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Description

[0001] The present invention relates to an antibacterial polymeric material comprising ultrahigh molecular weight
polyethylene (UHMWPE), vitamin E and at least one organic zinc compound and an implantable orthopedic prosthetic
device having antibacterial properties obtained therefrom.

State of the art

[0002] Ultrahigh molecular weight polyethylene (UHMWPE) has been used for several decades as a component of
implantable prosthetic devices for use in the orthopedic field.
[0003] This polymer, in fact, is characterized by high biocompatibility, low water absorption, an extremely low coefficient
of friction and high abrasion resistance. Given its particular characteristics, UHMWPE is normally used to make the
sliding surfaces of joint prostheses, in conjunction with metal parts, in particular in the manufacture of prostheses of the
hip, knee, ankle, elbow and vertebral column.
[0004] Although the high abrasion resistance of UHMWPE ensures a decidedly long average lifespan of implants
made with this material, even UHMWPE has a limited durability over time and may undergo phenomena of surface wear
due to surface oxidation of the material, which leads to the formation of debris, tied to possible inflammatory phenomena.
[0005] In order to reduce the wear of UHMWPE, this material is subjected to irradiation with beta (β) or gamma (γ)
rays, which promote the cross-linking of the polymer chains. However, this treatment causes the formation of free
macroradicals, which may have a negative effect on the physical and mechanical properties of the material, thus reducing
its durability and performance.
[0006] In order to counter the effect of free radicals, UHMWPE can be subjected to heat stabilization (annealing or
remelting). However, heat treatments negatively impact the mechanical properties of the material. More recently, the
market has seen the introduction of UHMWPEs containing vitamin E, an antioxidant added to the polymer so that it will
react preferentially with the free radicals, thereby preserving the polymer itself, without altering the physical and me-
chanical properties of the material. Thanks also to the approval of standard ASTM F2695-07, UHMWPE containing
vitamin E has rapidly become the standard material for manufacturing orthopedic prosthetic devices.
[0007] Despite the evolution of surgical techniques and prophylaxis, infections of joint prostheses (Periprosthetic Joint
Infections, PJI) are among the complications most often associated with arthroplasty interventions.
[0008] These infections, due to various bacterial strains, may occur both a short time after the surgical intervention
and as late infections, and they can constitute a serious problem for the patient, who will see a delay in the full functional
recovery of the limb operated on.
[0009] In the case of both early postoperative infections and late infections, the most widely used treatment protocol
provides for the prostheses to be explanted and cleaned, and antibiotic treatment of the patient, normally extended for
at least two weeks, followed by subsequent re-implantation.
[0010] The average percentage of infection is about 1.5-2.0% for hip prostheses and 2.5-5.0 % for knee prostheses;
in any case, it cannot be reduced to below 0.5%. Considering that the cost of revising a septic prosthesis can be up to
five times greater than the cost of a first implant, it appears evident that the economic impact of prosthetic infections is
extremely high (F. Ciucio et al., Bollettino of the società medico chirurgica of Pavia, 2013, 126(2): 421-430).
[0011] Scientific evidence has demonstrated that prosthetic infections are mainly due to the formation of a highly
antibiotic-resistant biofilm on the surface of the implants. Most experts agree on the fact that the difference between
early and delayed postoperative infections is closely linked to the entity and extent of the biofilm. Once a biofilm has
formed, there are no alternatives to surgical revision of the prosthetic implant.
[0012] There is thus a strongly felt need to further reduce postoperative complications due to periprosthetic infections,
in particular by acting on the formation of and/or reducing biofilms.
[0013] In this context, one object of the present invention is to provide a material that can be used for the manufacture
of intrinsically antimicrobial prosthetic joint implants and which is capable of preventing, reducing and/or eliminating
bacterial proliferation on the surface of the material itself.
[0014] A further object of the present invention is to provide a process for the preparation of said material.
[0015] A further object of the present invention is to provide an orthopedic prosthetic device comprising said material.

Summary of the invention

[0016] In a first aspect, the present invention relates to an antibacterial polymeric material comprising ultrahigh mo-
lecular weight polyethylene (UHMWPE), vitamin E and ≤ about 0.1 wt.% of Zn, wherein the zinc is added to the ultrahigh
molecular weight polyethylene in the form of at least one zinc compound selected among an inorganic zinc salt, a zinc
carboxylate, zinc pyrithione, zinc acetylacetonate and mixtures thereof.
[0017] In a further aspect thereof, the present invention relates to a process for the preparation of the antibacterial
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polymeric material according to the invention comprising mixing UHMWPE with vitamin E, and ≤ about 0.1 wt.% of Zn,
in the form of at least one zinc compound as described above, wherein the mixing is carried out in the dry state, in
solution or in the molten state.
[0018] In a further aspect, the present invention relates to the use of the antibacterial polymeric material as described
above for the production of an orthopedic prosthetic device.
[0019] Therefore, in a further aspect, the present invention relates to an antibacterial orthopedic prosthetic device
comprising the antibacterial polymeric material according to the invention.

Brief description of the figures

[0020] The invention will be illustrated below in detail, also with reference to Figures 1 and 1A, in which a hip endo-
prosthesis is shown.

Detailed description of the invention

[0021] In the present description and in the appended claims, the weight percentages of vitamin E and Zinc (expressed
as an element) refer to the total weight of the antibacterial polymeric material.
[0022] In the present description and in the appended claims, the term "UHMWPE" refers to ultrahigh molecular weight
polyethylene. The term "virgin UHMWPE" refers to ultrahigh molecular weight polyethylene that is not doped with vitamin
E.
[0023] In the present description and in the appended claims, the term "antibacterial" refers to a substance, compound
or material having bactericidal and/or bacteriostatic properties.
[0024] In the present invention, the term "orthopedic prosthetic device" refers to an endoprosthesis intended to be
surgically implanted in the body of a human or animal to replace, in whole or in part, different skeletal components. An
orthopedic prosthetic device can be a total joint endoprosthesis, which surgically replaces the whole joint (total endo-
prosthesis or arthroprosthesis) or else a partial joint endoprosthesis.
[0025] In a first aspect, the present invention relates to an antibacterial polymeric material comprising ultrahigh mo-
lecular weight polyethylene (UHMWPE), vitamin E and ≤ about 0.1 wt.% of Zn, wherein the Zn is added to the UHMWPE
in the form of at least one zinc compound selected among an inorganic zinc salt, a zinc carboxylate, zinc pyrithione,
zinc acetylacetonate and mixtures thereof.
[0026] The ultrahigh molecular weight polyethylene (UHMWPE) usable for the implementation of the present invention
can be a polyethylene homopolymer having a molecular weight preferably ≥ 2x106 amu, preferably comprised between
2x106 and 6x106 amu.
[0027] Furthermore, in order to be suitable for the production of a prosthetic joint device, the UHMWPE usable for the
implementation of the present invention can have at least one of the following characteristics; preferably it can possess
all of the following physical and mechanical characteristics:

- crystallinity about 40-65%; and/or
- density ≥ about 0.930 g/cm3, preferably comprised between about 0.930 and about 0.945 g/cm3; and/or
- ultimate tensile strength ≥ about 35 MPa; and/or
- yield strength ≥ about 20 MPa; and/or
- elongation at break ≥ about 300%.

[0028] According to a preferred variant, the virgin UHMWPE usable for the implementation of the present invention
can satisfy the requirements established by standard ASTM F648.
[0029] The ultrahigh molecular weight polyethylene usable for the implementation of the present invention is generally
produced using catalysts for ethylene polymerization, in particular of the Ziegler-Natta type, in processes known in the
art, and is presently commercially available.
[0030] The antibacterial polymeric material according to the invention can preferably comprise ≤ about 0.3 wt.%, more
preferably about 0.05 - 0.3 wt.%, even more preferably about 0.1 wt.% of vitamin E. The vitamin E consists of a mixture
of tocopherols and tocotrienols, wherein α-tocopherol is the most abundant chemical species.
[0031] The presence of vitamin E in the antibacterial polymeric material of the invention makes it possible to minimize
the polymer degradation reactions due to the presence of the free radicals that form in the orthopedic prosthetic device
as a result of irradiation. The concentration of vitamin E in the ranges specified above does not negatively impact the
physical and mechanical characteristics of UHMWPE or of the orthopedic prosthetic devices obtained from it.
[0032] The antibacterial polymeric material of the invention can comprise about 0.01-0.1 wt.% of Zn, preferably about
0.03 - 0.09 wt.% of Zn.
[0033] The zinc can be added to the UHMWPE in the form of at least one inorganic zinc salt preferably selected among
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zinc dichloride, zinc sulfate, zinc carbonate, zinc basic carbonate, zinc nitrate, zinc phosphate and mixtures thereof,
preferably zinc carbonate.
[0034] Alternatively, the at least one zinc carboxylate can be selected among the zinc compounds with carboxylic
acids of formula R1C(=O)OH and/or with anions of said carboxylic acids, wherein R1 can be selected among a C1-C17
alkyl, C1-C10 substituted alkyl, C1-C10 alkenyl, phenyl, substituted phenyl, heterophenyl and pyrrolidone.
[0035] The terms "alkyl" and "alkenyl" refer to straight or branched monovalent groups derived, respectively, from an
alkane and an alkene by removal of a hydrogen atom.
[0036] The terms "substituted alkyl" and "substituted phenyl" refer, respectively, to an alkyl and phenyl group in which
at least one hydrogen atom is substituted with at least one group selected among -NH2, -OH, =O and-O(-).
[0037] The term "heterophenyl" refers to a phenyl group in which at least one carbon atom is substituted by at least
one heteroatom selected among N, O and S, preferably N.
[0038] The term "pyrrolidone" refers to a monovalent substituent derived from pyrrolidone by removal of a hydrogen
atom.
[0039] The zinc compounds listed above can be zinc salts, covalent zinc compounds or zinc complexes with carboxylic
acids.
[0040] Preferably, said at least one zinc carboxylate can be selected among zinc acetate, zinc propionate, zinc acrylate,
zinc methacrylate, zinc oxalate, zinc aspartate, zinc citrate, zinc gluconate, zinc neodecanoate, zinc undecylenate, zinc
stearate, Zn PCA (zinc salt of pyrrolidone carboxylic acid), zinc picolinate, zinc salicylate and mixtures thereof, preferably
between zinc acetate and zinc stearate.
[0041] The antibacterial polymeric material according to the invention can be prepared by means of a process that
comprises mixing UHMWPE with vitamin E, preferably with ≤ about 0.3 wt.%, more preferably with about 0.05 - 0.3 wt.%,
even more preferably with about 0.1 wt.% of vitamin E, and ≤ about 0.1 wt.% of Zn, preferably about 0.01-0.1 wt.%,
more preferably about 0.03 - 0.09 wt.% of Zn, in the form of at least one Zn compound as described above, wherein the
mixing is carried out in the dry state, in solution or in the molten state.
[0042] The UHMWPE can be mixed with vitamin E and at least one zinc compound as described above by adding
said additives to the UHMWPE in any order whatsoever.
[0043] Preferably, the virgin UHMWPE can be premixed with vitamin E and the at least one Zn compound can sub-
sequently be added as described above. This variant of the process can prove to be particularly advantageous, since
there are commercially available UHMWPEs already doped with vitamin E, also in the preferred concentrations for the
implementation of the present invention. The UHMWPE premixed with vitamin E usable in this variant of the process
can preferably satisfy the requirements established by standard ASTM F2695-07.
[0044] According to a first embodiment, the process can comprise the following steps:

(i) providing a UHMWPE premixed with vitamin E, preferably with ≤ about 0.3 wt.%, more preferably about 0.05 -
0.3 wt.%, even more preferably about 0.1 wt.% of vitamin E;
(ii) mixing, in solution or in the dry state, the UHMWPE premixed with vitamin E with ≤ 0.1 wt.% of Zn, preferably
about 0.01-0.1 wt.%, more preferably about 0.03 - 0.09 wt.% of Zn, wherein the zinc is added to the UHMWPE in
the form of at least one zinc compound as described above, so as to obtain an unconsolidated polymeric material;
(iii) consolidating the polymeric material.

[0045] According to this first embodiment, step (i) of the process can be carried out by mixing the vitamin E with the
UHMWPE in the molten state.
[0046] Advantageously, however, step (i) can be carried out using a commercially available UHMWPE doped with
vitamin E as previously described, in the form of granules or powder, preferably powder.
[0047] In step (ii), the at least one zinc compound as described above can be added to the UHMWPE doped with
vitamin E in solution. According to this variant step (ii) can comprise:

(ii.a) providing a solution comprising at least one zinc compound as described above and at least one solvent capable
of solubilizing the at least one zinc compound, wherein the UHMWPE premixed with vitamin E is insoluble;
(ii.b) mixing the UHMWPE premixed with vitamin E with the solution comprising the at least one Zn compound;
(ii.c) evaporating said at least one solvent so as to obtain an unconsolidated antibacterial polymeric material.

[0048] The solvent used in step (ii.a) can be water, at least one water-miscible solvent and mixtures thereof, preferably
water. The concentration and amount of the solution used in step (ii.b) are such as to obtain a concentration ≤ 0.1 wt.%
of Zn, preferably about 0.01-0.1 wt.%, more preferably about 0.03 - 0.09 wt.% of Zn in the antibacterial polymeric material
obtained from the process.
[0049] Step (ii.b) can be carried out under stirring at room temperature and ambient pressure. The person skilled in
the art will be able, based on his technical knowledge, to determine the process conditions (stirring time and speed) in
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order to obtain a homogeneous dispersion of the zinc compound.
[0050] The temperature and pressure of step (ii.c) of evaporating the solvent depend on the at least one solvent used
in the process. The evaporation temperature, at a given pressure, will have to be higher than the boiling temperature of
the solvent. At the end of step (ii.c), a polymeric material is obtained, preferably in powder form, on which the at least
one zinc compound is deposited. This first variant of the process for the production of the antibacterial polymeric material
according to the invention is particularly advantageous since the zinc compound is uniformly distributed over the surface
of the polymer, thus ensuring an optimal distribution of the zinc in the material during the consolidation step (iii).
[0051] Alternatively, in step (ii), the at least one zinc compound as described above can be mixed in the dry state with
the UHMWPE doped with vitamin E. According to this variant, step (ii) can be carried out by mixing suitable amounts of
a powder of at least one zinc compound as described above with a UHMWPE comprising vitamin E, preferably also in
powder form, using a dry mixing apparatus known in the art, for example a turbo-mixer.
[0052] This second variant of the process is less preferred, since the dispersion of the at least one zinc compound in
the polymeric material is less uniform.
[0053] At the end of step (ii), the polymeric material can be consolidated by means of compression molding or ram
extrusion, preferably by ram extrusion (step iii).
[0054] Compression molding is a molding method in which the material, generally preheated, is placed in a heated
open mold cavity. The mold is closed and pressure is applied to force the material into contact with all areas of the mold,
while the heat and pressure are maintained until the consolidated material is obtained.
[0055] In the ram extrusion process, the material, generally in powder form, is fed to a chamber and a hydraulic piston
(hydraulic ram) pushes the material from this chamber into the mold, where it is heated. The hydraulic piston moves
continuously back and forth in order to feed the material to the mold and force the consolidated material through the
extrusion head.
[0056] As the physical and mechanical characteristics of the antibacterial polymeric material according to the invention
are substantially unchanged from those of the virgin UHMWPE present on the market, the industrial consolidation
processes presently used in the manufacture of UHMWPE need not be substantially modified in order to obtain the
antibacterial polymeric material of the invention and the person skilled in the art will be able to determine, based on his
technical knowledge, the process conditions for consolidating the material.
[0057] In a further embodiment, the at least one zinc compound as described above can be added to the UHMWPE
doped with vitamin E in the form of a concentrated masterbatch. According to this embodiment, the process for the
production of an antibacterial polymeric material can comprise the following steps:

(I) providing a UHMWPE premixed with vitamin E, preferably with ≤ about 0.3 wt.%, more preferably about 0.05 -
0.3 wt.%, even more preferably about 0.1 wt.% of vitamin E;
(II) providing a masterbatch comprising ≤ about 15 wt.%, preferably about 1 - 15 wt.% of zinc in the form of at least
one zinc compound as described above pre-dispersed in a thermoplastic polymer, preferably polyethylene;
(III) mixing, in the molten state, the UHMWPE premixed with vitamin E with the masterbatch.

[0058] Step (I) can be carried out as described above. The masterbatch used in step (II) can be obtained by com-
pounding, using twin-screw or single-screw extruders of the type normally used in the manufacture of thermoplastic
polymers. The person skilled in the art will be able to determine, based on his technical knowledge, the process conditions
(operating temperature and rotation speed) for obtaining a homogeneous dispersion of the at least one Zn compound
in the thermoplastic polyolefin polymer.
[0059] In step (III), the UHMWPE doped with vitamin E can be mixed with the masterbatch by means of a ram extrusion
process as described above, so as also to obtain, besides the mixing of the materials, the consolidation of the antibacterial
polymeric material. The amount of masterbatch used in step (III) is such as to obtain a concentration ≤ 0.1 wt.% of Zn,
preferably about 0.01-0.1 wt.%, more preferably about 0.03 - 0.09 wt.% of Zn in the antibacterial polymeric material
obtained from the process.
[0060] The present invention further relates to an antibacterial polymeric material obtained or obtainable from the
process as described above.
[0061] At the end of the consolidation step (iii), the consolidated antibacterial polymeric material obtained or obtainable
from the above-described process can be used for the production of an orthopedic prosthetic device; alternatively, but
less preferably, the antibacterial polymeric material can be granulated and subjected to further consolidation in order to
produce an orthopedic prosthetic device.
[0062] The Applicant has surprisingly found that by doping UHMWPE with vitamin E and at least one organic zinc
compound as specified above one obtains a material with high antibacterial activity associated with a low release of Zn,
leaving the physical and mechanical characteristics of the polymer substantially unchanged.
[0063] Therefore, the antibacterial UHMWPE according to the present invention can have at least one of the following
properties, preferably all of the following properties:
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- crystallinity about 40-65%; and/or
- density ≥ about 0.930 g/cm3, preferably comprised between about 0.930 and about 0.945 g/cm3; and/or
- ultimate tensile strength ≥ about 35 MPa; and/or
- yield strength ≥ about 20 MPa; and/or
- elongation at break ≥ about 300%.

[0064] The antibacterial polymeric material according to the invention, obtained or obtainable from the above-described
process, is therefore characterized by physical and mechanical properties that are optimal for its use in the production
of an orthopedic prosthetic device. Preferably, the antibacterial polymeric material according to the invention can satisfy
the requirements established by standard ASTM F2695-07.
[0065] Therefore, in a further aspect, the present invention relates to the use of the antibacterial polymeric material
as described above for the production of an orthopedic prosthetic device, preferably for the production of at least one
component of a total joint endoprosthesis.
[0066] According to a preferred variant, said at least one component can be the sliding surface of a joint endoprosthesis,
for example the sliding surface of the hip, knee, shoulder, ankle, elbow or vertebral column.
[0067] In the present description and in the appended claims, the term "sliding surface" refers to an insert of a prosthetic
joint device placed between the metal parts of the prosthesis, on which the joint moves (slides).
[0068] Figures 1 and 1A show a non-limiting example of a hip endoprosthesis, in which the sliding surface that can
be produced using the antibacterial polymeric material of the invention is an acetabular cup (10).
[0069] In a further aspect, the present invention relates to an orthopedic prosthetic device comprising the antibacterial
polymeric material as described above.
[0070] According to a first variant, said orthopedic prosthetic device antibacterial can be selected among total joint
endoprostheses (arthroprostheses), preferably selected among endoprostheses of the hip, knee, shoulder, ankle, elbow
and vertebral column.
[0071] In a further aspect thereof, the present invention relates to a sliding surface of a total joint endoprosthesis
comprising the antibacterial polymeric material according to the invention, wherein said sliding surface is selected among
an acetabular cup of a hip prosthesis, an acetabular cup of a shoulder prosthesis and an insert of a prosthesis of the
knee (knee-joint component), ankle and elbow.
[0072] In a further aspect, the present invention relates to a process for the production of an orthopedic prosthetic
device comprising the steps of:

(a) providing a consolidated antibacterial polymeric material according to the invention;
(b) cross-linking the antibacterial polymeric material; and
(b) molding the consolidated antibacterial UHMWPE.

[0073] The cross-linking can preferably take place by irradiation with high-energy ionizing radiation, even more pref-
erably by irradiating with a total nominal dose of about 25-100 kGy, more preferably about 60-90 kGy, with beta and/or
gamma rays.
[0074] Gamma rays are electromagnetic waves generated through the gamma decay of isotopes and they have a
maximum penetration into parts of about 50 cm. Beta rays are accelerated electron beams that can penetrate into a part
by a maximum of about 2.5 cm. In order to obtain a uniform irradiation on parts of a larger size, the parts are normally
repeatedly irradiated by rotating them relative to the source of radiation. Preferably, when β rays are used, the irradiation
can be repeated until reaching the maximum nominal dose of 100 kGy.
[0075] The consolidated and irradiated antibacterial polymeric material is molded in step (c) using known techniques
in order to obtain an antibacterial orthopedic prosthetic device of the desired geometry.
[0076] Optionally, upstream of step (a), the process can comprise a further heat stabilization step (O) at a temperature
above 110°C. If the heat treatment is performed at a temperature below the melting temperature of the material (about
120°C) it is called annealing; if it is carried out at higher temperatures it is called remelting. The heat treatment has the
purpose of further reducing the amount of free radicals present in the material due to the cross-linking treatment.
[0077] According to a further variant, the process can comprise a further sterilization step (d) downstream of step (c).
The sterilization of the antibacterial orthopedic prosthetic device can be carried out with known techniques using ethylene
oxide or plasma gas.
[0078] The present invention is illustrated below by means of the examples that are given in the experimental part,
without limiting, however, the scope thereof.
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Analytical methods

Thermal analysis:

[0079] Method 1: DSC 40°-400°C; method: UNI EN ISO 11357-1:2009 + ISO 11357-2:2013 + UNI EN ISO
11357-3:2013. Instruments: Heat-flux DSC with mass standard flow control Q20 - TA Instrument - Div. Waters SpA with
a standard aluminum furnace for the samples and 5.0-50.0 ml/min of nitrogen as the purge gas. Two heating cycles and
one cooling cycle.
[0080] Method 2: instrument: DSC Perkin Elmer Pyris 6. Heating from 40°C to 180°C at a rate of 10°C/min. The data
refer to a mean of three measurements for each sample.
[0081] The crystallization percentage is determined by normalizing the melting temperature of the sample analyzed
relative to the melting temperature of pure crystalline polyethylene (293 J/g).
Amount of zinc in the polymer: EPA 3050B:1996 + EPA 6010C:2007.
Small punch testing: ASTM F2183-02
Antibacterial kinetics: the antibacterial activity of test specimens of plastic material is evaluated using the following test
bacteria

1. Staphylococcus epidermidis bacterium (Gram+) ATCC 12228*
2. Methicillin-resistant Staphylococcus aureus (MRSA) bacterium (Gram+) ATCC 25923*
3. Pseudomonas aeruginosa bacterium (Gram-) ATCC 9027*
4. Enterococcus faecalis bacterium (Gram+) ATCC 29212*
*ATCC (American Type Culture Collections).

[0082] Culture media:

Tryptone Soy Broth (TSBroth MERCK)
Tryptone Soy Agar (Caso Agar MERCK)
Diluent: saline solution

[0083] The method follows the guidelines of standard ISO 22196:2011. Preparation of the inoculum: the commercial
bacterial suspensions were diluted with TSBroth so as to obtain a bacterial concentration expressed in colony-forming
units (cfu)/ml.
[0084] The samples were inoculated with the reference microbial strains (0.4 ml - cfu/ml: 4.5x104 cfu/cm2 of covered
surface area), covered with a cover film, positioned in Petri dishes and placed in an incubator at a temperature of 37 6
1 °C for 24 hours, 48 hours, 5 days, 15 days and 20 days.
[0085] At the end of the incubation period, the samples under examination were washed with the neutralizing agent
(peptone and lecithin solution at pH=7) in order to determine the residual viable microbial load (microscopic count of
CFUs on the contact plate).
[0086] The result of the reference test specimen after each contact time (Ut N24 hours, Ut N48 hours, Ut N5 days, Ut
N15 days and Ut N20 days) was compared with the respective result obtained with the test samples subjected to each
contact time.
[0087] Every test was performed in triplicate.

Examples 1-5 and comparative Example 6

[0088] The samples of antibacterial polymeric material used in examples 1-5 were prepared by mixing (ram extrusion)
GUR Celanese 1050E, a UHMWPE doped with 0.1 wt.% of vitamin E sold by Celanese Corp., with different percentages
of a masterbatch based on polyethylene containing zinc acetate.
[0089] The data regarding the comparative example 6 were acquired from a commercial sample of UHMWPE doped
with vitamin E as such, without the zinc compound.
[0090] The results of the thermal analyses performed to characterize the samples according to Method 1 are shown
in Table 1.
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Examples 7-11 and comparative example 12

[0091] Plates having dimensions of 50x50x10 mm were obtained from the samples prepared in examples 1-5 and in
the comparative example 6.
[0092] The plates were cross-linked by irradiation with β rays at a nominal dose of 25 kGy and 100 kGy. Test specimens
of a circular shape (diameter 6.4 mm), 0.5 mm thick, were subsequently obtained from the plates of consolidated and
irradiated antibacterial polymeric material.
[0093] The samples were subjected to small punch testing at a speed of 0.5 mm/min at room temperature. Each
measurement was repeated three times; Table 2a shows the mean values of the three measurements for the samples
irradiated with a nominal dose of 25 kGy; Table 2b shows the mean values of the measurements performed on samples
cross-linked with a nominal dose of 100 kGy.

[0094] Both the initial peak load and the ultimate load increase with increases in the nominal radiation dose. The
variation in mechanical properties, in terms of ultimate load and elongation at break, is very small and increases as the

Table 1

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Comp. Ex. 6

Melting temperature (°C)

Tmp (peak) 131 130 130 131 130 130

Teim (onset) 121 122 121 122 121 121

Tefm (end) 131 135 135 136 135 134

Crystallisation temperature (°C)

Tcp (peak) 115 115 115 114 115 115

Teic (onset) 118 118 118 118 118 116

Tefc (end) 111 111 111 110 111 112

Zinc (mg/Kg) 876 755 421 250 156 /

Table 2a - nominal radiation dose 25 kGy

EX. Zn. Conc. (mg/Kg Initial peak load (N) Ultimate load (N) Elongation at break (mm)

7 876 67.6 67.0 3.6

8 755 60.0 64.9 3.8

9 421 59.6 64.3 4.2

10 250 63.0 63.6 3.8

11 156 57.1 68.4 4.5

Comp. 12 / 60.6 72.1 4.8

Table 2b - nominal radiation dose 100 kGy

EX. Zn. Conc. (mg/Kg Initial peak load (N) Ultimate load (N) Elongation at break (mm)

7 876 62.0 65.3 3.0

8 755 68.0 78.3 3.5

9 421 68.8 77.1 3.7

10 250 66.3 78.4 3.9

11 156 63.8 86.1 4.6

Comp. 12 / 65.9 82.0 4.3



EP 3 290 060 A1

9

5

10

15

20

25

30

35

40

45

50

55

amount of zinc added increases. However, it shows to be of an entity such as not to compromise the use of the material
in the prosthetics field.
[0095] Samples weighing approximately 4 mg of the samples of consolidated and irradiated antibacterial polymeric
material prepared as described above were subjected to DSC according to Method 2 to determine the melting temperature
(Tpf) and percent crystallinity.
[0096] Table 3a shows the values measured in samples irradiated with a nominal dose of 25 kGy; Table 3b the values
measured in samples irradiated with a nominal dose of 25 kGy.

[0097] As the radiation dose increases, a slight increase in crystallinity can be observed. No significant difference in
crystallinity was observed among the various samples.

Examples 13-17

[0098] The 50x50x100 mm plates of consolidated and irradiated antibacterial polymeric material obtained in examples
7-11 were subjected to an antibacterial kinetics test to evaluate antimicrobial effectiveness.
[0099] A 50x50x100 mm test specimen obtained from GUR Celanese 1050E, sold by Celanese Corp., was used as
a reference (Ut).
[0100] The following Tables 4a-d show the experimental results for the different microbial strains.

Table 3a - nominal radiation dose 25 kGy

EX. Zn. Conc. (mg/Kg Melting Temp. Tmp (°C) Crystallinity (%)

7 876 138.8 47.7

8 755 138.8 46.1

9 421 138.2 46.4

10 250 138.1 44.4

11 156 138.0 45.4

Comp. 12 / 137.6 46.0

Table 3b - nominal radiation dose 100 kGy

EX. Zn. Conc. (mg/Kg Melting Temp. Tmp (°C) Crystallinity (%)

7 876 140.7 49.1

8 755 140.7 49.1

9 421 140.4 47.4

10 250 139.1 48.4

11 156 140.0 44.2

Comp. 12 / 139.8 47.4

Table 4a - Staphylococcus epidermidis ATCC 12228

Ex. 13 Ex. 14 Ex. 15 Ex. 16 Es.17 Rif.

Zinc (mg/Kg) 876 755 421 250 156 /

24 h

Ut / / / / / 3.00E+05

At 1.00E+04 1.80E+04 2.00E+04 2.40E+04 2.80E+04

R log 1.74 1.51 1.20 1.20 1.09

Red % 96.7 94.0 93.3 92.0 90.7
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(continued)

Ex. 13 Ex. 14 Ex. 15 Ex. 16 Es.17 Rif.

48 h

Ut / / / / / 2.60E+05

At 2.00E+02 3.00E+02 3.90E+03 9.00E+03 1.00E+04

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.9 99.9 98.5 96.5 96.2

5d

Ut / / / / / 6.00E+04

At 9.00E+00 9.00E+00 1.00E+02 1.00E+03 1.20E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.99 99.99 99.8 98.3 98.0

15d

Ut / / / / / 1.80E+04

At 9.00E+00 9.00E+00 9.00E+00 5.00E+02 8.00E+02

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.95 99.95 99.95 97.2 95.6

20d

Ut / / / / / 3.40E+03

At 9.00E+00 9.00E+00 9.00E+00 5.00E+02 5.00E+02

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.74 99.74 99.74 85.3 85.3

Ut = bacterial count in the reference after time t
At = mean of the logarithm of the bacterial count after time t
R log = antibacterial activity (Ut - At) expressed as a logarithm

Table 4b - Staphylococcus aureus (MRSA) ATCC 25923

Ex. 13 Ex. 14 Ex. 15 Ex. 16 Es.17 Rif.

Zinc (mg/Kg) 876 755 421 250 156 /

24 h

Ut / / / / / 2.60E+05

At 1.00E+04 2.0E+04 2.50E+04 2.80E+04 3.0E+04

R log 1.74 1.51 1.20 1.20 1.09

Red % 96.2 92.3 90.4 89.2 88.5

48 h

Ut / / / / / 2.40E+05

At 1.00E+03 1.20E+03 2.00E+03 1.00E+04 1.20E+04

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.6 99.5 99.2 95.8 95.0

5d

Ut / / / / / 2.00E+04

At 9.00E+00 9.00E+00 9.00E+00 1.00E+03 1.30E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.96 99.96 99.96 95.0 93.5
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(continued)

Ex. 13 Ex. 14 Ex. 15 Ex. 16 Es.17 Rif.

Zinc (mg/Kg) 876 755 421 250 156 /

15d

Ut / / / / / 1.60E+04

At 9.00E+00 9.00E+00 9.00E+00 4.00E+02 1.00E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.94 99.94 99.94 97.5 93.8

20d

Ut / / / / / 6.40E+03

At 9.00E+00 9.00E+00 9.00E+00 3.00E+02 1.00E+02

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.86 99.86 99.86 95.3 84.4

Table 4c - Pseudomonas aruginosa ATCC 9027

Ex. 13 Ex. 14 Ex. 15 Ex. 16 Es.17 Rif.

Zinc (mg/Kg) 876 755 421 250 156 /

24 h

Ut / / / / / 2.00E+05

At 9.00E+03 1.00E+04 1.00E+04 1.60E+04 2.00E+04

R log 1.74 1.51 1.20 1.20 1.09

Red % 95.5 95.0 95.0 92.0 90.0

48 h

Ut / / / / / 1.90E+05

At 5.00E+02 1.00E+03 2.00E+03 3.00E+03 3.00E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.7 99.5 98.9 98.4 98.4

5d

Ut / / / / / 1.60E+05

At 9.00E+00 9.00E+00 9.00E+00 1.00E+03 1.50E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.994 99.994 99.994 99.4 99.1

15d

Ut / / / / / 2.80E+04

At 9.00E+00 9.00E+00 9.00E+00 1.00E+03 1.00E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.968 99.968 99.968 96.4 96.4

20d

Ut / / / / / 4.00E+03

At 9.00E+00 9.00E+00 9.00E+00 1.00E+03 1.00E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.78 99.78 99.78 75.0 75.0
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[0101] The tests performed show a progressive reduction in the bacterial load for all of the strains tested, both directly
in proportion to the zinc concentration and with increases in the time of contact with the various bacterial strains.

Claims

1. An antibacterial polymeric material comprising ultrahigh molecular weight polyethylene, vitamin E and ≤ 0,1 w.t%
of Zn, wherein Zn is added to the ultrahigh molecular weight polyethylene in the form of a zinc compound selected
among an inorganic zinc salt, a zinc carboxylate, zinc pyrithione, zinc acetylacetonate and mixtures thereof.

2. The antibacterial polymeric material according to claim 1, comprising ≤ 0,3 wt.%, preferably 0,05 - 0,3 wt.%, more
preferably 0,1 wt.% of vitamin E.

3. The antibacterial polymeric material according to claim 1 or 2, comprising 0,01-0,1 wt.% of Zn, preferably 0,03 -
0,09 wt.%.

4. The antibacterial polymeric material according to any one of claims from 1 to 3, wherein the at least one zinc
compound is selected among zinc dichloride, zinc sulfate, zinc carbonate, zinc basic carbonate, zinc nitrate, zinc
phosphate and mixtures thereof, preferably zinc carbonate.

5. The antibacterial polymeric material according to any one of claims from 1 to 3, wherein the at least one zinc
compound is selected among zinc compounds with carboxylic acids of formula R1C(=O)OH and/or the anions of
said carboxylic acids, wherein R1 is selected among C1-C17 alkyl, C1-C10 substituted alkyl, C1-C10 alkenyl, phenyl,

Table 4d - Enterococcus faecalis ATCC 29212

Ex. 13 Ex. 14 Ex. 15 Ex. 16 Es.17 Rif.

Zinc (mg/Kg) 876 755 421 250 156 /

24 h

Ut / / / / / 1.90E+05

At 7.0OE+03 1.00E+04 2.00E+04 2.00E+04 2.30E+04

R log 1.74 1.51 1.20 1.20 1.09

Red % 96.3 94.7 89.5 89.5 87.9

48 h

Ut / / / / / 1.00E+05

At 1.90E+02 3.00E+02 1.00E+04 1.00E+04 1.80E+04

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.8 99.7 90.0 90.0 82.0

5d

Ut / / / / / 4.50E+04

At 9.00E+00 9.00E+00 9.00E+00 1.00E+03 1.50E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.98 99.98 99.33 97.78 97.33

15d

Ut / / / / / 1.00E+04

At 9.00E+00 9.00E+00 1.00E+03 1.00E+03 1.00E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.91 99.91 99.00 90.00 90.00

20d

Ut / / / / / 4.00E+03

At 9.00E+00 9.00E+00 9.00E+00 9.00E+02 1.00E+03

R log 1.14 1.02 0.91 0.86 0.66

Red % 99.74 99.74 99.74 73.5 70.6
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substituted phenyl, heterophenyl and pyrrolidone.

6. The antibacterial polymeric material according to claim 5, wherein the at least one zinc compound is selected among
zinc acetate, zinc propionate, zinc acrylate, zinc methacrylate, zinc oxalate, zinc aspartate, zinc citrate, zinc gluco-
nate, zinc neodecanoate, zinc undecylenate, zinc stearate, zinc PCA, zinc picolinate, zinc salicylate and mixtures
thereof, preferably among zinc acetate and zinc stearate.

7. A process for the preparation of the antibacterial polymeric material according to any one of claims from 1 to 6,
comprising mixing UHMWPE with vitamin E and ≤ 0,1 wt.% of Zn, in the form of at least one zinc compound selected
among an inorganic zinc salt, a zinc carboxylate, zinc pyrithione, zinc acetylacetonate and mixtures thereof, wherein
the mixing is carried out in the dry state, in solution or in the molten state.

8. Use of the antibacterial polymeric material according to any one of claims from 1 to 6 for the production of an
orthopedic prosthetic device, preferably for the production of at least one component of a total endoprosthetic joint.

9. An orthopedic prosthetic device comprising the antibacterial polymeric material according to any one of claims from
1 to 6.

10. The orthopedic prosthetic device according to claim 9, wherein said device is a total endoprosthetic joint, preferably
selected among an endoprosthesis of the hip, knee, shoulder, ankle, elbow and vertebral column.
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