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(54) METHOD OF OBTAINING POLYMER LAYERS ON THE SURFACE OF TITANIUM OR TITANIUM 
ALLOYS BASED ON A POLYMER WITH DRUGS

(57) The method of formation polymer layers on the
surface of titanium or titanium alloys, characterized in
that the titanium or titanium alloy is anodically oxidized
in a water bath containing calcium hypophosphite with a
concentration of 0.001 mol/dm3-10 mol/dm3 using a volt-
age ranging from 0.1V-800 V, and an anodic current den-
sity in the range of 5-500 A / dm2. The anodized titanium
or titanium alloy is then placed in a polymer solution

based on an adipic acid derivative and a solvent, prefer-
ably dichloromethane, drug, preferably antibiotic or an
antiinflammatory drug, preferably a non-steroidal drug,
or an immunosuppressive drug, or an antifungal drug, or
an antiviral drug used in the treatment of peri-implant
hard tissues, in an amount from 0.0001 g/L to 1000 g/L,
and dry.
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Description

[0001] The subject of the invention is formation of pol-
ymer coatings on titanium or titanium alloys surface, es-
pecially for use as coatings in implantable materials.
[0002] Among biodegradable polymers, aliphatic poly-
anhydrides are the group with the highest susceptibility
to hydrolysis, which precludes them from many traditional
technical applications. Hydrolytic instability of polyanhy-
drides is the feature beneficial in biomedical applications,
especially in drug-controlled release systems, where
polyanhydrides act as a matrix/carrier of the drug. Re-
search on such systems was started by R. Langer et al.
in the 1980s [Rosen HB, Chang J, Wnek GE, Linhardt
RJ, Langer R. Bioerodible polyanhydrides for controlled
drug delivery. Biomaterials 1983, 4, 131-134]. Many
years of research work have led to the elaboration of two
systems currently approved for use in clinical practice.
These systems include Gliadel® - a system of local de-
livery of chemotherapeutic agents (BCNU or carmustine)
in the therapy of brain cancer and Septacin™ - an implant
for local delivery of gentamicin in bacterial infections of
bone tissue [Jain JP, Kumar N, Chitkara D. Polyanhy-
drides as localized drug delivery carrier: An update. Ex-
pert Opin. Drug Deliv. 2008, 5, 889-907].
[0003] Poly(adipic anhydride) (PADA), first synthe-
sized more than 90 years ago [Hill JW. J. Am. Chem.
Soc. 1930, 52, 4110), is one of many aliphatic polyanhy-
drides tested in the 1990s for use as a matrix in controlled
drug release [Albertsson A-C, Calfors J, Sturesson C.
Preparation and characterization of poly(adipic anhy-
dride) microspheres for ocular drug delivery. J. Appl. Pol-
ym. Sci. 1996, 62, 695-705; Edmund U, Albertsson A-C,
Singh SK, Fogelberg I, Lundgren BO. Sterilization, stor-
age stability and in vivo biocompatibility of poly(trimeth-
ylene carbonate)/poly(adipic anhydride) blends. Bioma-
terials 2000, 21, 945-955].
[0004] A method of poly(adipic anhydride) synthesis,
which creates the polymer that can potentially be used
as a drug-releasing matrix, is a known from the publica-
tion "In vitro release of clomipramine HCl and buprenor-
phine HCl from poly adipic anhydride (PAA) and poly
trimethylene carbonate (PTMC) blends". (Dinarvand R.,
Alimorad M.M., Amanlou M., Akbari H.; J Biomed Mater
Res A. 2005 Oct. 1;75(1):185-91). Another way of syn-
thesizing poly(adipic anhydride) is presented in the pub-
lication "Synthesis of Poly(Adipic Anhydride) by Use of
Ketene" (Ann-Christine Albertsson & Stefan Lundmark,
Journal of Macromolecular Science: Part A - Chemistry
25, 1986, 247-258). The published data show that hy-
drolytic degradation of PADA is a surface process which
proceeds with a high rate, resulting in the formation of
adipic acid - a product of hydrolysis of anhydride groups
in the polymer. Under in vivo conditions, adipic acid is
metabolized in the process of β-oxidation of fatty acids.
[0005] From GB1436473, one can see that an appli-
cation of adipic acid is in the production of cement-con-
taining ceramic materials for construction applications.

However, there are no reports in the literature regarding
the application of poly(adipic anhydride) for the formation
of oxide-polymer coatings on bone implant materials.
EP3488877 shows the formation of porous polymer coat-
ings on the implant surface, which consist of a polymer
layer and a layer containing a biocompatible material.
This document reports a three-layered material which
may contain collagen in its composition. The application
of polymers and cyclic peptide ligands to coat implantable
materials such as stents used in cardiac surgery has also
been seen (US2019247539). Polymeric materials are al-
so utilized in the preparation of bone scaffolds (scaffolds)
for the regeneration and filling of bone defects
(US2019255221). From the document WO2018076003,
a method for obtaining composites based on magnesium
and polymers is known, where the polymer is a part of
the obtained composite but is not formed to its surface.
[0006] In patent application P.425256, a method of for-
mation polymer oxide coatings is demonstrated, where
a polymer based on sebacic acid or other carboxylic acids
was used. This method differs from the proposed method
for the preparation of coatings using an adipic acid-based
polymer in that adipic acid is a different chemical com-
pound. In contrast, polymer degradation time in physio-
logical fluids is much shorter, other degradation products
are obtained, and biologically-active substances and oth-
er active substances are released in a much shorter time.
On the basis of the conducted research, it was found that
depending on the substance used, the biologically-active
degradation time is the degradation time of the polymer
layer composed of poly(adipic anhydride).
[0007] The aim of the invention is to develop such a
method of formation polymer layers on titanium or titani-
um alloy surfaces, which will create a material from which
a biologically-active or bioactive substance is released
from the upper layer in a short amount of time.
[0008] The essence of the invention is the formation
polymer layers on titanium or titanium alloys surfaces,
where the titanium or titanium alloy is anodized in bath
composed of calcium hypophosphite in concentrations
between 0.001 mol/dm3-10 mal/dm3 using an applied
voltage between 0.1 V-800 V and a current density be-
tween 5-500 A/dm2. The anodized titanium or titanium
alloy is immersed in a polymer solution based on the
adipic acid derivative and a solvent, preferably dichlo-
romethane-The material is then left to dry. Optimal ano-
dization times are between 1 s and 10 minutes. The pol-
ymer is solution is an adipic acid-based polymer with a
poly(adipic anhydride) derivative and a solvent in a ratio
of 1:100-20:100. The titanium or titanium alloys is coated
using a dip coating technique. To coat the material with
the polymer, the titanium or titanium alloy is placed in the
polymer solution, which is contained in a closed contain-
er. The materials are then shaken to complete the coating
process. Preferably, a drug is added to the polymer so-
lution, preferably an antibiotic or an anti-inflammatory
drug, or an immunosuppressive drug, or an antifungal
drug or an antiviral drug used in the treatment of peri-
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implant hard tissues. Preferably the antibiotic is amoxy-
cycline, vancomycin, clindamycin, gentamicin or a ce-
phalosporin. Preferably, the anti-inflammatory drug is a
non-steroidal anti-inflammatory drug, preferably acetyl-
salicinic acid, diclofenac, aclofenac, naproxen, ibupro-
fen, sudoxicam, ketoprofen or acetaminophen. Prefera-
bly, the immunosuppressive drug used in solution is cy-
closporine. Preferably the antifungal drug is fluconazole,
terbinafine, itraconazole, griseofulvin, albaconazole,
posaconazole, ravuconazole. Preferably, the antiviral
drug used in solution is inosine pranobex.
[0009] The invention shows that the degradation time
of the polymer layer obtained on the surface of previous-
ly-anodized titanium implants ranges from the first few
minutes to 48 hours. After the first 8 hours of the implant’s
immersion with a polymer-oxide coating based on adipic
acid, the amount of adipic acid formed as a polymer deg-
radation product is over 60%. The proposed method of
formation oxide-polymer layers based on adipic acid de-
rivatives makes it possible to obtain a material from which
the upper release layer is a biologically active substance
or a bioactive chemical substance, which can be released
in the first 30 minutes.
[0010] The invention is shown in the following exam-
ples, which do not exhaust all the embodiments accord-
ing to the invention.

Example I: In the titanium (Grade 4) surface treat-
ment, an anodized bath is composed of 0.5 mol/dm3

calcium hypophosphite. The process is carried out
at 5°C, using a current density of 100 mA/cm2, a
voltage of 300 V, and a process time of 5 min. Then,
on the anodized metal surface, a polymer layer is
formed from 1% (w/v) poly(adipic anhydrite) PADA
solution in dichloromethane in an amount of 1 g of
polymer in 100 ml of dichloromethane. To the poly-
mer solution an antibiotic such as amoxicillin is add-
ed in concentration 2 g/dm3 and the solution was
mixed for 5 s.
The immersion rate of the oxidized sample into the
polymer solution is 2 cm/min, the residence time of
the oxidized sample in the polymer solution is 30
seconds, the drawing speed of the sample is 2
cm/min, and the drying time at ambient temperature
is 30 minutes.

Example II: In the titanium alloy Ti-6Al-4V surface
treatment, an anodizing bath is composed of 4
mol/dm3 calcium hypophosphite. The process is car-
ried out at 15°C using current density of 100 mA/cm2,
a voltage of 600 V and a process time of 5 minutes.
Then, on the anodized metal surface, a polymer layer
is formed from 1.5% (w/v) poly(adipic anhydrite) PA-
DA solution in dichloromethane in an amount of 0.2
g of polymer in 10 ml of dichloromethane.
To the solution a drug such as acetaminophen is
added in concentration 4 g/dm3 and the solution was
mixed for 10 s.

The immersion rate of the oxidized sample into the
polymer solution is 1 cm/min, the residence time of
the oxidized sample in the polymer solution is 60
seconds, the drawing speed of the sample is 1
cm/min, and the drying time at ambient temperature
is 5 minutes.

Example III: In the titanium alloy Ti-13Nb-13Zr sur-
face treatment, an anodizing bath is composed of 10
mol/dm3 calcium hypophosphite. The process is car-
ried out at 35°C using a current density of 150
mA/cm2, a voltage of 450 V, and process time of 5
minutes. The anodized titanium alloy is then placed
in a container containing a 10% (co)polyanhydride
polymer solution in an amount of 0.2 g in 10 ml of
dichloromethane. To the solution an immunosup-
pressive drug in the form of cyclosporine is added in
concentration 4 g/dm3. The container is closed, and
the operator shakes the closed container manually
for 10 seconds.

Example IV: Example IV differs from Example I, that
instead of the antibiotic, an antifungal drug such as
fluconazole is added in the concentration of 5 g/dm3.

Example V: Example V differs from Example II, that
instead of the antibiotic, an antiviral drug in the form
of inosine pranobex is added in the amount of 5
g/dm3.

Example VI. Example VI differs from Example I in
that the antibiotic is vancomycin.

Example VII. Example VII differs from Example I in
that the antibiotic is clindamycin.

Example VIII. Example VIII differs from Example I in
that the antibiotic is gentamicin.

Example IX. Example IX differs from Example I in
that the antibiotic is a cephalosporin.

Example X. Example X differs from Example II in that
the anti-inflammatory drug is acetylsalicinic acid.

Example XI. Example XI differs from Example II in
that the anti-inflammatory drug is diclofenac.

Example XII. Example XII differs from Example II in
that the anti-inflammatory drug is aclofenac.

Example XIII, Example XIII differs from Example II
in that the anti-inflammatory drug is naproxen.

Example XIV. Example XIV differs from Example II
in that the anti-inflammatory drug is ibuprofen.

Example XV. Example XV differs from Example II in
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that the anti-inflammatory drug is sudoxicam.

Example XVI. Example XVI differs from Example II
in that the anti-inflammatory drug is ketoprofen.

Example XVII. Example XVII differs from Example I
in that the antifungal drug terbinafine is added in-
stead of the antibiotic.

Example XVIII. Example XVIII differs from Example
I in that the antifungal drug itraconazole is added in
place of the antibiotic.

Example XIX. Example XIX differs from Example I
in that the antifungal drug griseofulvin is added in-
stead of the antibiotic.

Example XX. Example XX differs from Example I in
that the antifungal drug albaconazole is added in
place of the antibiotic.

Example XXI. Example XXI differs from Example I
in that the antifungal drug posaconazole is added in
place of the antibiotic.

Example XXII. Example XXII differs from Example I
in that the antifungal drug ravuconazole is added in
place of the antibiotic.

Claims

1. The method of formation polymer layers on the sur-
face of titanium or titanium alloys, characterized in
that the titanium or titanium alloy is anodically oxi-
dized in a water bath containing calcium hypophos-
phite with a concentration of 0.001 mol/dm3-10
mol/dm3 using a voltage ranging from 0.1V-800 V,
and an anodic current density in the range of 5-500
A / dm2. The anodized titanium or titanium alloy is
then placed in a polymer solution based on an adipic
acid derivative and a solvent, preferably dichlo-
romethane, drug, preferably antibiotic or an anti-in-
flammatory drug, preferably a non-steroidal drug, or
an immunosuppressive drug, or an antifungal drug,
or an antiviral drug used in the treatment of peri-
implant hard tissues, in an amount from 0.0001 g/L
to 1000 g/L, and dry.

2. The method of claim 1, wherein the anodization proc-
ess carried out in time between 1 second and 10
minutes.

3. The method of claim 1 or 2, wherein the polymer
solution is based on adipic acid and solvent in pro-
portion 1:200-20:100.

4. The method of claim 1, 2 or 3 wherein the adipic acid

derivative is poly(adipic anhydride).

5. The method of claim 1, 2 or 3 wherein the adipic acid
derivative is (co)polyanhydride.

6. The method of claims 1-5, wherein the titanium or
titanium alloy is placed into a solution via a dip coat-
ing technique.

7. The method of claims 1-5, wherein the titanium or
titanium alloys is placed into a closed chamber and
shaken.

8. The method of claims 1-7, wherein to the polymer
solution a drug is added preferably an antibiotic or
an anti-inflammatory drug or an immunosuppressive
drug or an antifungal drug or an antiviral drug used
in the treatment of peri-implant hard tissues as so-
lution or powder.

9. The method of claims 1-8, wherein that the used an-
tibiotic is amoxycycline, vancomycin, clindamycin,
gentamicin or a cephalosporin.

10. The method of claims 1-8, wherein that the used anti-
inflammatory drug is a non-steroidal anti-inflamma-
tory drug, preferably acetylsalicinic acid, diclofenac,
aclofenac, naproxen, ibuprofen, sudoxicam, keto-
profen or acetaminophen.

11. The method of claims 1-8, wherein that the used im-
munosuppressant drug is cyclosporine.

12. The method of claims 1-8, wherein that the used the
antifungal drug is fluconazole, terbinafine, itracona-
zole, griseofulvin, albaconazole, posaconazole, ra-
vuconazole.

13. The method of claims 1-8, wherein that the used the
antiviral drug is inosine pranobex.
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