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PLUG-SHAPED IMPLANT FOR THE REPLACEMENT AND REGENERATION OF BIOLOGICAL TISSUE

AND METHOD FOR PREPARING THE IMPLANT

A plug-shaped implant for the replacement and regeneration of biological tissue is described. The implant
comprises a base section configured for anchoring in bone tissue, a middle section configured for replacing
cartilage tissue, and a top section configured for growing cartilage tissue onto and into. The middle and top section
comprise the same thermoplastic elastomeric material, which is porous in the top section, and non-porous in the
middle section. The base section comprises a substantially non-porous polyaryletherketone polymer with a
porosity of less than 20 %, relative 1o the total volume of the polyaryletherketone polymer. The implant shows
improved load distribution as well as cartilage regenerating properties.

Dit octrooi Is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en schriftelijke opinie. Het

octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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PLUG-SHAPED IMPLANT FOR THE REPLACEMENT AND REGENERATION
OF BIOLOGICAL TISSUE AND METHOD FOR PREPARING THE IMPLANT

TECHNICAL FIELD OF THE INVENTION

The 1invention relates to an implant for the replacement and regeneration of biological
tissue 1 the shape of a plug. The invention in particular relates to an implant for the
replacement and regeneration ot an osteochondral structure in the shape of a plug. The
invention further relates to a method tor the preparation of the implant, and to an

osteochondral structure comprising the implant.

BACKGROUND OF THE INVENTION

An osteochondral structure refers to a structure comprising carttlage and bone. Typical
osteochondral structures can be tound 1in the thighbone (femur), shinbone (tibia), and
kneecap (patella). Such structures fit tightly together and move smoothly because the bone
surtace 1s covered with a relatively thick layer of articular (hyaline) cartilage. An
{osteo)chondral defect 1s any type of damage to articular carttlage and optionally to
underlying (subchondral) bone. Usually, {(osteo)chondral defects appear on specific
wetght-bearing spots at the ends of the thighbone and shinbone and the back of the
kneecap for mstance. They may range trom roughened cartilage, small bone and cartilage

fragments that hinder movement, to complete cartilage loss.

Trauma of joint surfaces 1s common In young active people practicing sports, or as a
sequel to accidents. Lestons may comprise the cartilage layer only, but otten the
underlying subchondral bone too. Articular cartilage has a very low tendency tor healing
and the repair tissue 1s qualitatively mferior to the original tissue. This mvariably leads to
the formation of osteoarthritis (OA) over the years, which 1s a major cause of disability
and loss of quality of life 1n elderly people. The standard treatment tor this condition 1s
ultimately joint replacement by artificial joints. Whilst clinically ettective, the non-
biological implants do not last longer than 10-20) years and revision surgery 1s much less
effective and very costly. For this reason, much research is dedicated to developing

biological regenerative therapies that would be life-long lasting. However, despite
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promising in vitro results, until now not a single solution has proven to be more effective

than the current standard of care over a longer pertod in real life conditions.

Because the cartilage layer lacks nerve tibers, patients are often not aware of the severity
of the damage. During the final stage, an affected joint consists of bone rubbing against
bone, which leads to severe pain and limited mobility. By the time patients seek medical
treatment, surgical mtervention may be required to alleviate pain and repair the cartilage
damage. Implants have been developed for the joint 1n order to avoid or postpone such
surgical mterventions. These may be tmplanted in a bone structure at an early stage of
cartilage damage, and may thus be provided for preventive treatment, in order to avoid

unnoticed degeneration of the joint.

A number of treatments 1s avatlable to treat articular cartilage damage 1n joints, such as the
knee, starting with the most conservative, non-invasive options and ending with total joint
replacement 1f the damage has spread throughout the joint. Currently avatlable treatments
include anti-inflammatory medications in the early stages. Although these may relieve
pain, they have limited eftect on arthritis symptoms and further do not repair joint tissue.
Cartilage repair methods, such as arthroscopic debridement, attempt to at least delay tissue
degeneration. These methods however are only partly effective at repairing soft tissue, and
do not restore joint spacing or tmprove joint stability. Joint replacement (arthroplasty) is
considered as a final solution, when all other options to relieve pain and restore mobility
have failed or are no longer effective. While joint arthroplasty may be effective, the
procedure 1s extremely invasive, technically challenging and may compromise future
treatment options. Cartilage regeneration has also been attempted, more in particular by
tissue-engineering technology. The use of cells, genes and growth factors combined with
scaffolds plays a fundamental role in the regeneration of functional and viable articular
carttlage. All of these approaches are based on stimulating the body's normal healing or
repair processes at a cellular level. Many of these compounds are delivered on a variety of
carriers or matrices mcluding woven polylactic acid based polymers or collagen fibers.
Despite various attempts to regenerate carttlage, a reliable and proven treatment does not

currently exist for repairing defects to the articular cartilage.

Another standard of care consists of Microfracture (MFEX) for smaller lestons (£ 2 ¢cm”™) and
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Autologous Chondrocyte Implantation (ACI) for bigger lesions (> 2 ¢cm”). The
carttlagimous tissue regenerated with these techniques however 1s not able to withstand the
biomechanical challenges in the joint and starts to degenerate within 18 months already.
Substantial delay in joint replacement by artificial joints, let alone preventing 1t, theretore

1S not possible.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an umplant for the replacement and
regeneration of biological tissue in the shape of a plug having improved load distribution
as well as cartilage regenerating properties. Another aim is to provide such a plug-shaped
implant for the replacement and regeneration ot an osteochondral structure. Yet another
aim 18 to provide a method for the preparation of the implant. The invention further aims to
provide an implant which 1s able to repair articular cartilage lesions in a durable fashion,

and which at least postpones and, preterably, prevents joint replacement by artificial joints.

The above and other aims are provided by a plug-shaped implant in accordance with claim
L. The implant according to the invention comprises an implant in the shape ot a plug,
comprising a base section configured for anchoring in bone tissue, a middle section
configured tor replacing cartilage tissue, and a top section configured tor growing cartilage
tissue onto and 1nto, wherein the middle and top section comprise the same thermoplastic
elastomeric material, which 1s porous 1n the top section, and substantially non-porous in
the middle section, and wherein the base section comprises a substantially non-porous
polyaryletherketone polymer with a porosity of less than 20 %, relative to the total volume

of the polyaryletherketone polymer.

With a substantially non-porous material in the context of the present invention i1s meant a
matertal having a porosity of less than 20 %, relative to the total volume of the material,
preferably up to 10%, more preferably up to 3%, and more preferably still up to 1% of the
total volume of the material. A porous material comprises pores, which are defined as
minute openings. The pores may be micropores, having a diameter of less than 1 mm, and
may be macropores, having a diameter of greater than 1 mm. The pores may be

interconnected, which is preferred, and which means that pores are internally connected or
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there 1s continuity between parts or elements. A non-porous material in the context of the
present invention does not mean a material that 1s impermeable to molecules of any size,
and some small molecules may indeed be able to pass through the non-porous material.
Rather, a non-porous material in the context of the present invention represents a material

that 1s impermeable to synovial tluid and/or blood.

Pore sizes i the porous parts of the implant may be chosen from 100-1000 micron, more

preferably from 100-500 micron, and most preferably from 300-500 micron.

The materials used in the mvented implant are preferably biocompatible, by which is
meant that these materials are capable of coexistence with living tissues or organisms
without causing harm to them. Further, the implant in accordance with the invention is
substantially non-biodegradable and combines cartilage replacement with cartilage
regeneration. With a non-brodegradable material i the context of the present mvention 18
meant a material that 1s not broken down nto less complex compounds or compounds
having fewer carbon atoms by the environment of the implanted implant. The weight-
average molecular weight of a substantially non-biodegradable material 1s reduced by at
most 20%, relative to the original weight-average molecular weight atter one year of
implantation, more preterably at most 10%, still more preterably at most 5%, and more

preferably still at most 1%.

The base section of the plug-shaped implant functions as a bone anchor, whereas the
combination of middle and top sections functions as partial replacement for the damaged
carttlage and as scaffold for cartilage regeneration. In the plug-shaped implant, the top
section refers to the section that is closest to the cartilage phase, when tmplanted. The base
section refers to the section that 1s furthest from the cartilage phase, when implanted. The

middle section is situated in between the top and base sections.

The cross-section of the plug-shaped implant through a horizontal or a vertical plane may
have any suitable shape. The cross-section may be circular, square or may be polygonal,
such as hexagonal, octagonal, or decagonal. In some embodiments, the plug-shaped
implant may be tapered such that 1t 1s shaped as a truncated cone structure. Preferably, the

unplant has a smaller cross-section at the base section than at the top section. The cross-
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section (or diameter in case of a cylindrical implant) may vary continuously between the
base and top section, or may show discontinuities, for instance at the interface between

sections.

When the tmplant has a tapered profile, the angle of the taper 1s preferably between 1° and
45°. In some embodiments, the taper 1s between about 3° and 30°, more preferably
between 5° and 30°, even more preferably between 10° and 15°. A tapered profile may
facilitate msertion of the implant into an osteochondral defect and may further reduce

possible damage to host tissue.

A useful embodiment of the mvention provides an implant, wherein the base section
comprises a core of non-porous polyaryletherketone polymer and a, preterably
circumferential, shell of porous polyaryletherketone polymer, wherein the shell has a
thickness that 1s less than 10% ot a largest diameter of the base section. Other usetul
embodiments provide an implant wherein the (circumterential) shell has a thickness of less
than 9%, of less than 8%, of less than 7%. of less than 6%, of less than 5%, of less than
4%, of less than 3% , of less than 2%, or of less than 1% of a largest diameter of the base
section. Alternatively, the cross-sectional area of the (circumnterential) shell covers at most
35% of a largest cross-sectional area of the base section. Other useful embodiments
provide an umplant wherein the cross-sectional area of the circumterential shell 1s less than
30%. less than 25%, less than 20%, less than 15%, less than 10%, less than 5%, less than

3% , or less than 1% of a largest cross-sectional area of the base section.

Another embodiment of the invention provides an implant, wherein the base section
extends between a top surface and a bottom surface, and comprises a layer of porous
polyaryletherketone polymer, wherein the layer 1s adjacent to the top surface and has a
thickness that 1s less than 10% of a largest height of the base section, and wherein pores of
the polyaryletherketone polymer 1n the layer comprise the biocompatible elastomeric
material, preterably all pores. In other embodiments, the layer that 1s adjacent to the top
surface has a thickness of less than 10%, of less than 8%, of less than 6%, of less than 5%.
of less than 4%, of less than 3%, of less than 2%, or of less than 1% of a largest height of
the base section. All the above embodiments may improve the adhesion of the middle

section (and top section) to the base section to varying degrees. At the same time, the
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mechanical properties of the base section, and the support offered by the base section to

the tmplant, remain at an adequate level.

In another embodiment of the invention, the top surtace of the base section of the implant
comprises nregularities or undulations. Irregularities may for mstance comprise ridges
having a saw-toothed shape. Undulations may be irregular or regular, such as those having

a stnusoidal shape.

Another useful embodiment relates to an implant, wherein the base section comprises a
centrally located cavity that comprises the biocompatible elastomeric material. Such a
cavity may further improve the adhesion of the middle section (and top section) to the base
section. The cavity may be cylindrical, or its cross-section may be square, or polygonal.
The walls of the cavity may also be provided with rregularities or undulations, or may
comprise sections of a larger cross-sectional area than its average cross-sectional area.
Several of such cavity sections may be provided at ditferent heights of the base section to

form mechanical locking structures.

A preferred embodiment of the invention provides an implant, wherein the base section
comprises a non-porous polyaryletherketone polymer, and, more preferably, wherein the

base section in combination comprises the central cavity.

In order to turther improve the adhesion between the base section and the middle (and top)
section, an embodiment of the invention provides an implant, wherein the base section
turther comprises a phosphate mineral comprising an apatite, more preferably a
hydroxylapatite, a fluorapatite and/or a chlorapatite, most preferably a hydroxylapatite.
The phosphate mineral may be provided at an outer surface of the base section, or may be

provided within pores of the base section.

Yet another embodiment provides an tmplant, wherein the base section comprises an outer
surface having irregularities or undulations. Such outer surface rregularities may for
instance comprise ridges having a saw-toothed shape, for instance extending
circumferentially over (part of) the outer surface of the base section. Undulations may be

irregular or regular, such as those having a sinusoidal shape. The undulations may likewise
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extend circumferentially over (part of) the outer surface of the base section. Irregularities
and undulations may be provided by casting the materials 1n a suitably profiled mold, or,
alternatively, may be provided by mechanical machining, for instance by rotary milling of

a molded implant.

The polyaryletherketone (PAEK) polymer of the base section comprises a semi-crystalline
thermoplastic polymer containing alternately ketone (R-CO-R) and ether groups (R-O-R).
The linking group R between the functional groups comprises a 1,4-substituted aryl group.
The PAEK polymer used 1n the base section may inter alia comprise PEK
(polyetherketone), PEEK (polyetheretherketone), PEKK (polyetherketoneketone), PEEKK
(polyetheretherketoneketone) and PEKEKK (polyetherketoneetherketoneketone). Due to
its excellent resistance to hydrolysis, the polyaryletherketone polymer of the base section
1s advantageously used 1n the mvented implant. It does not break down when sterilized,
nor when implanted i the body for an extended time. It also turns out to bond particularly
well to the elastomeric material of the middle and top sections. The polyaryletherketone
polymer of the base section may be used as such, or, in an embodiment, may comprise a
reinforcing material selected from the group consisting of fibrous or particulate polymers

and/or metals.

According to the invention, the material ot the middle and top section comprises the same
thermoplastic elastomeric material. By this 1s meant that at least 1ts building blocks are
chemically the same. As mentioned herem below, some physical properties may ditfer, for
instance their weight averaged molecular weight. In a particularly suitable embodiment,
the thermoplastic elastomeric material comprises a linear block copolymer comprising
urethane and urea groups, and 1s substantially free of an added peptide compound having
cartilage regenerative properties. It has surprisingly been found that the tmplant of the
invention is able to regenerate cartilage tissue, thus avoiding the use of any functional
compound exhibiting cartilage regenerative properties. In particular, 1t has been found that
the tmplant according to this embodiment does not need the use of peptides, for instance
those comprising an RGD-sequence. These compounds have been said to enable binding
integrin’s and thereby stimulating cell adhesion. Preferably, the thermoplastic elastomeric
material 1s substantially free of any added compound having cartilage regenerative

properties.
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The thermoplastic elastomeric matertal of the implant according to an embodiment of the
invention comprises a linear block {or segmented) copolymer. Such a copolymer
comprises ‘hard’ crystallized blocks of polyurethane and/or polyurea segments, and may
also comprise “hard’ crystallized blocks of polyester and/or polyamide between “soft’
blocks. At room temperature, the low melting “soft” blocks may be incompatible with the
high melting *hard™ blocks, which induces phase separation by crystallization or liquid-
liquid demixing. These copolymers exhibit reversible physical crosslinks that originate
from crystallization of the “hard’ blocks of the segmented copolymer. The thermoplastic
elastomers may be formed into any shape at higher temperatures, more in particular at
temperatures above the melting point of the “hard” blocks. On the other hand, the
thermoplastic elastomers provide mechanical stability and elastic properties at low
temperatures, 1.e. at typical body temperatures. This makes these materials particularly

sutitable as replacement material for human or animal cartilage.

In another preferred embodiment of the invented mmplant, the thermoplastic elastomeric
matertal further comprises carbonate groups. This embodiment has proven to be beneticial
in that its mechanical properties are well adapted to the mechanical properties of human or
antmal carttlage. Surprisingly, regeneration of cartilage 1s improved when using this

embodiment in an implanted implant.

A particularly preferred embodiment of the ivention provides an implant, wherein the
thermoplastic elastomeric material comprises a poly-urethane-bisurea-alkylenecarbonate,

more preferably a poly-urethane-bisurea-hexylenecarbonate.

The constituents of the thermoplastic elastomer may generally comprise three building
blocks: a long-chain diol, for example with a polyether, polyester or polycarbonate
backbone, a bifunctional di-isocyanate, and, finally, a chain extender, such as water,
another (sometimes short-chain) diol, or a diamine. The latter chain extender 1s preferred

since this leads to bisurea units 1n the thermoplastic elastomer.

An embodiment of the implant wherein the thermoplastic elastomeric material 1s aliphatic
1s preferred. This means that all building blocks of the thermoplastic elastomer are devoid

of aromatic groups and contain aliphatic groups only. The thermoplastic elastomer of the



10

15

20

30

invention may be prepared in a one pot procedure, in which a long-chain diol 1s first
reacted with an excess of a di-1socyanate to form an 1socyanate-tunctionalized prepolymer.
The latter 1s subsequently reacted with a chain extender, such as the preferred diamine,
which results 1n the formation of a higher molecular weight thermoplastic elastomeric
polymer containing urethane groups. It a diamine 1s used as the chain extender, the

thermoplastic elastomer will also contain bisurea groups, which is preferred.

The synthetic procedure to prepare the thermoplastic elastomers may lead to a distribution
in the “hard’ block lengths. As a result, the phase separation of these block copolymers
may be mcomplete, 1n that part of the “hard’” blocks, in particular the shorter ones, are
dissolved in the soft phase, causing an increase in the glass transition temperature. This 1s
less desired for the low temperature flexibility and elasticity of the thermoplastic
elastomeric material of the top and middle sections. The polydispersity in “hard” blocks
shows as a broad melting range, and a rubbery plateau in dynamic mechanical thermal
analysis (DMTA) that 1s dependent on temperature. Preferred embodiments therefore
comprise elastomeric block copolymers containing “hard’ blocks of substantially unitorm
length. These may be prepared by fractionation of a mixture of “hard” block oligomers, and
subsequent copolymerization of the uniform ‘hard’ block oligomers of a specific length (or

length vanation) with the prepolymer, mentioned above.

Although the thermoplastic elastomers may be prepared by a chain extension reaction of
an 1socyanate-tunctionalized prepolymer with a diamine, they may also be prepared by a
chain extension reaction of an amine-functionalized prepolymer with a di-1socyanate.
Examples of suitable, commercially available diamines and di-1socyanates include
alkylene diamines and/or di-isocyanates, arylene diamines and/or di-1socyanates. Amine-
functionalized prepolymers are also commercially available, or can be prepared from
(readily available) hydroxy functionalized prepolymers by cyanoethylation followed by
reduction of the cyano-groups, by Gabriel synthesis (halogenation or tosylation followed
by modification with phthalimide, and finally formation of the primary amine by
deprotection of the phthalimide group) or by other methods that are known 1n the art.
Isocyanate-functionalized prepolymers can be prepared by reaction ot hydroxy
tunctionalized prepolymers with di-isocyanates, such as for example isophorone di-

1socyanate (IPDI), 1,4-dusocyanato butane, 1,6-dusocyanato hexane or 4,4'-methylene
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bis(phenyl 1socyanate). Alternatively, 1socyanate-tunctionalized prepolymers can be
prepared from amine-functionalized prepolymers, tor example by reaction with di-tert-
butyl tricarbonate. Hydroxy-tunctionalized prepolymers of molecular weights typically
ranging from about S00 g/mol to about 5000 g/mol of all sorts of compositions are also
advantageously used. Examples mclude prepolymers of polyether’s, such as polyethylene
glycols, polypropylene glycols, poly(ethylene-co-propylene) glycols and
poly(tetrahydrofuran), polyesters, such as poly(caprolactone)s or polyadipates,
polycarbonates, polyolefins, hydrogenated polyolefins such as poly(ethylene-butylene)s,

and the like. Polycarbonates are preterred.

The implant 1s preterably used without any means of attachment and remains in the
osteochondral structure by its geometry and the surrounding tissue structure. The timplant
may be used 1n the knee, but may also be used for other joints, such as a temporal-

mandibular joint, an ankle, a hip, a shoulder, and the like.

The thermoplastic elastomer used in the top and middle sections of the implant 1s
particularly advantageous since it allows adapting its mechanical properties to those ot
human and animal cartilage. In an embodiment of the invention, an unplant may be
provided wherein the elastomeric material of the middle section has an elastic modulus at
room temperature of less than 10 MPa, more preferably of less than 8 MPa, of less than 7
MPa, of less than 6 MPa, ot less than 5 MPa, of less than 4 MPa, of less than 3 MPa, or of
less than 2 MPa.

In the context of the present application, room temperature 1S meant to be a temperature in

the range of 20-30°C, more preferably 25°C.

Likewise, preferred embodiments of the tmplant comprise a top section wherein the porous
elastomeric material of the top section has an elastic modulus at room temperature of less
than 80% of the elastic modulus of the elastomeric material of the middle section, more
preferably of less than 50%, even more preferably of between 10-50%, even more
preferably of between 15-40%, and most preferably of between 20-30% of the elastic
modulus of the elastomeric material of the middle section. Such a reduced elastic modulus

may be achieved by moditying the porosity of the material of the middle section, or by
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modiftying physical properties of the material in the middle section through changing its

wetght average molecular weight for instance.

The porosity of the elastomeric material of the top section may be chosen within a broad
range. Preferred porosities of the elastomeric material of the top section are selected from
20-80% by volume, more preferably from 30-70% by volume, even more preferably from

40-60% by volume, and most preferably from 45-55% by volume.

A useful embodiment of the invention provides an implant, wherein the middle section
comprises a core of non-porous elastomeric material and a, preferably circumferential,
shell of porous elastomeric material, wherein the shell has a thickness that s less than 10%
of a largest diameter of the middle section. Other useful embodiments provide an implant
wherein the (circumferential) shell has a thickness of less than 9%, of less than 8%, of less
than 7%, of less than 6%, of less than 5%, of less than 4%, of less than 3% . of less than
2%, or of less than 1% of a largest diameter of the middle section. The largest diameter 1s
for mstance appropriate i an embodiment wherein the plug-shaped implant is tapered and
has circular cross-sections. Alternatively, the cross-sectional area of the (circumferential)
shell covers at most 35% of a largest cross-sectional area of the middle section. Other
useful embodiments provide an tmplant wherein the cross-sectional area of the
(circumfierential) shell s less than 30%, less than 25%, less than 20%, less than 15%, less
than 10%, less than 3%, less than 3%, or less than 1% of a largest cross-sectional area of
the middle section. The largest cross-sectional area 18 for instance appropriate in an

embodiment wherein the plug-shaped tmplant 1s tapered.

Embodiments having the above-disclosed preferred combinations of mechanical properties
of the top and middle section tend to promote regeneration of cartilage. This 1s believed to
be due to a favorable stress (re)distribution of the osteochondral structure including the

implant during (dynamic) loading.

The height of the plug-shaped implant may be chosen according to the specific application
in the body. Heights may vary from 3 to 18 mm for instance. According to a usetul
embodiment of the invention, an implant 1s provided wherein a height of the base section,

a height of the non-porous middle section, and a height of the porous top section are
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selected such that a top surtace of the implant comes to lie below a top surtface of cartilage
present on an osteochondral structure when implanted, preferably over a distance of
between 0.1 - 1 mm. This embodiment promotes growing cartilage tissue into, but also
onto the top section, whereby a strong fixation 1s butlt between the top section and the
newly formed cartilage. It has turned out that cartilage cells from the host cartilage have a
strong affinity for the segmented elastomer of the top section, and therefore are prone to

colonize the surface thereot to produce new hyaline cartilage tissue on top of the implant.

Another embodiment provides an implant wherein a height of the base section, a height of
the non-porous middle section, and a height of the porous top section are selected such that
a bottom surtace of the middle section comes to lie about level with a bottom surtace ot

carttlage present on an osteochondral structure when 1tmplanted.

Y et another embodiment of the invention provides a top section, a top surface of which 1s
slightly curved. Preferred radut of curvature of the top surface of the top section 1n a
sagittal plane are selected to range from 15 - 150 mm, more preferably from 17 — 125 mm,
even more preferably from 19 — 100 mm, even more preterably from 21 — 75 mm, even
more preferably from 23 — 50 mm, and most preferably trom 235 — 30 mm. This
embodiment may regenerate a new cartilage layer on the top surface of the top section of
the tmplant of about equal thickness across the top surface. The result may be a radius of a
top surface of the regenerated cartilage that 1s about the same as the radius of the
surrounding native cartilage layer next to the implant, thereby showing a continuity 1n
radius. The top surtace of the top section of the tmplant may also be curved n a medial-
lateral plane, preferably with a radius of curvature with the ranges disclosed above for the
sagittal plane. In a practical embodiment, the top surtace of the top section of the implant
has a radius of curvature that 1s equal 1n the sagittal and the medial-lateral plane. This

embodiment thus comprises a spherical top surface.

Another aspect of the invention provides a method for the preparation of the unplant. A
method for the preparation of an implant 1s provided, comprising the steps of:
a) providing 1n a mold at room temperature a base section that comprises a

substantially non-porous polyaryletherketone polymer with a porosity of less than 20 %
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relative to the total volume of the polyaryletherketone polymer; and granules of a
thermoplastic elastomeric material on top of the base section;

b) closing the mold and heating the above assembly to a temperature of between
100°C and 250°C under a pressure of between 1 and 2 GPa, such that the thermoplastic
elastomeric material melts and tuses with the base section; and

C) cooling the assembly to room temperature to consolidate the thermoplastic
elastomeric material and opening the mold;

d) providing a top section of the thermoplastic elastomeric material with pores either

before or atter opening the mold.

Another embodiment of the invention provides a method wherein atter step b) the mold 1s
opened and additional granules of the thermoplastic elastomeric material are added to the
mold, and step b) 1s repeated. The amount of material added 1n the two-step embodiment
of the method may be chosen within wide ranges. Increasingly good results are obtained
when the ratio between the first addition and the second addition of granules of the
thermoplastic elastomeric material 1s selected from 01:99 to 99:01, more preferably from

30:70 to 97:03, and most preferably from 70:30 to 95:05.

Another embodiment of the invention provides a method wherein the heating temperature
of step b) 1s between 110°C and 225°C, more preferably between 120°C and 200°C, and
most preferably between 130°C and 175°C. Preferred pressures at all cited temperature

ranges are between 1.1 and 1.8 GPa, and more preferably between 1.2 and 1.6 GPa.

BRIEF DESCRIPTION OF THE FIGURES

The mvention will now be further elucidated by the following figures and examples,
without however being limited thereto. In the figures:

Figures 1A to 1D show a schematic side view of four embodiments of an exemplary
unplant according to the present invention;

Figure 2ZA shows a schematic perspective view of a base section according to an
embodiment of the invention;

Figure 2B shows a schematic cross-section of the embodiment of figure 2A;
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Figures 2C and 2D show a schematic detailed view of parts B and C of the embodiment ot
figure 2B;
Figure 3 shows a schematic representation of a possible synthetic route to the
thermoplastic polycarbonate material according to an embodiment of the ivention;
S Figure 4 shows a 'H-NMR spectrum of the thermoplastic polycarbonate material according
to an embodiment of the invention;
Figures SA to SC show DSC thermograms of the thermoplastic polycarbonate material
according to an embodiment of the invention at different heating rates;
Figures 6A to 6C show a schematic representation of a defect in an osteochondral structure
10 (6A), the osteochondral structure comprising an implant according to an embodiment ot
the tnvention (6B) and the same osteochondral structure after on-/ingrowth of cartilage
(6C);Figures 7A to 7D show a schematic side view of four embodiments of an implant
according to yet another embodiment of the present invention; and finally
Figures 8A to 8C show a schematic representation of a defect i an osteochondral structure
15  (8A), the osteochondral structure comprising an implant according to another embodiment

of the mvention (8B) and the same osteochondral structure atter on-/ingrowth of cartilage

(8C).

Reterring to figure 1 A, a side view of an embodiment of an exemplary implant according

20 to the present invention 1s shown. The tmplant 1 1n the shape of a plug comprises a base
section 2, contigured for anchoring in bone tissue, a middle section 3 configured for
replacing cartilage tissue, and a top section 4 configured for growing cartilage tissue onto
and 1nto. The middle section 3 and top section 4 comprise the same thermoplastic
elastomeric material. The thermoplastic elastomeric material 1n this embodiment

25  comprises a poly-urethane-bisurea-hexylenecarbonate, the preparation and properties
whereof will be eluctdated further below. The top section 4 however comprises poly-
urethane-bisurca-hexylenecarbonate 1n porous from, whereas the middle section 3
comprises the same poly-urethane-bisurea-hexylenecarbonate without any pores. The base
section 2 comprises a non-porous polyaryletherketone polymer, which, 1n the embodiment

30  shown 1s a non-porous PEKK polymer. The implant 1 1s cylindrical and has a diameter 10
of 6 mm. The height 20 of the base section 2, the height 30 of the middle section 3, and the

height 40 of the top section 4 add up to a total height of 6 mm.
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Figure 1B schematically represents a side view of another embodiment of an implant
according to the present invention. The embodied implant 1 1n the shape of a plug again
comprises a base section 2, configured for anchoring in bone tissue, a middle section 3
configured for replacing cartilage tissue, and a top section 4 configured for growing
carttlage tissue onto and into. The middle section 3 and top section 4 comprise the same
poly-urethane-bisurea-hexylenecarbonate material, which i1s porous 1n the top section 4,
and non-porous 1n the middle section 3. The base section 2 comprises a substantially non-
porous PEKK polymer with a porosity of less than 20 Y%, relative to the total volume of the
PEKK polymer. The base section 2 of this embodiment in particular comprises a core 21
of non-porous PEKK polymer and a circumferential shell 22 of porous PEKK polymer.
The shell 22 has a thickness 23 of about 8% of the diameter 10 of the base section 2 (and
implant 1). The base section 2 further extends between a top surface 24 and a bottom
surtace 25, and comprises a layer 26 ot porous PEKK polymer, which layer 26 1s adjacent
to the top surtace 24 and has a thickness 27 of about 8% of the height 20 of the base
section 2. The pores of the PEKK polymer 1n the layer 26 comprise the biocompatible
poly-urethane-bisurea-hexylenecarbonate which originates from the middle section 3 and
has mfiltrated the pores of the PEKK polymer 1n the layer 26 during manufacturing. A
method for manufacturing the implant will be elucidated further below. As with the
embodiment of figure 1A, the implant 1 1s cylindrical and has a diameter 10 of 6 mm. The
height 20 of the base section 2, the height 30 of the middle section 3, and the height 40 of

the top section 4 add up to a total height of 6 mm.

Figure 1C schematically represents a side view of yet another embodiment of an implant
according to the present invention. The embodied implant 1 1n the shape of a plug again
comprises a base section 2, configured for anchoring in bone tissue, a middle section 3
configured tor replacing cartilage tissue, and a top section 4 contigured for growing
carttlage tissue onto and into. The middle section 3 and top section 4 comprise the same
poly-urethane-bisurea-hexylenecarbonate material, which is porous 1n the top section 4,
and substantially non-porous in the middle section 3. The base section 2 comprises a
substantially non-porous PEKK polymer with a porosity of less than 20 %, relative to the
total volume of the PEKK polymer. The base section 2 of this embodiment in particular
extends between a top surface 24 and a bottom surface 25, and comprises a layer 20 of

porous PEKK polymer, which layer 26 1s adjacent to the top surtace 24 and has a thickness
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27 of about 8% of the height 20 of the base section 2. The pores of the PEKK polymer 1n
the layer 26 comprise the biocompatible poly-urethane-bisurea-hexylenecarbonate which
originates from the middle section 3 and has infiltrated the pores of the PEKK polymer in
the layer 26 during manufacturing. The middle section 3 of this embodiment in particular
5  comprises a core 31 of non-porous poly-urethane-bisurea-hexylenecarbonate polymer and
a circumterential shell 32 of porous poly-urethane-bisurea-hexylenecarbonate polymer.
The shell 32 has a thickness 33 of about 8% of the diameter 10 of the middle section 3
(and implant 1). The base section 2 further extends between a top surtace 24 and a bottom
surtace 25, and comprises a layer 26 of porous PEKK polymer, which layer 26 1s adjacent
10 to the top surface 24 and has a thickness 27 of about 8% of the height 20 of the base
section 2. The dimenstons and shape are the same as in the embodiments of figures 1A

and 1B.

Figure 1D schematically represents a side view of yet another embodiment of an implant

15  according to the present invention. The embodied implant 1 1n the shape of a plug
corresponds to the one shown 1n figure 1C. In addition, the middle section 3 of this
embodiment now has a circumtferential shell 32 of porous poly-urethane-bisurea-
hexylenecarbonate polymer having a thickness 33 of about 10% of the diameter 10 of the
middle section 3 (and implant 1). Further, the base section 2 comprises a layer 26 of

20 porous PEKK polymer, which layer 26 1s adjacent to the top surtace 24 and has a thickness
277 of about 3% of the height 20 of the base section 2. The pores of the PEKK polymer 1n
the layer 26 comprise the biocompatible poly-urethane-bisurea-hexylenecarbonate which
originates from the middle section 3 and has mfiltrated the pores ot the PEKK polymer in
the layer 26 during manufacturing. The base section 2 further comprises a core 21 of non-

25  porous PEKK polymer and a circamterential shell 22 of porous PEKK polymer. The shell
22 has a thickness 23 of about 5% of the diameter 10 of the base section 2 (and implant 1).
Finally, the base section 2 also comprises a layer 28 of porous PEKK polymer, which layer
28 1s adjacent to the bottom surface 25 and has a thickness 29 of about 5% of the height 20
of the base section 2. The dimensions and shape are the same as in the embodiments of

30 figures 1A to 1C.
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Please note that in figures 1B, 1C, and 1D the circumferential shells (22, 32) are shown in
cross-section to show their respective thicknesses (23, 33). In a side view, they would

extend over the complete diameter 10 of the implant 1.

Referring to figure 7A, a side view of another embodiment of the implant according to the
present invention is shown. The implant 1 1n the shape of a plug comprises the same
matertals and sections as shown in figure 1 A. The dimensions of the implant of figure 7A
are the same as those of the implant of tigure 1 A with one exception. Instead of having a
flat top surtace 41 of the top section 4 (and the implant 1), as in figure 1A, the top surface
41a of the top section 4 1s spherical with a radius of curvature R of about 28 mm (not

drawn to scale).

Referring to figure 7B, a side view of another embodiment ot the implant according to the
present invention 1s shown. The tmplant 1 1n the shape of a plug comprises the same
materials and sections as shown 1n figure 1B. The dunensions of the implant of figure 7B
are the same as those of the implant of figure 1B with one exception. Instead of having a
flat top surface 41 of the top section 4, as 1n figure 1B, the top surface 41a of the top
section 4 1s spherical with a radius of curvature R of about 28 mm (not drawn to scale).
Reterring to figure 7C, a side view of another embodiment of the tmplant according to the
present invention is shown. The tmplant 1 1n the shape of a plug comprises the same
materials and sections as shown in figure 1C. The dimensions of the implant of figure 7C
are the same as those of the implant of tigure 1C with one exception. Instead of having a
tlat top surface 41 of the top section 4, as 1n figure 1C, the top surface 41a of the top

section 4 1s spherical with a radius of curvature R of about 28 mm (not drawn to scale).

Referring to figure 7D, a side view of another embodiment of the implant according to the
present invention 1s shown. The implant 1 1n the shape of a plug comprises the same
materials and sections as shown i figure 1D. The dimensions of the implant of figure 7D
are the same as those of the implant of figure 1D with one exception. Instead of having a
flat top surtace 41 of the top section 4, as in figure 1D, the top surface 41a ot the top

section 4 1s spherical with a radius of curvature R of about 28 mm (not drawn to scale).
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Again note that 1n figures 7B, 7C, and 7D the circumferential shells (22, 32) are shown 1n
cross-section to show their respective thicknesses (23, 33). In a side view, they would

extend over the complete diameter 10 of the implant 1 (not drawn to scale),

Referring to figures 2A to 2D, an embodiment of a base section 2 of the invented implant 1
1s schematically shown. The base section 2 shown 1s essentially cylindrical-shaped with a
diameter 10, and a height 20. The top surface 24 of the base section has a circumferential
flat rim part 240 that gradually extends into a centrally located cavity 241. The cavity 241
1s provided with locking parts 242 that have a larger diameter than the diameter of the
cavity 241. A shown 1n detail 1n figure 2C, the locking parts 242 of the cavity 241 are disk-
shaped whereby the outer rim of the disk makes an angle 246 with the longitudinal
direction 247 of the base section 2 of between 1° and 20°, more preferably between 3° and
15°. The cavity 241 (and parts 242) during manufacturing of the implant fills with part of
the biocompatible elastomeric material to provide an adequate locking of the middle
section 3 to the base section 2. As discussed above, the base section 2 comprises a PEKK
polymer which may be non-porous or substantially non-porous, the latter embodiment
including the examples disclosed above. The base section 2 1s further seen to comprise an
outer surface having iregularities or undulations. In the present embodiment, these
comprise circumiferential ridges 243 which, 1 cross-section, are saw-tooth-shaped, as
shown in detail n figure 2D. The angle 244 under which the saw-tooth tlanks extend with
respect to the transverse direction 2435 of the base section 2, 18 preterably between 70° and

857, more preferably between 75° and 80°.

PREPARATION OF THE ELASTOMERIC MATERIAL OF THE TOP AND MIDDLE
SECTION

The aliphatic poly-urethane-urea-hexylene carbonate biomaterial ot the middle section 3
and the top section 4 was manufactured as follows (with reference to figure 3).
Poly(hexylene carbonate) diol (23.9 g, 11.9 mmol) was weighed 1 a 500 mL 3-necked
tlask and dried by heating to 75 °C overnight under vacuum, after which it was allowed to
cool to room temperature. Under an argon atmosphere, 1,6-diisocyanatohexane (4.1 g, 23.9
mmol), DMACc (20 mL) and a drop of Sn(ll)bis(2-ethylhexanoate) were added, after which

the mixture was heated and stirred for 3 hours upon which the viscosity increased. The
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mixture was allowed to cool to room temperature, was diluted with DMAc (100 mL) and a
solution of 1,6-diaminohexane (1.4 ¢, 11.9 mmol) in DMACc (50 mL) was added at once
under thorough mixing. A gel was immediately formed upon addition and mixing. The
mixture was further diluted with DMAc (150 mL) and was heated 1 an otl bath of 130 °C
to acquire a homogeneous viscous slurry. After cooling to room temperature, the mixture
was precipitated m a water/brine mixture (2.75 L water + (.25 L saturated brine) to yield a
soft white material. This material was cut into smaller pieces and was stirred in a 1:5
mixture of methanol and water (3 L) for 64 hours. After decanting the supernatant, the
resulting solid was stirred 1 a 2:1 mixture of methanol and water (0.75 L) for 6 hours.
Decanting of supernatant, stirring m a 2:1 mixture of methanol and water (0.75 L) for 16
hours, decanting of the supernatant, and drying of the solid at 70 °C 1n vacuo yielded a

tlexible, tough elastomeric polymer.

'H NMR spectroscopy was performed on the resulting polymer, using a Varian 200, a
Varian 400 MHz, or a 400 MHz Bruker spectrometer at 298K. DSC was performed using a
Q2000 machine (TA Instruments). Heating scan rates of 10 °C/min and 40 °C/min were
used for the assessment of the melting temperature (Tm) and the glass transition
temperature (Tg), respectively. The Tm was determined by the peak melting temperature

and the Tg was determined from the inflection point.

All reagents, chemicals, materials, and solvents were obtained from commercial sources
and were used without further purtfication. The used poly(hexylene carbonate) diol had an
average molecular weight of approximately 2 kg/mol. Figures 4 and 5 show the 'H NMR
spectrum and DSC thermograms of the obtained polymer, respectively. The 'H NMR
spectrum results may be summarized as follows: 'H NMR (400 MHz, HFIP-d2): 0 =4.23
(m, n*4H, n ~ 14.3), 4.10 (m, 4H), 3.17 (im, 12H), 1.87-1.32 (multiple signals for aliphatic
CH?2 methylenes) ppm. The average molecular weight of the repeating hard/soft block
sections 1s about 2.5 kDa. The DSC results may be summarized as tollows: DSC (10
“C/min, figure SA): Tm (top) = 20.9 °C (soft block melt); DSC (40 °C/min, figure 3B): Tg
= -38.0 °C. No second melting point for the hard block was observed up to 200 °C.
However, 1n a final heating run up to 250 °C at 10 °C/min (figure 5C), a small and broad

melting transition was observed at ca. 227 °C. In the DSC-diagrams, the endothermic
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melting peaks are plotted downwards, whereas the exothermic crystallizations are plotted

upwards.

The non-porous aliphatic poly-urethane-urea-hexylene carbonate biomaterial had an elastic

modulus according to ASTM D638 of 3.6 = 0.03 MPa.

PREPARATION OF BIOMATERIAL-CAPPED PEKK BONE ANCHORS

The implant 1 was manufactured by attaching the top and middle sections (4, 3) to a PEKK
base section 2 which serves as bone anchor. In a method according to an embodiment of
the mvention, PEKK bone anchors were capped with the poly-urethane-urea-hexylene
carbonate biomaterial by pressing small granules of the aliphatic polycarbonate polymer
on top of and mto the PEKK anchors. For this purpose, a custom press setup was used.
Vartous temperatures (100 °C to about 150 °C), compressive forces (2 kN to about 4 kN)
and methods have been tested. The best results were obtained using a two-step procedure,
employing a temperature of 150 “C and using a compressive force of 40 kN (4 tons, or
4000 kg; corresponding to a pressure of 1.4 GPa). Lower temperatures than 150 °C seemed
to give less homogenously pressed poly-urethane-urea-hexylene carbonate biomaterial
layers (sections 3 and 4), while higher temperatures are less desired as the urea groups in
the poly-urethane-urea-hexylene carbonate biomaterial may then degrade to some extent.
In the first step, ca. S0 mg of the polymer 12 was pressed onto and into the PEKK bone
anchor for 15 minutes, while in the second step, ca. 2 mg of polymer 12 was added to the
setup and the sample was pressed for another 15 minutes under the same conditions (150
“C and 40 kN). The samples were subsequently removed from the compression setup and
were then allowed to cool. After the second pressing step, the surtace of the poly-urethane-
urea-hexylene carbonate biomaterial layer (sections 3 and 4) on top of the base section 2
seemed to be substantially tlat. The biomaterial was almost transparent and colorless. The
edges of the biomatertal showed some fringes or frays, and these were removed using a

scalpel.

A central hole (241, 242) of the base section 2 was about 4.5 mm deep and about 2 mm 1n
diameter. The hole was substantially filled with the poly-urethane-urea-hexylene carbonate

biomaterial, and the attachment of the biomaterial to the PEKK base section 2 seemed
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quite strong and robust. Removing the biomaterial from the PEKK base section by force,
or loosening the connection at the PEKK-biomaterial interfaces, proved practically
nnpossible. All used equipment and accessories that were intended to come 1nto contact
with the PEKK base section 2 and/or with the elastomeric biomaterial were rinsed with
ethanol or 1sopropanol and were thereafter dried. After pressing, and cutting the frays, the
PEKK-biomaterial plug implant was rinsed with 1sopropanol and dried. The plugs may

also be produced 1n a sterilized environment, if needed.

As assessed by measuring, the PEKK base section was 6 mm in diameter and 6 mm tall (a
hetght of 6 mm). The central cavity in the base section was about 2 mm in diameter and
about 4.5 mm deep. The elastomeric biomaterial (the aliphatic polycarbonate) positioned
onto the PEKK base section was about 6 mm 1n diameter and about 1 mm high.

Accordingly, the total PEKK-biomaterial plug implant was about 7 mm tall.

The top section 4 was provided with pores by drilling holes 1n 1t with an average diameter
of 300 micron, to a final porosity of 50 vol.%. The porous aliphatic poly-urethane-urea-
hexylene carbonate biomaterial ot the top section 4 had an elastic modulus according to

ASTM D638 0of 0.9 % 0.2 MPa.

The implant 1 may be implanted mto an osteochondral defect 8 as shown in figures 6A to
6C. In a typical method, a cartilage defect extending mto the subchondral bone (figure 6
A) 1s drilled out and a plug-shaped 1mplant 1 1s implanted into the drilled hole under some
pressure (‘press fit’), as shown 1n figure 6B. Bone then grows onto, and in some
embodiments into, the PEKK base section 2, anchoring the implant 1. Surrounding native
carttlage 5 grows onto a top side 41 of the top section 4 and new cartilage 5a is generated
on top of the implant 1, as shown 1n figure 6C. As 1s also shown in figure 6C, the height 20
of the base section 2, the height 30 of the non-porous middle section 3, and the height 40
of the porous top section 4 are selected such that a top surface 41 of the umplant 1 comes to
lie below a top surface S0 of cartilage 5 present on an osteochondral structure (5, 6) when
implanted, preferably over a distance 51 of between (.1 - 1 mm. In the present case, this
distance was about 0.5 mm. The osteochondral structure (5, 6) comprises subchondral

bone 6 and a cartilage layer 5 on top of 1t. A synovial cavity 7 1s generally also present.
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As also shown in figures 6B and 6C, the height 20 of the base section 2, the height 30 of
the non-porous middle section 3, and the height 40 of the porous top section 4 are selected
such that a bottom surtace 24 of the middle section 3 (or top surface 24 of the base section
2) comes to lie about level with a bottom surtace 51 of the cartilage layer S of the

osteochondral structure (5, 6) when 1mplanted.

Finally, the implant according to the embodiment shown in figures 7A to 7D may also be
implanted 1nto an osteochondral detect 8 as shown 1n figures 8A to 8C. Due to a spherical
top surface 41a of the top layer 4, this embodiment may regenerate a new carttlage layer Sa
on the top surface 41a of the top section 4 of the implant 1 of about equal thickness across
the top surface 41a. The result may be a radius of a top surface 50 of the regenerated
cartilage Sa that 1s about the same as the radius of the surrounding native cartilage layer 5

next to the implant, thereby showing a continuity in radius.

It will be apparent that many variations and applications are possible for a skilled person 1n

the field within the scope of the appended claims of the invention.
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CONCLUSIES

1. Een tmplantaat voor de vervanging en regeneratie van biologisch weefsel n de
vorin van een plug, omvattende een basissectie, ingericht voor verankering in beenweetsel,
een middensectie ingericht voor vervanging van kraakbeenweetfsel, en een bovensectie
ingericht voor in- en aangroet van kraakbeenweetsel, waarin de midden- en bovensectie
hetzeltde thermoplastisch elastomeermatertaal omvatten, dat poreus 1s i de bovensectie,
en niet-poreus In de middensectie, en waarin de basissectie een in hootdzaak niet-poreus
polyaryletherketonpolymeer omvat met een porositett lager dan 20 %, ten opzichte van het

totale volume van het polyaryletherketonpolymeer.

2. Implantaat volgens conclusie 1, waarin de basissectie een kern van niet-poreus
polyaryletherketonpolymeer omvat en een in omtreksrichting verlopende schil van poreus
polyaryletherketonpolymeer, waarin de schil een dikte heett die klemer 1s dan 10% van

een grootste diameter van de basissectie.

3. Implantaat volgens conclusie 1 of 2, waarin de basissectie zich tussen een
bovenoppervlak en een bodemoppervlak uitstrekt, en een laag van poreus
polyaryletherketonpolymeer omvat, waarin de laag naastliggend 1s aan het bovenoppervilak
en een dikte heeft die lager 1s dan 10% van een grootste hoogte van de basissectie, en
waarin de pori€n van het polyaryletherketonpolymeer in de laag het biocompatibele

elastomeermateriaal bevatten.

4, Implantaat volgens één der voorgaande conclusies, waarin het bovenoppervlak van

de basissectie onregelmatigheden of golvingen omvat.

3. Implantaat volgens één der voorgaande conclusies, waarin de basissectie een

centraal voorziene holte omvat die het biocompatibele elastomeermateriaal bevat

0. Implantaat volgens één der voorgaande conclusies, waarin de basissectie een niet-

poreus polyaryletherketonpolymeer omvat.
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7. Implantaat volgens één der voorgaande conclusies, waarin de basissectie verder een
fostaatmineraal omvat dat een apatiet, met meer voorkeur een hydroxylapatiet, een

fluorapatiet en/of een chlorapatiet, met de meeste voorkeur een hydroxylapatiet omvat.

3. Implantaat volgens €én der voorgaande conclusies, waarin de basissectie een

buttenoppervlak omvat met onregelmatigheden of golvingen.

9. Implantaat volgens €én der voorgaande conclusies, waarin het elastomeermateriaal
van de middensectie een elasticiteitsmodulus bij kamertemperatuur heett van lager dan 10

MPa, met meer voorkeur lager dan 5 MPa.

10. Implantaat volgens €én der voorgaande conclusies, waarin het poreus
elastomeermateriaal van de bovensectie een elasticitertsmodulus b1y kamertemperatuur
heeft van lager dan 80% van de elasticiteitsmodulus van het elastomeermateriaal van de

middensectie.

11. Implantaat volgens €én der voorgaande conclusies, waarin een hoogte van de
basissectie, een hoogte van de niet-poreuze middensectie, en een hoogte van de poreuze
bovensectie dusdanig zijn gekozen dat een bovenoppervlak van het implantaat na
nnplantatie onder een bovenoppervlak van op een osteochondrale structuur aanwezig

kraakbeen komt te liggen, b1j voorkeur over een afstand tussen 0.1 - 1 mm.

12. Implantaat volgens €én der voorgaande conclusies, waarin een hoogte van de
basissectie, een hoogte van de niet-poreuze middensectie, en een hoogte van de poreuze
bovensectie dusdanig zijn gekozen dat een bodemoppervlak van de bovensectie na
implantatie ongeveer op dezelfde hoogte komt te liggen als een bodemopperviak van op

een osteochondrale structuur aanwezig kraakbeen.

13. Implantaat volgens €én der voorgaande conclusies, omvattende een bovensectie
met een licht gekromd bovenoppervlak, met een kromtestraal in een sagittaal vlak en/of in

een mediaal-lateraal vlak m het bereik van 15 mm tot 150 mm.
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14.  Implantaat volgens één der voorgaande conclusies, waarin het
polyaryletherketonpolymeer van de basissectie een versterkend materiaal omvat gekozen

uit de groep van vezel- of deeltjesvormige polymeren en/of metalen.

5 15,  Implantaat volgens één der voorgaande conclusies, waarin het thermoplastisch
elastomeermateriaal een lineatr blokcopolymeer omvattende urethaan- en ureagroepen
omvat, en 1n hootdzaak vrij 1s van een toegevoegde peptideverbinding met kraakbeen-

regeneratieve eigenschappen.

10 16.  Implantaat volgens conclusie 15, waarin het thermoplastisch elastomeermateriaal

verder carbonaatgroepen omvat.

17.  Implantaat volgens conclusie 16, waarin het thermoplastisch elastomeermateriaal
een poly-urethaan-bisurea-alkyleencarbonaat omvat.

15
18.  Implantaat volgens één der voorgaande conclusies, waarin het thermoplastisch

elastomeermateriaal alifatisch 1s.

19, Implantaat voleens één der vooreaande conclusies, waarin de middelsectie een kern
- Fan
20 van niet-poreus elastomeermateriaal omvat en een 1n omtreksrichting verlopende schil van
poreus elastomeermateriaal, waarin de schil een dikte heeft die kleiner 1s dan 10% van een

grootste diameter van de middelsectie.

20). Een werkwijze voor de vervaardiging van een implantaat volgens één der

25  voorgaande conclusies, omvattende:
a) het 1 een mal b1y kamertemperatuur verschaffen van een basissectie uit een in
hoofdzaak niet-poreus polyaryletherketonpolymeer met een porositett lager dan 20 % ten
opzichte van het totale volume van het polyaryletherketonpolymeer; en granulaat van een
thermoplastisch elastomeermateriaal bovenop de basissectie;

30  b) het sluiten van de mal en het verwarmen van bovengenoemd samenstel tot een
temperatuur van tussen 100°C en 250°C onder een druk van tussen 1 en 2 GPa, en wel
dusdanig dat het thermoplastisch elastomeermateriaal smelt en fuseert met de basissectie;

i
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C) het tot kamertemperatuur atkoelen van het samenstel om het thermoplastisch
elastomeermateriaal te consolideren, en het openen van de mal;
d) het van porién voorzien van een bovensectie van het thermoplastisch

elastomeermateriaal hetzij vooratgaand aan, of na het openen van de mal.

21.  Werkwijze volgens conclusie 20, waarin na stap b) de mal wordt geopend en
byjkomend granulaat van het thermoplastisch elastomeermateriaal wordt toegevoegd aan

de mal, en stap b) wordt herhaald.

22, Osteochondrale structuur omvattende een implantaat volgens €én der voorgaande
conclusies, waarin een bovenoppervlak van het implantaat lager ligt dan een
bovenoppervlak van de kraakbeenlaag op de osteochondrale structuur, b1y voorkeur over

een afstand tussen 0.1 - 1 mm.
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File No. Filing date (day/month/ear) Priority date (day/month/iear) Application No.
SN74261 27.06.2019 NL2023397

International Patent Classification (IPC)

INV. AG1F2/30 AG1L27/56

Applicant
JointSphere B.V.

This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. I Priority
Box No. [l Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI  Certain documents cited
Box No. VIl Certain defects in the application

X O XOODOK

Box No. VIII  Certain observations on the application

Examiner

Storer, John

Form NL237A {(Dekblad) {July 2006)




Application number

WRITTEN OPINION NL2023397

Box No.|l Basis of this opinion

. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

. With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:

L1 a sequence listing

L1 table(s) related to the sequence listing

b. format of material:

L1 on paper

[1 in electronic form

c. time of filing/furnishing:

LI contained in the application as filed.

[1 filed together with the application in electronic form.

| furnished subsequently for the purposes of search.

. L1 In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies Is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Box No.V Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

. Statement
Novelty Yes: Claims 1-22
No: Claims
Inventive step Yes: Claims 1-22
No: Claims
Industrial applicability Yes: Claims 1-22

No: Claims

. Citations and explanations

see separate sheet

NL237B (July 2006)
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Box No. VII Certain defects in the application

see separate sheet

NL237B (July 2006)
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following document:

D1 US 2009/164014 A1 (LILJENSTEN ELISABETH [SE] ET AL) 25
juni 2009 (2009-06-25)

2 Document D1 is regarded as being the prior art closest to the subject-matter of
claim 1, and discloses an implant (501) for replacement and regeneration of
biological tissue in the shape of a plug, comprising a base section (503)
configured for anchoring in bone tissue, a middle section (504) configured for
replacing cartilage tissue, and a top section (502) configured for growing
cartilage tissue onto and into, wherein the middle and top sections comprise the
same thermoplastic elastomeric material, which is porous in the top section, and
substantially non-porous in the middle section (see paragraphs [0043] - [0045],
and figure 5e).

The subject-matter of claim 1 therefore differs from this known implant by the
differentiating features that the base section comprises a substantially non-
porous polyaryletherketone polymer with a porosity of less than 20%, relative to
the total volume of the polyaryletherketone polymer.

The subject-matter of claim 1 is therefore new.

The problem to be solved by the present invention may be regarded as how to
provide a more stable implant for replacement and regeneration of biological
tissue.

The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step since the available prior art does not
suggest to solve the given technical problem by adapting the known implant to
iInclude the above-identified differentiating features.

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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(SEPARATE SHEET) NL2023397

Claims 2-22 are essentially dependent on claim 1 and as such also meet the
requirements of novelty and inventive step.

Re Item VII

Certain defects in the application

3 Independent claim 1 is not Iin the two-part form, which in the present case would
be appropriate, with those features known in combination from the prior art

(document D1) being placed in the preamble and the remaining features being
included in the characterising part.

4 Reference signs should have been used throughout the claims.

5 The relevant background art disclosed in document D1 is not mentioned In the
description, nor Is this document identified therein.

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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