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DRUG-IMPREGNATED ENCASEMENT 

FIELD OF THE INVENTION 

[0001] The present invention relates to an improved drug-impregnated encasement that is 

configured and adapted to receive a medical implant, and more particularly to a sleeve in one 

embodiment that is operative to encase orthopedic implants of varying types, sizes, and shapes 

for delivering a drug to the implantation site.  

BACKGROUND OF THE INVENTION 

[00021 Colonization of bacteria on the surface of implants often leads to infections. Systemic 

antibiotics can reduce the risk of infection; however infections can still develop on the surface of 

implants even in the presence of systemic prophylactic antibiotics. It is not uncommon for 

orthopedic surgeons to treat implant sites with local antibiotics or other biologically active 

agents. In some cases the surgeon mixes an antibiotic with PMMA bone cement to prepare a 

local antibiotic depot. In other cases, to provide a more uniform and easy to use solution, 

bioresorbable surface coatings or films have been developed that may be applied to orthopedic 

implants. The coatings may be impregnated with a drug or antibiotic such as gentamicin. Such 

coatings may be applied to a wide variety of orthopedic implants, such as other tibia or other 

nails, plates, or screws. In general the coatings are derived from resorbable polymers so that 

when the drug is depleted, the implant remains while the coating has dissolved away.  

[0003] One problem with coated implants is that each coated implant represents a new 

development product in which the coating method, new packaging and sterilization methods 

must be validated. In addition, each coated implant is the subject of a separate regulatory 

submission. As a result, a broad portfolio of drug-coated implants is a major undertaking. The 

logistical challenge is exacerbated by the prospect of using a variety of coatings including 

materials such as analgesics, antineoplastic agents, bisphosphonates and growth promoting 

substances.  

[0004] Given the large number, sizes, and shapes of potential coated products, the regulatory, 

financial, and logistical burden of providing uncoated and coated implants is enormous. The 

problem is amplified if one considers additional drugs to use in coatings such as analgesics, 

antineoplastic agents and growth promoting substances. Moreover, in some of these instances 

the drug must be deployed into the bone and not the surrounding soft tissue which can constitute 

the majority of the tissue contacting zones in a typical implant.
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SUMMARY OF THE INVENTION 

[0005] Accordingly, there remains a need for an improved drug-release means that can 
universally accommodate a wide variety of implants and provide a cost-effective solution to the 
limitations of conventional surface coatings. The invention is generally directed to an improved 
drug-impregnated encasement. Preferably, the encasement is made from a biologically

compatible material, which is broadly defined herein as any approved FDA material suitable for 
implantation in a patient. In a preferred embodiment, the encasement is made from, but is not 
limited to a bioresorbable material. In one preferred embodiment, the encasement is configured 
as a sleeve. The present invention provides a "one-size fits all" solution to the foregoing coated
implant problem. Instead of creating an inventory of numerous different coated implants, a drug
impregnated sleeve is alternatively provided that preferably can fit a range of different 
conventional uncoated implants. According to one aspect of the invention, therefore, the drug
impregnated sleeve is configured to advantageously accommodate a-wide variety of implant 

types, shapes, and sizes.  

[00061 According to another aspect of the invention, the sleeve is implanted into a patient and the 

drug is dispensed from the sleeve in vivo over time to tissue surrounding the implantation site. In 

one embodiment, the duration and dosage of the drug delivered to the patient from the sleeve 

may be controlled by such factors as the choice of sleeve material used, construction of the 

sleeve, and type and form of drug or combination of drugs and/or drug delivery systems 

impregnated into the sleeve as further described herein.  

[0007] According to another aspect of the invention, the drug-impregnated sleeve may 

advantageously be modified and adapted by the surgeon to custom fit the sleeve to the particular 

size and shape of the implant needed to be encased. Also advantageously, in one embodiment 

the sleeve may be modified by the surgeon in the operating room and then slipped over the 

implant. This approach is beneficial where the surgeon may not be certain of which type or size 

of an implant, such as a bone plate for example, is required for a bone fixation procedure until the 

implant site can be accessed during surgery for visual observation and measurement. The 

surgeon may then select the proper type and size of the implant, and cut the drug-impregnated 

sleeve to fit.  

[00081 One or more illustrative drugs or biological agents that may be impregnated into the 

sleeve includes without limitation antibiotics, antiseptics, analgesics, antineoplastic agents, 
bisphosphonates, growth factors, peptides, statins, etc. It will be appreciated that any type of 

drug or biological agent may be incorporated into the sleeve and the invention is not limited by 
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the type used. It should be noted that any reference herein to a "drug" is broadly defined as any 

medically-related biological agent that may beneficially be incorporated into the sleeve for 

dispensing to the implantation site of a medical implant. It should be further noted that the 

invention may be used with any type of medical implant (defined herein to include dental 

implants) and is expressly not limited to use with orthopedic implants alone.  

[0009] A preferred embodiment of a drug-impregnated sleeve for encasing a medical implant 

generally includes a body made of at least one sheet of a biologically-compatible material, a first 

end, a second end, and a drug impregnated into the sheet. In one embodiment, the biologically

compatible material is bioresorbable. In one embodiment, the drug is dispensed in vivo from the 

sleeve to an implantation site in a patient after the medical implant is installed. In one 

embodiment, the body defines an internal cavity that is configured to receive a medical implant.  

In one embodiment, the body preferably further includes a plurality of apertures extending from 

the cavity through the body. In one embodiment, the apertures may be round perforations. In 

another embodiment, the apertures may have a form selected from the group consisting of round 

holes, elliptical holes, slits, slots, or any combination thereof. In one embodiment, the medical 

device may be an orthopedic device, which in some embodiments may be a bone fixation plate or 

intramedullary nail such as a tibia or femoral nail. Preferably, the first end of the sleeve may be 

open for receiving the medical implant therethrough and the second end may be closed. In one 

embodiment, the sleeve may be generally elongate in shape. In another embodiment, the sleeve 

has a top and bottom, at least a portion of the top or bottom being substantially planar. In another 

embodiment, the sleeve includes a first edge having a seam closing the first edge and the second 

end includes a seam closing the second end.  

[00101 In one embodiment, a resorbable sheet preferably includes a polymer, and more 

preferably includes caprolactone for adding flexibility and pliability to the sleeve to facilitate 

sliding the sleeve over the implant and conforming the sleeve to the general shape of the implant.  

In one embodiment, the sheet may contain different salts of the same drug to control the rate and 

duration of drug release into the patient. In other embodiments, wherein the sheet may contain 

two different drugs. In another embodiment, the sleeve is made from at least two sheets of 

resorbable material that are laminated together. At least one sheet may be microporous in some 

embodiments. In other embodiments, the at least two sheets may contain different drugs.  

[0011] Another possible embodiment of a drug-impregnated sleeve for encasing a medical 

implant generally includes at least one sheet made of a biologically-compatible material and at 

least one drug impregnated into the sheet. In one embodiment, the biologically-compatible 

material is bioresorbable. The sheet may contain a plurality of apertures, which in one 
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embodient may be round perforations or holes. In one embodiment, the sheet may be folded to 
create a rolled edge, an opposite free edge, a first end, and a second end opposite the first end. In 
one embodiment, a seam may be formed along the free edge and the second end so that the seam 

closes the free edge and second end. In one embodiment, the first end defines an opening 

configured for receiving a medical implant therethrough to be at least partially encased by the 

sleeve. The sleeve may be sized and configured to conform to the general shape of the types and 

sizes of medical implants intended to be encased within the sleeve.  

[0012] A method of forming a drug-impregnated sleeve is also provided. The method may 

include: providing at least one first generally flat sheet of a biologically-compatible material 

having at least one drug impregnated into the sheet; forming a plurality of apertures in the sheet; 

folding the sheet to form a rolled edge, an opposite free edge, a first open end, and a 

second open end opposite the first end; forming a seam along the free edge to close the free edge; 

and forming a seam along the second end to close the second end. The seam forming steps for 

the free edge and second end may be performed in any order. In another embodiment, the 

method may further include the step of laminating a second generally flat sheet of a biologically 

resorbable material having at least one drug impregnated onto the first sheet prior to forming the 

plurality of apertures and folding the sheets. In one embodiment, the biologically-compatible 

material is bioresorbable.  

[0013] These foregoing and other features and advantages of the present invention will become 

apparent from the remainder of the disclosure, in particular the following detailed description of 

the preferred embodiments, all of which illustrate by way of example the principles of the 

invention.  

DESCRIPTION OF THE DRAWINGS 

[0014] The features of the preferred embodiments will be described with reference to the 

following drawings where like elements are labeled similarly, and in which: 

[0015] FIG. 1 is a top view of one embodiment of a drug-impregnated sleeve according to 

principles of the present invention and a medical implant in the form of a bone plate that is 

insertable into the sleeve; 

[00161 FIG. 2 is a side cross-section view of the sleeve of FIG. 1; 

[0017] FIG. 3 is a side cross-section view of an alternative embodiment of the sleeve of FIG. 1 

containing multiple layers of a sheet or film; 

[0018] FIG. 4 is a top view of the sleeve of FIG. I with the bone plate partially inserted into the 

sleeve; 
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luuivi riua. D is sicae view ot an alternative embodiment of a drug-impregnated sleeve having an 

open-ended pocket formed on either end of the sleeve; 

[00201 FIG. 6 is a top view of an alternative embodiment of a drug-impregnated sleeve having 

deformable apertures in the form of slots; 

[00211 FIG. 7 is a top view of an alternative embodiment of a drug-impregnated sleeve having 

deformable apertures in the form of slits; 

[0022] FIG. 8 is a top view of an alternative embodiment of a drug-impregnated sleeve having 

deformable apertures in the form of slits and holes; 

[0023] FIG. 9 is a top view of an alternative embodiment of a drug-impregnated sleeve having 

deformable apertures in the form of x-shaped slits; and 

[0024] FIG. 10 is a perspective view of an alternative tubular drug-impregnated sleeve.  

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] In order that the invention may be understood, preferred embodiments which are given by 

way of example only, will now be described with reference to the appended drawings.  

Accordingly, the preferred embodiments are described for convenience of reference and without 

limitation of the invention to embodiments described herein. The scope of the invention being 

defined by the claims appended hereto.  

[00261 FIG. I shows a drug-impregnated sleeve 10 according to principles of the present 

invention placed adjacent a medical device such as orthopedic implant 30, which in one non

limiting embodiment shown may be an elongate bone plate. FIG. 2 shows a cross-sectional view 

taken through sleeve 10 in FIG. 1.  

[0027] Referring to FIGS. 1 and 2, a preferred embodiment of a drug-impregnated sleeve 10 may 

include an elongate body 20 having two ends 21, 22. Ends 21, 22 may be either opened or 

closed. In one embodiment, end 21 is preferably an open end through which an implant may be 

inserted into sleeve 10. Opposite end 22 preferably is closed end in one embodiment so that the 

implant may be snugly abutted against the closed end to achieve a better fit and prevent the 

sleeve from sliding in relation to the implant when the implant is affixed at the surgical site in the 

patient.  

[0028] In one embodiment, sleeve 10 may be formed from a single thin sheet or film 12 of a 

biologically-compatible material. In a preferred embodiment, the biologically-compatible 

material is bioresorbable. Preferably, sheet 12 is generally flat prior to forming sleeve 10. Sheet 

12 in a preferred embodiment is made of a biodegradable resorbable polymer which will dissolve 

away over time when implanted in vivo and be absorbed into a patient, leaving only the implant 
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behind if the implant is not made of a resorbable material. Alternatively, the implant may also be 

made of a resorbable material in other embodiments in which case both the implant and sleeve 

will eventually dissolve. Sheet 12 may be generally thin and substantially planar in a preferred 

embodiment, which may without limitation have a typical illustrative thickness T in a range from 

about 0.02 mm to 0.5 mm, and more preferably in a range from about 0.04 mm to 0.1 mm. Any 

suitable sheet thickness T, however, may be used depending on the intended application, 

considerations for tear-resistance when inserting an implant into the sheet, drug dispensing 

duration, etc. Sheet 12 may be made by any suitable means known in the art.  

[0029] In other embodiments, the drug delivery sleeve 10 may be formed by a textile process 

such as braiding, knitting, weaving, etc. In one embodiment, the textile sleeve may be fabricated 

using a fiber with the drug of interest impregnated into it. In one embodiment, the textile may 

also be formed from a bioresorbable fiber which does not contain a drug impregnated into the 

fiber. In that case, the textile material may then be coated with a layer of elastic bioresorbable 

polymer containing the drug of interest. In one embodiment, a textile implant may also be made 

in the form of a strip of elastic material, knitted woven, etc., with a bioresorbable adhesive coated 

on one or more sides, so that it can be adhered to the implant. In one embodiment, the drug of 

interest may be contained in the textile material, or in the adhesive component, or both.  

[00301 In one embodiment of a flexible sleeve, the resorbable polymer used for sheet 12 

preferably contains polycaprolocatone. Polymers containing at least a portion of resorbable, 

flexible polymers (e.g., a caprolactone) advantageously have properties of good flexibility and 

strength. In one embodiment, a flexible sleeve (e.g., made from polycaprolocatone) is readily 

stretchable to conform to the size and shape of the implant, but has sufficient strength to resist 

tearing during stretching the sleeve over the implant. In one preferred embodiment, sheet 12 

containing caprolactone preferably is capable of stretching up to about 100% of its initial un

stretched length or width. Advantageously, a single stretchable sleeve may fit a wide range of 

implant sizes and/or shapes, and preferably provide a relatively snug fit over the medical implant 

in a preferred embodiment, with or without slight modification by the surgeon as described 

herein. In one embodiment, the present invention includes a kit including a limited number of 

sleeves of different sizes and/or shapes that may be able to fit over a majority of an implant 

product line.  

[0031] In one embodiment of a resorbable flexible sleeve 10 having sufficient flexilbity, sheet 12 

may be composed of polycaprolactone and another resorbable polymer. A preferred illustrative 

non-limiting range for polycaprolactone content of the sleeve is from about 10 % to about 100 %, 

and more preferably from about 20% to 30%. In contrast to some other resorbable polymers 
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typicany usea ror impiantanon, polycaprolactone degrades relatively slowly in vivo.  
Accordingly, the caprolactone may be mixed with another polymer having quicker in vivo 
degradation times to control the overall degradation rate of sheet 12, while still retaining 
adequate flexibility for stretching sleeve 10 over a medical implant. In one possible embodiment, 
sheet 12 may be made of 30% polycaprolactone and 70% polylactic acid.  

[0032] It will be appreciated that any other suitable percentages of polycaprolocatone may be 
used in sleeve 10. It will further be appreciated that other resorbable polymers or combinations 

of polymers may be used to make sheet 12, with or without polycaprolactone. For example, the 

polymer may be comprised of various combinations of any of the FDA approved monomers 

including glycolide, lactide, trimethylene carbonate, dioxanone and caprolactone. The film or 

fibers may also include synthetic polymers such as polyethylene oxide or bioresorbable 

polyurethane. In other embodiments, the film or fibers used to form the drug-impregnated 

sleeve may also include natural biopolymers such as gelatin, collagen, chitosan, hyaluronate, or 

alginates. Accordingly, the invention is not limited to the type of material, polymers, or 

combinations of polymers or other types of materials that used to make sheet 12.  

[0033] In a preferred embodiment, sleeve 10 preferably further contains a plurality of apertures 

or perforations 14 of any suitable shape (such as substantially round perforations or apertures 14) 

in one possible embodiment to allow the passage or transport of fluids through the sleeve.  

Perforations 14 need not be perfectly round, and may be ovoid or elliptical in shape in some 

embodiments (not shown). The apertures 14 are not limited to round perforations 14. Preferably, 

perforations 14 extend completely through sheet 12 from an inside surface 11 to an outside 

surface 13 (see FIG. 2). Perforations 14 advantageously provide more even distribution of the 

drug or biological agent to adjacent tissue and bone as the material leaches out of the polymer 

than a sleeve without such perforations. In addition to benefiting drug distribution, perforations 

14 also eliminates a dead space between the implant and sleeve where debris or material may 

become and remain trapped causing possible problems for the patient. Therefore, such debris 

may be flushed out and away through perforations 14 by bodily fluid flow.  

[0034] A preferred illustrative non-limiting range for porosity based on percentage of open area 

provided by perforations 14 to total surface area of sheet 12 is from about 10 % to about 80%, 

and more preferably from about 20% to about 50%. In one preferred embodiment, perforations 

14 provide a porosity of about 20%. Perforations 14 preferably have a diameter of at least about 

0.1 mm for satisfactory drug distribution and flushing. In a preferred embodiment, perforations 

14 have a diameter of at least about 1.5 mm. Diameters of approximately 0.1 mm or greater are 

generally considered in the art to represent macroporosity.  
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luu.5 .rreleraoly, in one embodiment, perforations 14 are made while sheet 12 is in a generally 
flat state before being formed into sleeve 10, as further described herein.  

[00361 Sleeve 10 may be made in one embodiment using a thermally processed, compression 

molded sheet of degradable polymer. In one embodiment, the drug or other biological agent may 
be dissolved or dispersed into the polymer while still in solution form. In one embodiment, the 

polymer solution is then processed into a sheet or film using conventional methods known in the 

art, perforated, and then fashioned into a sleeve as described herein. Preferably, sheet 12 may be 

perforated by any suitable technique, such as using a press in one embodiment, while the sheet is 

still in a generally flat state.  

[0037] In one embodiment, sleeve 10 may be formed from perforated sheet 12 by folding the 

sheet over itself to create a longitudinally-extending free edge 15a and a longitudinally-extending 

rolled or folded edge 15b, as shown in FIGS. 1 and 2. Free edge 15a and ends 21, 22 thus 

initially may have a double layer or thickness T of sheet 12 where the sheet overlaps itself (see 

FIG. 2). Rolled edge 15b may have a generally slightly rounded, curved shape or a crease in 

transverse cross-section comprising a single layer or thickness T of sheet 12 (see also FIG. 2).  

The sheet forming edge 15a and preferably end 22 may then be joined together (e.g., by heat 

fusion welding) in one embodiment to create a fused seam 16 along edge 15a and end 22. In one 

embodiment, sleeve 12 thus formed defines an internal cavity 23 configured for receiving an 

implant. Preferably, in one embodiment, end 21 is not joined together to define and create 

opening 18 in end 21 for inserting the implant into sleeve 10. It should be noted that any suitable 

technique may be used to form a seal and close free edge 15a and end 22, such as chemical 

fusion or welding, use of biologically compatible adhesives, etc. Accordingly, the invention is 

not limited to the use of heat fusion techniques.  

[00381 In other embodiments, sleeve may be formed by methods other than folding and seaming 

a flat sheet of a biocompatible material. In one embodiment shown in FIG. 10, a sleeve 100 may 

be formed in the shape of a tube 112 having apertures or perforations 114 and two ends 116, 118.  

Preferably, in one embodiment, tube 112 is seamless. In one possible embodiment, tube 100 may 

be made of polymer. A polymeric tube 112 may be formed in some possible embodiments by 

pour-casting or dip-molding processes. The pour-casting method preferably includes pouring a 

polymer solution into a tubular-shaped mold, allowing the polymer to solidify, and removing the 

formed tubular sleeve 112 from the mold. The dip-molding process preferably includes in one 

embodiment dipping a rod-like mandrel into a container of polymer solution, withdrawing the 

mandrel from the solution with the polymer clinging to the mandrel, solidifying the polymer, and 

removing the formed tubular sleeve 112 from the mandrel. The polymer solution used in the 
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dipping process preferably has a suitable viscosity to allow the polymer to adhere to the mandrel.  

A dip-molding process that may be used in forming sleeve 112 is disclosed in U.S. Patent 

Application Publication No. 20050209629, which is incorporated herein by reference in its 

entirety. In some embodiments, the mandrel may be dipped more than once to increase the 

thickness of the tubular sleeve 112. In other embodiments, the mandrel may be dipped into two 

or more containers of the same or different types of polymer solutions to create a multi-layered 

tube 112. In some embodiments, the two or more of the same or different polymer solutions may 

include the same drug, different salts of the same drug, different drugs, or any combination 

thereof. Accordingly, tubular sleeve 112 may be made with multiple polymer layers that allow 

the type of drug dispensed and the dispending rate and duration to be controlled as required for a 

particular application.  

[00391 Apertures or perforations 114 may be formed in tube 112 by any suitable means. In one 

embodiment, tube 112 may be flattened after it solidifies if the tube material selected has 

sufficient elasticity. Perforations 114 can then be made by any suitable means, such as without 

limitation using a press or other device to pierce/puncture the flattened tube. If tube 112 is made 

of an inelastic material in some embodiments that cannot be readily flattened, perforations 114 

may be created by any suitable means to puncture the tube and create the perforations. In another 

possible embodiment used in conjunction with casting molding tube 112, the mold may be 

provided with a plurality of posts or pins sized and configured to match the intended final shape 

and size of perforations 114. As the polymer solution is poured into the mold, the solution will 

flow around the posts or pins. Perforations 114 will form as the polymer solidifies at the same 

time that the tubular sleeve is made. Cast-forming perforations 114 in the foregoing manner 

avoids an additional manufacturing step for making the perforations after tube 112 is made.  

Tube 112 may be made with either open ends 116, 118 as shown in FIG. 10, or in some 

embodiments either end 116, or 118 may be formed as a closed end (not shown). A sleeve 10 

made in the form of a seamless tube may generally have better strength than a folded and seamed 

sleeve in some embodiments.  

[0040] As shown in FIG. 2, before inserting a medical implant into sleeve 10, one embodiment 

of the sleeve may have a generally flattened oval or elliptical shape in a transverse cross section 

to the length of the sleeve defined as extending in the direction of edge 15a. Accordingly, the top 

17t and bottom 17b of sleeve 10 may include generally planar or flat portions which in one 

possible embodiment will generally conform to the shape of complementary flat implants 30 as 

shown to eliminate unnecessary excess loose sleeve material (after the implant is inserted) that 

may form undesirable excessively large pockets between the sleeve and implant wherein debris 
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may become entrapped in vivo. In other embodiments (not shown), sheet 12 may be folded and 

sleeve 10 formed so that almost a tubular shape may be created.  

[00411 It is important to note that the polymer constituents can be varied to create a wide range 

of resorbtion profiles. In addition, alternative film production methods can be employed, 

particularly if the drug of interest is thermally degraded at the temperatures employed in the 

compression molding process. Lower temperature film production methods such as but not 

limited to solvent casting and dip molding on mandrels may alternatively be used.  

[0042] Sleeve 10 preferably is supplied separately in its own sterile pouch. The surgeon may use 

sleeve 10 by removing the sleeve from the pouch, and then sliding and stretching the sleeve over 

an implant 30. Implant 30 may be slid into sleeve 10 all the way into or close to closed end 22 to 

achieve a relatively snug fit and avoid excessive unsupported loose sleeve material on the end.  

Sleeve 10 may further be trimmed using a surgical scissors to remove excess sleeve length by 

cutting end 21 off close to the end of the implant 30. It should be noted that although a 

somewhat snug fit between sleeve 10 and implant 30 may be desired in some circumstances to 

avoid excessively loose material that might interfere with installing implant 30 at the surgical 

site; a tight fit is not required in all instances. Similar techniques described above may be used 

by the surgeon to modify sleeve 10 for custom fitting the sleeve to the particular size and shape 

of the implant needed to be encased. The implant encased within the sleeve may then be 

implanted into the patient and fixed in place using standard methods. Advantageously, the 

surgeon will be able to deploy a drug from a variety of implants via the sleeve, but medical 

device companies will avoid the onerous logistics of developing and maintaining large uncoated 

and coated implant inventories, with one or more drugs depending on the condition of the patient 

or indication to be treated.  

[0043] Although medical implant 30 is shown as being a straight elongate plate, it will be 

appreciated that numerous different shapes and types of medical implants may be used with the 

invention without limitation. Accordingly, sleeve 10 may be used with devices other than bone 

plates, such as without limitation non-orthopedic implants (e.g., stents, pacemakers, dental 

implants, etc.) and other orthopedic implants (e.g., tibia nails, femoral nails, spinal implants, 

etc.). Accordingly, in some embodiments, the surgeon may combine two or more sleeves 10 of 

the same or different sizes and shapes for an implant with a more complex shape. For example, 

two or more sleeves 10 may be combined without limitation for use with bone plates or other 

types of medical implants having an L-shape, T-shape, X-shape, H-shape or other types and 

shapes of implants. It should be recognized that the implant need not be completely encased by 

sleeve 10 in all cases to effectively deliver a drug or other biological agent to surrounding tissue.  
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Therefore, a variety of implant shapes may be accommodated by using a combination of sleeves 

10..  

[0044] With reference to FIG. 5, an alternative -embodiment of a sleeve 40 is shown that is 

designed so that the drug is released from only one side of the implant to direct the drug into 

bone or the nearby soft tissue as desired. This sleeve 40 embodiment includes an open center 

portion 42 with only a single thickness of sheet 12 and a pocket 44 formed on either end portion 

46. This open configuration leaves one side of implant 30 exposed between pockets 44 and may 

be supplied to the surgeon in the form shown or created by the surgeon in the operating room by 

cutting the center part out of sleeve 10 (shown in FIG. 1).  

[00451 In another possible embodiment, sleeve 10 may be placed over autograft or allograft bone 

prior to implantation for drug dispensing and/or to use the sleeve as a bone graft containment 

device. For example, bone marrow aspirate (BMA) is often mixed with a carrier such as 

ChronOS granules (available from Synthes, Inc. of West Chester, Pennsylvania) or other forms.  

In one embodiment, the surgeon may fill the sleeve with the ChronOS-BMA mixture to prevent 

migration of the mixture away from the implant site. Some examples of other suitable carrier 

material include a calcium phosphate cancellous bone substitutes such as Vitoss@ (r) (available 

from Orthovita of Malvern, Pennsylvania), or ConduitTM (r) (available, from DePuy, Inc. of 

Raynham, Massachusetts).  

[0046] In one embodiment, the resorbtion time of the polymer sleeve and concomitant drug 

dispensing rates can be manipulated from days to years. The polymer chemistry and type of 

polymer used provide a wide range of possible drug delivery kinetics and polymer resorbtion 

times. In addition, resorbtion times and drug delivery rates can be manipulated by the thickness 

of sheets used to construct the polymer sleeve.  

[0047] Other techniques may be employed for controlling the delivery rate and duration of 

delivery for drugs or biological agents from the sleeve. For example, in one alternative 

embodiment shown in FIG. 3, sleeve 50 may be formed from multiple layers of polymer sheets 

having the same or different compositions of polymers. Sleeve 50 may include two sheets 12 

and 52 which in one embodiment, have been laminated together, by any conventional method 

known in the art, and may include perforations 50 as shown. In some embodiments, both sheets 

12 and 52 need not each contain perforations 14 if not desirable. In one embodiment, a drug may 

be impregnated into each sheet 12, 52, but the sleeve may be designed to release the drug at 

different rates. In one embodiment, this may be accomplished by making one or more sheets 12, 

52 microporous, to allow more rapid water or fluid penetration into the film, and more rapid 

elution of the drug. Non-microporous layers would entrap the drug more effectively, causing it 
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to elute at a slower rate. In other embodiments having sheets 12 and 52 made from different 

polymers, one sheet could be more hydrophillic and swell at a faster rate by fluid absorption than 

the other sheet, thereby releasing the drug more rapidly. Alternatively, one of the sheets 12 or 52 

may be made from a polymer that degrades in vivo more quickly than the other sheet. In some 

embodiments, the same drug or biological agent may be incorporated in sheets 12 and 52. In 

other embodiments, a different drug may be contained in sheets 12 and 52. Accordingly, for 

example, a first type of drug may be delivered from sheet 12 at a given rate and duration while a 

second different or the same drug may be delivered fonm sheet 52 at a given rate and duration 

which may be different.  

[0048] In other embodiments, a drug or biological agent may be delivered at different rates and 

durations by incorporating different salts of one or more types of drug into sleeve 10 or 50. In 

one embodiment, sheet 12 of sleeve 10 may contain different salts of the same drug, each of 

which will have different solubilities in body fluid. Therefore, the drug release rate will vary 

according to the solubility of the particular salt. In one embodiment, this would allow the elution 

profile of the drug from the sheet 12 to be controlled by changing the ratios of different salts of 

the same drug present in the sheet. In another embodiment, sheet 12 may contain different salts 

of two or more different drugs or biological agents. In alternative embodiments of a sleeve 50 

having multiple layers of sheets 12, 52, sheet 12 may contain a different salt of the same drug 

than sheet 52.  

[00491 Referring to FIGS. 6-9, alternative embodiments of sleeves 10 or 50 may be produced 

from a polymer sheet or film which is not completely flexible or elastic to allow expansion or 

stretching over an implant, but may be made to expand to fit a number of different size implants 

by providing a pattern of deformable apertures such as holes and/or slits/slots cut into the sleeves 

at various orientations. The holes and/or slits/slots would deform, and allow the sleeve to stretch 

over the implant. FIG. 6 shows one possible embodiment of a polymer sheet 60 including 

longitudinally-extending slots 62. This arrangement allows sheet 60 to stretch across its width 

(running horizontally) in the direction of the stretch arrows shown. FIG. 7 shows one possible 

embodiment of a polymer sheet 70 including longitudinally-extending slits 72. This arrangement 

allows sheet 70 to stretch across its width (running horizontally) in the direction of the stretch 

arrows shown. FIG. 8 shows one possible embodiment of a polymer sheet 80 including a 

combination of longitudinal slits 82 and holes 84 with the slits being oriented diagonally on the 

sheet in the embodiment shown. This arrangement allows sheet 80 to stretch across its width 

(running horizontally) and length (running vertically) in the direction of the stretch arrows 

shown. FIG. 9 shows one possible embodiment of a polymer sheet 90 including X-shaped slits 
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92. This arrangement allows sheet 90 to stretch across its width (running horizontally) and 

length (running vertically) in the direction of the stretch arrows shown. In alternative 

embodiments of sheet 90, X-shaped slots may be provided in lieu of slits.  

[0050] It will be appreciated that various other suitable shapes, combinations, and patterns of 

deformable apertures such as holes, slits, and slots may be used so long as the polymer sheet is 

capable of being expanded or stretched in one or more directions. It should be recognized that 

the deformable apertures may be used with flexible, semi-rigid, or rigid sheets of polymer where 

a highly stretchable sleeve is desired. The deformable apertures may advantageous be used for 

encasing irregularly shaped implants which are not totally linear in profile.  

[00511 While the description and drawings represent preferred embodiments of the present 

invention, it will be understood that various additions, modifications and substitutions may be 

made therein without departing from the spirit and scope of the present invention As defined in 

the accompanying claims. In particular, it will be clear to those skilled in the art that the present 

invention may be embodied in other specific forms, structures, arrangements, proportions, sizes, 

and with other elements, materials, and components, without departing from the spirit or essential 

characteristics thereof. One skilled in the art will appreciate that the invention may be used with 

many modifications of structure, arrangement, proportions, sizes, materials, and components 

used in the practice of the invention, which are particularly adapted to specific needs and 

operating requirements, without departing from the principles of the present invention. The 

presently disclosed embodiments are therefore to be considered in all respects as illustrative and 

not restrictive, the scope of the invention being defined by the appended claims, and not limited 

to the foregoing description or embodiments.  
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THE CLAIMS 

What is claimed is: 

1. A biologically-compatible sleeve comprising: 

a body made of a biologically-compatible material and defining an internal cavity 

configured to receive a medical implant, the body including a plurality of apertures extending 

from the cavity through the body; 

a first end; 

a second end; and 

a drug impregnated into the material.  

2. The sleeve of claim 1, wherein the biologically-compatible material is bioresorbable.  

3. The sleeve of claim 2, wherein the first end is open for receiving the medical implant 

therethrough and the second end is closed.  

4. The sleeve of claim 2, wherein the sleeve is elongate in shape.  

5. The sleeve of claim 2, wherein the sleeve has a top and bottom, at least a portion of the 

top or bottom being substantially planar.  

6. The sleeve of claim 2, wherein the sleeve is made from at least one sheet of a 

biologically-compatible material.  

7. The sleeve of claim 6, wherein the sleeve includes a first edge having a seam closing the 

first edge and the second end includes a seam closing the second end.  

8. The sleeve of claim 7, wherein the seams are formed by a method selected from the group 

consisting of heat fusion, chemical fusion, and adhesives.  

9. The sleeve of claim 2, wherein the resorbable sheet contains a polymer.  

10. The sleeve of claim 2, wherein the resorbable sheet includes caprolactone.  

11. The sleeve of claim 2, wherein the resorbable sheet is made from 30% polycaprolactone 

and 70% polylactic acid.  

12. The sleeve of claim 2, wherein the sleeve includes a pocket at each end configured and 

adapted to receive a portion of a medical implant.  

13. The sleeve of claim 2, wherein the sleeve has an open center portion.  

14. The sleeve of claim 2, wherein the drug is selected from the group consisting of 

antibiotics, antiseptics, analgesics, antineoplastic agents, bisphosphonates, growth factors, 

peptides, statins, and combinations thereof.  

15. The sleeve of claim 2, wherein the apertures are round perforations.  
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16. The sleeve of claim 2, wherein the apertures have a form selected from the group 

consisting of round holes, elliptical holes, slits, slots, and any combination thereof.  

17. The sleeve of claim 2, wherein the sleeve is made from at least two sheets of resorbable 

material that are laminated together.  

18. The sleeve of claim 17, wherein at least one sheet is microporous.  

19. The sleeve of claim 17, wherein the at least two sheets contain different drugs.  

20. The sleeve of claim 17, wherein the at least two sheets contain the same drug.  

21. The sleeve of claim 2, wherein the sheet contains different salts of the same drug.  

22. The sleeve of claim 2, wherein the sheet contains two different drugs.  

23. The sleeve of claim 2, wherein the drug is dispensed in vivo from the sleeve to a medical 

implant implantation site in a patient.  

24. A drug-impregnated sleeve comprising: 

at least one sheet made of a biologically-compatible material and containing at least one 

drug impregnated into the sheet, the sheet containing a plurality of apertures; the sheet folded to 

create a rolled edge, an opposite free edge, a first end, and a second end opposite the first end; 

and 

a seam formed along the free edge and the second end, the seam closing the free edge and 

second end, 

wherein the first end defines an opening configured for receiving a medical implant to be 

at least partially encased by the sleeve.  

25. The sleeve of claim 24, wherein the sheet material is bioresorbable.  

26. The sleeve of claim 24, wherein the apertures are round perforations.  

27. The sleeve of claim 24, wherein the apertures have a form selected from the group 

consisting of round holes, elliptical holes, slits, slots, or any combination thereof.  

28. The sleeve of claim 24, wherein the sleeve is elongate in shape.  

29. The sleeve of claim 24, wherein the sleeve has a top and bottom, at least a portion of the 

top or bottom being substantially planar.  

30.. The sleeve of claim 24, wherein the seams are formed by a method selected from the 

group consisting of heat fusion, chemical fusion, and adhesives.  

31. The sleeve of claim 24, wherein the resorbable sheet includes caprolactone.  

32. The sleeve of claim 24, wherein the sleeve includes a polymer.  

33. The sleeve of claim 24, wherein the sleeve is made from at least two sheets of resorbable 

material that are laminated together.  

34. The sleeve of claim 33, wherein at least one sheet is microporous.  
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35. A method of forming a drug-impregnated sleeve comprising: 

providing at least one first generally flat sheet of a biologically-compatible material 

having at least one drug impregnated into the sheet; 

forming a plurality of apertures in the sheet; 

folding the sheet to form a rolled edge, an opposite free edge, a first open end, and a 

second open end opposite the first end; 

forming a seam along the free edge to close the free edge; and 

forming a seam along the second end to close the second end, 

wherein the seam forming steps for the free edge and second end may be performed in 

any order.  

36. The sleeve of claim 35, wherein the apertures are round perforations.  

37. The sleeve of claim 35, wherein the apertures have a form selected from the group 

consisting of round holes, elliptical holes, slits, slots, or any combination thereof.  

38. The sleeve of claim 35, wherein the sleeve is elongate in shape.  

39. The sleeve of claim 35, wherein the sleeve has a top and bottom, at least a portion of the 

top or bottom being substantially planar.  

40. The sleeve of claim 35, wherein the seams are formed by a method selected from the 

group consisting of heat fusion, chemical fusion, and adhesives.  

41. The sleeve of claim 35, wherein the resorbable sheet includes caprolactone.  

42. The sleeve of claim 35, wherein the resorbable sheet is formed of at least one polymer.  

43. The sleeve of claim 35, further comprising the step of laminating a second generally flat 

sheet of a biologically resorbable material having at least one drug impregnated onto the first 

sheet prior to forming the plurality of apertures.  

44. The sleeve of claim 35, wherein the biologically-compatible material is bioresorbable.  
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