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NOVEL POLYMERIC MATERIALS
RELATED APPLICATIONS

This application claims priority from UK provisional application No. 0820682.3 entitled
“Novel Polymeric Materials” filed on 12 November 2008, which is herein incorporated in

its entirety.

FIELD OF THE INVENTION

" The present invention relates to novel polymeric materials and compositions and their

uses in the medical field. More specifically, the invention is concerned with polymer
compositions having good mechanical and degradative properties which are of use in
orthopaedic applications.

BACKGROUND TO THE INVENTION

Orthopaedic surgery frequently requires the implantation of materials that must be both
biocompatible and capable of bearing high loads. Conventionally, metals such as
titanium and its alloys have been employed for such purposes, but these materials suffer
a number of disadvantages. More recently, biocompatible, bioresorbable polymers have
been developed that aim to overcome the deficiencies associated with the use of metals
in orthopaedic applications. However, well known bioresorbable polymers, often require
extensive processing in order to achieve the strength required for load-bearing
orthopaedic applications, and these materials are generally not stiff enough to resist
deformation under high load.

Thus, biomaterials with adequate strength retention during degradation for bone fracture
and fixation are currently not available. Specifically, poly(glycolic acid) (PGA) fibres have

~ modulus and strength of 25 GPa and 1.5 GPa, respectively, but lose their mechanical

properties during degradation in simulated body fluid in less than two weeks. On the
other hand, poly(laétic acid) (PLA) based polymers do not have adequate mechanical
properties for long bone fracture repair, although they do retain their mechanical
properties for sufficient time during fracture repair;
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Mechanical properties, and their retention during degradation, can to some extent be
tailored by the preparation of PGA-PLA based copolymers. However, whilst these
éopolymers show relatively good mechanical property retention during degradation, they
have at most one third the modulus of cortical bone (20-30 GPa).

WO-A-2007/110609 discloses polymer compqsitions and artefacts which comprise
bioresorbable polymers having high mechanical strength and modulus. Monomer
mixtures comprising sulphonyl diphenol compounds, hydroxybenzoic acid derivatives
and dicarboxylic acids are used in the preparation of the claimed polymers, which are
successfully employed for the manufacture of load bearing medical devices suitable for
implantation within the body. However, the present inventors have now found that
improved performance may be achieved by the use of certain liquid crystal polymers.

The prior art provides numerous disclosures of liquid crystal polymers. However, for
present purposes, it is necessary that said polymers should be degradable, and
disclosures of such materials are very limited. Thus, US-A-7182884 describes a
degradable liquid crystal polymer obtained from tissue derived compounds which is
biocompatible and is based on polyhydroxycinnamic acid, whilst WO-A-97/48782
discloses thermotropic polymers, which are typically aromatic poly(ester-anhydride)s,
having high modulus and biodegradability, and which find use as bone fixative materials,
as well as in the construction of prosthetic devices and the filling of other bone defects.

In addition, EP-A-350127 is concerned with orthopaedic devices for replacing or
connecting fragments of human or animal bone, the orthopaedic devices being based on
liquid-crystalline polymers comprising aromatic chains and having a modulus of elasticity
of at least 15 GPa in longitudinal direction and at least 10 GPa in transverse direction.
However, the disclosed polymers are non-degradable and, therefore unsuited to present
purposes. Similarly, US-A-4664972, US-A-5006402, EP-A-305683, EP-A-226847, EP-A-
225539 and US-A-4746721 all relate to liquid crystal polymer formulations which are
non-degradable.

Thus, the present inventors have sought to provide liquid crystal polymer compositions
which are degradable, and also provide the requisite physical properties in terms of
strength and resilience and have established that suitable materials may be obtained
from a range of condensation polymers.
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SUMMARY OF THE INVENTION

Thus, according to a first aspect of the present invention, there is provided a degradable
polymeric material comprising monomer units derived from (a) a dicarboxylic acid, (b) a
first hydroxybenzoic acid derivative, (c) a diol comprising at least two phenyl rings and
(d) a second hydroxybenzoic acid derivative, wherein the combined content of units of
the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than 55%,

expressed as a mole fraction.

In one embodiment of the invention, the combined content of units of the first and second
hydroxybenzoic acid derivatives (b) and (d) is greater than 57%, expressed as a mole
fraction. In a further embodiment of the invention, the combined content of units of the

first and second hydroxybenzoic acid derivatives (b) and (d) is greater than 59%,

expressed as a mole fraction. In a still further embodiment of the invention, the
combined content of units of the first and second hydroxybenzoic acid derivatives (b) and
(d) is greater than 61%, expressed as a-mole fraction. In another embodiment of the
invention, the combined content of units of the first and second hydroxybenzojc acid
derivatives (b) and (d) is greater than 63%, expressed as a mole fraction. In yet another
embodiment of the invention, the combined content of units of the first and second
hydroxybenzoic acid derivatives (b) and (d) is greater than 65%, expressed as a mole
fraction. Preferably, the combined content of these components is in the region of 75%
of the total.

Suitable dicarboxylic acid derivatives may be either aliphatic or aromatic dicarboxylic
acids. However, the dicarboxylic acids are preferably aliphatic dicarboxylic acids.

Preferred first and second hydroxybenzoic acid derivatives are derivatives of 4-
hydroxybenzoic acid. The first and second hydroxybenzoic acid derivatives may be the
same or different. However, in the most preferred embodiments, the first and second

hydroxybenzoic acid derivatives are different.

The diol comprising at least two phenyl rings preferably contains either two or three
phenyl rings, most preferably two phenyl rings. Said phenyl rings may be linked together
by means of a direct bond or a linking group, such as an alkyl or ether group or, more
preferably, a sulphone group. Alternatively, said phenyl rings may be directly fused
together into a polycyclic ring system, such as an anthracene or phenanthrene system
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or, more preferably, a naphthalene system, or the rings may be linked by more than one
direct bond or linking group, so as to form a further ring system.

According to a second aspect of the present invention, there is provided a method of
manufacturing a degradable polymer, said method comprising the steps of mixing (a) a
dicarboxylic acid, (b) a first hydroxybenzoic acid derivative, (c) a diol comprising at least
two phenyl rings and (d) a second hydroxybenzoic acid derivative in a solvent, heating
the mixture to approximately 80°C, adding Vilsmeier reagent, and precipitating the
resultant polymer out of the solution, wherein the combined content of units of the first
and second hydroxybenzoic acid dérivatives (b) and (d) is greater than 55%, expressed
as a mole fraction. The polymer may be further purified using methods known to those
skilled in the art. In alternative embodiments of the invention, the combined content of
units of the first and second hydroxybenzoic acid derivatives (b) and (d) may be greater
than 57%, or greater than 59% or greater than 61%, or greater than 63%, or greater than

65%, expressed as a mole fraction.

The resultant polymers are typically melt processable, with a melting point of less than
200°C, preferably approximately 180°C, more preferably about 150°C, and may show
birefringence under crossed polarised light. Furthermore they are preferably capable of
being injection moulded and can be gamma sterilized without significant molar mass

loss.

The polymers can be formed into fibres that typically have a tensile strength of at least
150 MPa and a tensile modulus of at least 3 GPa, although fibres with a tensile strength
of at least 200 MPa, preferably at least 250 MPa, more preferably at least 500 MPa, and
a tensile modulus of at least 7 GPa, preferably at least 12 GPa are preferable for certain
high-strength applications. The fibres are semi-crystalline in nature. In some cases, the
strength and tensile modulus of the fibres can be further enhanced by annealing the
fibres at a temperature of at least 100°C. '

Thus, according to a third aspect of the present invention, there is provided a degradable
polymeric material comprising monomer units derived from (a) a dicarboxylic acid, (b) a
first hydroxybenzoic acid derivative, (c) a diol comprising at least two phenyl rings and
(d) a second hydroxybenzoic acid derivative’ which has been processed into a fibre,
wherein the combined content of units of the first and second hydroxybenzoic acid
derivatives (b) and (d) in the polymer is greater than 55%, expressed as a mole fraction.

In alternative embodiments of the invention, the combined content of units of the first and

4
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second hydroxybenzoic acid derivatives (b) and (d) may be greater than 57%, or greater
than 59% or greater than 61%, or greater than 63%, or greater than 65%, expressed as

a mole fraction.

The polymers and fibres according to the invention are biocompatible and preferably
bioresorbable and/or biodegradable, and are therefore suitable for use in medical
devices that will be used in the human body. Such devices include plates, rods, screws,
pins, anchors, staples, arrows, and spinal devices (such as a spinal interbody fusion
cage), medical device coatings, and composite devices or other such items. Such
devices may be made by injection moulding. Injection moulded devices may have a
modulus of at least 4 GPa. Devices comprising polymers and fibres according to the
invention are particularly suitable for use in applications which require good mechanical

properties, for example bone fixation repairs, particularly to high load bearing bones such

as the tibia and fibula, where moduli of at least 20 GPa are often required.

Alternatively, fibres are embedded within a polymer matrix to create a fibre-reinforced
composite. Thus according to a fourth aspect of the présent invention, there is provided
a composite device comprising (i) a degradable polymer comprising monomer units
derived from (a) a dicarboxylic acid, (b) a first hydroxybenzoic acid derivative, (c) a diol
comprising at least two phenyl rings and (d) a second hydroxybenzoic acid derivative,
and (i) a polymer matrix, wherein the combined content of units of the first and second
hydroxybenzoic acid derivatives (b) and (d) in the polymer is greater than 55%,
expressed as a mole fraction. In alternative embodiments of the invention, the combined
content of units of the first and second hydroxybenzoic acid derivatives (b) and (d) may
be greater than 57%, or greater than 59% or greater than 61%, or greater than 63%, or

greater than 65%, expressed as a mole fraction.

Preferably in such an arrangement, the fibres are oriented substantially in one direction
in order to improve the strength of the composite. Suitable polymer matrix materials

include poly(e-caprolactone) or other polymers known to those skilled in the art.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further illustrated by reference to specific embodiments and the
accompanying drawings, which illustrate particular embodiments of the present invention
that assist in gaining an understanding of the principles, characteristics, and features of
the invention. In the drawings: ‘
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Figure 1 shows the effect of increasing the combined content of the first and second
hydroxybenzoic acid derivatives (b) and (d) in polymers according to the invention on the
tensile modulus of the polymer;

Figure 2 shows the effect of increasing the combined content of the first and second
hydroxybenzoic acid derivatives (b) and (d) in polymers according to the invention on the
accelerated degradation properties of the polymers at 80°C;

Figure 3 shows the effect of increasing the combined content of the first and second
hydroxybenzoic acid derivatives (b) and (d) in polymers according to the invention on the
accelerated degradation properties of the polymers at 70°C; '

Figure 4 shows the effect of increasing the combined content of the first and second
hydroxybenzoic acid derivatives (b) and (d) in polymers according to the invention on the
accelerated degradation properties of the polymers at 37°C; and

Figure 5 is a schematic of the equipment used for determining flexural properties.
DESCRIPTION OF THE INVENTION

The invention provides a polymer comprising monomer units derived from (a) a
dicarboxylic acid, (b) a first hydroxybenzoic acid derivative, (c) a diol comprising at least
two phenyl rings and (d) a second hydroxybenzoic acid derivative.

The dicarboxylic acid component (a) may be either an aliphatic or an aromatic
dicarboxylic acid. Suitable aliphatic dicarboxylic acids include sebacic acid, suberic acid,
dodecanoic acid, adipic acid, diglycolic acid and 3,6-dioxaoctanedioic acid, whilst
suitable aromatic dicarboxylic acids include meta-, iso- or para-arylenes which may
additionally contain one or more substituents such as hélogens or lower alkyl radicals.
Terephthalic acid is a particularly suitable aromatic dicarboxylic acid.

Preferably, however, the dicarboxylic acid is an aliphatic dicarboxylic acid having the

general formula (1):
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n
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wherein n is a positive integer which is preferably in the range of from 1 to 10, and the
5  carbon atoms in the chain may be substituted with hydrogen atoms or some or all of the
carbon atoms may carry one or more alternative substituents with other possible
substituents'including alkyl groups, such as methyl or ethyl groups, alkoxy groups, for
example methoxy and ethoxy groups, or halogen atoms, such as fluorine, chlorine,
bromine or iodine. In some embodiments, one or more CH, groups along the
10 ' hydrocarbon backbone (the length of which is represented by n) may be substituted with
oxygen to form an ether group. In other embodiments, one or more of the said CH;

groups may be substituted with an ester group.

Thus, typical examples of suitable dicarboxylic acids could include the following
15  derivatives: '

9 M 1]
HO—C —CH, CHz CH CHy —C —OH

9 9
HO ~C ~CH, CH CH CH ~C ~OH
CH,—C —CH,
20 CH,

b g
HO—C —CH CH, CH, CH—C —0OH

or

i 7%
25 HO —C —CH, CHa ©HCHy —C —OH

The first and second hydroxybenzoic acid derivatives may be the same or different. In

certain preferred embodiments, these derivatives are different but in other preferred

embodiments these derivatives may be the same. Suitable derivatives are preferably 4-
30 hydroxybenzoic acid derivatives having the general formula (il):
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®Y,Z

(i)

5 wherein x, y and z represent optional substituents-which may be present at any vacant
position on the aromatic ring. Preferred substituents X, y and z may be selected from:

1) straight or branched chain alkyl groups, such as methyl, ethyi and the like;
2) straight or branched chain alkoxy groups, for example methoxy and

10 ethoxy groups; and
3) halogen groups, typically fluoro, chloro, bromo or iodo groups.

Typical examples of suitable hydroxybenzoic acid derivatives could include the following
compounds:

| 0, OH Oy -OH O
OH
. E HO
"OH OH CHa
0. OH 0Oy OH Oy, OH
OCH3
cl cl OCHj,
OH ~OH

15

20

OCH4
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In preferred embodiments of the invention, the first hydroxybenzoic acid derivative (b)
comprises 4-hydroxybenzoic acid, wherein each of the substituents X, y and z represents
hydrogen.

Furthermore, in preferred embodiments of the invention, the second hydroxybenzoic acid
derivative (d) comprises a derivative of 4-hydroxybenzoic acid whérein one of the
substituents x, y and z represents a methoxy group, whilst the other two substituents
comprise hydrogen. Most preferably, the second hydroxybenzoic acid derivative (d)
comprises 4-hydroxy-3-methoxybenzoic acid (vanillic acid). |

The diol component (c) comprising at least two phenyl rings may most preferably
contains two phenyl rings which are linked together by means of a linking group. Most
preferably, said linking gjroup comprises a sulphone group, and said diol component has
the general formula (I11):

\ / OH

CHg
% ()

wherein x, y and z represent optional substituents which may be present at any vacant
position on the aromatic ring. Preferred substituents x, y and z may be selected from:

1) straight or branched chain alkyl groups, such as methyl, ethyl and the like;

2) straight or branched chain alkoxy groups, for example methoxy and
ethoxy groups; and

3) halogen groups, typically fluoro, chloro, bromo or iodo groups.

In further embodiments, the methyl groups which are shown ortho to. the hydroxyl moiety
on each ring may also occupy the meta position. In still further embodiments one or both

of the depicted methyl groups may be absent.

Examples of preferred diol components include the following:
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CHy
He | CH—C-CH

Br Br
i .
Ho S OH 0 O\

: 1 e
0 HO OH o
. CHy Br Br HO " "OH

Alternative embodiments of the invention envisage diol components wherein the linking

=

group may comprise an alkyl, alkyl ether or ether linkage, as in the following derivatives:

5
HsC
CHy —
HO / \ \ / OH
— CH,
CHs
HaC 0 :
. HO = N
CHy
HsC
10 CHy '
In further alternative embodiments, said pheﬁyl rings may be directly fused together into‘
a polycyclic ring system, such as a naphthalene system, which may be optionally
substituted with, for example methyl groups, as in the following derivatives:
15 |

HiC™ Z HaC & CHy
In still further alternative embodiments of the invention, the at least two phenyl rings may

be linked by more than one direct bond or linking group, so as to form a further ring
20 system. Preferably, in such embodiments, two phenyl rings are linked by two linking

10
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groups. Suitable linking groups may, for example, include straight or branched chain
alkyl groups, ether groups or carbonyl groups. In a specific example, two phenyl ring
systems may be linked by two carbonyl groups to form an anthraquinone derivative
having the following formula:

Vs

HaC # I OH

In a particularly preferred embodiment of the first aspect of the invention, the polymer
comprises monomer units derived from (a) an ‘aliphatic dicarboxylic acid, (b) 4-
hydroxybenzoic acid, (c) 4,4-sulphonylbis(2-methylphenol) and (d) 4-hydroxy-3-
methylbenzoic acid (vanillic acid). In one such embodiment, the monomers are
combined in the ratio of 0.25:1.0:0.25:0.5 ((a):(b):(c):(d)) and the polymer is of the
formula (IV): '

OCH
HiC 0 j
0 (o] o 0
>\—(CH2),,—/< d}——(@—# o 0.25
o o}—@—\< 1 5 0.5
0.25 ) _ CH
(a) ) (©) (d)

(V)
wherein n is a positive integer which is preferably in the range of from 1 to 10.

The present inventors have sho‘wn that by including a dicarboxyilic acid unit (a) in
combination with a diol unit (c) in the formulation of random aromatic polyesters it is
possible to make degradable polymers with liquid crystalline properties and good
mechanical properties. Moreover, it is seen that that the formation of a liquid crystalline
phase having a higher degree of crystallinity is enhanced by increasing the aromaticity
mole fraction relating to the units of the first hydroxybenzoic acid derivative (b) and the

11
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second hydroxybenzoic acid derivative (d) in the polymer, thereby resulting in a polymers
having even better mechanical properties. However, increasing crystallinity also results
in slower degradation rates, and the control of the degree of crystallinity by suitably
‘adjusting the aromaticity of the polymeric material is a key feature of the invention and
allows polymeric materials to be prepared which are tailored to specific end uses. Thus,
aromaticity may be increased in those instances where good mechanical properties are
of particular importance, whilst lower aromaticity contents are useful when mechanical

properties are of somewhat less importance, but better degradability is desirable.

Hence, a key feature of the present invention relates to the control of the aromatic
content, and changing the degree of aromaticity in the copolymer facilitates the synthesis
of materials with different molecular structures, mechanical properties and degradation
rates. Specifically, it has been found that by adjusting the proportions of the first
hydroxybenzoic acid derivative (b) and the second hydroxybenzoic acid derivative (d) in
the polymer, it is possible to obtain a range of degradable polymers with adjustable

degradation rates.

The polymers according to the invention may be manufactured by mixing the monomers
in a solvent, heating the mixture to approximately 80°C, adding Vilsmeier reagent, and
precipitating the resultant polymer out of the solution. Suitable solvents include mixtures
of pyridine and dimethylformamide, which may be combined in almost any possible ratio,
although it is noted that lower yields are obtained when mixtures approaching pure

solvents are used.

Many methods for the preparation of Vilsmeier reagent are available, and these will be
well known to those skilled in the art. By way of illustration, a suitable Vilsmeier reagent

composition may comprise the following:

Reagent Mol ratio

Dimethylformamide 2
Pyridine 5
Tosyl chloride 1.35

In this formulation, the ratio of tosyl chloride to carbokylic acid in the polymer formulation
is typically 1.35:1 (i.e. tosyl chloride is in excess).

12
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Referring now to the drawings, polymers have been prepared wherein the dicarboxylic
acid comprises adipic acid, and the polymer comprises units of (a) adipic acid, (b) 4-
hydroxybenzoic acid, (c) 4.4-sulphonylbis(2-methylphenol) and (d) 4-hydroxy-3-
methylbenzoic acid (vanillic acid) in the ratio of Y:X:Y:X/2 ((a):(b):(c):(d)), wherein 3X/2 +
2Y = 100%. Thus, polymers with different degrees of aromaticity (i.e. different combined
contents of 4-hydroxybenzoic acid and vanillic acid) have been synthesised, and
injection moulded bars suitable for degradation studies and mechanical testing have

been prepared therefrom.

THE EFFECT OF VARYING CONTENTS OF 4-HYDROXYBENZOIC ACID PLUS VANILLIC ACID ON

TENSILE MODULUS OF INJECTION MOULDED BARS

With specifi‘c reference to Figure 1, there is shown the effect on tensile modulus of the
injection moulded bars of varying contents of 4-hydroxybenzoic acid plus vanillic acid,
and it is seen that the tensile modulus of the polymer increases with the combined 4-
hydroxybenzoic acid plus vanillic acid content for bars prepared by injection moulding at
190°C and 210°C. Thus, the polymers comprising 65% and 75% combined 4-
hydroxybenzoic acid plus vanillié acid showed successively better mechanical properties
when compared with the polymer comprising 55% combined 4-hydroxybenzoic acid plus
vanillic acid. Wide angle X-rays scattéring analysis of these polymers has shown that
the polymer with 55% mole fraction of 4-hydroxybenzoic acid plus vanillic acid is
completely amorphous whereas the other three polymers with higher levels of aromaticity
are partially crystalline. '

THE EFFECT OF VARYING CONTENTS OF 4-HYDROXYBENZOIC ACID PLUS VANILLIC ACID ON

ACCELERATED DEGRADATION OF INJECTION MOULDED BARS

Figure 2 illustrates the effect on accelerated degradation of the.injection moulded bars of
vérying contents of 4-hydroxybenzoic acid plus vanillic acid, with testing of polymers
comprising 55%, 65% and 75% mole fractions of combined 4-hydroxybenzoic acid plus
vanillic acid contents having been carried out at 80°C, and it is clear thaf the amorphous
polymer with 55% combined content degrades considerably faster than the other two
polymers. Indeed, this polymer loses around 85% of its molecular weight in about 0.5 of
a week, whilst the polymer comprising 65% combined content degrades to around the
same extent in approximately 1.75 weeks, and after more than 2 weeks the polymer
comprising 75% combined content has only lost around 75% of its molecular weight.

13
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From Figure 3 can be gleaned the effect on accelerated degradation of the injection
moulded bars of varying contents of 4-hydroxybenzoic acid plus vanillic acid, with testing
of polymers comprising 55%, 65% and 75% mole fractions of combined 4-
hydroxybenzoic acid plus vanillic acid contents having been carried out at 70°C, and it is
again clear that the amorphous polymer with 55% combined content degrades
considerably faster than the other two polymers. Thus, it is apparent that this polymer
Iéses around 90% of its molecular weight in about 1.5 weeks, whilst the polymer
comprising 65% combined content degrades to around the same extent in approximately
6 weeks, and after the same 6 week périod the polymer comprising 75% combined

content has only lost just over 80% of its molecular weight.
Figure 4 illustrates the effect on accelerated degradation at 37°C and it is again clear that
the amorphous polymer with 55% combined content degrades considerably faster than

the other two polymers.

THREE-POINT BEND TESTING OF A LIQUID CRYSTAL POLYMER PROCESSED AT VARIOUS

TEMPERATURES

Material

The LCP comprising monomer units derived from (a) adipic acid, (b) 4-hydroxybenzoic
acid, (c) 4,4-sulphonylbis(2-methylphenol) and (d) 4-hydroxy-3-methylbenzoic acid
(vanillic acid) as described above was processed at 210°C, 230°C, 250°C, 270°C or at .
290°C (3 samples supplied for each processing temperature). A

Sample dimensions: length: 50mm, width: 25mm, thickness:1.6mm

Mechanical testing

Three-poiht (3pt) bend testing was carried out on an Instron 5569 with 10kN. load cell and
flexural testing fixtures.

The 3pt bend samples were placed on the lower two prongs of the test fixture set with a
span of 25mm, and centred. Once the samples were central, the upper prong was
lowered until it jUst touched the upper surface of the polymer samples; at this point the
gauge length was reset. The diagram in Fig 5 shows the 3pt bend fixture set up and

sample placement.

14
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Testing was carried out at a rate of 0.8mm/min and was directed to end when the load
dropped below 40% of the peak load, once over 3N. This drop in load was deemed to be
sensitive enough to detect sample failure.

Resulis

The average flexural properties of the LCP’s processed at different temperatures can be
found in Table 1. '

Processing Modulus Flexure stress | Flexure strain
Samples Temperature (GPa) @ break @ break
o) (MPa) (%)
1 210 3.29+1.55 | 46.72+30.41 4.46 + 2.66
2 230 4.88 £0.07 | 96.22 + 13.91 2.44 £ 048
2 230 4.88 +£0.07 | 96.22 +13.91 244 +048
3 250 5.11+0.14 93.46 + 9.87 2.27 £ 0.28
4 270 5.08+0.50 | 102.80+18.23 | 2.36+0.75
5 290 456+1.48 | 89.41+8.83 2.16 + 0.33

TABLE 1: Average flexural properties of LCP’s processed at a various temperatures

The samples processed at the lowest temperature (210°C) had notably poorer properties
than those processed at the higher temperatures. The LCP’s processed at this
temperature also show larger deviations in the results than typically seen at the other

processing temperatures.

The peak flexural modulus value was obtained at a processing temperature of 250°C and
the peak flexural stress value was obtained at a processing temperature of 270°C.
Flexural strain does not differ greatly between these two processing temperatures.
Based on this data, the processing temperature that would achieve the peak mechanical
properties is considered to be bétween about 250°C and about 270°C.

THE FLEXURAL PROPERTIES OF SAMPLES OF LCP POLYMER PROCESSED WITH DIFFERENT

. FILLERS

The LCP comprising monomer units derived .from (a) adipic acid (b) 4-hydroxybenzoic
acid, (c) 4,4-sulphonylbis(2-methylphenol) and (d) 4-hydroxy-3-methylbenzoic acid
(vanillic acid) as described above was processed with different fillers.

Sample 1 — LCP + CaCOs

!
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Sample 2 — LCP + HA
Sample 3 — LCP + Phosphate glass fibre
Sample 4 — LCP + Hygroscopic glass fibre

(2 samples supplied for each filler)

Sample dimensions: length: 50mm, width: 25mm, thickness:1.6mm
Mechanical testing

Three-point (3pt) bend testing was carried out as desqribed above.
Results

The average flexural properties of the LCP’s with different fillers can be found in Table.2.

Modulus Flexure stress @ | Flexure strain
Samples Filler (GPal . break @ break
(MPa) (%)
Sample 1 CaCo, 5.27+0.25 84.65:587 | - 1.99+0.31
~Sample 2 HA 5.42+0.25 95.79+12.92 2.800.74
Sample 3 Phosphate | ¢ 7, .0 42 1180.71 2.15+0.17
glass fibre
Sample 4 Hygroscopic \ ¢ 96,94 16495 | 222028
glass fibre

Table 2: Average flexural properties of LCP’s with different fillers

The two glass fibre fillers produced the stiffest composite samples with peak flexural
stresses greater than those obtained by the CaCO; and HA fillers. The flexural strain at
break of the glass fibre composites is lower than measured for the HA samples but
greater than the CaCO; filled polymer. Of the two different types of glass fibres used, the
phosphate glass shows the greatest stiffness and strength.

The amount of filler used was about 35% of the total composite.
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MECHANICAL TESTING OF DUMBBELLS AND RECTANGULAR SHEETS

Method

The tensile modulus and strength at break of injection moulded polymer dumbbells were

-

" measured using an Instron 5566.

For tensile modulus measurements a digital static extensometer was used and the
reported modulus values are calculated using the secant and tangent at a strain of
0.25%. The reported flexural modulus in contrast is the Young’s modulus at 0.15%-
0.25% of strain. For flexural properties and tensile modulus 5 samples were tested in
each case and for tensile strength 7 specimens were tested. |

Material: HBAso, VAzs, d-BPS155, Adipicizs

Results

The flexural and tensile mechanical properties are shown in Table 3. The flexural
(5.320.3GPa) and tensile (5.7+0.2GPa) modulus agree well with each other, confirming
comparable stiffness to injection moulded PGA (6GPa) [1] and superior stiffness
compared to injection moulded PLLA (3-4GPa) [1] and PEEK (4.5GPa) [2]. The material
has a flexural strength of 92+12MPa. The bending strain at break of 1.9+0.3% is
comparable to other LCPs such as Vectra [3]. Increasing the modulus of this LCP is still

plausible by optimising the molecular orientation achieved during injection moulding. -
Modulus Strength Strain at break
(GPa) (MPa) (%)
Flexural 5.3+0.3 92+12 1.9+0.3
Tensile 5.7£0.2 37+18 3.4%2

Table 3: Tensile and flexural properties of injection moulded HBAgy, VAys, d-BPS;, 5, Adipicias

BIOCOMPATIBILITY

It has also been demonstrated that the formulation having an aromatic content (4-
hydroxybenzoic acid plus vanillic acid) of 75% is biocompatible. MC3T3 E1 viable cells
were seen growing on the polymer after 7 days, suggesting that the polymer provides a
biocompatible surface for cell proliferation. Viable cells growing right up to the edge of
the samples indicated that no cytotoxic compounds were leached out in 4 days.
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Throughout the description and claims of this specifiéation, the words “comprise” and
“contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other
moieties, additives, components, integers or steps.

Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article
is used, the specification is to be understood as contemplating plurality as well as
‘singularity, unless the context requires otherwise.

Features, integers, characteristics, compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, émbodiment or example described
herein unless incompatible therewith.

REFERENCES
1] Middleton JC, Tipton AJ. Biomaterials; 21 2335 (2000)

[2] Kurtz SM, Devine JN. Biomaterials; 28, 4845 (2007)

[3lwww.goodfellow.com/csp/active/STATIC/A/Vectra_A_-Liquid_Crystal_Polyester.HTML
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CLAIMS

1. A degradable polymeric material comprising monomer units derived from (a) a
dicarboxylic acid, (b) a first hydroxybenzoic acid derivative, (c) a diol comprising at least
two phenyl rings and (d) a second hydroxybenzoic acid derivative, wherein the combined
content of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is
greater than 55%, expressed as a mole fraction.

2. A polymeric material as claimed in claim 1 wherein the combined content of units
of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than 57%,

expressed as a mole fraction.

3. A polymeric material as claimed in claim 1 or 2 wherein the combined content of
units of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than

59%, expressed as a mole fraction.

4, A polymeric material as claimed in claim 1, 2 or 3 wherein the combined content
of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than
61%, expressed as a mole fraction.

5. A polymeric material as claimed in any one of claims 1 to 4 wherein the combined
content of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is

greater than 63%, expressed as a mole fraction.

6. A polymeric material as claimed in any preceding claim wherein the combined
content of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is
greater than 65%, expressed as a mole fraction.

7. A polymeric material as claimed in any preceding claim wherein said combined
content of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is in
the region of 75% of the total.

8. A polymeric material as claimed in any preceding claim wherein said ‘dicarboxylic
acid derivatives are aromatic dicarboxylic acids.

9. A polymeric material as claimed in claim 8 wherein said aromatic dicarboxylic
acid comprises terephthalic acid is a particularlylsuitable aromatic dicarboxylic acid.
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10. A polymeric material as claimed in any one of claims 1 to 7 wherein said
dicarboxylic acids are aliphatic dicarboxylic acids.

11. A polymeric material as claimed in claim 10 wherein said aliphatic dicarboxylic

4]

cid_comprises sebacic acid, suberic acid, dodecanoic acid, adipic acid, diglycolic acid

T

[V}

nd 3,6-dioxaoctanedioic acid.

12. A polymeric material as claimed in claim 10 wherein said aliphatic dicarboxylic
acid has the general formula (1): '

0 ol
L
w0 6 o

N

0

wherein n is a positive integer which is preferably in the range of from 1 to 10, and the
carbon atoms in the chain may be substituted with hydrogen atoms or some or all of the
carbon atoms may carry one or more alternative substituents including alkyl groups,
alkoxy groups or halogen atoms, and one or more CH, groups along the hydrocarbon
backbone may be substituted with oxygen to form an ether group, or may be substituted
with an ester group. '

13. A polymeric material as claimed in claim 12 wherein said aliphatic dicarboxylic

acid comprises a compound of the formula:

i (a5

1 I
HO —C —CH, CH, (}H CH, —C —CH
CHy—C —CH,

CH,

g W g
HO ~C ~CH CH, CH, CH-C —OH
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or

g Qs §
HO =€ ~CHy CHz CHGHy —C —OH

14. A polymeric material as claimed in any one of claims 1 to 13 wherein said first

and second hydroxybenzoic acid derivatives are derivatives of 4-hydroxybenzoic acid.

15. A polymeric material as claimed in claim 14 wherein said first and second

hydroxybenzoic acid derivatives are different hydroxybenzoic acid derivatives.

16. A polymeric material as claimed in claim 14 wherein said first and second
hydroxybenzoic acid derivatives are the same hydroxybenzoic acid derivatives.

17. A polymeric material as claimed in claim 14, 15 or '16 wherein said first and

second hydroxybenzoic acid derivatives have the general formula (I1):
Oy OH
N

| ¥z

OH
(i)

wherein x, y and z répresent optional substituents which may be present at any vacant
position on the aromatic ring and are selected from straight or branched chain alkyl

groups, straight or branched chain alkoxy groups, and halogen groups.

18. A polymeric material as claimed in claim 17 wherein said hydroxybenzoic acid

derivatives comprises a compound of the formula:
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O~ OH O.. OH o)
OH
. HO
OH OH CH3
0. OH 0. OH O.. _OH
OCHS;
Cl cl | | OCH;
QH OH

OCH;5
19. A polymeric material as claimed in any preceding claim wherein said first
hydroxybenzoic acid derivative (b) comprises 4-hydroxybenzoic acid.
20. A polymeric material as claimed in any preceding claim wherein said second -
hydroxybenzoic acid derivative (d) comprises a derivative of 4-hydroxybenzoic acid

wherein one of the substituents X, y and z represents a methoxy group.

21. A polymeric material as claimed in claim 20 wherein said second hydroxybenzoic

acid derivative (d) comprises 4-hydroxy-3-methoxybenzoic acid.

22. A polymeric material as claimed in any preceding claim wherein the diol
comprises at least two phenyl rings.

23. A polymeric material as claimed in claim 22 wherein said phenyl rings are linked
together by means of a direct bond or a linking group.

24. A polymeric material as claimed in claim 23 wherein said linking group comprises

an alkyl, ether or sulphone group.
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25. A polymeric material as claimed in claim 22 wherein said phenyl rings are directly
fused together into a polycyclic ring system.

26. A polymeric material as claimed in 22, 23 or 24 wherein said diol comprises a |
diphenyl derivative.

27. A polymeric material as claimed in claim 25 wherein said diol comprises a
naphthalene derivative.

28. A polymeric material as claimed in claim 24 wherein said linking group cdmprises

~ a sulphone group, and said diol component has the general formula (lil):

\|/

CHy
Ry (1

wherein x, y and z represent optional substituents which may be present at any vacant
position on the aromatic ring and may be selected from straight or branched chain alkyl

groups, straight or branched chain alkoxyl groups, and halogen groups.

29. A polymeric material as claimed in claim 28 wherein said one or both of the
depicted methyl groups is absent.

30. A polymeric material as claimed in claim 29 wherein said diol component
comprises a compound of the formula:

o
E
|
-
[
‘;
lD(’;):('ﬂ:(::l
(.;E
]
T
I
)
at m
—=
2 2y
O
xI
L
-
;._/
) NS
7\
O
T
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31. A polymeric material as claimed in claim 23 wherein said diol component
comprises a compound of the formula:

HsC
N _
HO \ / QOH
— CHs
CHy
5
HO = ZY
CHg
HsC
CHy
10
32. A polymeric material as claimed in claim 27 wherein said diol component
comprises a compound of the formula:
‘ HsC = OH HaC ’f CHs
15

33. A polymeric material as claimed in claim 23 wherein two phenyl rings are linked
by two linking groups. '

20 34. A polymeric material as claimed in claim 33 wherein said diol component
comprises an anthraquinone compound of the formula:
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35. A polymeric material as claimed in claim 1 which comprises monomer units
derived from (a) an aliphatic dicarboxylic acid, (b) 4-hydroxybenzoic acid, (c) 4,4-
sulphonylbis(2-methylphenol) and (d) 4-hydroxy-3-methylbenzoic acid.

36. A polymeric material as claimed in claim 35 wherein said monomers are
. combined in the ratio of 0.25:1.0:0.25:0.5 ((a):(b):(c):(d)) and the polymer is of the
formula (IV):

OCH;
g o
(o)
it _ H@;;QHQ
'60 0.5
CH,
(a) (b) (@ (d)

(V)
wherein n is a positive integer which is preferably in the range of from 1 to 10.

37. A polymeric material as claimed in claim 35 wherein the dicarboxylic acid
comprises adipic acid, and the polymer comprises units of (a) adipic acid, (b) 4-
hydroxybenzoic acid, (c) 4,4-sulphonylbis(2-methylphenol) and (d) 4-hydroxy-3-
methylbenzoic acid (vanillic acid) in the ratio of Y:X:Y:X/2 ((a):(b):(c):(d)), wherein 3X/2 +
2Y = 100%.

38. A degradable polymeric material comprising monomer units derived from (a) a
dicarboxylic acid, (b) a first hydroxybenzoic acid derivative, (c) a diol comprising at least
two phenyl rings and (d) a second hydroxybenzoic acid derivative which has been
processed into a fibre, wherein the combined content of units of the first and second
hydroxybenzoic acid derivatives (b) and (d) in the polymer is greater than 55%,

expressed as a mole fraction.
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39. A polymeric material as claimed in claim 38 wherein the combined content - of
units of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than

57%, expressed as a mole fraction.

40. A polymeric material as claimed in claim 38 or 39 wherein the combined content
of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than

59%, expressed as a mole fraction.

41. A polymeric material as claimed in claim 38, 39 or 40 wherein the combined
content of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is
greater than 61%, expressed as a mole fraction.

42. A polymeric material as claimed in any one of claims 38 to 41 wherein the

combined content of units of the first and second hydroxybenzoic acid derivatives (b) and
(d) is greater than 63%, expressed as a mole fraction.

43. A polymeric material as claimed in any one of claims 38 to 42 whérein the
combined content of units of the first and second hydroxybenzoic acid derivatives (b) and
(d)is greater than 65%, expressed as a mole fraction.

44, A polymeric material as claimed in any one of claims 38 to 43 wherein said fibres
have a tensile strength of at least 200 MPa. '

45. A polymeric material as claimed in any one of claims 38 to 44 wherein said fibres

have a tensile modulus of at least 7 GPa.

46. A polymeric material as claimed in any one of claims 1 to 45 for use in medical
devices suitable for use in the human body.

47. A polymeric material as claimed in claim 46 wherein said device is selected from
plates, rods, screws, pins, anchors, staples, arrows, medical device coatings and

composite devices.

48. A polymeric material as claimed in claim 46 or 47 wherein said device is made by

injection moulding.
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49. A polymeric material as claimed in any one of claims 1 to 48 wherein the
combined content of units of the first and second hydroxybenzoic acid derivatives (b) and
(d) is 65%, expressed as a mole fraction and wherein said polymeric material degrades
at a rate such that it loses around 90% of its molecular weight in about 6 weeks at a
temperature of 70°C. ... _
50. A polymeric material as claimed in any one of claims 1 to 48 wherein the
combined content of units of the first and second hydroxybenzoic acid derivatives (b) and
(d) is 75%, expressed as a mole fraction, and wherein said polymeric material degrades
at a rate such that it loses around 80% of its molecular weight in about 6 weeks at a
temperature of 70°C.

51. A polymeric material as claimed in any one of claims 1 to 50 wherein MC3T3 E1
viable cells are growing on the polymer after 7 days.

52. A polymeric material as claimed in any preceding claim which is biodegradable.
53. A polymeric material as claimed in any preceding claim which is bioresorbable.
54. A fibre formed from a polymeric material as claimed in any one of claims 1 to 53.

55. A composite device comprising (i) a degradable polymer comprising monomer
units derived from (a) a dicarboxylic acid, (b) a first hydroxybenzoic acid derivative, (c) a
diol comprising at least two phenyl rings and (d) a second hydroxybenzoic acid
derivative, and (i) a polymer matrix, wherein the combined content of units of the first
and second hydroxybenzoic acid derivatives (b) and (d) in the polymer is greater than
55%, expressed as a mole fraction.

56. A composite device as claimed in claim 55 wherein the combined content of units
of the first and second hydroxybenzoic acid derivatives (b) and (d) in the polymeric

material is greater than 57%, expressed as a mole fraction.
57. A composite device as claimed in claim 55 or 56 wherein the combined content of

units of the first and second hydroxybenzoic acid derivatives (b) and (d) in the polymeric
material is greater than 59%, expressed as a mole fraction.
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58. A composite device as claimed in claim 55, 56 or 57 wherein the combined
content of units of the first and second hydroxybenzoic acid derivatives (b) and (d) in the
polymeric material is greater than 61%, expressed as a mole fraction.

~59. A composite device as claimed in any one of claims 55 rto‘58 wherein the

combined cohtent of units of the first and second hydroxybenzoic acid derivatives (b) and
(d) in the polymeric material is greater than 63%, expressed as a mole fraction.

60. A composite device as claimed in any one of claims 55 to 59 wherein the
combined content of units of the first and second hydroxybenzoic acid derivatives (b) and
(d) in the polymeric material is greater than 65%, expressed as a mole fraction.

61. A composite device as claimed in any one of claims 55 to 60 wherein said

polymer matrix material comprises poly(e-caprolactone).

62. A medical device whenever obtained from a polymeric material as claimed in any
one of claims 1 to 53.

63. A method of manufacturing a dégradable polymer, said method comprising the
steps of mixing (a) a dicarboxylic acid, (b) a first hydroxybenzoic acid derivative, (c) a diol
comprising at least two phenyl rings and (d) a second hydroxybenzoic acid derivative in a
solvent, heating the mixture to approximately 80°C, adding Vilsmeier reagent, and
precipitating the resultant polymer out of the solution, wherein the combined content of
units of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than
55%, expressed as a mole fraction. ;

64. A method as claimed in claim 63 wherein the combined content of units of the
first and second hydroxybenzoic acid derivatives (b) and (d) is greater than 57%,

expressed as a mole fraction.

65. A method as claimed in claim 63 or 64 wherein the combined content of u.nits of
the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than 59%,

expressed as a mole fraction.

66. A method as claimed in claim 63, 64 or 65 wherein the combined content of units
of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than 61%,
expressed as a mole fraction. -
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67. A method as claimed in any one of claims 63 to 66 wherein the combined content
of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than
63%, expressed as a mole fraction.

68. A method as claimed in any one of claims 63 to 67 wherein the combined content
of units of the first and second hydroxybenzoic acid derivatives (b) and (d) is greater than

65%, expressed as a mole fraction.

69. A method as claimed in any one of claims 63 to 68 wherein said solvent -

comprises a mixture of pyridine and dimethylformamide.

70. A plate whenever obtained from a polymeric material as claimed in any one of
claims 1 to 53.

71. A rod whenever obtained from a polymeric material as claimed in any one of

claims 1 to 53.

72. A screw whenever obtained from a polymeric material as claimed in any one of

claims 1 to 53.

73. A pin whenever obtained from a polymeric material as claimed in any one of
claims 1 to 53.

74. An anchor whenever obtained from a polymeric material as claimed in any one of
claims 1 to 53. '

75. A staple whenever obtained.from a polymeric material as claimed in any one of
claims 1 to 53. '

76. An arrow whenever obtained from a polymeric material as claimed in any one of
claims 1 to 53.

77. A medical device coating whenever obtained from a polymeric material as

claimed in any one of claims 1 to 53.

78. A composite device whenever obtained from a polymeric material as claimed in
any one of claims 1 to 53.
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79. A degradable polymeric material as hereinbefore defined and with reference to
the accompanying description and drawings.

80. A method of manufacturing a degradable polymer as hereinbefore defined and

with reference to the accompanying description and drawings.

81. A degradable polymeric material which has been processed into a fibre as
hereinbefore defined and with reference to the accompanying description and drawings.

82. A composite device as hereinbefore defined and with reference to the
accompanying description and drawings.
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