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ANTIBIOTIC CALCIUM PHOSPHATE COATING

FIELD OF THE INVENTION

The field of this invention relates to mineralized coatings of prosthetic devices. More

particularly the invention relates to a porous calcium phosphate mineral coated prosthesis

which includes a coating having a therapeutic agent, such as an antibiotic in water, absorbed

therein.

BACKGROUND OF THE INVENTION

The use of prosthetic devices for treatment of bone injuries/illnesses is continuously

expanding with an increasingly active and aging population. The use of bone replacements for

bone fractures, removal of bone, or the use of supports for weakened bone requires that the

artificial bone replacement form a strong joint or bone with natural bone to insure the integrity

of the structure. Bone is able to grow into adjacent structure, particularly where the adjacent

structures are porous and compatible with the bone. However, not only must the bone be able

to grow into a porous structure, but there must be bonding in a form which allows for a strong

bond between the natural ingrown bone and the prosthetic device.

The key requirement for bony fixation of prosthetic implants is that bone grows onto

and/or into the implant's surface. A number of studies have shown that calcium phosphate

coatings, such as biological apatite, on Cobalt Chrome (Co-Cr) and Titanium (Ti)-alloy

implants foster more rapid bony apposition than the bare surfaced alloys alone.

Biological apatite Ca,,(P0 4 6 is one of the major compounds occurring in human bones

and teeth. A synthetic form of this mineral, hydroxyapatite (HA) is very similar to the natural

occurring apatite. This similarity between synthetic HA and naturally occurring apatite has led

scientists to pursue the use of HA with dental and orthopedic implants. Coating with HA or

other crystalline calcium phosphate produces an implant that readily integrates with

surrounding bone and tissue after being implanted.

Some of the first dental and orthopedic implants attempting to employ synthetic apatite

were completely formed from sintered or plasma sprayed HA.

Plasma spraying is one process known for coating metallic implants with HA. During

this process, a stream of mixed gases passes through a high temperature electric arc that ionizes

the gases into a plasma flame. Thereafter, crystalline HA feedstock powder is fed into the
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stream and then impinged in a molten state onto the outer surface of the implant. The spray

adheres to the surface and forms a relatively thin coating of ceramic HA.

HA coated implants exhibit the advantages of both purely metallic implants and purely HA

implants. As such, these implants are strong, and bone tissue tends to form a strong bone

interface with the surface of the coating and thus promote biocompatibility and

osseointegration. Unfortunately, plasma spraying results in several important disadvantages.

Plasma spraying exposes HA to extremely high temperatures that, in turn, induce

unwanted changes in morphology and chemical composition. These changes pose particular

problems. In particular, it is known that highly crystalline HA has an in vitro stability that is

much higher than non-crystalline HA. HA feedstock of a good quality does have a completely

crystalline form before it is sprayed. The temperatures associated with plasma spraying,

though, cause the HA to partially transform from its pure and crystalline form to one having a

much less crystalline structure. This non-crystalline form of HA is commonly referred to as

amorphous calcium phosphate (ACP). During plasma spraying, crystalline HA feedstock is

also partially converted into other crystalline compounds, such a tri-calcium phosphate (TCP

including a-TCP and P-TCP), tetracalcium phosphate (TTCP), and calcium oxide (CaO).

Collectively, these impurities may be referred to as crystalline soluble phases because their

solubility in aqueous solutions is substantially higher than that of crystalline HA. Thus, a

process for low temperature deposition of crystalline HA was desired.

Crystalline calcium phosphate coatings are preferably produced in a low temperature

one or multi-step process which provides for a strong adherent uniform thin coating of

crystalline hydroxyapatite on a substrate surface, where the coating has long needles or

whiskers, which appear to induce bone ingrowth and strong bonding between natural bone and

the coating via bone ingrowth and opposition on a pore comprising implant.

The coatings are found to have a high hydroxyapatite Calo(PO 4 6 surface area

because of the fibrous hydroxyapatite crystals. The surface area will generally range from

about 1-25m 2/cm 2 of area. The coatings may be as thin as about 2 tm, preferably being at least

about 5 gm (pm=microns), and more preferably at least about 10 gm, and may range to 40 um

thick or greater, depending upon need. Usually, a relatively thin coating will be employed to

avoid thick brittle ceramic interfaces between the substrate and the ductile bone. The process
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taught in U.S. Patent Nos. 5,164,187 and 5,188,670, the teachings of which are incorporated

herein by reference, may produce such coatings.

The single crystals or whiskers, which are produced by the method of U.S. Patent No.

5,164,187, will generally range from about 0.01 microns to 20 microns in diameter and about 1

micron to 40 microns in length. The composition will usually be substantially homogenous

mineralogically pure highly crystalline (same crystal structure) (2 90%) and

substantially homogenous morphologically, generally varying by no more than -20% from the

average of each dimension.

The crystalline hydroxyapatite has a net positive charge at physiologic pH which

attracts charged proteins, such as collagen or other exogenous or endogenous proteins, which

may serve as growth factors, chemoattractants, and the like. Thus, the coating may provide for

the presence of such products on the surface of the hydroxyapatite. The exceptionally high

surface of this coating presents orders of magnitude more binding surface than the uncoated

implant or the conventional calcium phosphate coatings. Specifically, it has been found that

plasma sprayed HA coatings would not bind to a solution or suspension of antibiotic.

The calcium phosphate coatings may be applied to solid surfaces, porous surfaces,

etched surfaces, or any other type of surface. Because the coating is applied in a liquid

medium which is able to penetrate channels, pores, indentations and other structural features, a

uniform coating can be obtained which can coat substantially the entire surface, without

leaving exposed areas. The subject process finds particular application with devices involving

fine bead layers, where the beads will be two or more layers, requiring that at least about two

layers of the beads be penetrated and coated with the hydroxyapatite or its analog. Thus,

penetrations are achieved in a porous substrate, such as is used in prosthesis devices, of at least

about 0.5 mm, more usually at least about 1 mm.

SUMMARY OF THE INVENTION

It is an aspect of the invention to provide a versatile and simple method of
applying therapeutic agents to a calcium phosphate surface found by precipitation prior
to implantation of a coated implant.

It is yet another aspect of the invention to provide a simple and fast method of
providing a calcium phosphate coated surface with doses of water-soluble antibiotics
prior to implantation of the implant.

Y:WFIIes9690M969909 Sped.doc



These and other aspects are achieved by a method where applying the therapeutic

agent, especially an antibiotic, to the implant comprising coating the implant with

Spreferably at least two layers of crystalline hydroxyapatite by precipitating the

n, hydroxyapatite or calcium phosphate from solutions. The implant is then dried and
00
N 5 packaged. In a preferred embodiment, immediately prior to implantation, the therapeutic

agent or antibiotic is added to sterile dionized water or sterile water for injection and the

implant is removed from the package and at least the hydroxyapatite or calcium phosphate00
surface thereof is immersed in the solution. Thus, the present invention provides a method

of applying a coating having a therapeutic agent to an implant comprising:

coating a bone implant with a layer of crystalline hydroxyapatite by precipitating

Sthe hydroxyapatite from solution;

drying the implant;

sterilizing the implant;

packaging the implant;

removing the implant from the package and then coating the implant with a

therapeutic agent in an aqueous solution to form a coated implant; and

immediately thereafter implanting the implant coated with therapeutic agent;

wherein the therapeutic agent is OP-1 protein.

The present invention also provides a method for providing a therapeutic agent to

an implant comprising:

providing an implant having a dry coating of crystalline calcium phosphate

minerals;

packaging the implant;

sterilizing the implant;

removing the implant from the package; and

coating the crystalline calcium phosphate implant after removing it from the

package with an aqueous mixture of a therapeutic agent comprising OP-I protein by

adding the mixture to the dried coating drop wise to form a coated implant; and

immediately implanting the implant coated with the solution of the therapeutic

agent.

Alternatively, the antibiotic solution or suspension can be incorporated into the

dried coating prior to packaging. The surgeon can then use the as supplied implant or add

an additional coating of antibiotic to the HA antibiotic coated portion of the implant.

W TFil. 6969092696909_ O ,O_26 0 d7
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When applied in the operating room, the therapeutic solution may be pipetted into

Sthe calcium phosphate surface. The implant is then implanted in its wetted state.

SAlternately, the method for providing a therapeutic agent to an implant site includes

providing the packaged implant coated with crystalline calcium phosphate or crystalline
00

C' 5 hydroxyapatite and the therapeutic agent by the same process as described above prior to

packaging. If done in the operating room immediately prior to implantation, the calcium

Sphosphate or hydroxyapatite coated implant is removed from the package and coated with

an aqueous solution containing the therapeutic agent such as an antibiotic or a bone

Smorphogenic protein. This can be done by immersing the calcium phosphate or

hydroxyapatite coated implant into an aqueous solution of a therapeutic agent such as, for

C example, an antibiotic or bone growth stimulator such as bone morphogenic protein.

Alternately, the aqueous solution may be pipetted or even poured over the surface. The

implant may be either implanted in the bone canal in its wet condition or allowed to dry in

air prior to implantation. The therapeutic agents, such as an antibiotic, may be either

dissolved in the water to form the aqueous solution or may be suspended in the water to

form the aqueous mixture that is placed on the calcium phosphate hydroxyapatite coating.

Useful antibiotics for use in this method are cefamandole, tobramycin, vancomycin,

penicillin, cephalosporin C, cephalexin, cefaclor, cefamandole, ciprofloxacin and

bisphosphonates.

Throughout the description and claims of the specification the word "comprise" and

variations of the word, such as "comprising" and "comprises" is not intended to exclude

other additives, components, integers or steps.

A reference herein to a patent document or other matter which is given as prior art

is not to be taken as an admission that that document or matter was known or that the

information it contains was part of the common general knowledge as at the priority date

of any of the claims.

W Filcsn69909909_909pic _2607 doc
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

While a single layer of calcium phosphate may be applied the preferred method

involves applying at least two layers of calcium phosphate to a metallic prosthesis. The first

layer is of very small crystals achieved by providing conditions which result in a high density

of heterogeneous nucleation sites, so that there is a large number of hydroxyapatite nucleation

sites on the substrate. This is preferably followed by at least one additional coating under

conditions that provide for a lower level of nucleation modulated crystal growth, so as to

produce substantially larger crystals. Desirably, one or more additional coating layers are

provided, where the conditions are the same or at even lower levels of nucleation than the

second coating to produce larger size crystals as compared to the second coating. Usually,

there will be not more than five coatings, preferably not more than about three coatings.

The first layer will generally be of a thickness in a range of about 0.01 microns to 

microns. The second coating will generally be of a thickness in a range of about 1 micron to

microns, with crystals of a size in the length range of about 0.01 microns to 20 microns.

The third and successive coatings will generally range as to each layer of a thickness in a range

of about 1 micron to 40 microns, preferably about 5 microns to 10 microns, having crystals of a

diameter of about 0.1 to 2 microns, and a length of about 1 to 10 microns, preferably about 0.1

to 1 micron in diameter, and a length of about 2 microns to 7 microns. The total thickness of

the second and succeeding layers will generally be in the range of about 5 microns to 

microns.

The various layers can be achieved, by varying the concentration of the reactants, the

pH, temperature, manner of combining the reactants in the reactor, nature of the liquid flow,

and the like. Preferably, the reactants and substrate will move in relation to one another, so

that the substrate is continuously encountering a specific reaction mixture. Conveniently, the

reaction mixture may be streamed past the substrate, using laminar or turbulent flow,

preferably turbulent flow, either by providing for a tubular reactor with a reaction mixture

which may be recycled and spent ingredients replenished, or by using a mixer, where the

portion of the substrate to be coated is positioned at a site displaced from the center of the

reactor and the reaction mixture continuously agitated with a stream flowing around the walls

or the like. The specific conditions for the reaction mixture are determined by the flow

conditions determined by reactant concentration, geometry of combination, fluid flow regime,
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vessel geometry, and the like. If desired, these conditions can be varied in a manner that

allows the coating to be applied in one step.

To obtain the coating, vitallium (Co-Cr) or titanium implants are carefully cleaned and

optionally passivated and introduced into a stainless steel processing tank comprising a 10% by

weight ammonium acetate solution in deionized water (dh2 The implants are placed

downstream from calcium and phosphate addition ports and rapidly agitated. The stainless

steel tank is covered with a protective lid to reduce evaporative heat loss. When the

ammonium acetate solution has been heated to 80°C, the pH monitored, so that the solution is

maintained at 80 0C and ph 7.4. The coating process is begun when the temperature reached

80.0°C and the solution was at pH 7.4. These conditions were maintained throughout the

coating process.

Addition of the reactants, which preferably are 0.5M calcium acetate and 0.3M

ammonium phosphate monobasic, is then begun at a rate to provide the desired calcium to

phosphate ratio, while maintaining the pH by the addition of concentrated ammonium

hydroxide. The addition is carried out over a period of two to four hours. The addition rate is

varied to produce the desired thickness of coating.

The implant substrate may then be removed, washed and allowed to air dry. It may also

be hot air dried. When the coating process is finished, the coatings are visually inspected for

coating coverage and quality. If coating coverage or quality is unacceptable the coating may

be removed and the process repeated. A description of this process may be found in the article

"A Novel Method For Solution Deposition Of Hydroxyapatite On To Three Dimensionally

Porous Metallic Surfaces: Peri-Apatite HA," Mat. Res. Soc. Symp. Proc. Vol. 599, 2000

Material Research Society.

Once the crystalline coating has been applied to the prosthesis, the prosthesis is air

dried, packaged and sterilized. The sterilized package implant is then ready for use in the

operating room. Since the implant is not pre-coated with an antibiotic or other therapeutic

agent such as Bone Morphogenic protein (BMP), the surgeon can determine at the time of

surgery whether an antibiotic or other agent is needed at all and, if so, what type of antibiotic or

other agent would be best suited. The surgeon then uses the method of the present invention.

Because of the difference in surface area and surface energy between the non-

crystalline plasma calcium phosphate coated implants and the implants in which the
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hydroxyapatite is precipitated from solution, the latter will readily absorb the water and

antibiotic combination mixed by the surgeon at the time of surgery or mixed and applied prior

to packaging. While any antibiotic or therapeutic agent may be used, whether water-soluble or

in a suspension, the following examples illustrate a variety of antibiotics with various zones of

inhibition (in millimeters) for infections indicated.

TABLE I

Antibiotic Salt Zone of Inhibition (mm)

Tobramycin Sulfate 

Vancomycin Hydrochloride 10.5

Penicillin Sodium Salt 28

Penicillin Potassium Salt 29

Penicillin Procaine 26.5

Penicillin Benzathine 22.5

Cephalosporin C Zinc Salt 11.5

Cephalexin Hydrate 19

Cefaclor Monohydrate 20.5

Cefamandole Naftate 

Ciprofloxacin Hydrochloride 15.5

Eleven antibiotics were used to overcome any concerns that there may be ionic

interactions between the various salts (used to stabilize different antibiotics) and the calcium

phosphate coating.

In all the tests, the results show that various antibiotics can be effectively incorporated

into the precipitated crystalline coating and will be released rapidly at effective concentrations.

There appears to be no interaction between the antibiotic salts and hydroxyapatite coatings that

would bind the antibiotic to the coating, thereby preventing release.

The results are clinically significant because the proposed method will allow surgeons

to prepare individual therapies for cultured bacteria at the time of revision or other surgery.

The method does not preclude the use of thermally sensitive antibiotics, as would be the case

when using exothermic bone cement as a carrier.
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EXAMPLE I

1.2 Grams of tobramycin sulfate was dissolved in 12 milliliters of sterile dionized water

(100 mg/ml). Implants in the form of 12 mm diameter test coupons were of titanium that had

been coated with crystalline hydroxyapatite as applied by the method of U.S. Patent

No. 5,164,187 were provided. Ten (10) Itl of solution was pipetted onto the surface of each of

the peripatetic (HA) coated disks and allowed to dry. Application of the liquid antibiotic

solution or suspension can perform via pipetting or using a syringe rather than immersion,

which does not allow the same level of control of the therapeutic dosing. The test coupons

were then placed into a buffered saline at 37°C immediately after the absorption process was

completed. It was determined that all the antibiotic was released into the buffered saline

solution within twenty-four hours of immersion. Additional testing in the form of a modified

Kirby Bauer susceptibility model was performed which showed that the released antibiotic

remained biologically active and thus, was not affected by the absorption into the

hydroxyapatite structure. In the well-known Kirby Bauer Susceptibility Model test organisms

were propagated and handled in accordance with ATCC recommendations for broth media,

agar, and incubation specifications. Staphylococcus aureus (ATCC strain #6538) was prepared

by inoculating trypticase soy broth TSB and incubating at 37°C for 24 hr. Microbial

suspensions were adjusted to an absorbency of 0.325 using a spectrophotometer (wavelength 

475nm) and swabbed onto Mueller-Hinton agar plates. Each seeded plate was challenged with

both an antibiotic containing HA disk and a non-antibiotic containing HA disk, which served

as a control. Samples were tested in duplicate two plates per organism). Following

incubation for 24 hr. at 37°C, the plates were examined for zones of inhibition around the

disks. The zone of inhibition is defined as the distance between the test disk and the edge of

bacterial growth. It is common for a hazy, or "ghost" zone to exist between the areas of

complete inhibition and full bacterial growth. This "ghost" zone is the result of partial

inhibition and is not included in the measurement of the zone of inhibition. As a comparison,

untreated test coupons coated with hydroxyapatite but not immersed in the antibiotic solution

exhibited no antibacterial properties.

While the therapeutic solution was pipetted onto the surface the test coupon could have

just as easily been applied by a syringe or immersed in the solution. If necessary, a series of
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applications of the therapeutic agents/drying can be done to increase the concentration of the

agents.

Although the invention herein has been described with reference to particular

embodiments, it is to be understood that these embodiments are merely illustrative of the

principles and applications of the present invention. It is therefore to be understood that

numerous modifications may be made to the illustrative embodiments and that other

arrangements may be devised without departing from the spirit and scope of the present

invention as defined by the appended claims.



STHE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
O

1. A method of applying a coating having a therapeutic agent to an implant

comprising:
00

coating a bone implant with a layer of crystalline hydroxyapatite by precipitating

the hydroxyapatite from solution;

Sdrying the implant;

sterilizing the implant;

packaging the implant;

removing the implant from the package and then coating the implant with a
therapeutic agent in an aqueous solution to form a coated implant; and

immediately thereafter implanting the implant coated with therapeutic agent;

wherein the therapeutic agent is OP-1 protein.

2. The method as set forth in claim 1, wherein the therapeutic agent is dissolved in the

water.

3. The method as set forth in claim 1, wherein the therapeutic agent is suspended in

the water.

4. The method as set forth in claim 1, wherein the therapeutic agent is an antibiotic.

The method as set forth in claim 4, wherein the antibiotic is selected from the group

consisting of Tobramycin, Vancomycin, Penicillin, Cephalosporin C, Cephalexin,

Cefaclor, Cefamandole, Bisphosphonates and Ciprofloxacin and a combination thereof.

6. The method as set forth in claim 1, wherein the implant is immersed in the water

and therapeutic agent to form the coated implant.

7. The method as set forth in claim 1, wherein the water and therapeutic agent are

added to the dried implant drop wise to form the coated implant.

8. The method as set forth in claim 1, wherein the hydroxyapatite coating comprises at

least two layers.

W VFilcs'6969909%909 spoi 260607doc



-11-

9. A method for providing a therapeutic agent to an implant comprising:

Sproviding an implant having a dry coating of crystalline calcium phosphate

Sminerals;

n- packaging the implant;
00
c 5 sterilizing the implant;

removing the implant from the package; and

u coating the crystalline calcium phosphate implant after removing it from the

package with an aqueous mixture of a therapeutic agent comprising OP-1 protein by

Sadding the mixture to the dried coating drop wise to form a coated implant; and

immediately implanting the implant coated with the solution of the therapeutic

Cagent.

The method as set forth in claim 9, further including implanting the coated implant

in its wetted state.

11. The method as set forth in claim 9 or 10, wherein the therapeutic agent is dissolved

in the water.

12. The method as set forth in claim 9 or 10, wherein the therapeutic agent is

suspended in the water.

13. The method as set forth in claim 9 or 10, wherein the therapeutic agent is an

antibiotic.

14. The method as set forth in claim 13, wherein the antibiotic is selected from the

group consisting of Tobramycin, Vancomycin, Penicillin, Cephalosporin C, Cephalexin,

Cefaclor, Cefamandole and Ciprofloxacin and a combination thereof.

The method as set forth in claim 9, wherein the implant is immersed in the aqueous

solution of a therapeutic agent.

16. The method as set forth in claim 15, wherein the coated implant is allowed to dry

prior to implantation.

W :iles 96909'6909sw is 2ix_607 doc
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17. The method as set forth in claim 16, wherein the coating of crystalline calcium
O

Sphosphate has more than one layer.

n 18. An implant coated by a therapeutic agent by a method according to any one of
O
0 5 claims 1 and 9.

19. A method of treating a bone injury or illness using an implant coated with a
00

therapeutic agent by a method according to any one of claims 1 and 9.

N 10 20. A method according to claim 1, substantially as hereinbefore described and with

reference to the Example.

W Filc b969W 96909_specie_26007 do
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