprRGRQRIPTIANQF THE BAHENTIONDbers. The final product 54 is one
havi ng varying stiffness along its length. Section 56 of the preformwould
have braided fibers simlar s to the ones shown in Figure 1 B, except those
addi ti onal pol ymerAw ihpbrarst paranmteoforrdestientperfoimancec oRhesthontal post is
phot ograph of a preformdental post with a continual variation in the braid
angl es. Ther e Iof h AV ' I ' t he
e SR\ RS A I 2 el e o] o

segnent in section 60. MPLE 3 10 conv

met hod, a fibgf.or .. Tl [ e [ n core o ndr el
04, The 111 andiireRag! BACT ShovoroEraRey 8 i BResdt ie R e agEREioR my
be netal, ceramc or polyner. According to the present invention, the.
filament s vibahtheideabdgntalpestis ong wiishgives eé\d@ﬂénet@r%swﬁ@asoalgng di§i nal
axis of the core. A thernposetting 1 s matrix may al so be provided according
t o convent i orlahgteThedsost Sheuldasirforvet thpraatonal regiom sbheas tnrdduee stragseinand
hi gher stiffness in segnent 66, and | arger angle and | ower stiffness in

segment 68. EXAMYstoratidhearsd idskb6itedlintarfaes®ofi bedftiohethd §idst AHeRAd PRst or
| ong product nay 20 al so be varied based on the fiber volunme fraction.

Figure 4 shovg, e stress concentration at the apical end. This requires the post to take

=t

away the stresses from the coronal region and gradually unload them to the
10  dentine. Therefore the segment of the post at the core region must be stiff to
take away the stress from the core, while stiffness along the dentine region of
the tooth should gradually be reduced to the value of the dentine. Hence, the
post according to the present invention comprises segmentis of varying
stiffness along its length. As fiber reinforced composite is used to make the
15  dental post in the present invention, good fatigue and corrosion resistance is

also achieved.

For the purpose of understanding the present invention, stiffness refers
to Young's modulus. Segments of a post refers to imaginary divisions along
the length of a single post for ease of description of graded stiffness, and do

20 not necessarily mean an actual physical separation of the post into different
sections. Braiding angle refers to the angle between a braided fiber and the
longitudinal axis of a long product. The material may be any conventional

composite material such as a combination of ceramic, polymer or metals. The



_conventional casing 70 and plunger 72 for injection nolding. In the
conventional injection nolding nethod, short fibers are mxed with a matrix
- 6 AUG 2002 10 material in a desired ratio and cured in the <§sAbig.200p an
~enbodi nent of the present invention, mxtures with varying fiber vol une
fraction (i.e. varying proportions of fibers and matrix material) are
transferred to the casing consecutively, and curing allowed to occur
together. In the exanple shown in 5 Figure 4, four mxtures (74, 76, 78,
80) of varyi nyaferiats maglalse bbraacornbimatianef differehiepolyoher or different megalsAdrt er
curing, a single post is produced with four segnents (74, 76, 78, 80) of

varyi ng propafifféreRs cefarhicbFhe -folﬁiwmg drb dxampiéd okmenbdshet fabieafing ff pess of
t he product depends on the fiber volune fraction, the resulting product

contains corr, ' ﬁﬁ.ﬁg@nts of varying stiffness. 1 o The fibers may be
made of met alvﬁﬁggﬁygg?stpo yner or ceramc. The matrix material is again
made from conventional material such as thernosetting resin or

t hernopl astic resig.. TEST RESULT t sts wth graded sti.ffness, of 20
GPa to 80 GPa wer oéor?paqeéﬁEl?%E‘t %@oﬁ&%ﬁ&?‘gn '}mrf’(?& é?u S FRIER)i 80| ISnent
stress analysis. The results of finite el ement analysis are shown in_Figure
5 and 6. A diaRpraximsately thesane apdbe sifness sefollle Memtinet he. 206Ra.s The

i ndi cate the correspondi ng positions of the each test data at the

hori zontal awstiffneSheatr et coeshaloerd 8ié prefeabiyvmbéh higheddhaml theostlen®is t he
dentine 90, the root 91, and the avelor bone 92 are 20 shown. The verti cal

axi s shows tfs@iffnegsq&]kuér%%i h80&PaSSFh §Hﬁr‘léssi WHETR-caln %p?aug BBdahiveys
stress a y at the

the tensile st ong the post an entine respective
convent i onal QU ER pHIEIpaerRL e 8, FERERATP A.qEon fBSr cBipoie”

dental post may have a stiffness of 150-80 GPa at the coronal end, and 25-

10  15GPa at the apical end. Other stiffness ranges depends on the application,

and may be obtained using the methods described below.

EXAMPLE 1

Referring to Figure 1A, spools 20 of metallic, ceramic or polymeric

fibers 22 are interlaced into a preform 26 with or without a mandrel or core.

15  After braiding in the braiding machine 28, the preform is transferred to a resin
bath 30 containing unreacted resin 32. Once the unreacted resin has
impregnated the fibers in the preform, it is transferred to a curing die 34 of the
required diameter wherewith the resin is cured to form the polymeric
component or matrix of the fiber-reinforced composite post. The polymeric

20 component may be any kind of thermosetting resin such as epoxy, polyester,

or molten or solvent dissolved thermoplastic resin.



.- 6 AUG 2002 11 carbon fiber post having high fiber volume fraction and
200GPa stiffness. Curves 96 and 97 shows results for a uniform 8QCGpa carbon
post. Curves 98 and 99 are results for a post with graded stiffnés UﬁfZUag)
to 80 GPa in accordance with the present invention. For both post and
dentine, the 5 highest stress levels are detected for the conventional high
stiffness post. The stress levels are reduwed when the post stiffness is
reduced to a uniform 80GPa. The post with graded stiffness according to the
present invention Accoidirestethestemiantiohal nathod sthectaketay elpeetihbin @hioler of
t he uniform posts. The graded post shows a maxi mum of 25 MPa stress |evels

at the interfgeqrrolv 24yAhd @pinﬂl&@F&eJ W0ishovd BB AriRe3eERks %tfb@‘éﬁrﬁgo and

experienced by the stalnless steel post. At the dentine side of t

o onl el Eﬁ@%ﬁ%iﬁ@%%n@i?g* ﬁéfb}@f f'ix*f Z@%‘%@é%ﬁg lg‘zdé PespCpatGH. B, .
f h ' in T 1 - Hi ' Hi

LT eosReat quatatic; peiwasit dng, ek phead VT o247 ot Snindle; Spestiiz| (36 is
onwith referenceon Post atto a 200 GPadentine atto a 200

GPai nt er f & epehangadeconlinpausiysimrdardosiarytherargbe abdzailingaFigpas21B is a
MPal1l00%JD car bonUD80 GPall4d MPa30%i2 MPa81Car bonG aded20- 8025 MPa7%82

MPa61%t i f f nescHeaticodr ol a prefdimAtade Giz2oiding'\ta th plesept @n@ntionNTARL i on
has been described particularly with reference to Figures 1 to 6 with

e < o1 Sl Blnc 9 g, IRITI'E Wbl f inc e

nuneri cal val ues rndicated are ustration

taken as limtation on the,inventian.,lpn. 5 dition it s ¢lear that, th
oraded T ber VN e Brike CosobRBkldRaL aRis ol Rast s stvalc Tt ine ARoiecal
invention has utility in many applications, shapes and sizes where graded
stiffness andowidingiiprsegmenteAR:i pinge it iscwollknowsy that deeiishffaess oﬁﬁhejglberm
el enents, bionedical inplants and devices etc. It is contenplated that

ot her netigodsreinfdroedmraterfalcib diglesr wheln ithelibiraiditg anglelis smallbe vargiagbtheone

of ordinary skill in the art without departing fromthe sprit
take-up and spindle speed ratio would result in a product with varying
stiffness. A dental.post 46 in accordance with the present invention may then
be obtained, for example, by cutting the material at sites 44. Hence post 46
would have one segment 40 which is of higher stiffness than segment 42. It
15 should be understood that using this method, a continuous gradient of

stiffness is obtained, and that describing the material as having different

segments is merely to facilitate understanding of the inventive concepts.
EXAM 2

Figure 2A shows a variation to the braiding method. In addition to the

20 metallic, polymeric or ceramic reinforcement fibers 48, at least another set of
the fibers is a polymeric material 50. During the braiding process, the ratio
between the take-up speed N1 24 and spindle speed N2 36 is changed

continuously in order to vary the braiding angle. The braided preform 51 is



and the scope of the invention described. - 6 AUG 2002 13 CLAI 215& 1. A
fiber-reinforced conposite dental post with a plurality of segn® t UG 22002
first 2 segnment having a stiffness different than a stiffness of a

nei ghboring 3 segnment. 1 2. A fiber-reinforced conposite dental post
according to claim1 further 2 conprising interlaced fibers and a polyneric
matrix, said conposite post 3 characterizedl in that the interlacing angles
of the fiber inthe first segnent is 4 greater or snaller than the

i nterlacing athghetrarsfetredfto meoldi52 fdreongirghsioni mglding e mequired. t@mparature
fiber-reinforced conposite dental post according to claim2 wherein the 2
fiber is nmadeaf r@RicAetgYecifito! $61elof OpoRMiéTa Cfibdrsd-méitf idey - infpregRafeedthe
conposite dental post according to claim2 wherein the 2 matrix conmponent

dental post aekoneE R T IRR Brodyt 54 i o6 el WeGihel BRGNS 5

with matrix wound .aroun ndrel, ,said s, .conposite post .characterized in
that the w ndiRggRgeEoE. SeRtion 86 ofiRe nsSter Waulcs Bafit hraiied ikare sigiar

| ower than the wi nding angle of a neighboring 5 segnent. 1 6. A

fi ber-rei ¥ orocthecengoshowndsrftigurep 3Bt emﬁpirtgesﬁg adam@nal polymeric bears are 2
yamis a netal, polyner or a ceramc fiber. 1 7. A fiber-reinforced
conposi t e denalgb iplestwined. dFigure2B eshowsi anphotoleaph of 4 peeformeiddnedl post wite
fromnmetal, ceram c or polynmner. - 6 AUG TO02 14 1 8. A fiber-reinforced

conposi te de”&%ngﬁﬁél AN ROtHePhdidiafylbs! UHehéfore ”‘s”t‘iﬂ‘r?ds@ginsg%iﬁent

fibers distributed wthin a matri x, said conposite product 3 char erized

in that the f} ifst .S gler or |lower 4 than the
fi ber vol unme €§%%g§§%6ﬂ@3ﬂ§P%Gﬁ@®Jh§ﬁF@ﬁ%ggnﬁﬁe§WQigbreinforced conposite
dental post according to claim5 or 8 wherein 2 the matrix is nade of

t hernosetting {0, %r thernopl astic resin. 1 10. A fiber-reinforced
conposite denﬁgzibgéi—according to claim8 wherein the 2 short fibers are
made of metal, polymer or ceramc. 1 11. A fiber-reinforced conposite
dental post according to claim1 wherein the 2 dental post has a first
segment, @ | ast seljin@conyeatienal|filamenbwinding moetheddadikersegfiamentser tapa r st
segnent having a stiffness of between 150 4 and 80GPa and said | ast segnent

having a stifé2eisswolinthedroand £ToredrmandieP84. ITHE filatnomtt ey bé maldenef a
fiber-reinforced conposite dental post, said dental 2 post having a

plurality of i i@l it j i 1 of
interl aced re@%gg’f Q%ﬁgnnet?ac?rﬁ%égﬁgﬁ% ?ﬁﬁ‘aaﬁ#rglt ﬁlﬁ’)y , béé]g#gﬁ!fe%%ﬁ %Fagt)ﬁsn%ywse?‘ng

t he steps of r ai di said fib % s raiding.angles to forma
prefor mpvv! th écggrfip}itt%sggﬂeﬁ[e_sﬁg\i/i ﬁ&sgﬁéﬂ’f ?@%eﬂg"%tnii gﬁ n‘goﬂrﬁgl gFthg
post. 13, A nOAHBBUGR WikvIefoaos 1o 812 [QeGHHUINELENIS o 108 06 qen A pseting
according to 2 claim 12 wherein an additonal step of inpregnating the

pr ef or m vii5t h atrix ¢nay ealsoe ben praviged f accardingeftor convantiomal metBods. G Thaeo?2
15 1 14. A nmethod of naking a fiber-reinforced conposite dental post

according to psoltahiproduet ag@iniey sialleraariglé ahdmigitertifidss dn Semerré6, or

ceramc.
and larger angle and lower stiffness in segment 68.

E LE4

The stiffness of a composite fiber-reinforced post or long product may
20 also be varied based on the fiber volume fraction. Figure 4 shows a
conventional casing 70 and plunger 72 for injection molding. In the

conventional injection molding method, short fibers are mixed with a matrix



1 15. A nmethod of making a fiber-reinforced conposite dental post according
to 2 claim 12 wherein the fibers contains at |east one rei nforce.nEnAl(jpiZagz
and one 3 polyneric fiber, and said curing step is a conpression nol di
'step. 1 16. A nethod of naking a fiber-reinforced conposite dental post
according to 2 any one of clains 12, 13 or 15 wherein said braiding angle
is varied by s varying a ratio between th@& take-up speed and the spindle
speed in the 4 braiding step. 1 17. A nethod of nmaking a fiber-reinforced
conposi te dermaterigbén asdesiesi rajior and cured in e opsingi I aajembedinTant cafrtbet
fiber is nmetallic, polymeric or ceramc. 1 18. A nethod of making a

fi ber-rei nf orgredesoimestivr, deiriurés (with vasyng fitert edluthep dsictibaviieg varying
plurality of segnents, said dental post further including at 3 | east one

wound filamergropbhtiting af rmie(rgé XAncf%atrlmetrh@l%riagﬁwé Sira¥sfo8dS i Rhé ?é?iﬂg :

wi nding said filanment around a mandrel such that a w nding angle o

filament in LS i I i ndi .
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fiber-reinforced caonposite dental st_.according to claim 18 wherein said
mandr el 1 8 netigHTg 4, 6301 GHEHTES G4, T T 01 ot AGTYIRG Bt oI feadtiegs are
fiber-reinforced conposite dental post according to 2 claim 18 wherein said
wound fi | anertrarisferred ttheheicasirey nAftardcwiing: a singler past ésd preduced fwithl émerd by
a curing step. 1 21. A nethod of meking a fiber-reinforced conposite dental
post accor di ngbgmierts 34, 78, ®0)i dfovakin Brtiing eRfibers. [Binceé St Ewalll i c,
pol yneric or cgr‘gen‘i cg omg AUG 2002 fg?lag%pr nmet hod of making a

DT el ol SHE1 A SSifiEsY B uROBlodib Rokad BA GeSfidd Mildhe Fabthn,

met hod conprising the step of a) mxing a Tirst pre-determ ned proporti’on
of fibers ang matrié. mater'a{ 4 tar.ld transferring to a caagang; .5 b%! m xi ng a
second pr e- dah@riosHIING PRdYFt contalps cPEEFRORAIAT SRIMENtS QhvEfVing stiffgess.
transferring to the casing, said second pre-determ ned proportion having a
di f f er ent10f | bEwe Jibersrenay %@t mader phimetal, dsili¢a, spolymedcok caranaig. prhgpanatrisn; s
c) curing mxture (a) and m xture (b) as one integral conposite dental 1 o
post such t hahatdral fis begaiv ohade fromctomventionahaendterial such- detmemosdttih?
proportion and the second pre-determ ned proportion are 12 substantially
mai nt ai ned. Ledikh OAHE%BPQS% ré&ki ng a fiber-reinforced conposite dental
post with varying 2 stiftness according to claim 22 wherein additional

m xtures of varying fiber 3 volune fractions are added sequentially to the
casing and c @glﬁ%i ntegral conposite product such that each m xture
corresponds t%—c of said product. .Ay.A& .Aa,.A9L'. A2 . Ans. A
A A ASNS.AHA[".AQA @A Ay ;LcGe#kTB 0} B
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<a] ca] ca] ca] ca] ca

15  with conventional posts using finite element siress analysis. The results of
finite element analysis are shown in Figure 5 and 6. A diagram of a restored
tooth 82 is shown above the results to indicate the corresponding positions of
the each test data at the horizontal axis. The restored core 84 and crown 86,
the dental post 88, the dentine 90, the root 91, and the aveolar bone 92 are

20 shown. The vertical axis shows the normal tensile stress levels in MPa.

Figure 5 and 6 shows the tensile stress along the post and dentine
respectively at the longitudinal interface. Curves 94 and 95 represents the

stress levels for a conventional stainless steel or unidirectionally drawn
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Highest Residual stress | Highest stress |Residual stress
Post Type | Stiffness | stress level | with reference level on with reference
on Post at to 2 200 GPa dentine at to a 200 GPa
interface post interface post
Stainless
steel or 200 GPa 382 MPa 100% 52 MPa 100%
UD carbon
ub 80 GPa 114 MPa 30% 42 MPa 81%
Carbon
Graded 20-80 25 MPa 7% 32 MPa 61%
stiffness  |GPa
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hile the present invention has been described particularly with

reference to Figures 1 to 6 with emphasis on a dental post, it should be
understood that the figures and the numerical values indicated are for
illustration only and should not be taken as limitation on the invention. In
5 addition it is clear that the graded fiber reinforced composite material and the
methods of the present invention has utility in many applications, shapes and
sizes where graded stiffness and function are required, such as sports
equipment, structural elements, biomedical implants and devices etc. It is
contemplated that other methods and numerous changes and modifications
10 may be made by one of ordinary skill in the art without departing from the sprit

and the scope of the invention described.
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LI LL# s#sbiE: | Afiber-reinforced composite dental post with a plurality of segments, a first

2

3

segment having a stiffness different than a stifiness of a neighboring

segment.

A fiber-reinforced composite dental post according to claim 1 further
comprising interlaced fibers and a polymeric matrix, said composite post
characterized in that the interlacing angles of the fiber in the first segment is
greater or smaller than the interlacing angle of the fiber in the neighboring

segment.

A fiber-reinforced composite dental post according to daim 2 wherein the

fiber is made from metal, polymer or ceramic.

A fiber-reinforced composite dental post according to dlaim 2 wherein the

matrix component is made from polymer, metal or ceramic.

A fiber-reinforced composite dental post according to claim 1 wherein the
fiber is a yam impregnated with matrix wound around a mand.rel, said
composite post characterized in that the winding angle of said yam in the
first segment is higher or lower than the winding angle of a neighboring

segment.

A fiber-reinforced composite dental post according to claim 5 wherein the

yarn is a metal, polymer or a ceramic fiber.

A fiber-reinforced composite dental post according to daim 5 wherein the

mandrel is made from metal, ceramic or polymer.

10z
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3 characterized in that the fiber volume of the f rst segment is higher or lower

4 than the fiber volume of a neighbouring segment.

1 9 A fiber-reinforced composite dental post according to claim 5 or 8 wherein

2 the matrix is made of thermosetting resin, or thermoplastic resin.

1 10. A fiber-reinforced composite dental post according to claim 8 wherein the

2 short fibers are made of metal, polymer or ceramic.

1 11. A fiber-reinforced composite dental post according to claim 1 wherein the

2 dental post has a first segment, a last segment and at least one
3 intermediate segment, said first segment having a stiffness of between 150
4 and 80GPa and said last segment having a stiffness of between 25 and
5 15GPa.

1 12, A method of making a fiber-reinforced composite dental post, said dental

2 | post having a plurality of segments, said dental post further including a
3 plurality of interdaced reinforcement fibers within a matrix, said method
4 comprising the steps of :

5 a) braiding said fibers at varying braiding angles to form a preform with
6 a first segment having a different braiding angle than a neighbouring
7 segment;

8 b) curing said preform to form a composite dental post.

1 13. A method of making a fiber-reinforced composite dental post according to
2 claim 12 wherein an additonal step of impregnating the preform with

3 unreacted resin is performed before curing.
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15.

16.

17.

18.

19.

20.

21.

A method of making a fiber-reinforced composite dental post according to
claim 12 wherein the fibers contains at least one reinforcement fiber and one

polymeric fiber, and said curing step is a compression molding step.

A method of making a fiber-reinforced composite dental post according to
any one of claims 12, 13 or 15 wherein said braiding angle is varied by

varying a ratio between the take-up speed and the spindle speed in the

braiding step.

A method of making a fiber-reinforced composite dental post according to

claim 15 wherein said reinforcement fiber is metallic, polymeric or ceramic.

A method of making a fiber-reinforced composite dental post, said dental
post having a plurality of segments, said dental post further including at
least one wound filament within a matrix, said method comprising the step
of winding said filament around a mandrel such that a winding angle of the
filament in a first segment is different than a winding angle of the filament in a

neighbouring segment.

A method of making a fiber-reinforced composite dental post according to

claim 18 wherein said mandrel is metallic, polymeric or ceramic.

A method of making a fiber-reinforced composite dental post according to
claim 18 wherein said wound filament is further impregnated with a

unreacted resin, followed by a curing step.

A method of making a fiber-reinforced composite dental post according to

- any one of claims 18-20 wherein said fiber is metallic, polymeric or ceramic.
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