PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/35509
AG61L 27/30 Al .

(43) International Publication Date: 22 June 2000 (22.06.00)

(21) International Application Number: PCT/FI99/00961 | (81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,

(22) International Filing Date: 19 November 1999 (19.11.99)

(30) Priority Data:

982684 11 December 1998 (11.12.98) FI

(71)(72) Applicants and Inventors: YLANEN, Heimo [FI/FI];
Skepparegatan 2 A 30, FIN-20810 Abo (FI). ARO, Hannu
[FI/FI}; Valtaojantie 4, FIN-20810 Turku (FI). KARLS-
SON, Kaj [FUFI]; Dragonvigen 48, FIN-20720 Abo (FI).
YLI-URPO, Antti [FI/FI]; Virttindkatu 17, FIN-20660
Littoinen (FI). HUPA, Mikko [FI/FI]; Rakuunatie 47,
FIN-20720 Turku (FI). NORDSTROM, Egon [FI/FIJ;
Norrskogsvigen 3, FIN-21600 Pargas (FI).

(74) Agent: TURUN PATENTTITOIMISTO OY; P.O. Box 99,
FIN-20521 Turku (FI).

BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE,
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG,
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GW, ML, MR, NE, SN, TD, TG).

»

Published
With international search report.
In English translation (filed in Finnish).

(54) Title: A NOVEL BIOACTIVE PRODUCT AND ITS USE

(57) Abstract

The invention relates to a porous textile product made from bioactive glass fibers. The fibers in the product are of at least two types,
fiber A and fiber B, fiber A being made from a bioactive glass, and fiber B being made from a weakly bioactive glass.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CU
Ccz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
D
TG
TJ
™
TR
T
UA
uG
us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 00/35509 PCT/F199/00961
1

A NOVEL BIOACTIVE PRODUCT AND ITS USE

The invention relates to the porous textile product made from bioactive glass fiber,

defined in Claim 1. The invention further relates to the use of the said textile product.

BACKGROUND OF THE INVENTION AND THE STATE OF THE ART

The publications to which reference is made below and which are used for illustrating the
background of the invention and the state of the art are to be deemed as being

incorporated into the description of the invention below.

Biomaterials and their biologic attachment

Implants for both medical and dental purposes have long been prepared from a variety of
materials. Various metals, metal alloys, plastics, ceramic materials, glass ceramic
materials, and the latest, i.e. bioactive glasses, differ one from another not only by their
durability but also by the properties of the interface between the implant and the tissue.
Inert materials, such as metals and plastics, do not react with a tissue, in which case there
always remains an interface between the implant and the tissue; the implant and the tissue
constitute two distinct systems. Bioactive materials, such as hydroxyapatite, glass ceramic
materials and bioactive glasses, react chemically with the tissue, whereupon there forms
at the interface between the implant and the tissue a chemical bond, which is relatively
strong, especially with bioactive glasses. The implant and the tissue are thus fixed to each
other. The speed of the healing of the tissue and the possible chemical bond with the im-

plant depend on the tissue activity of the implant material used.

International patent publication WO 96/21628, Brink e al., describes a group of bioactive
glasses which can be processed easily. From such bioactive glasses it is possible, for
example to draw fibers and, for example by the torch spraying technique, to prepare so-
called microspheres of glass. Porous bioactive pieces are prepared by sintering these

microspheres together. By using microspheres which are within as narrow a fraction as
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possible (of as uniform a size as possible), it is possible to control the porosity of the
body. According to the literature it seems that the most advantageous particle size is
within the fraction 200-400 microns (Schepers et al. 1997, Tsuruga et al. 1997,
Schliephake ez al. 1991, Higashi et al. 1996). The studies carried out by the inventors so
far have shown that a porous bioactive implant which has been prepared by sintering
bioactive microspheres of the fraction 250-300 microns reacts very strongly in the femur
of arabbit (Ylénen ez al. 1997). The results of the studies have shown that the said
implant model reacts rapidly and the porous matrix fills at a steady speed with new bone.
The shear strength of the bioactive implants in a push-out to failure test has been already
after three weeks statistically as high as after 12 weeks. The amount of bone inside the
matrix has been after 12 weeks 35-40 % of the pore volume both in bioactive implants
and in the titanium implants used as controls. It is, however, advisable to note that in a
bioactive matrix porosity increases evenly as a function of time as the bioactive glass
mass decreases. Porosity increased in experiments in vivo from 30 % to 65 %. The
porosity of titanium, of course, does not change in any way. Thus the amount of new bone
inside bioactive implants is de facto almost double that inside titanium implants. In our

opinion this shows that the porous implant type used by us is right.

The beginning of new bone growth seems to be located in micro-cracks in the bioactive
glass particles (Schepers et al. 1997). Evidently the calcium and phosphate dissolving
from the glass into the fluid (in vitro SBF, in vivo plasma) surrounding the micro-crack
quickly form, together with the calcium and phosphate normally in the fluid, so high a
concentration that the solubility product of the ions concerned is exceeded. As a
consequence of this, calcium phosphate precipitates onto the silica gel on the surface of
the bioactive glass and new bone growth begins. The porous body sintered from bioactive
microspheres is full of microscopically small cavities. This explains the rapid bone
growth inducing property of the tested bodies we sintered from bioactive microspheres. It
has further been shown that the roughness of the surface has a favorable effect on the
attachment to the biomaterial surface of proteins which control bone growth (Grossner et
al. 1991, Boyan et al. 1998), as well as has the biomaterial itself. According to the
literature, the said proteins attach best and most rapidly to the surface of bioactive glass

(Ohgushi et al. 1993, Vrouwenvelder ez al. 1992, Lobel et al. 1998, Vrouwenvelder ef al.
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1993, Shimizu et al. 1997, Miller et al. 1991).

Patent publication WO 98/47465 describes a porous composite which comprises i)
particles A made from a bioactive material and ii) particles B which are made from a non-
bioactive or weakly bioactive material sintrable to the said bioactive material. The said
particles A and particles B are sintered together to form a porous composite. Combined
with the implant, the said composite ensures both rapid ossification and permanent
attachment of the implant. The composite described here, being made up of smooth glass
spheres with untreated surfaces, must, however be in contact with body fluid for about a
week before the silica gel layer required by bone growth is formed on the sphere surfaces.

Only thereafter can the actual bone formation begin.

OBJECT OF THE INVENTION

It is an object of the invention to provide a novel bioactive and porous textile product

which ensures more rapid ossification than do prior art composites.

It is a particular object of the invention to provide a bioactive porous textile product
having already, on the surface of its fibers, a bioactive layer required for the initiation of
bone growth, in which case the integration of the bone to the composite can begin
immediately after the composite comes into contact with body fluid, i.e. immediately after

the surgery.

It is a further object of the invention to provide a bioactive porous product which is easy
to mold and which, after the molding, can when necessary be hardened to the desired
shape.

SUMMARY OF THE INVENTION

The characteristics of the invention are given in the independent claims.

The invention thus relates to a porous textile product made from bioactive glass fibers. It
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is characteristic that the fibers therein are of at least two kinds, fiber A and fiber B,
- fiber A being made of a bioactive glass and

- fiber B being made of a weakly bioactive glass.

The invention further relates to the use of the novel textile product as an implant, a
product yielding a drug or some other substance at a controlled rate, for tissue control, as
filler material in bone cavities or in soft tissue, for the removal of pulpa, as dental root

filler material, or as binding material for bone transplants.

PREFERRED EMBODIMENTS OF THE INVENTION AND A DETAILED
DESCRIPTION

Definitions

By the term “implant” is meant in the present invention any body, made of an man-made
material, to be placed in a tissue, such as an artificial joint or part thereof, a screw, a

fixation plate, or a corresponding orthopedic or dental device.

In the context of the definition of the present invention, by “bioactive glass” is meant a
glass which in physiological conditions dissolves at least partly in a few months,

preferably within a few weeks, most preferably in approximately 6 weeks.

In the context of the definition of the present invention, the term “weakly bioactive glass”
denotes a glass which in physiological conditions does not dissolve within the first

months, at least not completely.
Especially preferred embodiments

The surface of the fibers forming the textile product, especially the surface of the fibers
made of bioactive glass, should preferably be roughened, for example, by using hydrogen
fluoride vapor. The roughening can be carried out before the making of the textile or

thereafter. The topographic irregularities produced in the surface by the roughening are
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typically within the range 1 — 50 microns.

According to another embodiment, there is formed on the fiber surfaces one or more
bioactive layers, which are made up of, for example, silica gel and/or hydroxyapatite.
Even though it is possible to form such bioactive layers on the surfaces of smooth fibers,
it is, however, preferable that the fiber surface is first roughened. Such pre-corrosion, i.e.
the forming of a bioactive layer, may be achieved, for example, by means of simulated

body fluid (SBF) or some organic or inorganic solvent.

According to one preferred embodiment, there is added to the bioactive layer some bone

growth inducing substance, typically a protein, such as some growth factor or the like.

Alternatively, it is possible to add to the bioactive layer a drug or some other substance. In
this case the textile product may serve as a product which yields the said substance at a

controlled rate.

It is possible to add foreign substances to the bioactive layer before a textile product is

made from the fiber, but preferably such substances are added to the textile product itself.

Many conventional bioactive glasses involve the problem that their processability is poor,
since they crystallize easily. It is not possible to draw fibers from such bioactive glasses.

The fibers may be manufactured by technology known per se.

International patent application publication WO 96/21628 describes bioactive glasses of a
novel type; their working range is suitable for the processing of glass, and they can thus
be used for making fibers. The bioactive glasses described in the said publication are
especially good also for the reason that the processability of the glass has been achieved
without the adding of aluminum oxide. Such glasses typically have the following
composition:

Si0, 53 -60 % by weight

Na,0O 0-34 % by weight

K,0 1-20% by weight
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MgO 0- 5% by weight

CaO  5-259% by weight

B,0, 0- 4% by weight

P,0, 0.5-6 % by weight

however so that

Na,O + K,0 =16 — 35 % by weight,
K,O +MgO = 5-20 % by weight and
MgO + CaO =10 - 25 % by weight.

According to an especially preferred embodiment, the bioactive glass fibers are made
from a bioactive glass the composition of which is Na,O 6 % by weight, K,0 12 % by
weight, MgO 5 % by weight, CaO 20 % by weight, P,O; 4 % by weight and SiO, 53 % by
weight.

The material of fiber type B, i.e. the weakly bioactive glass, is preferably such that it will
begin to dissolve before the bioactive glass (the material of fiber type A) has dissolved

completely.

Fiber type B of the textile product is preferably made of a weakly bioactive glass having
the composition Na,O 6 % by weight, K,0 12 % by weight, MgO 5 % by weight, CaO 15
% by weight, P,O; 4 % by weight and SiO, 58 % by weight.

The textile product according to the invention may, of course, contain fibers made from a
plurality of bioactive glasses and/or fibers made from a plurality of weakly bioactive
glasses. It may additionally contain other types of fibers, such as fibers made of a

biodegradable thermoplastic polymer.

The textile product is preferably such that the length of the fibers therein varies.

Preferably the order of the fibers in the product is not predetermined.

According to an especially preferred embodiment, the textile product is a felt, fabric or

mat manufactured by, for example, the non-woven technique. The manufacture of the
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fabric is carried out by drawing shorter or longer fibers from glass. Non-woven fabric is

made by spraying shorter fibers to form a mat.

The textile product according to the invention may suitably be impregnated with a
substance, for example simulated body fluid or a collagen adhesive, which causes the
product to harden after the product has been molded into the desired shape. As a
consequence of such impregnation there is obtained an apatite junction at the intersections

of the fibers.

The textile product according to the invention can be used in many fields. Some of the
most important applications are its use as an implant, as a product which yields a drug or
another substance at a controlled rate, for the control of tissues, as a filler material in bone
cavities or soft tissue, in the removal of pulpa, as a dental root filler material, or as a
binding agent for bone transplant. Overall, it can be noted that the textile product
according to the invention is intended for being brought into contact with an individual’s

tissue or body fluid.

The textile product according to the invention is, not only in the micro size (fibers) but
also in the macro size (textile product made from fibers), full of independent islands
favorable to new bone growth. A pre-roughened and pre-activated surface further

promotes the initiation of reactions indispensable for new bone growth.

The invention embodiments mentioned above are only examples of the implementation of
the idea according to the invention. For a person skilled in the art it is clear that the
various embodiments of the invention may vary within the framework of the claims

presented below.
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CLAIMS

1. A porous textile product made from bioactive glass fibers, characterized in that the
fibers therein are of at least two types, fiber A and fiber B,
- fiber A being made of a bioactive glass, and

- fiber B being made of a weakly bioactive glass.

2. A textile product according to Claim 1, characterized in that the surface of at least the

fiber, preferably of at least fiber A, is roughened.

3. A textile product according to Claim 1 or 2, characterized in that there are one or

several bioactive layers formed on the surface of at least one type of fiber.

4. A textile product according to Claim 3, characterized in that the layer is made up of

silica gel and/or hydroxyapatite.

5. A textile product according to Claim 3 or 4, characterized in that there is a bone

growth inducing substance added to the bioactive layer.

6. A textile product according to Claim 3 or 4, characterized in that there is a drug

added to the textile product.

7. A textile product according to any of the above claims, characterized in that fiber A is
made of a bioactive glass having the composition Na,0 6 % by weight, K,O 12 % by
weight, MgO 5 % by weight, CaO 20 % by weight, P,0, 4 % by weight, and SiO, 53 %
by weight.

8. A textile product according to any of the above claims, characterized in that fiber B is
made of a weakly bioactive glass having the composition Na,O 6 % by weight, K,O 12 %
by weight, MgO 5 % by weight, CaO 15 % by weight, P,O, 4 % by weight, and SiO, 58
% by weight.
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9. A textile product according to any of the above claims, characterized in that the
length of the fibers therein varies and that the order of the fibers in the product is not

predetermined.

10. A textile product according to any of the above claims, characterized in that the

textile product is a felt, fabric or mat.

11. A textile product according to Claim 11, characterized in that it is made by the non-

woven technique.

12. A textile product according to any of the above claims, characterized in that the
product may be impregnated with a substance which causes the product to harden after the

product has been molded into the desired shape.

13. The use of a textile product according to any of the above claims as an implant, a
product which yields a drug or another substance at a controlled rate, for the control of
tissues, as a filler in bone cavities or soft tissue, in the removal of pulpa, as a dental root

filler material, or as a binding agent for bone transplants.
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