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ABSTRACT

In the method proposed, the implant material in
the form of a fibre 1is unwound from a bobbin with the aid of
a stream of air and injected through a tube into the body.
In front of the distal opening of the fibre-injection tube,
the implant material forms a coherent, open-pore structure
in the form of a ball of fibre. The fibre-injection tube
can be a syringe needle, a catheter or an endoscope tube.
This enables the implant to be inserted using minimum-
invasive surgery. The size and shape of the implant thus
produced can be very varlable and can be determined intra-
operatively. Various implant materials and fibre shapes can
be used. Possilible applications of the implant are 1in the
filling of body cavities, systems for the controlled release
of systemically acting drugs or chemotherapeutic agents, the

induction of tissue, cell transplantation and therapeutic

embolization.
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IMPLANT, AND METHOD AND DEVICE

FOR INSERTING THE IMPLANT

This invention is regarding an implant, the usage of this

implant, as well as the device and the method for the

application of the implant.

In medicine, implants are known for their different uses,
and their numerous types. In general, i1mplants are
inserted in their entirety which involves a comparatively
large surgical operation thus resulting 1n a corresponding

high strain on the patient.

The basic task of this invention 1s to create an implant
which can be used while exerting minimal strain on the
patient and which is distinguished by its wvast range of
application. With the same purpose, the task of this
invention is to create a device for the application of the
implant as well as to create a method for the application

of the i1mplant.

According to an aspect of the present invention, there is

provided an i1mplant comprising: an elongate porous fiber
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bent in a plurality of locations along the length thereof

to form a generally ball shaped structure, the fiber being
unbiased such that each of the bends in the generally ball
shaped structure can be formed as movement of the fiber is

resisted.

According to a further aspect of the present invention,
there 1s provided an implant comprising: an elongate fiber
bent 1n a plurality of locations along the length thereof

to form a generally ball shaped structure, the fiber

including a drug capable of being released after the fiber
1s 1mplanted in a body and being unbiased such that each of
the bends 1n the generally ball shaped structure can be

formed as movement of the fiber is resisted.

According to a further aspect of the present invention,
there is provided an implant comprising: an elongate fiber
bent 1n a plurality of locations along the length thereof
to form a generally ball shaped structure, the fiber
carrying one of cells and a cell suspension capable of
being released after the fiber is implanted in a body and

being unbiased such that each of the bends in the generally

la
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ball shaped structure can be formed as movement of the

fiber is resisted.

According to a further aspect of the present invention,
there 1s provided an implant comprising: an elongate fiber
bent 1n a plurality of locations along the length thereof
to form a generally ball shaped structure, the fiber being
formed of material comprising alginate, the fiber being
unblased such that each of the bends in the generally ball
shaped structure can be formed as movement of the fiber is

resisted.

The implant can be introduced, in optional amounts (in

situ) via a small insertion using surgical micro-technology

with minimal strain to the patient. A wide variety of
possible applications arise particularly from the fact that
the size and the shape of the implant are widely variable
and can be determined during the operation. For example,
the pore-size and the structural characteristics of the
implant can be varied by modifying the material
characteristics, in particular the fiber. The fiber can be
the carrier of biologically active substances and is

particularly suitable for controlled medication-release or

1b
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for the induction of body-tissue. Numerous applications
are also envisioned for the fields of dentistry and

veterinary medicine.

According to another aspect of this invention, an
implantation system 1s provided. The i1mplantation system
comprises: a hollow member having a proximal end portion, a
distal end portion for insertion into a body, an opening in
the distal end portion, and an inner passageway extending
from the proximal end portion to the opening in the distal
end portion; and an elongate fiber movable in the inner
passageway and through the opening of the hollow member,
the fiber being unbiased such that the fiber can bend to
form generally ball shaped structure and each of the bends
in the generally ball shaped structure can be formed as
movement of the fiber 1s resisted. Since the implant in
fiber-shaped form can be led through the tube and deposited
at this point, an application using surgical micro
technology and hence a minimal invasive implantation is

possible.

In a preferred embodiment, a fluid-stream is generated,

with which the fiber can be transported through the tube

Ic
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In addition, the fluid together with the fiber can be
delivered through the distal opening of the hollow member.
The £luid, for example, can be designed to serve as a
carrier of biologically active substances or as an adhesive
for the local stabilization of the fiber which has been
deposited within the tissue. Another model is also
conceivable, in which the fluid is carried off wvia an
intake-tube which reverses the fluid. The fluid can be a
ligquid, a suspension, 1in particular autologous blood, or an

electrolyte solution, but also a gas.

In another aspect of the invention, there is provided a
system for introducing a biologically active agent into a
body, comprising: a source of the biologically active
agent; and an implant including an elongate fiber having a
generally ball shaped portion and an end portion in fluid
communication with the source to supply the biologically
active agent to the ball shaped portion, the fiber being
porous so that the biologically active agent is capable of
being released from the fiber, and the fiber being unbiased

such that each of the bends in the generally

1d
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ball shaped portion can be formed as movement of the fiber 1is

resisted.

According to another aspect of this invention, there is provided
the use of a hollow member and a pliable fiber for forming an
implant in a body, the hollow member having an inner passageway

leading to an opening in the hollow member, the hollow member being

adapted for insertion into the body, the fiber being adapted for
movement through the inner passageway 1in the hollow member and to
exit the opening of the hollow member, the fiber being further
adapted for contact against tissue in the body, wherein the fiber
1s unbiased so that, as movement of the fiber 1s resisted, the
fiber bends along the length thereof to form a generally ball

shaped i1mplant.

According to further aspect of the present invention, there 1s

provided the use of a device and a fiber therein for forming an
implant 1n a body, the device 1including a hollow member having an
inner passageway leading to an opening 1n the hollow member, the
hollow member being adapted for insertion into the body so that the
opening 1is adjacent to a location at which the implant 1is to be
formed, the hollow member being further adapted to allow a fluid to
flow through the inner passageway in the hollow member thus adapted

to transport the fiber in the flowing fluid through the opening in

le
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the hollow member, the fiber being adapted for contact against
tissue in the body, wherein the fiber i1s unbiased so that, as

movement of the fiber 1s resisted, the fiber bends along the length

thereof to form a generally ball shaped implant.

A method disclosed herein 1s characterized by the fact that an
implant i1s brought i1n fiber-shaped form to the application site,
where 1t 1s deposited as a generally ball shaped implant. This
method makes possible the introduction of an implant via an

10 existing or a created small body opening. Therefore this method is

possible with minimal strain to the patient. Nevertheless the
implant, in its fully developed form, can be a large volume. For
example 1n orthopedic cases, the fiber can fill a relatively large
tissue defect, in particular a bone defect. The attending

15 physician can precisely determine the length of the fiber and then,

for example, measure precisely the administration of medication.

According to a preferred embodiment of the method, the fiber is

inserted in such a way that an end of the fiber

20
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protrudes from the insertion site or body-opening

respectively.

Such an i1implant can be explanted very easily

at any time, 1n that the fiber i1s grasped at the protruding

end and extracted from the insertion site.

Other characteristics and advantages become apparent from

the associated patent claims, the description, as well as

the figures. Application examples of the invention are

explained subsequently using the figures. It is shown:

Fig.

Fig.

Fig.

Fig.

Fig.

schematically, a cross-sectional view of

a device,

and 3 schematically, the application of an

implant,

and implant inserted into tissue,

schematically, a cross-sectional view of

a variation of the device

schematically, an implant with a

connected injector, and
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Fig. 7 a section of the fiber in an enlarged

scale.

The device (1) exhibits (according to figure 1) a casing
(9), which has an interior volume (8) leading into the tube
(19) of a hollow needle (17), and which is also connected

to tubing (7) through

2a
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which a fluid (3), in particular a liguid, can be delivered

from a container (2) to the interior volume (8). The

Pﬂ

fluid(3) 1s delivered by means of a suction pipe (4) and a

pump (5) into the tubing (7), in which a valve (6) is used

S for the dosage of the fluid stream.

Inside of the interior volume (8) a fiber bobbin (10) is
affixed to an encased axle (11) 1n such a way that it turns
in the direction of the arrow (12). The bobbin (10) 1is

10 arranged in such a way, that a fiber, which is wound up on

1t, can be unwound 1n direction of the

2D
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arrow (15) 1nto the tube (19) of the hollow needle (17). Hereby,

the fiber (13) 1s 1nserted i1nto a proximal opening (14) of the tube

(19) and leaves the tube through a distal opening (20). Another
type 1s also conceivable, according to which the bobbin (10) is
affixed outside of the casing (9). Further types are conceivable,
1n which the bobbin (10) 1s substituted by another suitable supply
device. Finally, types are conceivable, in which the fiber (13) 1is
shorter, or not significantly longer than the tube (19), so that a
bobbin (10) or suchlike is not required. The tube (19) is designed
1n such a way, that the fiber (13) can glide within the tube (19)
without any significant friction. In addition, fluid streams from
the interior volume (8) in the direction of the arrow (16) into the
proximal opening (14) and into the tube (19), where it flows through

the tube (19) thereby transporting the fiber (13). The speed of the

transport of the fiber (13) 1n the tube (19) can be increased in
particular through the increase of the fluid pressure in the chamber
(8) . The transport of the fiber can be suspended with an
interruption of the fluid-stream at the valve (6). Finally it is
possible, that the entire piece of fiber can be delivered to the

outside through the distal opening (20).

The tube (19) of the hollow needle (17) i1s designed in such a way
that 1ts distal opening (20), (according to figure 2), can be pushed
through an insertion-opening (23) to a desired site in the tissue
(22) or to any other site of the patient’s body. When, by adjusting

the valve (6), fluid (3) 1s introduced into the interior volume of

3
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this precisely positioned device (1), then this fluid streams in the
direction of the arrow (z4) (figure 3) towards the proximal opening
(14) of the tube (19) and into the tube (19). The fiber is
unwinding from the bobbin (10), as the fluid transports the fiber
(13) towards the distal opening (20) and finally to the outside.

The end (21) of the fiber (13), which emerges from the distal
opening (20), experiences resistance once it is within the tissue
(22) . Consequently the following fiber sections are bent and are
finally deposited in a ball of fiber (25), (as figure 3
demonstrates). Herxreby 1t 1s essential, that the fiber (13) 1s lead
into the tube (19) near to the opening (20) and can be pushed to the

outside.

In this case the fiber (13) 18 understood to be an 1nterconnected
structure with an essentially round cross section, which is very

small i1in relation to 1ts length. The fiber can also be a hollow

fiber and/or porous, which means that the fiber is permeable from
the 1nside to the outside, and contains a medication. Particularly

suitable materials are irnorganic gels, for example materials on a

!

silicon-oxide base or calcium-phosphate base, or gels made of
synthetic or natural polymers, for example poly-lactid gel or
calcium-alginate gel. Suitable are also synthetic polymers, for

example polyorthoester, or natural polymers, for example collagen or

heparin. Other applications are conceivable, in which a fiber made
of autologous blood components, for example a fibrin-thrombocytes

fiber, a fiber made of reabsorable ceramic fibers, for example a

A
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calcium-phosphate fiber, a metal fiber, or a composite fiber made of

several materials are particularly suitable.

The fiber (13) 1s designed in such a way, that the fiber is, as
described above, pliable and foldable. Preferably the fiber
exhibits the same diameter throughout its entire length. Yet it is
also conceivable that the diameter changes regularly or irregularly

along the fiber.

Preferably the fiber (13) together with the fluid (3) is discharged
at the distal opening, sc¢ that the ball (25) is surrounded by
injected fluid. In the case of a ball (25), which is shaped in such
a way, the fiber and the fluid (3) can be both carriers of
pbiologically active substances or particles, for example cells.
However the fluid (3) can also be an adhesive, for example a fibrin

adhesive, which stabililizes the structure of the ball (25).

By choosing a suitable fiber and fluid, the characteristics of the
pall (25) are thus very variable. Furthermore, the size and the
structure of the ball (25) can be varied by the length of the fiber
and the applilication technique. Therefore the form and the size of
the ball of fiber (25) can be largely determined during the
operation. The size of the pores as well as the structural
characteristics of the ball (25) can also be manipulated to a large
extent. The choice of the material characteristics of the fiber
(13), the fluid (3), as well as the application technigue makes this

particularly feasible.
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The fluid (3) can be a liquid or a gas. If a gas 1s selected for
the fluid (3), the container has to be accordingly designed as a gas
container. In this case a pump (5) 1s generally not necessary. The
choice of the fluid (3) 1s determined by the intended application.
Autologous blood, autologous serum or blood fractions, as well as
electrolyte solution are particularly suitable as fluids (3). If
the fluid (3) 1s supposed to stabilize the ball (25), a fibrin
adhesive, which can be made of blood, is particularly suitable. A
suspension, for example a bone powder or micro spheres or cell
suspension, for example ktone marrow cells, can serve as the fluid
(3) 1n the case of tissue 1induction. If the fluid (3) is a gas,

then nitrogen 1s particularly suitable.

The preceding explanations should clarified that the implant,
according to this invention, possesses a wide scope of application

within medilcine as well as within veterinary medicine. In the

followling several advantageous application possibilities will be

dlscussed.

An essential application of the implant (25), (according to this

invention), 1is the induction of body tissue in cases of tissue
engineering. The fiber (13) and/or the fluid (3) can be carriers of
cells or cell suspension, which after the formation of the ball of
fiber (25) develop new tissue or induce the generation of tissue.
The generation of bone tissue 1n cases of bone defects or in cases
of gaps between endoprosthesis and bones is particularly envisioned.

Likewlse the i1mplantation of a ball (25) can induce bone tissue in
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cases of vertebra- or joint-fusion, or dentistry. Further
applications of the tissue i1nduction are the induction of callus 1in
a case of a bone fracture, as well as tissue 1induction in plastic
surgery, for example induction of connective tissue, cartilage

tlssue, or endothelium.

Apart from the aforementioned applications for tissue induction, the
release of systematically acting medicine or locally acting
substances 1s also possible. Locally acting medications are in
particular antibilotics or cytotoxines for the treatment of cancer.
According to this invention the implant distinguishes itself

particularly by the fine measurability of the acting substances.

- |

Even very small amounts of the substance can be precisely determined
by choosing the length of the fiber (13). In addition the release
kinetics can be determined by choosing the density of the ball (25).
A dense ball (25) can dispense an acting substance more slowly than
a loose ball (25). In additional a multi-level release of active

agents 1s possible.

The fiber (13) can also function as a cell carrier, for example a
carrier for encysted xenogeneic cells, for example Langerhans cells,

nerve cells, or genetically altered cells.

According to this invention a further application for the implant is

the therapeutic embolization of, for example hemangioma. Hereby the

fiber 1s inserted into the central vessel of the hemangioma. The

oa
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very strongly thrombogenic ball of fiber (23) clogs the blood supply

of the hemangioma.

A further application for the i1mplant, (according to this
invention), 1s the contrclled application of active agents on mucous
membranes. For this purpose, a fiber which clings to mucous
membranes 1s brought ontc the mucous membranes with the device,
(according to this invention), where 1t releases active agents,

which are contained within the fiber, into the mucous membranes.

Therefore according to this invention the implant, 1n the essential

applications, 1s not “carryving weight” and metabolically inductive.

The fiber (13) can be delivered i1nto the tissue (23) 1n such a way,
that the fiber lies completely within the tissue. However if an
explanation of the ball of fiber (25) or an i1njection or an 1nfusion
of medication 1s intended, then 1t becomes necessary to position the
posterior end (26) of the fiber (13) (according to fig. 4) 1in such a
way that 1t protrudes from the puncture site (23). For example the
end (26) can be affixed with a piece of adhesive tape (not shown
here) on the outer site of the tissue (22a). In the case of an
explanation, the fiber (l13) 1s extracted from its end (26) out of
the tissue (22). A surgical operation, which would be detrimental

to the patient, 1s hereby not necessary.

According to the type shown in figure 5, the device for the

application of the i1mplant 1s designed as a syringe (30). 1In

ob
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particular this 1s a disposable syringe which 1s characterized by a
casing (31) and a plunger (32) with a gasket (38). The plunger (32)
can pbe moved with a grip (39) within the casing in the usual way. A
mounting (33) for the bobbin of fiber (10), on which the fiber (13)

1s wound on, 1s positioned on the anterior end of the plunger.

Before using the syringe (30), the anterior end (13a) of the fiber
(1L3) should be preferably 1nserted at least partially into the tube
(19) of the hollow needle (17). The hollow needle can be designed
li1ke a usual cannula, and 1s equipped with a snap-on part (35). The
hollow space (37) of the syringe (30) contains an aforementioned
fluid. When the plunger (32), (lay-out according to figure 5), 1is
moved towards the left, the fluid streams under the appropriate
pressure 1into the tube (19), thereby moving along the fiber (13),
which has been previously 1nserted into the tube (19), and unwinding
1t from a rotating bobbin. The implant is formed within the tissue

at the distal end of the hollow needle, as described above.

Other models are also conceivable 1n which no fluid is used for
transporting the fiber (13) through the tube (19). For example the

means for the transport can be a propelled bobbin (not shown here)

which 1s positioned at the distal end of the hollow needle (17) and

moves the fiber.

Once an i1mplant (25) has been applied within a tissue, an injector
(40) can be connected with an adapter (42) to a protruding end of
the fiber (13) (according to figure 6). The injector (40) exhibits

a reservolr (41) with an active agent (46), a suction tube (45), a

oC
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pump (44), as well as an 1nlet tube (43). When the pump (44)

1S running, an active agent, 1n particular medication, is lead

ﬁ

from the reservolr to the fiber (13). If the fiber (13),

(according to figure 7), 1s a hollow fiber with passage

openings (47) or pores, hence permeable from the inside to the

outslde, then the active agent (46) that reaches the hollow

gr—

space (49) (fig. 7) of the fiber, can be released through the

wall (13b) 1n the direction of the arrows (48) into the tissue

(22) or a body opening. Thereby a precisely measured and

directed release of the active agent can be achieved.

Likewlise 1n this case the implant can be removed after the

Creatment.

od
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WHAT IS CLAIMED IS:

1. An implant comprising:

an elongate porous fiber bent 1in a plurality of locations
> along the length thereocf to form a generally ball shaped

structure, the fiber being unbiased such that each of the

bends 1n the generally ball shaped structure can be formed

as movement of the fiber is resisted.

10 2. The i1mplant of Claim 1, wherein the implant includes a
hollow portion containing a drug capable of being released

through pores in the fiber after the fiber i1is implanted in

the body.

15 3. An implant comprising:
an elongate fiber bent in a plurality of locations along
the length thereof to form a generally ball shaped
structure, the fiber including a drug capable of being
released after the fiber is implanted in a body and being
20 unbiased such that each of the bends in the generally ball

shaped structure can be formed as movement of the fiber is

resisted.
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4 . An implant comprising:
an elongate fiber bent in a plurality of locations along
the length thereof to form a generally ball shaped
structure, the fiber carrying one of cells and a cell

5 suspension capable of being released after the fiber is
implanted in a body and being unbiased such that each of
the bends 1n the generally ball shaped structure can be

formed as movement of the fiber is resisted.

10 5. An implant comprising:
an elongate fiber bent in a plurality of locations along
the length thereof to form a generally ball shaped
structure, the fiber being formed of material comprising
alginate, the fiber being unbiased such that each of the

15 bends in the generally ball shaped structure can be formed

as movement of the fiber is resisted.

6 . The implant of any one of Claims 1 to 5, wherein the
generally ball shaped structure is at least partially

20 surrounded by an adhesive for stabilizing the generally

ball shaped structure.
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7. The implant of any one of Claims 1 to 6, wherein the
fiber includes an end portion extending from the generally

ball shaped structure, the end portion having a length

sufficient to be located outside of the body when the

generally ball shaped structure is implanted in the body.

8. The implant of any one of Claims 1 to 7, wherein the
generally ball shaped structure 1s at least partially

surrounded by a fluid including a biologically active

substance.

O. The i1mplant of any one of Claims 1 to 8, wherein the

fiber 1s formed of a biologically degradable material.

10. A system for introducing a biologically active agent
into a body, comprising:

a source of the biologically active agent; and

an 1mplant including an elongate fiber having a generally
ball shaped portion and an end portion in fluid
communication with the source to supply the biologically
active agent to the ball shaped portion, the fiber being
porous so that the biologically active agent is capable of

being released from the fiber, and the fiber being unbiased
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such that each of the bends in the generally ball shaped

portion can be formed as movement of the fiber is resisted.

11. An i1mplantation system comprising:

a hollow member having a proximal end portion, a distal end

portion for insertion into a body, an opening in the distal

end portion, and an inner passageway extending from the
proximal end portion to the opening in the distal end
portion; and

an elongate fiber movable in the inner passageway and
through the opening of the hollow member, the fiber being
unbilased such that the fiber can bend to form a generally
ball shaped structure and each of the bends in the
generally ball shaped structure can be formed as movement

of the fiber i1is resisted.

12. The i1mplantation system of Claim 11, further

comprising a housing at a proximal end portion of the

hollow member, at least a portion of the fiber being stored

in the housing prior to formation of the implant.

10
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13. The implantation system of Claim 12, further comprising a

rotatable bobbin in the housing, the fiber being wound around the

bobbin.

14. The implantation system of Claim 11, wherein at least a

portion of the fiber is stored in the hollow member prior to

formation of the implant.

15. The implantation system of Claim 11, further comprising a
fluid source in fluid communication with the inner passageway, the
fiber being moved in the passageway and through the opening in the

hollow member in response to fluid flow through the inner

passageway.

16. Use of a hollow member and a pliable fiber for forming an
implant in a body, the hollow member having an inner passageway
leading to an opening in the hollow member, the hollow member being
adapted for insertion into the body, the fiber being adapted for
movement through the inner passageway in the hollow member and to
exit the opening of the hollow member, the fiber being further
adapted for contact against tissue in the body, wherein the fiber is
unbiased so that, as movement of the fiber is resisted, the fiber

bends along the length thereof to form a generally ball shaped

implant.

11
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17. The use of Claim 16, wherein said fiber comprises an end

portion adapted for supply of a drug to an implant formed in the
body from the fiber, the end portion adapted to extend from the

implant to a location outside of the body.

18. The use of Claim 16 or claim 17, wherein the fiber 1is adapted
to form the generally ball shaped implant i1n a blood vessel to

create an embolism.

19. The use of Claim 16, wherein the fiber is adapted to induce

tissue growth with the generally ball shaped implant.

20. Use of a device and a fiber therein for forming an implant in
a body, the device including a hollow member having an inner
passageway leading to an opening in the hollow member, the hollow
member being adapted for insertion into the body so that the opening
1s adjacent to a location at which the implant is to be formed, the
hollow member being further adapted to allow a fluid to flow through
the i1nner passageway 1n the hollow member thus adapted to transport
the fiber in the flowing fluid through the opening in the hollow
member, the fiber being adapted for contact against tissue in the
body, wherein the fiber 1s unbiased so that, as movement of the
fiber 1s resisted, the fiber bends along the length thereof to form

a generally ball shaped implant.
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