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IMPLANT SURFACE WITH INCREASED HYDROPHILICITY

FIELD OF THE INVENTION

[001] This invention relates generally to implants and, in particular, to a dental

implant having salt residuals deposited thereon and methods of making the same.

BACKGROUND OF THE INVENTION

[002] It is becoming more common to replace a missing tooth with a prosthetic tooth

that is placed upon and attached to a dental implant. Dental implants are often comprised of

metal and metal alloys, including titanium (Ti) and titanium alloys. The dental implant

serves as an artificial root that integrates with the bone tissue of the mouth below the gingiva.

[003] For the dental implant to function successfully, sufficient osseointegration is

required. In other words, a direct chemical bond between the implant and the bone must be

formed and retained. Osseointegration materials may be incorporated onto the surface of the

implant to help enhance the osseointegration process. Non-limiting examples of

osseointegration materials include calcium phosphate ceramic materials such as

hydroxyapatite, which is particularly chemically stable and osseoconductive.

[004] To provide sufficient long-term behavior of an implant having an

osseointegration compound on the surface, there must be a sufficient bond strength between

the implant and the compound. Moreover, the compound is desirably sufficiently biostable

such that the rate of dissolution of the compound is low.

[005] The present invention is directed to an improved implant having salt residual

deposits deposited on the implant surface for increasing the rate and extent of

osseointegration and methods of forming the same.

SUMMARY OF THE INVENTION

[006] The present invention relates to a method of increasing the hydrophilicity of

an implant to be implanted into living bone. The method comprises the act of depositing

non-toxic salt residuals on the surface of the implant by exposing the surface to a solution

including the non-toxic salts. The method further comprises the act of drying the implant.

[007] According to another process of the present invention, a method of forming an

implant to be implanted into living bone comprises the act of roughening at least a portion of

the implant surface to form a roughened surface. The method further comprises the act of



increasing the hydrophilicity of the roughened surface by depositing non-toxic salt residuals on

the roughened surface by exposing the roughened surface to a solution including the non-toxic

salt.

[008] According to another process of the present invention, a method of forming a

dental implant made of titanium or titanium alloy comprises the act of removing a native oxide

layer from a threaded bottom portion of the dental implant. The method further comprises the

act of acid etching the threaded bottom portion to form a roughened surface having an array of

microscale irregularities having peak-to-valley heights not greater than about 20 microns. The

method further comprises the act of depositing discrete hydroxyapatite nanocrystals on the

roughened surface by exposure to a solution comprising 2-methoxyethanol solvent and the

hydroxyapatite nanocrystals. The method further comprises the act of depositing salt residuals

on the roughened surface by exposure to a solution comprising non-toxic salts. The salt

residuals increase the hydrophilicity of the implant surface.

[009] According to one embodiment of the present invention, a dental implant

comprises a head portion having a non-rotational feature. The dental implant further comprises

a lowermost end opposing the head portion. The dental implant further comprises a threaded

bottom portion for engaging bone between the head portion and the lowermost end. The

threaded bottom portion has a roughened surface with an array of microscale irregularities

having peak-to-valley heights not greater than about 20 microns. The threaded bottom portion

further includes discrete nanoparticles located on the roughened surface. The nanoparticles

include hydroxyapatite nanocrystals. The threaded bottom portion further includes salt

residuals deposited thereon.

[0010] According to another process of the present invention, a method of increasing

the hydrophilicity of an implant to be implanted into living bone comprises the act of

depositing non-toxic salt residuals on the surface of the implant by immersing at least a portion

of the implant in a solution including sodium chloride, potassium chloride, calcium chloride,

sodium lactate, or combinations thereof. The method further comprises the act of drying the

implant. The contact angle formed by a deionized water droplet on the surface of the implant

ranges from about 5° to about 65°.

[0011] According to another process of the present invention, a method of forming an

implant to be implanted into living bone is disclosed. The method comprises the act of grit

blasting at least a portion of the implant surface with a grit blast media. The method further

comprises the act of removing residual grit blast media. The method further comprises the act



of roughening the grit blasted portion of the implant surface to form a roughened surface. The

method further comprises the act of depositing discrete hydroxyapatite nanocrystals on the

roughened surface. The method further comprises the act of optionally increasing the

hydrophilicity of the roughened surface by depositing non-toxic salt residuals on the roughened

surface by exposing the roughened surface to a solution including the non-toxic salt.

[0012] The above summary of the present invention is not intended to represent each

embodiment, or every aspect, of the present invention. This is the purpose of the figures and

the detailed description which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other advantages of the invention will become apparent upon

reading the following detailed description and upon reference to the drawings.

[0014] FIG. 1 is a side view of an implant according to one embodiment.

[0015] FIGs. 2a, 2b, and 2c, are a side view, an insertion end view, and a gingival end

view, respectively, of an implant according to a second embodiment.

[0016] FIGs. 3a, 3b, and 3c, are a side view, an insertion end view, and a gingival end

view, respectively, of an implant according to a third embodiment.

[0017] FIGs. 4a and 4b are a side view, an end view, and a cross-sectional view,

respectively, of an implant according to a fourth embodiment.

[0018] FIGs. 5-6 are flow diagrams detailing methods of forming an implant according

to embodiments of the present invention.

[0019] FIG. 7 is a side view of the implant of FIG. 1 with a roughened outer surface.

[0020] FIGs. 8a-c are flow diagrams detailing methods of forming an implant

according to other embodiments of the present invention.

[0021] FIG. 9a is a field emission scanning electron microscope (FESEM) image

showing a machined titanium alloy disk at 1OkX.

[0022] FIG. 9b is an FESEM image showing a machined titanium alloy disk at 1OkX

after being soaked in physiological saline solution.

[0023] FIG. 9c is an FESEM image showing a machined titanium alloy disk at 1OkX

after being soaked in lactated Ringer's solution.

[0024] FIG. 10a is an FESEM image showing a dual acid etched titanium alloy disk at

1OkX.



[0025] FIG. 10b is an FESEM image showing a dual acid etched titanium alloy disk at

lOkX after being soaked in physiological saline solution.

[0026] FIG. 10c is an FESEM image showing a dual acid etched titanium alloy disk at

1OkX after being soaked in lactated Ringer's solution.

[0027] FIG. 11a is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX.

[0028] FIG. 1Ib is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in physiological

saline solution.

[0029] FIG. l i e is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in lactated

Ringer's solution.

[0030] FIG. 12a is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in a 0.03 w/w %

potassium chloride solution.

[0031] FIG. 12b is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in a 0.3 w/w %

potassium chloride solution.

[0032] FIG. 12c is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in a 0.02 w/w %

calcium chloride solution.

[0033] FIG. 12d is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in a 0.2 w/w %

calcium chloride solution.

[0034] FIG. 12e is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in a 0.3 w/w %

sodium lactate solution.

[0035] FIG. 12f is an FESEM image showing a dual acid etched titanium alloy disk at

1OkX having hydroxyapatite particles deposited thereon after being soaked in a 3.0 w/w %

sodium lactate solution.

[0036] FIG. 13a is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in physiological

saline solution.



[0037] FIG. 13b is an FESEM image showing the disk of FIG. 13a after being rinsed in

deionized water and oven dried.

[0038] FIG. 14a is an FESEM image showing a dual acid etched titanium alloy disk

having hydroxyapatite particles deposited thereon at 1OkX after being soaked in lactated

Ringer's solution.

[0039] FIG. 14b is an FESEM image showing the disk of FIG. 14a after being rinsed in

deionized water and oven dried.

DETAILED DESCRIPTION

[0040] The present invention is directed to implants having salt residuals deposited

thereon and methods of making the same. The salt residuals have been shown to increase the

hydrophilicity (i.e., wettability) of the implant surface, thereby assisting in increasing the rate

and extent of osseointegration with bone. An implant in the context of the present invention

means a device intended to be placed within a human body such as to connect skeletal

structures (e.g., a hip implant) or to serve as a fixture for a body part (e.g., a fixture for an

artificial tooth). Although the remainder of this application is directed to a dental implant, it is

contemplated that the present invention may also be applied to other (e.g., medical) implants.

[0041] FIG. 1 shows a standard dental implant 10 that includes an head portion 12, a

lowermost end 14, and a threaded bottom portion 16. The implant 10 may, for example, be

made of titanium, tantalum, cobalt, chromium, stainless steel, or alloys thereof. It is

contemplated that other materials such as ceramics or ceramic-titanium combinations may also

be used. FIGs. 2a-c, 3a-c, and 4a-b, which are discussed below, describe alternative implant

designs that may also be used with the present invention.

[0042] In the implant 10 of FIG. 1, the head portion 12 includes a non-rotational

feature. In the embodiment shown, the non-rotational feature includes a polygonal boss 20 that

may be engageable with a tool that screws the implant 10 into bone tissue. In the illustrated

embodiment, the polygonal boss 20 is hexagonal. The polygonal boss 20 may also be used for

non-rotationally engaging a correspondingly shaped socket on a restorative or prosthetic

component that is attached to the implant 10.

[0043] The exterior of the threaded bottom portion 16 facilitates bonding with bone or

gingiva. The threaded bottom section 16 includes a thread 18 that makes a plurality of turns

around the implant 10. The threaded bottom portion 16 may further include a self-tapping

region with incremental cutting edges 17 that allows the implant 10 to be installed without the



need for a bone tap. Examples of incremental cutting edges 17 are described in detail in U.S.

Pat. No. 5,727,943, entitled "Self-Tapping, Screw-Type Dental Implant," which is

incorporated by reference in its entirety.

[0044] FIGs. 2a-c disclose an implant 36 that differs from the implant 10 of FIG. 1 in

the details of the cutting edges 17' and the contours of the threads defining the exterior of the

threaded bottom portion 16'. When viewed in the cross-section (see FIG. Ib), the threaded

outer surface 16' is non-circular in the region of the threads and/or the troughs between the

threads. This type of thread structure is described in detail in U.S. Pat. No. 5,902,109, entitled

"Reduced Friction, Screw-Type Dental Implant," which is incorporated by reference in its

entirety. One or more non-rotational features may also be present on the interior bore of the

implant.

[0045] In FIGs. 3a-c, an implant 4 1 having a wide diameter in the region of the

threaded bottom portion 42 is illustrated. The diameter is in the range of from about 4.5 mm to

about 6.0 mm with the diameter of 5.0 mm being a fairly common dimension for a wide

diameter implant. Such an implant 4 1 is useful to engage one or both cortical bones to provide

enhanced stability, especially during the period of time after installation.

[0046] FIGs. 4a-b illustrate an implant 110 according to another embodiment that may

be used with the present invention. The implant 110 includes an elongtaed middle section 114

designed to extend through the gingiva. Preferably, it is a smooth surface that includes a

titanium nitride coating so the underlying titanium or titanium alloy is not readily seen through

the gingiva. The implant 110 also includes a threaded portion 120 that may include various

thread structures and is preferably roughened to increase the osseointegration process. It is

contemplated that implants other than those illustrated in FIGs. 1-4 may be used with the

present invention.

[0047] According to the present invention, a controlled deposition of salt residuals

overlies at least a portion (e.g., the threaded bottom portion) of the surface of an implant.

Referring now to FIG. 5, a general method of forming an implant according to one

embodiment of the present invention is illustrated. An implant comprised of titanium, a

titanium alloy (e.g., titanium 6AL-4V ELI alloy), stainless steel, ceramic, or the like is

provided at step s200. In this embodiment, the implant is machined, and its final surface

configuration is generally smooth. At step s202, the implant is immersed in a solution

including a specific chemistry of non-toxic salts. The implant is then dried at step s206.

Following the process of FIG. 5, the treated implant includes a controlled salt residual on its



surface, which generally increases the hydrophilicity of the implant surface. The increased

hydrophilicity should increase the rate and extent of osseointegration.

[0048] Turning now to FIG. 6, another general method of depositing salt residuals onto

the surface of an implant is set forth according to another embodiment of the present invention.

At step s250, an implant is provided. At least a portion of the implant surface is roughened at

step s252. As an example, FIG. 7 shows the implant 10 of FIG. 1 having a roughened surface

40. Salt residuals are then deposited onto the roughened surface of the implant at step s254.

The implant may then be dried at step s256.

[0049] Referring to FIG. 8a, another method of forming an implant is shown. At step

s280, an implant is provided. At least a portion of the implant surface is roughened at step

s282. Discrete particles (e.g., nanoparticles) comprising a material promoting osseointegration

are then deposited on the roughened surface of the implant at step s284. Salt residuals are then

deposited onto the roughened surface of the implant at step s286. The implant is then dried at

step s288

[0050] Referring to FIG. 8b, a more detailed method of depositing salt residuals onto

the surface of a dental implant is illustrated according to another embodiment of the present

invention. A threaded dental implant comprised of titanium, a titanium alloy (e.g., titanium

6AL-4V ELI alloy), stainless steel, or the like is provided at step s300. The surface of the

dental implant is generally clean and dry. A threaded bottom portion of the implant is etched

to remove a native oxide layer from the implant surface at step s301. The native oxide layer

may be removed by a first acid solution, which may include aqueous hydrofluoric acid. The

threaded bottom portion is then acid etched a second time to form a roughened surface at step

s302. The acid etching step may include a mixture of sulfuric and hydrochloric acids. The

roughened surface forms a substantially uniform array of microscale irregularities for

enhancing the integration of the implant with bone or other biological interfaces.

"Microscale," as used herein, should be understood to describe an article or feature generally

measured in microns such as, for example, 1 micron to 100 microns. The irregularities may

include microscale cone-shaped elements and generally have peak-to-valley heights not greater

than about 20 microns and are preferably about 1 micron to about 10 microns. This type of

roughening method utilized on commercially pure (CP) titanium is described in detail in U.S.

Pat. No. 5,876,453 entitled "Implant Surface Preparation," which is incorporated by reference

in its entirety. An additional roughening method utilized on Titanium 6AL-4V ELI alloy is

described in detail in U.S. Pat. App. Pub. No. 2004/0265780 entitled "Surface Treatment



Process for Implants Made of Titanium Alloy," which is also incorporated by reference in its

entirety. It is contemplated that other surface roughening techniques including, but not limited

to, grit blasting and titanium plasma spray may be used. After these acid-etching steps, the

implant may then be rinsed in hot deionized water (e.g., 7 O0C to 1000C) to remove any acid

residuals and to potentially enhance titanium hydroxide groups on the surface at step s304.

[0051] Discrete nanoparticles comprising a material promoting osseointegration are

then deposited on the roughened surface of the implant at step s306. In one embodiment, the

nanoparticles include hydroxyapatite (HA) nanocrystals. The HA nanocrystals may be on the

order of about 20 nanometers to about 100 nanometers. The discrete HA nanocrystals may be

deposited onto the roughened surface by exposing the implant to a solution comprising 2-

methoxyethanol solvent and HA nanocrystals. This type of deposition process is described in

U.S. Pat. App. Pub. Nos. 2007/01 10890 and 2007/01 12353, which have been incorporated by

reference herein in their entireties.

[0052] Salt residuals are then deposited onto the surface of the implant at step s310.

The salt residuals may include, but are not limited to, sodium chloride, potassium chloride,

calcium chloride, and sodium lactate. The salt residuals may be introduced onto the surface of

the implant by dipping or immersing the implant in a non-toxic salt solution. The non-toxic

salt solution may, for example, be physiological saline solution or lactated Ringer's solution.

The implant is then dried at step s314. The drying process may be conducted at ambient

temperatures or at elevated temperatures. Additional acts may then be performed including,

but not limited to, sterilization (e.g., gamma sterilization) and packaging.

[0053] According to another method of the present invention, salt residuals are

deposited onto an implant surface having nanoparticles of a material promoting

osseointegration (e.g., HA nanocrystals) deposited thereon, where the nanoparticles were

deposited on the implant surface without first roughening the surface of the implant.

[0054] Referring to FIG. 8c, a method of forming a dental implant is illustrated

according to another embodiment of the present invention. A dental implant comprised of

titanium, a titanium alloy (e.g., titanium 6AL-4V ELI alloy), stainless steel, or the like is

provided at step s400. At least a portion of the implant surface is then grit blasted to remove

surface oxides and/or contamination at step s402. Blast media used in step s402 may include a

resorbable blast media including, but not limited to, calcium phosphate. The overall surface

topography of the resulting grit blasted implant surface generally includes peak-to-valley



heights of about 10 microns or less. The grit blasting step s402 also assists in removing a

native oxide layer from the implant surface.

[0055] Blast media residuals are then removed from the implant surface at step s404.

The blast media residuals may be removed by, for example, exposing the implant to an acid

(e.g., nitric acid) or acid solution.

[0056] At optional step s406, the implant surface is exposed to a first acid solution,

which may include hydrofluoric acid, to prepare the implant for micron-scale etching (i.e., step

s408). The first acid solution assists in cleaning the grit blasted implant surface and

smoothening irregularities (e.g., from the implant machining process) thereon. The first acid

solution also assists in removing any native oxide that may have reformed on the implant

surface. It has been found that step s406 may be desirable for implants made of commercially

pure (CP) titanium and may be eliminated for implants made of titanium alloy (e.g., titanium

6AL-4V ELI).

[0057] At step s408, The implant surface is then acid etched in a second acid solution

to form a roughened surface including a substantially uniform array of microscale irregularities

for enhancing the integration of the implant with bone or other biological interfaces. The acid

etching step s408 imparts a separate micron level topography including average peak-to-peak

distances of about 1 micron to about 3 microns. As described above with respect to step s302

of FIG. 8b, the acid etching step s408 may include a mixture of sulfuric and hydrochloric

acids.

[0058] As described above with respect to step s306 of FIG. 8b, discrete nanoparticles

comprising a material promoting osseointegration (e.g., hydroxyapatite) may then be deposited

on the roughened implant surface at step s410. The nanoparticles generally range in size from

about 1 nanometer to about 100 nanometers and are applied over about 25% to about 75% of

the implant surface, without an intermediate layer. As described above with respect to step

s310 of FIG. 8b, saline salt residuals (e.g., sodium lactate) may then be deposited, as a thin

layer or as discrete residuals, onto the implant surface at optional step s412.

[0059] The implant surface may be characterized utilizing Field Emission Scanning

Electron microscopy (FESEM). Depending upon the resolution of the instrument, the surface

of the implant may typically be witnessed at magnifications of 1OkX of greater. In the

examples provided below, the SEM model was the JSM 6460LV (JEOL USA Inc., Peabody,

MA), and the images were taken at 1OkX magnification.



[0060] The changes in the surface chemistry of the implants may be analyzed by

electron dispersion spectroscopy (EDS). In the examples below, an Oxford Instruments EDS

(Oxfordshire, United Kingdom) was used. Additionally, the data provided in the tables of the

examples below was obtained by analyzing and averaging two 100 x 200 micron spots of the

respective titanium 6AL-4V ELI alloy disks.

[0061] The effect of the salt residuals on the hydrophilicty of the implants may be

verified by measuring contact angles. The contact angle is a quantitative measure of the spread

of a droplet on the surface, and is subsequently a measurement of its hydrophilicity. A smaller

contact angle represents a more hydrophilic surface. In the examples below, a deionized water

drop was injected onto the disk surfaces. The reaction of the droplet with the surface was

recorded via imaging. During review of the imaging, the contact angle of the water on the disk

surface was measured. The instrument used to measure the contact angles was an MD-OCA

contact angle meter (Future Scientific, New York, New York) using SCA20 software

(DataPhysics, Germany).

Example 1

[0062] Fifteen titanium 6AL-4V ELI alloy disks were machined using typical turning

techniques. After machining, the disks were cleaned with an aqueous detergent including

ultraonics to remove residual machining fluid. The disks were then rinsed thoroughly with

deionized water and oven dried.

[0063] The fifteen titanium 6AL-4V ELI alloy disks were then separated into three

groups. Group 1 included five disks and was utilized as a control group. Group 2 included

five disks that were immersed in physiological saline solution (about 0.9 w/w% NaCl). After

being soaked in the physiological saline solution for about five minutes, the disks were oven

dried utilizing a forced convection oven at a temperature of about 100° C. Group 3 included

five disks that were immersed in lactated Ringer's solution (about 0.6 w/w% NaCl, about 0.3

w/w% C5H5NaO 3, about 0.03 w/w% KCl, and about 0.02 w/w% CaCl2) . After being soaked in

the lactated Ringer's solution for about five minutes, the disks were oven dried utilizing a

forced convection oven at 100° C. The disks were then packaged in polyethylene zip-lock type

bags.

[0064] One disk from each of the three groups was then analyzed using EDS to

determine changes in the surface chemistry. The results are summarized in Table 1 below.

Table 1



[0065] As shown in Table 1, the surface of the disk of the control group (Group 1) did

not include any salt residuals, while the surfaces of the disks of Groups 2 and 3 included salt

residuals. More specifically, the surface of the disk that was immersed in physiological saline

solution (Group 2) included 5.67 w/w% sodium and 5.95 w/w % chloride (total: 11.62 w/w%

salts). The surface of the disk that was immersed in lactated Ringer's solution (Group 3)

included 14.86 w/w % oxygen, 11.79 w/w % carbon, 12.94 w/w % sodium, 13.48 w/w %

chloride, and 0.305 w/w % potassium (total: 53.375 w/w%).

[0066] The same disks were then imaged using an FESEM to show the variations in the

surface chemistry of the various disks. FIG. 9a shows the disk from the control group (Group

1), FIG. 9b shows the disk that was immersed in physiological saline solution (Group 2), and

FIG. 9c shows the disk that was immersed in lactated Ringer's solution (Group 3).

[0067] Contact angles were then measured on each side of four disks from each group.

The results are included in Table 2 below.

Table 2



SD 3.9 8.2 9.2

[0068] As shown in Table 2, the disks having salts deposited thereon - those of Groups

2 and 3 - had the lowest contact angles (69.9° and 30.0°, respectively) and thus, were the most

hydrophilic. Furthermore, the disks of Group 3, which were immersed in lactated Ringer's

solution, were determined to be considerably more hydrophilic than the disks of Group 2,

which were immersed in physiological saline solution. The disks of the control group, Group

1, which did not have any salt residuals deposited thereon, had the highest contact angles and,

thus, were the least hydrophilic.

Example 2

[0069] Fifteen titanium 6AL-4V ELI alloy disks were machined using typical turning

techniques. After machining, the disks were cleaned with an aqueous detergent including

ultraonics to remove residual machining fluid. The disks were then rinsed thoroughly with

deionized water and oven dried. After oven drying, the disks were roughened using a dual acid

etching process, described in U.S. Pat. App. Pub. No. 2004/0265780, which has been

incorporated by reference herein, to produce an Osseotite® surface. The roughening process

resulted in irregularities having peak-to-valley heights of no more than 10 microns. The disks

were then oven dried.

[0070] The fifteen Osseotite® titanium 6AL-4V ELI alloy disks were then separated

into three groups. Group 1 included five disks and was utilized as a control group. Group 2

included five disks that were immersed in physiological saline solution for about five minutes

and then oven dried utilizing a forced convection oven at a temperature of 100° C. Group 3

included five disks that were immersed in lactated Ringer's solution for about five minutes and

then oven dried utilizing a forced convection oven at 100° C. The disks were then packaged in

polyethylene zip-lock type bags.

[0071] One disk from each of the three groups was then analyzed using EDS to

determine changes in the surface chemistry. The results are summarized in Table 3 below.

Table 3



[0072] As shown in Table 3, the surface of the disk of the control group, Group 1, did

not include any salt residuals, while the surfaces of the disks of Groups 2 and 3 did include salt

residuals. More specifically, the surface of the disk that was immersed in physiological saline

solution (Group 2) included 11.87 w/w% sodium, and 14.02 w/w % chloride (total: 25.89

w/w% salts). The surface of the disk that was immersed in lactated Ringer's solution (Group

3) included 10.86 w/w % oxygen, 8.1 w/w % carbon, 10.36 w/w % sodium and 10.99 w/w %

chloride (total: 40.31 w/w%).

[0073] The same disks analyzed in Table 3 were then imaged using an FESEM to show

the variations in the surface chemistry of the various disks. FIG. 10a shows the disk from the

control group (Group 1), FIG. 10b shows the disk that was immersed in physiological saline

solution (Group 2), and FIG. 10c shows the disk that was immersed in lactated Ringer's

solution (Group 3).

[0074] Contact angles were then measured on each side of four disks from each group.

The results are included in Table 4 below.

Table 4

[0075] The results of Table 4 were consistent with the data of Table 2 of Example 1

above. Specifically, the disks having salts deposited thereon - those of Groups 2 and 3 - had

the lowest contact angles and, thus, were the most hydrophilic. Furthermore, the disks of



Group 3, which were immersed in lactated Ringer's solution, were determined to be

considerably more hydrophilic than the disks of Group 2, which were immersed in

physiological saline solution. The disks of the control group, Group 1, which did not have any

salt residuals deposited thereon, had the highest contact angles and, thus, were the least

hydrophilic.

[0076] Furthermore, comparing the contact angle measurements of Table 4 to those in

Table 2 of Example 1 above shows that the contact angles of the disks that were roughened

prior to immersion in the salt solution (i.e., those of Example 2) had generally lower contact

angles and were, thus, more hydrophilic than the disks that were not roughened (i.e., those of

Example 1).

Example 3

[0077] Fifteen titanium 6AL-4V ELI alloy disks were machined using typical turning

techniques. After machining, the disks were cleaned with an aqueous detergent including

ultraonics to remove residual machining fluid. The disks were then rinsed thoroughly with

deionized water and oven dried. After oven drying, the disks were roughened using the dual

acid-etched process described in U.S. Pat. App. Pub. No. 2004/0265780, which has been

incorporated by reference herein. Discrete crystals of hydroxyapatite were then deposited on

the roughened surfaces of the disks using the process described in U.S. Pat. App. Pub. Nos.

2007/01 10890 and 2007/01 12353, which have been incorporated by reference herein, to

produce a Biomet 3i NanoTite™ surface. The disks were then oven dried.

[0078] The fifteen Biomet 3i NanoTite™ titanium 6AL-4V ELI alloy disks were then

separated into three groups. Group 1 included five disks and was utilized as a control group.

Group 2 included five disks that were immersed in physiological saline solution for about five

minutes and then oven dried utilizing a forced convection oven at a temperature of 100° C.

Group 3 included five disks that were immersed in lactated Ringer's solution for about five

minutes and then oven dried utilizing a forced convection oven at 100° C. The disks were then

packaged in polyethylene zip-lock type bags.

[0079] One disk from each of the three groups was then analyzed using EDS to

determine changes in the surface chemistry. The results are summarized in Table 5 below.



Table 5

[0080] As shown in Table 5, the surface of the disk of the control group (Group 1) did

not include any salt residuals (except calcium and phosphate, which resulted from the

deposition of discrete hydroxyapatite crystals), while the surfaces of the disks of Groups 2 and

3 included salt residuals. More specifically, the surface of the disk that was immersed in

physiological saline solution (Group 2) included 4.24 w/w% sodium and 4.32 w/w % chloride

(total: 8.56 w/w% sodium and chloride salts) that were not included in the control group

(Group 1). The surface of the disk that was immersed in lactated Ringer's solution (Group 3)

included 4.17 w/w % sodium, 2.90 w/w % chloride, and 0.41 w/w % potassium (total: 7.48

w/w% sodium, chloride, and potassium salts) that were not included in the control group

(Group 1). Group 3 also included 15.67 w/w % oxygen and 5.80 w/w % carbon, which are

directly related to the lactate salt (NaCsHsOs).

[0081] The same disks were then imaged using an FESEM to show the variations in the

surface chemistry of the various disks. FIG. 1Ia shows the disk from the control group (Group

1), FIG. 1Ib shows the disk that was immersed in physiological saline solution (Group 2), and

FIG. lie shows the disk that was immersed in lactated Ringer's solution (Group 3).

[0082] Contact angles were then measured on each side of four disks from each group.

The results of this testing are included in Table 6 below.



Table 6

[0083] The results of Table 6 were consistent with the data of Tables 2 and 4 of

Example 1 and 2, respectively, above. Specifically, the disks having salts deposited thereon -

those of Groups 2 and 3 - had the lowest contact angles and, thus, were the most hydrophilic.

Furthermore, consistent with the data of Table 4 above, the disks that were immersed in

lactated Ringer's solution (Group 3) were determined to be considerably more hydrophilic than

the disks that were immersed in physiological saline solution (Group 2). The disks that did not

have any salt residuals deposited thereon (Group 1) had the highest contact angles and, thus,

were the least hydrophilic.

[0084] The contact angles and the corresponding hydrophilicity of the disks of Groups

2 and 3 of the present example (having Biomet 3i NanoTite™ surfaces) are comparable to

those of the disks of Groups 2 and 3 of Example 2 above (having only Osseotite® surfaces).

Example 4

[0085] Since, as demonstrated in Examples 1-3 above, the lactated Ringer's solution

salt residuals demonstrated a more robust effect on the initial hydrophilicity of the tested disk

surfaces, an experiment was conducted to determine whether all of the constituents of the

lactated Ringer's solution were causing the robust effect on hydrophilicity.

[0086] Thirty-five titanium 6AL-4V ELI alloy disks were machined using typical

turning techniques. After machining, the disks were cleaned with an aqueous detergent

including ultraonics to remove residual machining fluid. The disks were then rinsed

thoroughly with deionized water and oven dried. After oven drying, the disks were roughened

using the dual acid-etched process described in U.S. Pat. App. Pub. No. 2004/0265780, which

has been incorporated by reference herein. Discrete crystals of hydroxyapatite were then



deposited on the roughened surfaces of the disks using the process described in U.S. Pat. App.

Pub. Nos. 2007/01 10890 and 2007/01 12353, which have been incorporated by reference

herein, to produce a Biomet 3i NanoTite™ surface. The disks were then oven dried.

[0087] The thirty-five Biomet 3i NanoTite™ titanium 6AL-4V ELI alloy disks were

then separated into seven groups that included various concentrations of the components of

lactated Ringer's solution. Group 1 included five disks and was utilized as a control group.

Group 2 included five disks that were immersed in a solution of about 0.03 w/w% potassium

chloride (KCl). Group 3 included five disks that were immersed in a solution of about 0.3

w/w% potassium chloride (KCl). Group 4 included five disks that were immersed in a solution

of about 0.02 w/w% calcium chloride (CaCl ) . Group 5 included five disks that were

immersed in a solution of about 0.2 w/w% calcium chloride (CaCl ) . Group 6 included five

disks that were immersed in a solution of about 0.3 w/w% sodium lactate (CsHsNaOs). Group

7 included five disks that were immersed in a solution of about 3.0 w/w% sodium lactate

(CsHsNaOs). After each group of disks was soaked in its respective solution for about five

minutes, the disks were oven dried utilizing a forced convection oven at 100° C. The disks

were then packaged in polyethylene zip-lock type bags.

[0088] One disk from each of the seven groups was then analyzed using EDS to

determine changes in the surface chemistry. The results are summarized in Table 7 below.

Table 7

[0089] The same disks were then imaged using an FESEM to show the variations in the

surface chemistry of the various disks. FIG. 11a shows the disk from the control group (Group

1), FIG. 12a shows the disk that was immersed in the solution of about 0.03 w/w% KCl (Group

2), FIG. 12b shows the disk that was immersed in the solution of about 0.3 w/w% KCl (Group



3), FIG. 12c shows the disk that was immersed in the solution of about 0.02 w/w% CaCl

(Group 4), FIG. 12d shows the disk that was immersed in the solution of about 0.2 w/w%

CaCl (Group 5), FIG. 12e shows the disk that was immersed in the solution of about 0.3

w/w% CsHsNaO (Group 6), and FIG. 12f shows the disk that was immersed in the solution of

about 3.0 w/w% C5H5NaO3 (Group 7).

[0090] Contact angles were then measured on each side of four disks from each group.

The results are included in Table 8 below.

Table 8

[0091] As demonstrated in Tables 7 and 8, the results indicated that salt residuals were

deposited on all of the disks and that all of the salt residuals tested increased the initial

hydrophilicity of the dual acid etched (Osseotite®) and discrete crystal deposited (Biomet 3i

NanoTite™) surfaces.

Example 5

[0092] The above-described processes deposited salt residuals on a disk surface. These

salt residuals are intended to be non-toxic and easily absorbed in aqueous media. The

following experiment demonstrates the water soluble nature of the salt residuals.

[0093] Four titanium 6AL-4V ELI alloy disks were machined using typical turning

techniques. The disks were pre-cleaned with an aqueous detergent including ultraonics to

remove residual machining fluid. The disks were then rinsed thoroughly with deionized water

and oven dried. After oven drying, the disks were roughened using the dual acid-etched

process described in U.S. Pat. App. Pub. No. 2004/0265780, which has been incorporated by

reference herein. Discrete crystals of hydroxyapatite were then deposited on the roughened



surfaces of the disks using the process described in U.S. Pat. App. Pub. Nos. 2007/01 10890

and 2007/01 12353, which have been incorporated by reference herein, to produce a Biomet 3i

NanoTite™ surface. The disks were then dried.

[0094] The four titanium 6AL-4V ELI alloy disks were then separated into two groups.

Group 1 included two disks that were immersed in physiological saline for about five minutes

and then oven dried utilizing a forced convection oven at a temperature of 100° C. Group 2

included two disks that were immersed in lactated Ringer's solution for about five minutes and

then oven dried utilizing a forced convection oven at 100° C.

[0095] The disks were then imaged using an FESEM to show the variations in the

surface chemistry of the various disks. FIG. 13a shows the FESEM image of one of the disks

of Group 1, and FIG. 14a shows the FESEM image of one of the disks of Group 2 . EDS was

performed on the surfaces, the results of which are shown in Table 9 below.

[0096] Post analysis, the disks from each group were rinsed for 1 minute in stagnant

deionized water at a pH ranging from about 6 to about 7.5 at a temperature of about 37° C (to

simulate standard human body temperature). After being rinsed, the disks were oven dried in a

forced convection oven set at 100° C and packaged in polyethylene zip-lock type bags.

[0097] The disks were subsequently re-imaged using an FESEM at 1OkX

magnification. FIG. 13b shows the FESEM image of the disk of FIG. 13a (Group 1) post-

rinsing and drying, and FIG. 14b shows the FESEM image of the disk of FIG. 14a (Group 2)

post-rinsing and drying. EDS was also re-performed, the results of which are provided in

Table 9 below.

Table 9



[0098] The qualitative images from the FESEM and quantitative results from the EDS

(see Table 9) indicated that the 1 minute rinse was sufficient to remove the sodium, chloride,

potassium, carbon, and oxygen residuals to typical pre-salt deposition levels. Thus, the salt

residuals were shown to be water soluble and easily absorbed in aqueous media.

Example 6

[0099] The above-described processes deposit non-toxic, soluble salt residues on the

surface. The salt residues have been shown to increase the surface hydrophilicity (wettability).

The following in-vivo experiment utilizing a rat demonstrates the effect of this surface

enhancement and quantifies the strength of the interface between osseointegrated bone and

implants including salt residues.

[00100] Thirty-six tensile strength titanium 6AL-4V ELI implants (6mm x 4mm

x 1.5 mm) were machined using typical turning techniques. After machining, the implants

were cleaned with an aqueous detergent including ultraonics to remove residual machining

fluid. The implants were then rinsed thoroughly with deionized water and oven dried. After

oven drying, the implants were roughened using the dual acid-etched process described in U.S.

Pat. App. Pub. No. 2004/0265780, which has been incorporated by reference herein. Discrete

crystals of hydroxyapatite were then deposited on the roughened surfaces of the implants using

the process described in U.S. Pat. App. Pub. Nos. 2007/01 10890 and 2007/01 12353, which

have been incorporated by reference herein, to produce a Biomet 3i NanoTite™ surface. The

disks were then dried.

[00101] The thirty-six implants were separated into three groups. Group 1

included twelve implants and was utilized as a control group. The implants of Group 1

underwent no further processing, with the exception of packaging in a nylon bag, appropriate

labeling, and sterilizing via gamma irradiation. Group 2 included twelve implants that were

immersed in lactated Ringer's solution and oven dried utilizing a forced convection oven at

1000C. The implants of Group 2 were then packaged in a nylon bag, appropriately labeled, and

sterilized via gamma irradiation. Group 3 included twelve implants that were immersed in a

solution including about 0.2 w/w% CaCl and oven dried utilizing a forced convection oven at

1000C. The implants of Group 3 were then packaged in a nylon bag, appropriately labeled, and

sterilized via gamma irradiation. Lactated Ringer's solution was used to demonstrate the effect

of an organic salt (sodium lactate). 0.2 w/w% CaCl solution was used to demonstrate the



effect of a non-organic salt (calcium chloride). Additionally, the residuals from these salts

exhibited increased surface wettability in the experiments described above.

[00102] The implants were placed antero-posteriorly into the distal metaphyses

of both femora of male Wistar rats for nine days. The femora of the sacrificed animals were

trimmed to the width of the implant and placed in sucrose buffer. The resulting samples

included two cortical arches of bone attached to each implant. For each sample, nylon lines

were passed through the marrow spaces between the implant and each cortical arch, and the

implant was secured in a vice attached to an Instron® Universal Testing System (model 8501),

manufactured by Instron Corporation® (Burlington, Ontario). Each nylon line was then

attached to a frame of the Instron® machine and displaced at a crosshead speed of 30mm/min.

The amount of force required to rupture the sample was recorded. For each implant, two

force/displacement results were generated, one for each femoral arch (medial and lateral).

Thus, since each group included twelve implants, twenty-four force/displacement results were

obtained for each group. The results are summarized in Table 10 below.

Table 10

Group 1 (control) Group 2 -- Lactated Group 3 -
Ringer's solution) 0.2w/w% CaCl:.)

Mean Force (N) 12 .61 14 .73 11.28

Standard Deviation 5 .37 5 .07 6.34

[00103] The implants from all three groups integrated well. This demonstrated

that the addition of the saline residuals had no significant adverse effects on the integration of

the implant with bone. In fact, the data indicated that the implants of Group 2 that were

immersed in lactated Ringer's solution required about 17% more bone removal force as

compared with the control group (p = 0.083).

[00104] This in-vivo experiment demonstrated the safety of depositing saline

residuals on the surface of implants and the potential benefit of select salts on the rate and

extent of osseointegration.

[00105] While the present invention has been generally described relative to the

part of the implant contacting bone tissue, it is contemplated that the acts of etching, acid

etching, roughening, and depositing herein described may be performed on the entire implant.

[00106] While the present invention has been described with reference to one or

more particular embodiments, those skilled in the art will recognize that many changes may be



made thereto without departing from the spirit and scope of the present invention. Each of

these embodiments and obvious variations thereof is contemplated as falling within the spirit

and scope of the claimed invention, which is set forth in the following claims.



WHAT IS CLAIMED IS:

1. A method of increasing the hydrophilicity of an implant to be implanted into

living bone, the method comprising the acts of:

depositing non-toxic salt residuals on the surface of the implant by exposing the

surface to a solution including the non-toxic salts; and

drying the implant.

2 . The method of claim 1, wherein the implant is made of a metal selected from

the group consisting of tantalum, cobalt, chromium, titanium, stainless steel, or alloys thereof.

3 . The method of claim 1, wherein the implant is made from a material including

ceramic.

4 . The method of claim 1, wherein the non-toxic salt is selected from the group

consisting of sodium chloride, potassium chloride, calcium chloride, sodium lactate, and

combinations thereof.

5 . The method of claim 1, wherein the solution is selected from the group

consisting of physiological saline solution and lactated Ringer's solution.

6 . A method of forming an implant to be implanted into living bone, the method

comprising the acts of:

roughening at least a portion of the implant surface to form a roughened surface; and

increasing the hydrophilicity of the roughened surface by depositing non-toxic salt

residuals on the roughened surface by exposing the roughened surface to a solution including

the non-toxic salt.

7 . The method of claim 6, wherein the implant is made of titanium or titanium

alloy and the act of roughening the implant surface comprises:

removing a native oxide layer from the implant surface; and

acid etching the resulting surface.

8. The method of claim 6, wherein the act of roughening the implant surface

creates irregularities having peak-to-valley heights not greater than about 20 microns.

9 . The method of claim 6, wherein the non-toxic salt is selected from the group

consisting of sodium chloride, potassium chloride, calcium chloride, sodium lactate, and

combinations thereof.

10. The method of claim 6, wherein the solution is selected from the group

consisting of physiological saline solution and lactated Ringer's solution.



11. The method of claim 6, further comprising depositing discrete nanoparticles

on the roughened surface by exposing the roughened surface to a solution including the

nanoparticles, the nanoparticles comprising a material having a property that promotes

osseointegration.

12. The method of claim 6, wherein a contact angle formed by a deionized water

droplet on the surface of the implant ranges from about 5° to about 65°.

13. A method of forming a dental implant made of titanium or titanium alloy, the

method comprising the acts of:

removing a native oxide layer from a threaded bottom portion of the dental implant;

acid etching the threaded bottom portion to form a roughened surface having an array

of microscale irregularities having peak-to-valley heights not greater than about 20 microns;

depositing discrete hydroxyapatite nanocrystals on the roughened surface by exposure

to a solution comprising 2-methoxyethanol solvent and the hydroxyapatite nanocrystals; and

depositing salt residuals on the roughened surface by exposure to a solution

comprising non-toxic salts, wherein the salt residuals increase the hydrophilicity of the

implant surface.

14. The method of claim 13, wherein the non-toxic salt is selected from the group

consisting of sodium chloride, potassium chloride, calcium chloride, sodium lactate, and

combinations thereof.

15. The method of claim 13, wherein the solution is selected from the group

consisting of physiological saline solution and lactated Ringer's solution.

16. The method of claim 13, wherein the act of depositing salt residuals further

comprises drying the implant.

17. The method of claim 13, further comprising sterilizing the implant using

gamma sterilization.

18. A dental implant comprising:

a head portion having a non-rotational feature;

a lowermost end opposing the head portion; and

a threaded bottom portion for engaging bone between the head portion and the

lowermost end, the threaded bottom portion having a roughened surface with an array of

microscale irregularities having peak-to-valley heights not greater than about 20 microns, the

threaded bottom portion further including discrete nanoparticles located on the roughened



surface, the nanoparticles including hydroxyapatite nanocrystals, the threaded bottom portion

further including salt residuals deposited thereon.

19. The implant of claim 18, wherein the implant is made of a metal selected from

the group consisting of titanium and titanium alloys.

20. The implant of claim 18, wherein the hydroxyapatite nanocrystals are on the

order of about 20 nanometers to about 100 nanometers.

21. The implant of claim 18, wherein a contact angle formed by a deionized water

droplet on the surface of the implant ranges from about 5° to about 65°.

22. A method of increasing the hydrophilicity of an implant to be implanted into

living bone, the method comprising the acts of:

depositing non-toxic salt residuals on the surface of the implant by immersing at least

a portion of the implant in a solution including sodium chloride, potassium chloride, calcium

chloride, sodium lactate, or combinations thereof; and

drying the implant,

wherein the contact angle formed by a deionized water droplet on the surface of the

implant ranges from about 5° to about 65°.

23. The method of claim 22, wherein the non-toxic salt residual is sodium lactate.

24. The method of claim 23, wherein the solution is physiological saline solution

or lactated Ringer's solution.

25. The method of claim 22 further comprising rinsing the implant prior to the act

of drying the implant.

26. A method of forming an implant to be implanted into living bone, the method

comprising the acts of:

grit blasting at least a portion of the implant surface with a grit blast media;

removing residual grit blast media;

roughening the grit blasted portion of the implant surface to form a roughened

surface;

depositing discrete hydroxyapatite nanocrystals on the roughened surface; and

optionally increasing the hydrophilicity of the roughened surface by depositing non

toxic salt residuals on the roughened surface by exposing the roughened surface to a solution

including the non-toxic salt.

27. The method of claim 26, wherein the grit blast media is a resorbable grit blast

media.



28. The method of claim 27, wherein the resorbable grit blast media includes

calcium phosphate.

29. The method of claim 26, wherein the act of removing residual grit blast media

includes exposing the grit blasted portion of the implant surface to nitric acid.

30. The method of claim 26 further comprising, prior to the act of roughening the

grit blasted portion of the implant surface, exposing the grit blasted portion of the implant

surface to a first acid solution.

31. The method of claim 30, wherein the first acid solution includes hydrofluoric

acid.
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