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(57) ABSTRACT 

A method of treating or preventing infection at a surgical site 
comprising a bony defect and an implanted metal device is 
disclosed. Biodegradable microspheres are placed at the site 
and are capable of near-linear controlled release of an antibi
otic agent for a predetermined period of time. The micro
spheres are configured to be large enough to avoid being 
phagocytosed and removed from the body, and small enough 
in diameter to not physically inhibit bone growth at said bony 
defect site. The microspheres are formed of polylactic-co
glycolic acid (PLGA), with or without polyethylene glycol 
(PEG), and sufficient antibiotic agent to produce bactericidal 
levels in body tissues. The microspheres exhibit near-linear 
delivery of the antibiotic agent for at least 4 weeks at levels 
exceeding the minimum inhibitory concentration (MIC) for 
organisms commonly found to be the cause of infections, and 
facilitate bone ingrowth or regrowth at the site. 

21 Claims, 5 Drawing Sheets 
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ANTIBIOTIC MICROSPHERES FOR 
TREATMENT AND PREVENTION OF 

OS TEO MYELITIS AND ENHANCEMENT OF 
BONE REGROWTH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 10/655,639, filed Sep. 5, 2003, which 
claims priority under 35 U.S.C. §119(e) of U.S. Provisional 
Application No. 60/408,496, filed Sep. 5, 2002 and U.S. 
Provisional Application Ser. No. 60/408,502, filed Sep. 5, 
2002, the disclosures of said applications are hereby incor
porated herein by reference. 

BACKGROUND 

1. Technical Field 
This invention relates generally to micro spheres capable of 

time releasing a drug and, more particularly to microspheres 
for implantation, injection, or other placement totally or par
tially within the body that are capable of near-linear con
trolled release of an antibiotic for an extended period of time, 
and to their methods of use for the treatment, deterrence and 
prevention of infections involving the body. 

2. Description of the Prior Art 
Historically, osteomyelitis treatment has consisted of 

debridement of infected tissues, irrigation with an antiseptic 
solution, and four to six weeks of parenteral antibiotic treat
ment. Due to poor penetration of the antibiotic into the 
infected bone site, high serum concentrations of the antibiotic 
need to be employed for extended periods of time in order to 
produce bactericidal levels within the bone tissue. These high 
serum levels can be associated with nephrotoxicity or ototox
icity, and can cause gastroinstestinal side effects. Due to the 
morbidity associated with high serum levels of antibiotics, 
many local delivery methods have been described including 
bone cement with antibiotics, collagen sponge with gentamy
cin, polymeric carriers with various antibiotics, and calcium 
sulfate carriers of antibiotics. 

The need for a local drug delivery system to deliver anti
biotics directly to the infection site led many physicians to 
mix antibiotics and polymethyl methacrylate (PMMA) bone 
cement into beads and place these beads into the debrided 
bone defect. PMMA has been used very successfully to 
deliver high levels of antibiotics locally without measurable 
systemic levels, but has several drawbacks. PMMA does not 
resorb and therefore a second surgery is required to remove 
the cement, as the cement is not biodegradable and may 
become a nidus for infection. Additionally, the elution of the 
antibiotic is nonlinear and most of the antibiotic mixed into 
the PMMA is permanently trapped in the cement. These 
drawbacks have led many researchers to develop bioresorb
able delivery systems for local administration of antibiotics 
into infected tissue. 

Infection may complicate any surgical treatment. Areas of 
high risk include fractures of bone treated with metal rods, 
plates or external fixators. The risk is particularly high if the 
fracture was open (compound fractures). Other surgical pro
cedures are also at risk including vascular bypass surgery 
with the use of artificial graft material, general surgical pro
cedures such as hernia repair and various procedures per
formed about the uterus and bladder. Once established, these 
infections are typically treated with surgical drainage and 
systemic antibiotics. Just as in the treatment of osteomyelitis, 
the treatment for infection may be prolonged, costly and may 

2 
fail. There exists a need for a safe, effective local antibiotic 
delivery device that will improve healing and prevent com
plications. 

BRIEF SUMMARY 

In accordance with certain embodiments of the invention, 
biodegradable microspheres are implanted, injected, or oth
erwise placed totally or partially within the body, and are 

10 capable of near-linear controlled release of an antibiotic for a 
predetermined period of time for the treatment and prevention 
of infections involving the body. The microspheres are 
formed of polylactic-co-glycolic acid (PLGA) and an effec
tive amount of antibiotic sufficient to produce bactericidal 

15 levels in body tissues, and in some embodiments include 
polyethylene glycol (PEG). The microspheres exhibit near
linear delivery of the antibiotic for at least 4 weeks at levels 
exceeding the minimum inhibitory concentration (MIC) for 
organisms commonly found to be the cause of infections. The 

20 microspheres allow antibiotics to be delivered at the time of 
various surgical treatments to decrease the occurrence of 
infection, and may be used for the treatment of open fractures, 
open reduction and internal fixation with metallic fixation of 
fractures, placement of joint replacement devices, and place-

25 ment of various graft materials used in cardiovascular, gen
eral, gynecologic, and neurosurgical procedures. 

In accordance with certain embodiments, antibiotic micro
spheres are provided for the treatment and prevention of 
infections that are capable of near-linear release of the anti-

30 biotic for an extended period of time, and at levels exceeding 
the minimum inhibitory concentration (MIC) for organisms 
commonly found to be the cause of infection. 

In accordance with certain embodiments, a biodegradable 
microsphere antibiotic delivery system is provided for the 

35 treatment and prevention of infections and osteomyelitis that 
eliminates the need for an additional surgery to remove the 
drug carrier. 

In accordance with certain embodiments of the invention 
antibiotic microspheres for the treatment and prevention of 

40 infections and osteomyelitis are provided that may remain at 
the site of implantation and do not inhibit tissue regeneration. 

Certain embodiments of the invention provide antibiotic 
microspheres for the treatment and prevention of infections 
that deliver antibiotics at the time of various surgical treat-

45 ments to decrease the occurrence of infection. 
Certain embodiments of the invention provide antibiotic 

microspheres for the treatment and prevention of infections 
that can be easily and quickly implanted, injected, or other
wise placed totally or partially within the body at a site of 

50 actual or potential infection. 
Certain embodiments of the invention provide antibiotic 

microspheres for the treatment, deterrence or prevention of 
infections that can be placed at a site of at a site of placement 
of metal rods, plates or metallic fixators, of joint replacement 

55 devices, and of graft materials used in cardiovascular, gen
eral, gynecologic, and neurosurgical procedures. 

In accordance with certain embodiments a method is pro
vided that comprises placing within the body biodegradable 
microspheres that are capable of near-linear controlled 

60 release of an antibiotic for a predetermined period of time for 
the treatment and prevention of infections involving the body. 
In various embodiments the microspheres are implanted, 
injected, or otherwise placed totally or partially within the 
body of an individual to treat or prevent an infection. The 

65 microspheres are formed of polylactic-co-glycolic acid 
(PLGA) and an effective amount of antibiotic sufficient to 
produce bactericidal levels in body tissues. In some embodi-
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men ts the micro spheres are formed of a mixture of PLGA and 
polyethylene glycol (PEG). The microspheres exhibit near
linear delivery of the antibiotic for at least 4 weeks at levels 
exceeding the minimum inhibitory concentration (MIC) for 
organisms commonly found to be the cause ofinfections. The 
microspheres allow antibiotics to be delivered at the time of 
various surgical treatments to decrease the occurrence of 
infection, and may be used for the treatment of open fractures, 
open reduction and internal fixation with metallic fixation of 
fractures, placement of joint replacement devices, and place- 10 

ment of various graft materials used in cardiovascular, gen
eral, gynecologic, and neurosurgical procedures. 

In accordance with certain embodiments of the invention, a 
method of treating or preventing infection of a bony defect in 

15 
the body of a patient is provided that comprises: surgically 
implanting a metal device into the patient at the bony defect 
site; and implanting a multiplicity of micro spheres at the site. 
The microspheres contain an antibiotic agent and have a 
diameter large enough to avoid being phagocytosed and 20 

removed from the body, and are also small enough in diameter 
to not physically inhibit bone growth at the bony defect site. 
In some embodiments, the microspheres are formulated to 
gradually release the antibiotic agent at the bony defect site 
over at least a 4-week period. The method further includes 25 

allowing the microspheres to remain at the implant site to 
deter infection in the bony defect without inhibiting bone 
regrowth in the presence of the implanted metal device at the 
implant site. 

4 
FIG. 9 is a higher magnification microphotograph of 

another section taken from a bony defect/metal implant site of 
a rabbit treated in accordance with an embodiment of the 
invention. This section was stained with methylene blue and 
basic fuchsin ( similar to an H&E stain), and was negative for 
bacterial growth. The bony ingrowth and the presence of 
microspheres ( clear bubbles indicated by white arrows) 
inside the tantalum implant (black), are shown. In this image, 
bone is occupying 100% of the available space, the implant 
takes up 7.771 % of this image, and the microspheres take up 
32.924% of this image. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The microspheres containing the antibiotic substance 
according to the present invention can be made of varying 
amounts of polylactic-co-glycolic acid (PLGA) with or with
out polyethylene glycol (PEG), and an effective cepha
losporin antibiotic, using a water-in-oil-in-water (W/0/W), 
double-emulsion-solvent-extraction technique. In some 
embodiments, the biodegradable microspheres are formed of 
from about 85% to about 99% by weight of polylactic-co
glycolic acid (PLGA) in a ratio of50% lactic to 50% glycolic 
acid, from about 0% to about 5% by weight of polyethylene 
glycol (PEG); and an effective amount of an antibiotic agent 
sufficient to produce bactericidal levels in body tissues. The 
microspheres are characterized in that they exhibit near-linear 
delivery of the antibiotic agent for at least 4 weeks at levels 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a detailed description of the preferred embodiments of 
the invention, reference will now be made to the accompany
ing drawings in which: 

30 exceeding the minimum inhibitory concentration (MIC) for 
organisms commonly found to be the cause of infections. 
These and other embodiments of the present invention will be 
more clearly understood with reference to the following 
examples, which are not to be construed to limit the scope of 

FIG. 1 is a graph illustrating the in-vitro elution of the 
various microsphere formulations. 

FIG. 2 is a graph illustrating the results of a repeatability 
study of the in vitro elution rates where two of the formula
tions were manufactured more than one year apart. 

FIG. 3 is a graph illustrating the in-vivo tobramycin con
centrations in tissue over time for two of the formulations 
tested. 

FIG. 4 is a graph illustrating the percentage of animals 
testing positive for osteomyelitis in a study of rabbits in 
groups treated with various antibiotic microsphere formula
tions. 

FIG. 5 is a graph illustrating the results of radiographic and 
histological grading of the bone specimens taken from the 
rabbit study. 

FIG. 6 is a graph illustrating the concentration oftobramy
cin in the bones for the groups treated locally with tobramy
cm. 

FIG. 7 is a graph illustrating the entrapment efficiency and 
elution rate over time of various microsphere formulations 
utilizing vancomycin. 

35 the invention. 

40 

Example 1 

PLGA/Tobramycin Drug Delivery System 

Preparation of Micro spheres 
In the following examples the polylactic-co-glycolic acid 

(PLGA) used was a high molecular weight blend of 50% 
lactic to 50% glycolic acid (Medisorb®), from Alkermes, 

45 Cincinnati, Ohio. Polyethylene glycol (PEG) and polyvinyl 
alcohol (PVA) were purchased from Sigma Aldrich, of St. 
Louis, Mo. Tobramycin (Nebcin®), from Eli Lilly, India
napolis, Ind. was purchased in powder form, and all remain
ing chemicals were purchased from Fisher Scientific (Pitts-

50 burgh, Pa.). 
Microparticles were prepared in many blends of PLGA/ 

PEG/tobramycin using an established water-in-oil-in-water 
(W /0/W), double-emulsion-solvent-extraction technique. 
The size distribution of the microparticles was measured with 

55 a Coulter counter multisizer (model 0646, Coulter Electron
ics, Hialeah, Fla.) after suspending the particles in an Isoton II 
solution (Coutler Electronics). FIG. 8 is a microphotograph of a section taken from a bony 

defect/metal implant site in a rabbit treated in accordance 
with the embodiment of the invention. The section was 
stained with methylene blue and was negative for infection. 
The antibiotic microspheres appear as clear bubbles (indi
cated by solid white arrows) and take up 10.12% of the image, 
the tantalum implant appears as black (indicated by dashed 
white arrows) and takes up 30.11 % of the image, the bone is 
blue (indicated by crosshatched white arrows) and takes up 65 

17.568% of the image. Thus in this section, the bone is occu
pying 29.4% of the available space. 

The entrapment efficiency of the formulation was deter
mined in duplicate by normalizing the amount actually 

60 entrapped to the starting amount, using the established sol
vent-extraction technique. 10 mg of microparticles was dis
solved in 1 ml of dichloromethane for 6 hours at room tem
perature. The tobramycin was then extracted from the organic 
phase to the aqueous phase by mixing 1 ml PBS and removing 
the aqueous portion. This was repeated every six hours for 
twenty-four hours and all aqueous aliquots tested for tobra-
mycin concentration. 
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All tobramycin concentrations determinations were per
formed using fluorescence polarization immunoassay (Abbot 
TDx System). Sensitivity of the tobramycin assay is defined 
as the lowest measurable concentration which can be distin
guished from zero with 95% confidence and was determined 
to be 0.18 microgram per milliliter. 

In-Vitro Elution Rate Determination 
By dry weight, the percentage of PEG in the formulations 

was either 0% or 5%, and the percentage oftobramycin was 
either 1 %, 5%, or 10%. In all, six different formulations were 10 

studied for tobramycin elution rates. 25 mg amounts of 
microparticles were measured and placed into 2 ml glass vials 
containing 1 ml PBS. Each microparticle formulation was 
tested in triplicate and placed in a water bath at 37° C. After 24 
hours, the vials were centrifuged and the supernatant 15 

removed for tobramycin assay. 1 ml of PBS was added to the 
vials and the vial replaced in the water bath. This was repeated 
once daily for one week, and then every second day for three 
additional weeks. 

In-Vivo Drug Release Characteristics 20 

Two formulations were studied in a mouse muscle pouch 
model, the 10% tobramycin with either 0% or 5% PEG. 60 
adult female ICR mice, weighing 20-24 g were used for this 
investigation. Each animal was anesthetized using ketamine 
(150 mg/kg) and xylazine (6 mg/kg) IP injection. A small 25 

incision was made over the right quadriceps muscle and a 
small pouch was made in the muscle by blunt dissection. In 
thirty mice, 5 mg ofmicrospheres containing 10% tobramy
cin and 0% PEG were implanted into the pouch; in the 
remaining thirty mice, microspheres containing 10% tobra- 30 

mycin and 5% PEG were implanted. Each pouch was closed 
with a nonabsorbable suture to mark the location. The skin 
was closed with resorbable suture. All animals ambulated 
normally throughout the study, and no signs oflocal inflam
mation (swelling, tenderness) were visible. 35 

For each of the two microsphere formulations tested, the 
mice were divided into 5 groups of six mice each and sacri
ficed sequentially at one day, four days, seven days, twenty
two days, and either 33 or 40 days post-surgery. At sacrifice, 
the scarred incision was reopened and the pouch located by 40 

the suture. Approximately 0.1 g of tissue surrounding the 
suture was removed. Half of the tissue was placed in formalin 
for subsequent histological evaluation. The remaining half of 
the tissue was weighed and placed in 0.5 ml PBS and macer
ated. The tissues from three mice in each group were ran- 45 

domly pooled together in each vial such that there were two 
vials for each timepoint for each group. The tissue was incu
bated for 2 hours at 37° C. After incubation, the vial was 
centrifuged and the supernatant filtered for to bramycin analy
sis. Tobramycin concentration is presented as amount of 50 

tobramycin per weight of muscle tissue. 
The preserved tissue was cut into 5 µm sections and stained 

with an H&E stain. Each slide was graded for inflanimation 
by a blinded pathologist according to the following scale: 1 
for no or minimal inflammation, 2 for moderate inflamma- 55 

tion, and 3 for marked or severe inflanimation. 
In Vitro Results 

6 
and then a few weeks of nearly steady release. Linear fits of 
the elution curves during the 7-28 day time period demon
strated correlations ranging from r2=0.7748 to 0.9770, indi
cating that the release of antibiotic is very linear over this time 
period. Table 1 shows the calculated average linear release of 
tobramycin for each formulation for days 7 through 28 in 
absolute amounts and percentage of total amount of drug. 

TABLE 1 

Microsphere Characteristics and in vitro Elution 

Microsphere Formulation Entrapment Average Release 

%PLGA % Tobrarnycin %PEG Efficiency µg/day %/day 

99 0 42.8% 0.3852 0.48 
95 0 2.3586 0.37 
90 10 0 45.8% 4.4510 0.41 
94 61.8% 0.5131 0.33 
90 40.2% 1.3415 0.27 
85 10 52.4% 8.7916 0.67 

A repeatability study was performed in which two of the 
formulations were manufactured more than one year apart. 
The in vitro elution rates for these experiments is presented in 
FIG. 2. 

In Vivo Results 
The in-vivo to bramycin concentrations are shown in FIG. 3 

for the two formulations tested. The MIC of tobramycin 
against S. aureus is shown for comparison. The histological 
scores for the quadriceps tissue is shown in Table 2 below. 

TABLE2 

Histological Scoring for Quadriceps Tissue 

Timepoint 
Days 

4 
7 

14 
21 

30-40 

Histological Inflammation Score 

10% tobramycin 
0%PEG 

10% tobramycin 
5%PEG 

The results of the in-vitro studies demonstrate that both 
changing the antibiotic concentration and the concentration 
of PEG can alter the elution characteristics of the antibiotic. 
In general, increasing the concentration of either component 
decreased the rate at which the antibiotic was released, 
although the initial burst of drug released increased with 
increasing antibiotic or PEG concentration. In all formula
tions the release rate leveled off to a near linear rate after the 
first week and remained steady for the next three weeks. At 
these linear release rates, it was determined that the formula
tion with 10% tobramycin and 0% PEG would have released 
all of the antibiotic in 60 days. By contrast, the formulation 
with 1 % to bramycin and 0% PEG would take nearly 186 days 

The in-vitro elution of the 6 microsphere formulations is 
shown in FIG. 1. In this figure, the amount of drug released 
has been normalized to the total amount present in the 
implanted microspheres. The entrapment efficiency for each 
formulation of microsphere ranged between 40.24% to 
61.8%, as shown in Table 1 below. In general, adding PEG 
increased the entrapment efficiency. All microspheres were 
found to be on average 20± 1.6 µm in diameter. 

60 to release all of the antibiotic. As can be seen from FIG. 2, the 
different microsphere formulations can be reproducibly 
manufactured. 

Each formulation had a large initial release oftobramycin 
in the first 24 hours, followed by a few days ofloweredrelease 

The results of the in-vivo study demonstrate that these 
microspheres do not elicit an extreme inflammation response. 

65 The inflammation did increase to marked by day 3, but 
returned to minimal levels by day 7 and remained there for the 
next three weeks. This inflammation was localized to the 
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implant site and did not produce visible signs of inflammation 
nor did it affect the animal's appetite or ambulation. 

A major result was that although the in-vitro elution char
acteristics demonstrated a larger linear release rate oftobra
mycin for the 10% tobramycin 5% PEG formulation, the 
in-vivo results showed higher tissue concentrations oftobra
mycin for the 10% tobramycin 0% PEG formulation, in fact, 
although the tissue levels were measurable for the 10% tobra
mycin 5% PEG formulation throughout the study, they 
remained at or below the minimum inhibitory concentration 10 

(MIC) for S. aureus in the second through fourth week. By 
contrast, the 10% tobramycin 0% PEG formulation resulted 
in tissue concentrations at least twice the MIC for the entire 
study period. 

8 
10% by weight tobramycin (Nebcin®), from Eli Lilly, India
napolis, Ind. and 90% by weight 50:50 PLGA (Medisorb®), 
from Alkermes, Cincinnati, Ohio. These microspheres were 
blanketed with nitrogen gas, placed in closed vials, and stored 
frozen at - 70° C. until used. Two days prior to surgery the 
microspheres were sterilized using ethylene oxide gas. For 
each treated animal, 50 mg of sterilized microspheres was 
implanted in the debrided bone defect. 

Preparation of the PMMA Beads 
At the time of irrigation and debridement surgery, PMMA 

beads were prepared by mixing 20 g of polymethyl methacry
late bone cement (Orthoset®), from Wright Medical, Arling
ton, Term., with0.6 goftobramycin(Nebcin®). The resulting 
mixture was formed into beads of approximately 4 mm diam-

Microspheres were visible with the histological examina
tion indicating that the microspheres do remain at the site of 
implantation for at least thirty days, and, indeed, measurable 
tobramycin levels were found in the tissue for both formula
tions ofmicrospheres throughout the length of the study. 

15 eter, weighing approximately 0.3 g. One bead was placed into 
each debrided radius for treatment. 

The results of this study suggest that micro spheres made of 20 

PLGA and tobramycin, with or without PEG, make a suitable 
biodegradable drug delivery system. These microspheres do 
not elicit an undesirable inflammatory response, and the for
mulation can be adjusted to vary the release kinetics of the 
antibiotic. The microspheres deliver the antibiotic at a near- 25 

linear rate for at least four to six weeks. The microspheres 
remain at the site of implantation but are too small to inhibit 
tissue regeneration, a characteristic not shared by other sug
gested antibiotic delivery systems. 

Preparation of the S. aureus Inoculate 
The strain of S. aureus used in this study, UAMS-1, was 

isolated from a patient with osteomyelitis and deposited at the 
American Type Culture Collection as strain ATCC 49230. 
The bacteria were prepared from overnight cultures grown in 
tryptic soy broth at 3 7° C. with aeration. Cells were harvested 
by centrifugation, washed with sterile physiological saline, 
and resuspended to a final concentration of 2xl08 CFU/ml 
(OD of 60% transmittance). Cell suspensions were prepared 
on the day of surgery and held on ice until implanted. 

Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) for the two antibiotics 
tested, tobramycin and cefazolin, were determined by stan-

Example 2 

PLGA/Tobramycin/PMMA 

30 dard dilution methods published by the National Committee 
for Clinical Laboratory Standards. Briefly, S. aureus cells 
were grown and diluted to 0.5 McFarland turbidity standard, 
approximately 2xl08 cells/ml. The cells were mixed with 
either of the two antibiotics tested, at concentrations ranging 

Parenteral Antibiotics 

To test the effectiveness in eradicating an established case 
of osteomyelitis, a study was conducted using a rabbit model 

35 from 2 µg/ml to 64 µg/ml. The following day, the cultures 
were examined for turbidity to allow determination of MIC 
values. After this, sample clear cultures were plated to deter
mine the MBC, and colonies counts were done the next day. 

of osteomyelitis, wherein the two methods oflocal antibiotic 
therapy were tested, i.e., the microspheres and polymethyl 40 

methacrylate (PMMA) bone cement against parenteral anti
biotics. 

Surgical Procedure-Inoculation 
All animals were fasted for 24 hours prior to surgery. 

Anesthesia was induced with ketamine ( 40 mg/kg) and xy la
zine (0.5 mg/kg) SQ injection. Anesthesia was maintained 
using isoflurane titrated to effect. The wound site was pre
pared with betadine followed by a 70% ethanol rinse, and 

Materials and Methods 
Forty New Zealand White adult male rabbits, weighing 3-4 

45 painted with Prepodyne prior to incision. The incision was 
made on anterior surface and extended down to the surface of 

kg were selected for this study. Each rabbit underwent an 
initial surgery to inoculate the radius with bacteria in a well
established procedure. Four weeks later, each rabbit was 
returned to the operating room for irrigation and debridement 
surgery and a wound culture. At the time of the second sur
gery, each animal was randomly placed into one of 5 groups 50 

for treatment of the infection: 

the radius. The periosteum was sharply incised and elevated 
from the midshaft. A Micro Hall™ oscillating saw was used to 
excise a 1 cm segment from the midshaft of the radius. An 
inoculum of 10 µl (2xl06 CPU) S. aureus was delivered by 
microinjection with a sterile pipette tip with an outside diam-

(1). Control: control group treated with PLGA micro
spheres containing no antibiotic, 

(2). Microspheres: PLGA microspheres with 10% tobra
mycin, 

(3). Microspheres+Parenteral: PLGA microspheres with 
10% to bramycin and parenteral Ancef, 

(4). Cement+Parenteral: PMMA bead with tobramycin 
and parenteral Ancef, and 

(5). Parenteral: parenteral Ancef. 
Each animal underwent treatment for four weeks before 

sacrifice. All animal procedures were approved by our insti
tution's Animal Welfare Committee. 

Preparation of the PLGA Microspheres 
The double emulsion solvent extraction technique, as 

described previously, was used to produce microspheres of 
approximately 15-20 µm diameter containing approximately 

eter of 0.56 mm directly into the center of the medullary 
canal. The segment was replaced in its original position and 
the wound closed. All animals were monitored daily for 4 

55 weeks for food and water intake, ambulatory status, and pres
ence of localized and systemic infection (wound swelling, 
fever, etc.). 

Surgical Procedure-Irrigation and Debridement 
Four weeks following the date of the initial surgery, the 

60 animals were fasted and prepared for the second surgery. 
Surgical preparation was exactly the same. Once the wound 
was opened, the infected bone was swab bed and the swab sent 
for culture. All infected soft tissues and infected bone were 
removed. The wound was irrigated with 40 cc normal saline 

65 through a syringe. If treatment involved a local drug delivery 
system (groups 1-4 ), this system was placed before the wound 
was closed. 
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Post-operative care included administration of 25 mg/kg 
cefazolin SC BID (Bums Veterinary Supply, Farmers Branch, 
Tex.) for animals in groups 3, 4, and 5. For groups 2, 3 and 4, 
serum and urine were collected three times/day for the first 
day, once a day for days 2-7, three times/week for week 2, 
twice/week for weeks 3 and 4. The collected serum and urine 
samples were assayed for tobramycin concentration. All 
tobramycin concentrations were performed using fluores
cence polarization immunoassay (Abbot TDx System). Sen
sitivity of the tobramycin assay is defined as the lowest mea- 10 

surable concentration which can be distinguished from zero 
with 95% confidence and was determined to be 0.18 micro-
gram per milliliter. 

Sacrifice and Testing 
All animals were sacrificed using an overdose of anesthesia 15 

(50-60 mg/kg Pentobarbital administered IV). Weights were 
obtained. If serum had not been obtained in the week preced
ing sacrifice, it was obtained at the time of sacrificed and 
stored frozen until assayed. The radius was removed from 
each animal and AP and lateral X-rays were obtained. Each 20 

x-ray was labeled with tattoo number and the date. The radio
graphs were evaluated by two blinded observers according to 
the radiographic grading scale shown in Table 3, below. 

10 
TABLE 4-continued 

Categories 

Mild 
None 

Histological Grading Scale 

Intraosseous Inflammation 

Severe, abscess with fibrosis 
Moderate, with fibrosis 
Mild, with fibrosis 
None, fibrosis only 
New Bone Formation 

Minimal - <25% 
Mild - 25-50% 
Moderate - 50-75% 
Full - 75-100% 
Maximum (worst) Score 

Results 

Scores 

0 

2 

0 

2 

0 
9 

Tables 5 and 6 show the minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC) of 
tobramycin and cefazolin for this strain of S. aureus bacteria. 
The numbers are consistent with published values for strains 

TABLE3 25 ofMRSA. 

Radiographic Grading Scale 

Categories 

Size of Defect (length in nnn at longest point) 
New Bone Formation 

Full (2 cortices + matrix) 
Moderate (2 cortices, no matrix) 
Mild (1 cortex) 
None 
Maximum (worst) Score 

Scores 

0-10 

0 

2 

13 

The forelimb was then stripped of skin and soft tissues and 
cultures were obtained by swabbing the defect site with a 
culturette, which was sent for species identification. 

30 

35 

40 
Bone samples from the infected radius were divided so that 

both tobramycin assay and histology analysis could be per
formed. A 2 cm piece of radius that surrounded the infection 
site was isolated using a Dremel® saw. This section was 
divided into proximal and distal halves. One half was ran- 45 
domly chosen and pulverized after freezing in liquid nitrogen 
(MicroCryoCrusher®, BioSpec Products, Bartlesville, 
Okla.). The pulverized bone was placed into a glass vial of 
known weight, weighed and 0.5 cc of PBS was added. This 
sample was incubated in a 37° C. water bath for 2 hours. The 50 
sample was then filtered into a cryogenic container and refrig
erated at 4 ° C. until the assay was performed. The remaining 
half was placed in a vial containing 10% NBF. Histological 
samples were decalcified, embedded in paraffin and sections 
were stained with H&E and Gram stains. These slides were 55 
evaluated by a pathologist according to the grading scale 
given in Table 4, below. 

TABLE4 

Antibiotic 

Cefazolin 
Tobramycin 

Concentration of 

Antibiotic (µg/ml) 

0 
2 
4 

16 
32 
64 

T = Tobramycin 

C = Cefazolin 

TABLES 

MIC and MBC Determinations 

MIC (µg/ml) 

2 
4-8 

TABLE6 

MIC and MBC Determinations 

Turbidity (MIC) 

T c 

++ ++ 
+ 
+ 

MBC (µg/ml) 

32 
16 

Colony# (MBC) 

T c 

ND ND 
ND ND 
ND 125 
120 ND 

0 86 
0 0 
0 0 

All rabbits became infected after the inoculum surgery; 
100% of the cultures taken at the irrigation and debridement 
surgery were positive for S. aureus. Most animals developed 
signs oflocalized infection such as swelling or drainage at the 
surgical site but no animals showed signs of systemic disease. 
All animals were monitored daily for signs of discomfort and 
were treated to reduce discomfort. Supplemental food was 
given to animals with diminished appetite and rubber mats 
were placed in cages to make ambulation more comfortable. 

Histological Grading Scale 

Categories Scores 

60 After treatment with parenteral cefazolin, some animals had 
to be treated with metronidazole (Flagyl®, Bums Veterinary 
Supply) for diarrhea. Three animals died prematurely due to 
diarrhea. 

Presence of Bacteria 

Marked 
Moderate 2 

At sacrifice, the percentage of animals testing positive for 
65 osteomyelitis ranged from a maximum of75% in the Control 

group (1) to a minimum of 25% in the Microspheres+ 
Parenteral group (3) shown in FIG. 4. Chi-square contingency 
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table analysis shows that only the Microspheres+Parenteral 
group (3) had a significantly lower percentage than the Con
trol group (1) (p=0.046). However, if all of the groups where 
parenteral antibiotics were given are grouped together, and 
the Control and Micro spheres groups (1) and (2) are grouped 
together, these are significantly different (p=0.33). 

FIG. 5 shows the results of the radiographic and histologi-
cal grading of the specimens. In the radiographic grading 
scale, the Cement+Parenteral group ( 4) score significantly 
worse than the Control (1 ), Micro spheres (2), and Parenteral 10 

(5) groups (p=0.047). In the histological grading, none of the 
groups were significantly different. 

FIG. 6 shows the concentration oftobramycin in the bones 
for the groups treated locally with tobramycin. At four weeks 
after implantation of the local carrier system, the micro- 15 

spheres were still releasing significant amounts oftobramy
cin. The cement samples had small but measurable amounts 
of tobramycin. All but two of the microsphere samples had 
concentrations of tobramycin above the MIC and near the 
MBC level for the bacteria tested, whereas none of the 20 

PMMA samples reached the MIC level. None of the tested 
serum and urine specimens had measurable levels of tobra
mycin. 

12 
formation of new bone growth into the debrided site, and do 
not require a second surgery for removal. The microspheres 
are biodegradable and do not result in chronic inflammation. 

Example 3 

PLGA/Vancomycin/PMMA Microspheres 

Studies were also performed that are similar to the 
examples and formulations described above, with vancomy
cin substituted for tobramycin. In these experiments, micro
spheres of about 6.86 µm (microns) in diameter containing 
approximately 5% by weight vancomycin, and micro spheres 
of about 7.46 µm (microns) in diameter containing approxi-
mately 10% by weight vancomycin, and 90% by weight 
50:50 PLGA were produced. The percentage of PEG in the 
formulations was either 0% or 5%. 

The results of the entrapment efficiencies and elution rates 
of vancomycin over a period of 600 hours are presented in 
FIG. 7. The result was that over a 600 hour period, in the 10% 
vancomycin formulation approximately 27% of the vanco-
mycin was eluted, and in the 5% vancomycin formulation 
approximately 40% of the vancomycin was eluted. The 
entrapment efficiency of the 10% vancomycin formulation Tobramycin-loaded microspheres have been developed 

and are described herein as a biodegradable drug delivery 
system for the treatment of osteomyelitis. These micro
spheres are spherical in shape with an average size of 20 µm. 
The PLGA copolymers are biocompatible, biodegradable, 
and approved by the FDA for certain human clinical uses. 
In-vitro and in-vivo testing in muscle demonstrated that these 
microspheres deliver antibiotics for longer than four weeks 
and at nearly linear rates. 

25 was found to be approximately 20.4% for the 10% vancomy
cin formulation and an entrapment efficiency of 21. 5% for the 
5% vancomycin formulation. 

The vancomycin formulation, like the tobramycin formu
lation is eluted in a very good steady state manner. In both 

30 formulations, the levels were acceptable, with only slight 
differences in entrapment and release. Each of these formu
lations has advantages, for instance, one may be used as 
prophylaxis, while the other used for treatment of infection. The effectiveness of these microspheres has been demon

strated in a rabbit model of osteomyelitis. In this study, all of 
the animals developed osteomyelitis by four weeks post 35 

inoculation. After the second surgery for irrigation and debri
dement of the wound, most of the animals showed signs of 
improvement. 25% of the animals in the Control group (1) 
showed no signs of infection at sacrifice. The only treatment 
group to demonstrate a significant improvement over the 40 

Control was the Microspheres+Parenteral group (3), where 
7 5% percent of the animals showed no signs of infection at 
sacrifice. No treatment resulted in a 100% success rate. 

Example 4 

In the foregoing examples it is demonstrated that antibiotic 
microspheres about 20±1.6 µm in diameter can deliver a 
sustained release of antibiotics and can be used to effectively 
treat an established case of osteomyelitis. Further studies 
were conducted to test the hypothesis that antibiotic micro-
spheres can be used to prevent infection in a contaminated 
bony defect in the presence ofa metal implant. Arab bit model 
of osteomyelitis was modified to allow implantation of con-

45 taminated porous implants. In half of the surgeries, Trabecu
lar Metal™ cylinders, manufactured by Zimmer, containing 
antibiotic microspheres were implanted. In the other half of 
the surgeries, metal cylinders without microspheres were 
implanted.All implants were inoculated with Staphylococcus 

Thus, the microspheres in accordance with the present 
invention resulted in high concentrations of tobramycin in the 
bone four weeks after implantation. The cement beads, by 
contrast, were still eluting tobramycin but at levels far below 
the MIC and MBC for the organism studied. In addition, the 
cement beads created a physical barrier against new bone 
formation in the debrided infection site. It was this phenom
enon that resulted in the Cement+ Parenteral group ( 4) having 
high (poorer) scores on the radiographic evaluation. Although 
the high bone tissue levels of tobramycin indicated that the 
microspheres remained at the site of implantation, the micro
spheres were small enough to allow new bone formation and 55 

degradation of the carrier (PLGA) occurred. 

50 aureus and the animals were observed for two weeks. Out
come variables that were assessed included both culture 
results and measurements of bony ingrowth into the porous 
implants. 

Experimental Methods 
Fourteen New Zealand White adult male rabbits, weighing 

3 to 4 kg each, were selected for this study. Each rabbit 
underwent bilateral forearm surgeries to remove a 1 cm sec
tion of the radius, place a Trabecular Metal™ implant, and 
inoculate the implant with Staphylococcus aureus. In each 

The histological scores indicated that there were no sig
nificant differences among any of the five groups studied. 
Thus, neither the micro spheres nor the cement beads resulted 
in a chronic inflammatory response in the local tissues. 

It is also demonstrated herein that these PLGA micro
spheres deliver antibiotic to the bone tissue at concentrations 
above or near the MBC for at least four weeks. At four weeks 
after the onset of treatment, the Microspheres+parenteral 
group (3) was the only group to demonstrate a significant 
improvement over the Control group (1 ). The micro spheres in 
accordance with the present invention do not impede the 

60 animal, uncoated implants were placed in the right arm (the 
control side) while implants coated with antibiotic micro
spheres were placed in the left arms. The implants used were 
5 mm in diameter and 10 mm in length and were shipped 
sterile from the manufacturer (Zimmer). Each animal was 

65 sacrificed 2 weeks later, or when clinical signs of localized 
infection became apparent. All animal procedures were done 
in accordance with applicable rules and guidelines. 
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The method for preparing the microspheres was essentially 
as described in the foregoing examples. Briefly, a double 
emulsion-solvent extraction technique was used to produce 
microspheres of approximately 20 µm diameter containing 
approximately 5.86% by weight tobramycin (Nebcin®, Eli 
Lilly, Indianapolis, Ind.) and 94.15% by weight 50: 50 PLGA 
(Medisorb®, Alkermes, Cincinnati, Ohio). These micro
spheres were blanketed with nitrogen gas, placed in closed 
vials, and stored frozen at - 70° C. until used. For each treated 
animal, approximately 16 mg of microspheres were 10 

implanted in the porous metal cylinder which resulted in a 
total tobramycin dose of0.94 mg in each animal. 

The strain of Staphylococcus aureus used in this study was 
isolated from a patient with osteomyelitis and deposited at the 
American Type Culture Collection as strain ATCC 49230. 15 

The bacteria were prepared from overnight cultures grown in 
tryptic soy broth at 3 7° C. with aeration. Cells were harvested 
by centrifugation, washed with sterile physiologic saline, and 
resuspended to a final concentration of 2xl 08 CFU/ml ( opti-
cal density of 60% transmittance). Cell suspensions were 20 

prepared on the day of surgery and held on ice until 
implanted. 

Minimum inhibitory concentration and minimum bacteri
cidal concentration for tobramycin was determined as previ
ously described above, by standard dilution methods pub- 25 

lished by the National Committee for Clinical Laboratory 
Standards. The MIC and MBC for tobramycin against this 
strain was 4-8 µg/mL and 16 µg/mL, respectively. 

Anesthesia was induced with ketamine ( 40 mg/kg) and 
xylazine (0.5 mg/kg) by subcutaneous injection and main- 30 

tained using isoflurane titrated to effect. The wound site was 
clipped to remove fur and prepared with chlorhexadine. The 
incision was made on the anterior surface and extended down 
to the surface of the radius. The periosteum was sharply 
incised and elevated from the midshaft. A MicroHall oscil- 35 

lating saw (Linvatek, Largo, Fla.) was used to excise a 1 cm 
segment from the midshaft of the radius. A 5 mm (diameter) 

14 
example is shown in FIG. 8. The sections were analyzed using 
ImageJ™ software to determine the percentage of the implant 
cross-sectional area that was implant, new bone growth, or 
empty. These determinations were based solely on color seg
mentation of the image. In all cases it was verified that these 
three percentages added up to nearly 100%. If the sum was 
less than 90% or greater than 110%, the image was reana
lyzed by a second observer. The bone area fraction was then 
calculated as: 

(bone%) 

(100-implant %) 

Statistical analysis was performed using SPSS™ version 
15 (SPSS Inc, Chicago, Ill.). The proportion of each group 
testing positive for bacteria at sacrifice was compared using a 
chi square analysis. For this analysis, the proportion of the 
untreated side was taken as the expected frequency. Further 
comparisons to investigate the effect of infection and micro
spheres in bony ingrowth were performed using T-tests. FIG. 
9 is a higher magnification microphotograph of a section 
taken from a bony defect/metal implant site of a rabbit treated 
as described above. This section was stained with methylene 
blue and basic fuchsin (similar to an H&E stain), and was 
negative for bacterial growth. Within the area of bony 
ingrowth four microspheres can be seen (indicated by white 
arrows) inside the tantalum implant (black). 

Results 
Surgeries were performed on a total of fourteen animals, in 

three groups of two, six and six. Of these 14 animals, 3 
fractured one or both forearms within three days of surgery 
and were removed from the study. Of the 11 animals that did 
not sustain a fracture, 2 were sacrificed at 10 days, 1 at 12 
days, and 8 were sacrificed after the two week incubation 
period. 

As the 3 animals with the forearm fractures were sacrificed 
early and were removed from the study, 11 animals remained 
for analysis. At sacrifice, there were no positive cultures in the 
left arms (treated with microspheres). In the right arms (un
treated controls), there were 7 cultures positive for Staphylo
coccus aureus and 4 cultures were negative. Chi-square 

by 10 mm (length) cylinder ofTrabecular Metal™ (with or 
without microspheres) replaced the excised radial segment. 
An inoculum of 10 µL (2xl06 CFU) Staphylococcus aureus 40 

was delivered by microinjection with a sterile pipette tip 
directly onto the implant and the wound closed. All animals 
had a Fentanyl patch placed between the shoulder blades (fur 
clipped prior to placement) for the first 3 days post-surgery to 
provide continuous analgesia. 

All animals were monitored daily for 2 weeks for food and 
water intake, ambulatory status, and presence oflocalized or 
systemic infection (wound swelling, fever, or other symp
toms). Once clinical signs of infection in either arm became 
obvious, or after two weeks had passed, the animals were 50 

euthanized using an overdose of anesthesia (1 ml Beuthanasia 
administered intravenously). Weights were obtained. In most 
animals, AP and lateral radiographs were obtained using a 
C-Arm. Eachradiograph was labeled with the animal number 
and the date. 

45 analysis demonstrated that the microsphere-treated arms 
were significantly improved compared to the untreated con
trol arms (p<0.001). 

55 

Under sterile conditions, the radius was stripped of skin 
and soft tissues; cultures were obtained by removing tissue 
adjacent to the implant and sending these specimens for spe
cies identification. A 1.5 cm piece of radius that surrounded 
the implant was isolated and placed in a vial containing 10% 60 

neutral buffered formalin for 24 hours and then transferred to 
70% ethanol. The samples were imaged using a Faxitron™ to 
obtain contact radiographs. Histologic samples were pre
pared by dehydrating with ethanol, infiltrating with Techno
vit™ plastic and polymerizing the specimen under ultraviolet 65 

light. Three sections were prepared from each implant using 
an Exakt™ system and then stained with methylene blue. An 

The results of the bony ingrowth analysis are presented in 
Table 7. In all microscopic sections studied, the percent of the 
cross-sectional area occupied by the implant was approxi
mately 30% (average value 30.39% ). Any tissue staining blue 
was presumed to be bony ingrowth. 

TABLE 7 

Bone Area Fraction 

Limb 

Implants with Micro spheres (n - 11) 

Contralateral Limb Infected (n - 7) 
Contralateral Limb Not Infected (n - 4) 
Implants without Microspheres (n - 11) 

Limb Infected (n - 7) 
Limb Not Infected (n - 4) 

% Bony Ingrowth: 
Mean (std deviation) 

28.90 (8.732) 
46.18 (7.946) 

19.46 (14.486) 
49.01 (9.777) 
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The lowest ingrowth numbers were in the limbs that 
became infected. Using an independent samples t-test to com
pare bone area fractions from the uninfected limbs ( either 
side) to the infected limbs, the difference was significant 
(p=0.004 ). In order to isolate the effect of the micro spheres on 
bony ingrowth, the data from the 4 animals where neither side 
became infected was analyzed. In these 4 animals the bone 
area fraction values were not significantly different (p=0.54) 
when the left side was compared to the right. 

The culture results demonstrated that the microspheres 
were effective in preventing infection in a contaminated 
wound in the presence of an implant. None of the implants 
protected with the antibiotic microspheres were culture posi
tive. Notably, not all of the implants on the control side 
became infected (4 were culture negative). Variations from 
day to day might be due to variations in the bacteria strain 
itself since on each day of surgery the bacteria were grown 
from a separate colony. All 4 of the animals with uninfected 
control limbs were operated on in the same day and on that 
day the strain of bacteria might have been less virulent. The 
bony ingrowth data supports this conclusion. If the bone area 
fractions from the implants containing microspheres were 
grouped according to whether the contralateral implant was 
culture positive or negative, the values are significantly higher 
for the animals where the contralateral limb did not become 
infected versus the animals where the contralateral limb did 
become infected (p=0.01 ). This may indicate that the bacteria 
may have been different across the surgery dates, and that the 
virulence of the bacteria may have had a detrimental effect on 
the bony ingrowth. 

The bony ingrowth data clearly indicated that infection had 
a detrimental effect on bony ingrowth. This was also apparent 
on the radiographs (not shown), which demonstrated a loose 
implant on the infected side. 

Even if the microspheres are successful in preventing 
infection in and around a metal implant in a body defect, it is 
also important to demonstrate that they do not have detrimen
tal effects on bone and the healing process. It is unlikely that 
the fractures that 3 animals sustained during the post-opera
tive period were related to the presence of micro spheres since 
both right and left limbs sustained fractures. Further, since the 
bony ingrowth was not significantly different in the left and 
right arms of the 4 animals where neither side became 
infected, the microspheres did not adversely affect bony 
ingrowth in these animals. FIG. 8 shows a microphotograph 
of a section where bone can clearly be seen growing within 
and around the porous implant and several microspheres. 

In this study it was found that the implants occupied 30% of 
the cross-sectional area, but the implants themselves are 
75-80% porous by volume. This discrepancy is likely due to 
the thickness of the sections that were used for image analy
sis. Plastic sections were cut and then ground to between 
20-40 microns thickness, and the entire volume of the section 
was projected onto a plane during the image acquisition. 
Theoretically, as the thickness of the section increases, the 
percentage of the projected area that will be seen as implant 
will also increase. This will affect the measurements of bony 
ingrowth, but the effect should be minimal and randomly 
distributed across all of the sections. These studies demon-

16 
and around a metal implant. Sizes much smaller than 20 µm 
will be susceptible to being phagocytosed as foreign bodies, 
and thereby removed from the site of implantation. Accord
ingly, micro spheres smaller than about 10 µm will likely not 
remain at the site of implantation. Micro spheres larger than 
50 µm in diameter are likely to significantly interfere with 
bone ingrowth or regrowth. Microspheres larger than about 
100-200 microns are likely to markedly inhibit bone 
regrowth, and are, therefore, preferably excluded. 

10 Although several exemplary antibiotics are described 
herein, it should be understood that the microspheres 
employed in the present methods may instead or additionally 
utilize any other suitable antibiotics and antibacterial agents 

15 
or combinations thereof. For some applications, antibiotics in 
the class of "cephalosporins" are preferred. A number of 
suitable antibiotics and antibacterial agents may be obtained 
commercially or may be prepared according to the references 
cited in PHYSICIANS· DESK REFERENCE and the US FDA' s Orange 

20 book. For example, various embodiments of the present 
invention may utilize one or more of the following commer
cially available antibiotics and antibacterial agents selected 
from the group consisting of: Ancef, Tobramycin, Cefadroxil, 
Cefazolin, Cephalexin, Cefaclor, Cefotetan, Cefoxitin, Cef-

25 prozil, Cefuroxime, Loracarbef, Cefdinir, Cefixime, Cefop
erazone, Cefotaxime, Cefpodoxime, Ceftazidime, Ceftib
uten, Ceftozoxime, Ceftriaxone, Cefepime, and Vancomycin. 

The present controlled release antibiotic micro spheres may 
be implanted injected, or otherwise placed totally or partially 

30 within the body at a site of actual or potential infection and 
deliver an effective amount of the antibiotic agent sufficient to 
produce bactericidal levels in the body tissues and deliver a 
near-linear dosage of the antibiotic for at least 4 weeks at 
levels exceeding the minimum inhibitory concentration 

35 (MIC) for organisms commonly found to be the cause of the 
infections. The microspheres may be placed at a site of sur
gical treatment, such as a site of a bone fracture, and at one or 
more sites of placement of metal rods, plates or metallic 
fixators and joint replacement devices. It is also projected that 

40 these or similar microspheres will be useful for deterring or 
preventing the occurrence of infection at sites where graft or 
implant materials are used, such as around breast implants, 
abdominal drains, and so forth, as well in general, gyneco
logic, cardiovascular, and neurosurgical procedures. The 

45 antibiotic microspheres have a diameter large enough to avoid 
being phagocytosed and removed from the implant site, and 
are at the same time small enough in diameter to not physi
cally inhibit bone growth at the bony defect site. Use of the 
microspheres of this size will facilitate or enhance bone 

50 ingrowth or regrowth at the implant site, while deterring or 
preventing infection at the site. In some embodiments, such 
microspheres are in the range of about 10-50 µm diameter. In 
some embodiments, the microspheres are in the range of 
about 10-25 µmin diameter, and in certain embodiments their 

55 diameters are in the range of about 15-20 µm. 
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5. The method according to claim 1, wherein said step of 

placing the biodegradable micro spheres at said site comprises 
placing said microspheres at a site in the body of the patient 
comprising an implanted joint replacement device. 

6. The method according to claim 1, wherein said step of 
placing the biodegradable micro spheres at said site comprises 
placing said microspheres at an existing or potential site of 
osteomyelitis in the body of the patient. 

7. The method of claim 1, wherein said microspheres are 
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10 formulated to deliver a near-linear dosage of said antibiotic 
agent for at least the first week of said 4 week period at levels 
exceeding the minimum inhibitory concentration (MIC) for 
organisms commonly found to be the cause of infections at 
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1999; 81-8(5):907-914. 

such sites. 
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Without further elaboration, it is believed that one skilled 

8. The method according to claim 1, wherein said antibiotic 
agent is selected from the group consisting of Ancef, Tobra
mycin, Cefadroxil, Cefazolin, Cephalexin, Cefaclor, 
Cefotetan, Cefoxitin, Cefprozil, Cefuroxime, Loracarbef, 
Cefdinir, Cefixime, Cefoperazone, Cefotaxime, Cefpo-

20 doxime, Ceftazidime, Ceftibuten, Ceftozoxime, Ceftriaxone, 
Cefepime, and Vancomycin. 

in the art can, using the description herein, utilize the present 
invention to its fullest extent. The embodiments described 
herein are to be construed as exemplary only, and not as 25 

constraining the remainder of the disclosure in any way. 
While the preferred embodiments of the invention have been 
shown and described, many variations and modifications 
thereof can be made by one skilled in the art without departing 
from the spirit and teachings of the invention. Accordingly, 30 

the scope of protection is not limited by the description set out 
above, but is only limited by the claims, including all equiva
lents of the subject matter of the claims. The disclosures of all 
patents, patent applications and publications cited herein are 
hereby incorporated herein by reference, to the extent that 35 

they provide procedural or other details consistent with and 
supplementary to those set forth herein. 

9. The method according to claim 1, wherein said micro
spheres are about 20 µm in diameter. 

10. The method according to claim 1, wherein said micro
spheres are from 15 µm to 25 µmin diameter. 

11. The method according to claim 1, wherein said con
trolled release comprises near linear release of the antibiotic 
agent over a 7-28 day period within said 4-week period, with 
a greater release during the first 24 hours of elution. 

12. The method of claim 1, wherein said placing is totally 
or partially within the body at a site of existing or potential 
infection. 

13. The method of claim 1, wherein said PLGA polymer 
comprises 50:50: ratio oflactic acid to glycolic acid. 

14. The method of claim 1, wherein said microspheres 
comprise 1 % to 10% of said first antibiotic. 

What is claimed is: 15. A method of enhancing tissue ingrowth at a site of 
1. A method for controlled release antibiotic treatment of 40 infection or potential infection in a patient, comprising: 

an infection at a site of an existing or potential infection in the 
body of a patient, comprising: 

formulating a biodegradable microsphere of 6 microns to 
25 microns in diameter wherein said microspheres com
prise: 
85% to 99% by weight of polylactic-co-glycolic acid 

(PLGA); 
0.1 to 5% by weight of polyethylene glycol (PEG); and 
1 % to 15% by weight of a first antibiotic; 

45 

placing said biodegradable microspheres at said site; and 50 

inhibiting growth of the infective organism, and enhancing 
tissue ingrowth at said site by delivering a near-linear 
dosage of said antibiotic to said site for at least 4 weeks, 
wherein said dosage exceeds minimum inhibitory con
centrations (MIC) for an infective organism. 55 

2. The method according to claim 1, wherein said step of 
placing the biodegradable micro spheres at said site comprises 
placing said microspheres at a surgical treatment site com
prising a bony defect. 

3. The method according to claim 1, wherein said step of 
placing the biodegradable micro spheres at said site comprises 
placing said microspheres at a bone fracture site. 

60 

4. The method according to claim 1, wherein said step of 
placing the biodegradable micro spheres at said site comprises 
placing said microspheres at a site in the body of the patient 65 

comprising at least one implanted metal rod, plate or metallic 
fixator. 

inhibiting an infective organism and enhancing tissue 
ingrowth by: 

1) formulating a biodegradable micro sphere of 6 
microns to 25 microns in diameter wherein said 
microspheres comprise: 

85% to 99% by weight of polylactic-co-glycolic acid 
(PLGA); 

0.1 to 5% by weight of polyethylene glycol (PEG); 
and 

1 % to 15% by weight of a first antibiotic; 

2) placing a microsphere at said site; and 

3) delivering a near-linear dosage of said antibiotic to 
said site for at least 4 weeks, wherein said dosage 
exceeds minimum inhibitory concentrations (MIC) 
for said organism and wherein said microspheres do 
not undergo phagocytosis. 

16. The method of claim 15, wherein said tissue growth is 
bone ingrowth. 

17. The method of claim 16, wherein said microspheres 
remain at said site for at least thirty days. 

18. The method of claim 1, wherein said microspheres 
remain at said site for at least thirty days. 

19. A micro sphere configured to enhance tissue ingrowth at 
a site of infection or potential infection in a patient, wherein 
said microsphere comprises: 
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85% to 99% by weight of polylactic-co-glycolic acid 
(PLGA); 
0.1 to 5% by weight of polyethylene glycol (PEG); and 

1 % to 15% by weight of a first antibiotic; wherein said 
microsphere delivers a near-linear dosage of the antibi- 5 

otic to the site for at least 4 weeks, and wherein the 
microsphere enhance tissue ingrowth by at least 10% 
compared to bony ingrowth in the absence of the micro
spheres. 

20. The method according to claim 12, wherein said step of 10 

placing biodegradable microspheres totally or partially 
within the body at a site of existing or potential infection 
comprises implanting or injecting said microspheres at said 
site. 

21. The method according to claim 15, wherein said site 15 

comprises existing or potential osteomyelitis. 

* * * * * 

20 


