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APPARATUS FOR REPLACING 
MUSCULO-SKELETAL PARTS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application is a continuation-in-part of appli 
cants copending patent application U.S. Ser. No. 09/918, 
068 (filed on Jul. 30, 2001). 

FIELD OF THE INVENTION 

0002 An artificial joint assembly comprised of a first 
member comprising bone and, attached to Said first member, 
a Second member comprised of Shape memory material, 
wherein Said Second member is disposed at least in part 
within said first member. 

BACKGROUND OF THE INVENTION 

0003) Defects of the joints, as a result of hip osteoarthri 
tis, osteoporosis, trauma, occupational overuse, resection of 
cancerous tissue, and hip joint tumor, are among the primary 
reasons for performing joint replacements. AS one example, 
the hip joint is called a ball-and-Socket joint because the 
spherical head of the thighbone (femur) moves inside the 
cup-shaped hollow Socket (acetabulum) of the pelvis. In a 
properly functioning hip joint, a Series of motions, Such as 
flexion, extension, abduction and adduction, can be carried 
out to utmost capabilities without StreSS, Strain or pain 
involved in the motions. After the onset of a hip or hip 
related diseases and/or fracture, there occurs a wear and tear 
of the joint and bones and the Surrounding ligaments and 
tendons. This initiates an inflammatory response resulting in 
pain and Swelling of the joint and Surrounding tissue, leading 
to associated diseases and defects. In these instances, hip 
replacement Surgery is performed to alleviate the Symptoms 
and replace the affected parts. 
0004. The use of prosthetic implants is the most success 
ful method used in the cases of limb and joint replacement 
due to a number of diseases and/or accidents. Implants may 
be used in hip arthroplasty, total knee replacements, and 
prosthetic limbs. Hip prosthetics have a Success rate of 
ninety percent for about twenty years, taking into account 
revision Surgery. To duplicate the action of a normal func 
tioning hip joint, a total hip replacement prosthetic implant 
must have three parts: the Stem, which fits into the femur and 
provides stability; the ball or head, which replaces the 
Spherical head of the femur and the acetabular cup, which 
replaces the worn-out hip Socket. Each part comes in various 
sizes in order to accommodate various body sizes and types. 
0005. However, even with technological advancements 
in the design of prosthetic implants, there is still a significant 
amount of failure, resulting in pain, further damage of region 
Surrounding implant, infection, recurrent arthritic condition 
and dislocation and the need for revision Surgery leading to 
increase in expenses. U.S. Pat. No. 5,876,446 of Agrawal et 
al. discloses that "virtually all implants currently in use have 
a tendency to loosen with time, Some to the extent of 
requiring revision.” According to Agrawal et al., ". . . the 
absence of bone in-growth frequently leads to loosening of 
bone cemented prosthesis.” 
0006. In order to solve this problem, Agrawal et al. 
provided a metallic press fit prosthetic device comprising at 
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least one porous tissue mating Surface on the metallic press 
fit prosthetic device having interstitial Spaces impregnated 
with a polymer Selected from a group consisting of poly 
lactic acid (PLA), polyglutamic acid (PGA), and PLA-PGA 
copolymers. The polymer contains a pharmacologically 
active Substance whose release is controlled over a thera 
peutically effective period of time. The entire disclosure of 
U.S. Pat. No. 5,876,446 is hereby incorporated by reference 
into this specification. 
0007 Although the device of Agrawal et al. was an 
improvement over prior art devices, it still was deficient in 
certain respects. It is an object of this invention to provide 
an artificial joint assembly that is Superior to the device of 
the Agrawal et al. patent. 

SUMMARY OF THE INVENTION 

0008. In accordance with this invention, there is provided 
an artificial joint assembly comprised of a first member 
comprising bone and, attached to Said first member, a Second 
member comprised of shape memory material, wherein Said 
Second member is disposed at least in part within Said first 
member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The invention will be described by reference to the 
following drawings, in which like numerals refer to like 
elements, and in which: 
0010 FIG. 1 is a schematic view of one embodiment of 
the implantable prosthesis of this invention; 
0011 FIG. 2 is a schematic view of the head of the 
implantable prosthesis of FIG. 1; 

0012 FIG. 3 is a sectional view of the head of the 
prosthesis of FIG. 2; 
0013 FIG. 4 is a sectional view of the stem of the 
prosthesis of FIG. 1; 
0014 FIG. 5A is a sectional view of the implantable 
prosthesis of one embodiment of this invention disposed 
within bone; 
0.015 FIG. 5B is a partial sectional view of another 
embodiment of the implantable prosthesis of this invention; 
0016 FIG. 5C is a partial sectional view of another 
embodiment of the implantable prosthesis of this invention; 
0017 FIG. 6 is a partial sectional view of another 
embodiment of the implantable prosthesis of this invention; 
and 

0018 FIG. 7 is a partial sectional view of another 
embodiment of the implantable prosthesis of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0019. The invention relates to an implantable prosthesis, 
and in one embodiment, to a bone prosthesis that is attached 
to the bone and that provides improved methods for moni 
toring and responding to problems associated with the 
prosthesis in Vivo. 
0020. In one embodiment, the prosthesis of this invention 
responds to changes in its characteristics and its environ 
ment, as would the biological element it is replacing. 
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0021. The prosthesis of this invention may be used as a 
replacement for endogenously occurring musculoskeletal 
elements that have reduced or ceased in function, causing 
more harm than benefit. FIG. 1 is a schematic view of an 
implantable prosthesis 100 which, in the embodiment 
depicted, is a structure in the shape of femur but can also 
take the shape of a humerus, ulna, radius, and the like. 

0022 AS is known to those skilled in the art, and referring 
to the embodiment depicted, the prosthesis 100 is properly 
referred to as a femoral implant. Reference may be had, e.g., 
to U.S. Pat. Nos. 5,766,261; 5,601,567; 5,231,611; 5,522, 
904;5,376,125; 5,163,962; 5,179,877, and the like. The 
disclosure of each of these United States patents is hereby 
incorporated by reference into this specification. 

0023 Referring again to FIG. 1, and in the preferred 
embodiment depicted therein, there is illustrated femoral 
implant 100 is preferably an integral structure comprised of 
a stem section 104 and a neck section 106. 

0024. In the embodiment depicted in FIG. 1, the pros 
thesis 100 comprises a heat absorbent body 22. In another 
embodiment, not shown, heat absorbent body 22 is com 
prised of two metal alloys 18 which are joined together and 
which differ from each other in their material compositions 
and the heat absorbency. 

0.025 In this section of the specification, and/or in the 
remaining Sections, reference will be made to the terms 
“shape memory alloy,”“shape memory polymeric material, 
”, and “shape memory polymer.” 

0026. The term “shape memory material” refers to a 
material that undergoes a transformation from a martensitic 
phase at low temperature or StreSS to an austenitic phase at 
high temperature or StreSS. When a shape memory material 
in its martensitic phase is Stressed to a specified value, e.g. 
heated to an activation temperature, the material assumes its 
austenitic State as it attempts to assume its previously 
“memorized” or “imprinted” shape. As the stress is removed 
from the material, e.g. as the material cools below its 
activation temperature, it returns to its martensitic State. 
Examples of shape memory materials include shape memory 
alloys, shape memory polymeric materials, and shape 
memory carbon composites. Reference may be had to U.S. 
Pat. Nos. 6,169,269; 5,964,770; 5,624,508; 5,562,641; 
5,545,210; 5,242.451; 5,037.427; 4,485,816; 3,786,806. 
StreSS induced martensite, rather than heat induced marten 
Site has also been used, reference may be had, e.g. U.S. Pat. 
No. 6,306,141. The entire disclosure of each of the patents 
mentioned in this paragraph, and in the Specification, is 
hereby incorporated by reference into Specification. 

0027. The term “shape memory alloy” refers to an amal 
gam of two or more metals that has the shape memory 
properties of a shape memory material. Examples include 
nickel-titanium (NiTi) (nitinol), iron-nickel-aluminum 
(FeNiAl) or copper-zinc-aluminum (CuZnAl). 
0028. The term “shape memory polymeric material” or 
“shape memory polymer refers to a polymeric material that 
has the shape memory properties of a shape memory mate 
rial. Examples include various polyether, polyesters, poly 
acrylates, polyether amides, polyethers, polyamides, polysi 
loxanes, and polyurethanes. Reference may be had to U.S. 
Pat. Nos. 6,388,043; 6,160,084, 5,506,300; 5,145,935; and 
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5,665,822. The entire disclosure of each of these United 
States patents is hereby incorporated by reference into this 
Specification. 
0029 Referring again to FIG. 1, and to the preferred 
embodiment depicted therein, the heat absorbent body 22 is 
capable of utilizing body heat to change one or more of its 
physical properties, Such as its size and shape, and it 
additionally is capable of reverting to its original physical 
property, with the release of heat, when the ambient tem 
perature to which it is exposed drops. Thus, in one embodi 
ment, the heat absorbent body is capable of reverting to its 
original Size and shape when the temperature of the organ 
ism in which it is disposed drops. In this embodiment, heat 
is first transformed into mechanical motion and is not 
transferred to the biological organism; and, thereafter, when 
the ambient temperature drops, heat is then released to the 
biological organism while the material reverts to its original 
Size and shape. 
0030 The ability of body 22 to change its shape upon 
being Subjected to a temperature within a certain Specified 
range is what is referred to as “heat absorbent” in this 
Specification. 

0031 Those skilled in the art are well aware of heat 
absorbent alloy materials that may be made into articles 
which can be deformed from their original shape into a 
different configuration that is heat unstable, i.e., that reverts 
to its original configuration upon the application of heat. 
Reference may be had, e.g., to International patent publica 
tion W0050100A1 of Boyle, the entire disclosure of which 
is hereby incorporated by reference into this specification. 

0032. By way of further illustration, and not limitation, 
the heat absorbent body 22 may be manufactured from 
Spring Steel or from alloys exhibiting Super-elastic or shape 
memory properties. Articles manufactured from Such alloys 
may be deformed from their original shape into a different 
configuration that is heat unstable, and upon the application 
of heat will revert to the original configuration. AS disclosed 
in the aforementioned Boyle patent, certain shape memory 
alloys, including Super-elastic nickel-titanium (NiT) (niti 
nol) or copper-zinc-aluminum (CuZnAl) alloys that are well 
known in the art, can be deformed through the application of 
stress to the article of manufacture and will revert to their 
original shape upon removal of the StreSS in a phenomenon 
generally referred to as stress induced martensite (SIM), 
thereby eliminating the need for alternately cooling and 
heating the article. SIM shape memory alloys that are 
Stressed at temperatures between where the alloy first begins 
to transform from austenite to martensite, and the maximum 
temperature at which martensite can occur, deform elasti 
cally up to a critical StreSS and then continue to deform 
through the formation of SIM. When the deforming stress is 
removed and the alloy is at a temperature above that which 
it starts to revert back to austenite, the alloy will attempt to 
return to its original shape. The temperature at which the 
alloy begins to revert to the Stable austenite phase varies 
with the composition of the alloy, and, in one embodiment, 
it is preferable for the practice of the present invention that 
a SIM shape memory alloy be one that reverts back to 
austenite at the typical human body temperature of about 
36.70 degrees Celsius. 
0033. Many different heat absorbent materials have been 
described in this specification. What they all have in com 
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mon is that, at a specified temperature within the range from 
about 36 to about 38 degrees Centigrade, the material 
absorbs heat and changes at least one of its physical prop 
erties, Such as its shape and/or the phase of one or more of 
its components. Additionally, when the ambient temperature 
drops below the aforementioned Specified temperature 
within the range of from about 36 to about 38 degrees 
Centigrade, the material gives up heat and returns to its 
original physical State. Thus, the material tends to maintain 
the temperature area Surrounding it at about the Specified 
change temperature within the range of from about 36 to 
about 38 degrees Centigrade. 

0034. By way of illustration, the aforementioned mate 
rials of the Boyle patent will tend to maintain a substantially 
constant temperature by absorbing heat above about 36.7 
degrees Centigrade (and changing phase) and releasing heat 
below about 36.7 degrees Centigrade and reverting to its 
original phase. Thus, this material tends to maintain the 
biological organism within which it is disposed within the 
narrow range of temperatures which Sustain life. 
0.035 Referring again to FIG. 1, and in the preferred 
embodiment depicted therein, the joined body 18 is located 
at the bottom of the stem 22 and may be constructed of a 
wear resistant titanium biocompatible alloy, as disclosed in 
U.S. Pat. No. 3,643,658 of Steinmann, of which the entire 
disclosure is hereby incorporated by reference into this 
Specification. Other materials that are Suitable for joined 
body 18 include biocompatible forms of copper-tin, copper 
Zinc, copper-zinc-tin, copper-zinc-Xenon, copper-aluminum 
nickel, copper-gold-zinc, gold-cadmium, gold-copper-zinc, 
iron beryllium (FeBe), iron platinum (Fe-Pt), indium-thal 
lium, iron-manganese, iron-nickel-titanium-cobalt, nickel 
titanium-Vanadium, and Silver-cadmium. 

0.036 By way of further illustration and not limitation, 
one may use one or more of the heat absorbent materials 
described in U.S. Pat. Nos. 4,035,007; 4,144,057; 4,505, 
767; 4.894,100; 5,114,504; and 5,641,364. The entire dis 
closure of each of these United States patents is hereby 
incorporated by reference into this specification. 

0037 AS is known to those skilled in the art, when the 
cells of living organisms are heated to a temperature in 
excess of about 45 degrees Fahrenheit, cell death occurs. 
Heat is often created by the frictional engagement of the 
prosthesis 100 with the bone it is disposed within. Such heat 
is preferably absorbed by the body 22, which utilizes the 
heat energy to change its shape, thereby dissipating the heat. 
In one preferred embodiment, the Shape memory alloy 22 
which comprises the heat-absorbing material has a heat 
capacity of 320 Joules per Kilogram-degree Celsius and a 
thermal conductivity of 600 Joules per meter-minute degree 
Celsius at high and low temperature phases. 
0.038. The integral stress bearing region 18, joined to the 
absorbent body 22, will consist of pores 21 at the distal end 
of its stem to act as a means for increasing the anchorage of 
prosthesis 100, permitting in-growth of bone into the pros 
thesis 100. 

0039. In one preferred embodiment, the prosthetic 
implant will have a coating (not shown) on the entire length 
of the prosthetic implant 100. In another preferred embodi 
ment, the coating (not shown) will be disposed on the 
portion (not shown) of the acetabular cup (not shown) in 
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contact with living tissue. One may use, e.g., the coating 
described in U.S. Pat. No. 5,914,121 of Robey et al., the 
entire disclosure of which is hereby incorporated by refer 
ence into this specification. AS is disclosed by Robey et al., 
the coating is combined from cultured human marrow 
stromal fibroblasts (MSFs) with hydroxyapatite/tri-calcium 
phosphate. The composition may further comprise fibrin 
glue. Preferably, the fibrin glue is derived from human 
fibrinogen when implanted into a human. Conversely, the 
use of human fibrinogen is preferable for implantation of 
human MSFs into humans because such fibrinogen can be 
easily isolated from blood of the individual undergoing 
implantation and will not induce an autoimmune reaction. In 
a preferred embodiment, MSFs are derived from human 
bone, aspirates. In a preferred embodiment, from about 
1x10 to 1x10 MSFs are loaded per 10 to 100 mg of delivery 
vehicle which in this case is stem 104. The hydroxyapatite/ 
tri-calcium phosphate (HA/TCP) powder is washed with 
culture medium prior to combining with the MSF cell 
suspensions. After mixing, the MSFs-HA/TCP is incubated 
with rotation at about 37 C. for 40 to 90 minutes. In another 
preferred embodiment, fibrinogen is added to the MSF 
loaded HA/TCP followed by thrombin. The resulting fibrin 
serves as a “glue” to hold the HA/TCP particles together. 
0040. In another embodiment, the prosthetic implant 100 
will have longitudinal pocket (not shown in FIG. 1, but see 
FIG. 4) running the length of the stem 104 between the core 
material 22 and the porous layer 24/26 on its Surface 
0041 Referring again to FIG. 1, and in the preferred 
embodiment depicted therein, it will be seen that heat 
absorbent body 22 is disposed, at least in part, within a tube 
24 which encloses such body 22. In one embodiment, the 
material which comprises body 22 is preferably in a par 
ticulate form; and thus a tube 24 and a tube 26 is necessary 
to enclose it and to give it a defined shape. 
0042. It is preferred that tube 24 be made from a flexible, 
biocompatible material that is adapted to release a pharma 
cologically active material. 
0043. In one preferred embodiment, the tube 24 is made 
from one or more of the polymers disclosed in U.S. Pat. No. 
5,876,466 of Agrawal et al., the entire disclosure of which is 
hereby incorporated by reference into this specification. 
These polymer materials may include, e.g., polylactic acid 
(PLA), poly(gamma-glutamic) acid (PGA), and PLA-PGA 
copolymers. These polymers preferably have a molecular 
weight of from about 40 to about 100,000 Kilo Daltons and 
preferably contain a pharmacologically active Substance 
whose release is controlled over a therapeutically effective 
period of time when the prosthesis 100 is implanted. 
0044 AS is disclosed in the Agrawal patent, the pharma 
cologically active Substance may be an antibiotic. Alterna 
tively, or additionally, the active Substance may be: (1) an 
anti-infective agent, Such as antibiotics, including penicillin, 
tetracycline, chlortetracycline bacitracin, nyStatin, Strepto 
mycin, neomycin, polymyxin, gramicidin, Oxytetracycline, 
chloramphenicol, and erythromycin; Sulfonamides, includ 
ing Sulfacetamide, Sulfamethazine, Sulfadiazine, Sulfamera 
Zine, Sulfamethizole and Sulfisoxazole; antiviral, including 
idoxuridine, and other anti-infective including nitrofuraZone 
and Sodium propionate; (2) an anti-allergenic agent, Such as 
antazoline, methapyrilene, chlorpheniramine, pyrilamine 
and prophenpyridamine; (3) an anti-inflammatory agent, 
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Such as hydrocortisone, cortisone, dexamethasone 21-phos 
phate, fluocinolone, triamcinolone, medrySone, predniso 
lone, prednisolone 21-phosphate, and prednisolone acetate; 
(4) an estrogen based agent, Such as estrone, 173-estradiol, 
ethinyl estradiol, and diethyl Stilbestrol; (5) a progestational 
agent, Such as progesterone, 19-norprogesterone, norethin 
drone, megestrol, melengestrol, chlormadinone, ethisterone, 
medroxyprogesterone, norethynodrel and 17.alpha.-hydrox 
yprogesterone; (6) a humoral agent, Such as the prostaglan 
dins, for example, PGE, PGE, and PGF; (7) an antipyretic 
agent, Such as aspirin, Sodium Salicylate, and Salicylamide; 
(8) a nutritional agent, Such as essential amino acids and 
essential fats; and (9) an osteoinductive agent; and the like. 
Other drugs having the Same or different activity as those 
recited above can be employed in drug-delivery Systems 
within the Scope of the present invention. 
0.045 Referring again to FIG. 1, and in the preferred 
embodiment depicted therein, it will be seen that tube 24 
acts as one drug delivery system in the prosthesis 100 of the 
invention. Tube 24 is disposed within a similar tube 26, 
which also is made from a biodegradable material Such as 
PLA, PGA, and PLA-PGA copolymers. Tube 26 may deliv 
ery the same agent as tube 24 at the same rate, and/or it may 
deliver one or more different agent(s) at one or more 
different rates. 

0046. In one preferred embodiment, the prosthetic 
implant 100 will have porous tubes 24 and 26 along its stem 
104 for the timed release of antibiotic and anti-inflammatory 
drugs, fibroblast, osteoblast and morphogens, these and 
other agents are described in U.S. Pat. No. 5,453,235 of 
Calcote et al., the entire disclosure of which is hereby 
incorporated by reference into this specification. Disclosed 
in this patent is a dual porosity polytetrafluoroetylene 
(PTFE) tube 24 and 26 including an inner surface of 
expanded PTFE material in tubular form having a first 
porosity and an outer surface of expanded PTFE material in 
tubular form having porosity different from that of the first 
Surface. The porosity of the inner Surface and the porosity of 
the outer surface are both within a range of about 0.01-200 
microns. The preferred method of making a dual porosity 
PTFE tube includes the step of forming an inner preformed 
tubular billet and an outer preformed tubular billet; the outer 
billet is adapted to closely fit concentrically within the inner 
billet. Porosity of the inner and outer surfaces is varied 
within a range of about 0.1-150 microns by changing, in the 
respective billet, the lubrication level and/or PTFE resin 
particle size. The preferred fluoropolymer, PTFE, is chosen 
due to its low coefficient of friction, but is by no means 
limited to it. 

0047. In one preferred embodiment, the inner Surface of 
the PTFE tube is made less porous to reduce blood leakage, 
while the outer Surface is made more porous to enhance 
tissue in-growth. In another embodiment, the aforemen 
tioned porosity is reversed, that is, the inner Surface is made 
more porous while the outer Surface is made leSS porous, to 
accelerate healing of bone into the prosthetic implant. 

0.048. In one preferred embodiment, the method for pro 
tecting mammalian tissue from damage associated with an 
inflammatory response following a tissue injury is as 
described in U.S. Pat. No. 6,194,376 by Kuberasampath et 
al, the entire disclosure of which is hereby incorporated by 
reference into this specification. The method of this patent 
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makes use of Osteogenic protein 1 (OP-1), which is known 
by those skilled in the art as a tissue morphogens. It is a 
Substance competent to induce tissue-specific morphogen 
esis of mammalian body tissue in addition to bone and/or 
cartilage; and it provides a method for treating and protect 
ing mammalian tissue from damage associated with the 
inflammatory response following injury. It also provides a 
method for alleviating tissue damage associated with 
immune cell mediated inflammatory response, ischemia 
reperfusion, hyperoxia or hypoxia injury and tissue by 
administering a morphogen other than a TGF-?3 to tissue 
affected by an immune cell mediated response, Said mor 
phogen comprising a dimeric protein having an amino acid 
Sequence. 

0049. In another embodiment, as depicted in FIG. 4, the 
absorbent body 22 has invaginations 42 of depth not exceed 
ing fifty percent of the croSS-Sectional area of the implant 
100. This provides for rigid placement into the organism, 
immobilizing the implant further. 

0050. In another embodiment, not shown, the aforemen 
tioned invaginations 42 contain nanoporous biocompatible 
membrane in the shape of a Sac. Such membrane contains 
time-released drugs. By way of illustration, one may use the 
nanoporous biocompatible membrane described by the 
World organization patent number 9,855,101A1. 
0051. The biocompatible nanoporous membrane dis 
closed in the aforementioned World organization patent 
number 9,855,10A1 enables Sustained delivery of drugs over 
weeks to months. The controlled pore size of the membrane 
can be as Small as 1 nanometer up to more than 250 
nanometers, with over 100 million pores per Square centi 
meter and a thickness of 100 micrometers. By use of a 
controlled nanoporous membrane, the drug can be delivered 
from an implantable System over Several weeks to Several 
months. The delivery profile can be tailored to specific 
pharmacokinetic requirements by modification of the size as 
well as the thickness of the membrane. Additional Surface 
chemistry can be added to the membrane in order to delay 
the delivery over a prolonged period of time. The number of 
pores can be as high as one billion pores per Square 
centimeter. The thickness of the membrane can be between 
50 nanometers and Several hundreds of micrometers. 

0052. In one preferred embodiment, depicted in FIGS. 2 
and 3, the head 108 of the prosthetic implant is configured 
in Such a manner that Such head 108 consists of Solid circular 
shaped objects 32, a load bearing Spring System 38, a 
circular shaped shell enclosing the entire System 34 com 
prising Said bearing System 38. 

0053. In another preferred embodiment, depicted in 
FIGS. 2 and 3, the solid circular shaped objects 32, which 
might be in contact with a naturally occurring Surface within 
the body (Such as, e.g., calcified bone), will have a preferred 
coating of diamond-like carbon disposed on them. 

0054 AS is apparent to those skilled in the art, and as is 
disclosed in U.S. Pat. No. 6,010,533 of Pope et al. (the entire 
disclosure of which is hereby incorporated by reference into 
this specification), the primary problem with prosthetic joint 
today is that the joints eventually erode and must be 
replaced. This erosion is caused, in large part, by the forces 
of impact and friction routinely encountered by the load 
bearing Surfaces of the prosthetic joint. AS the joint is 
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repeatedly used, the elements of the joint wear against each 
other and the impact and friction forces eventually cause 
pieces if the load bearing Surfaces to Spall and float above 
the joint. This debris initiates a hystiocytic reaction in which 
the body's immune System is activated and releases enzymes 
to dissolve the particles. However, because the debris is 
usually relatively hard material, Such as metal or polycarbon 
compounds, the enzymes usually fail to dissolve the debris, 
or take a considerable amount of time to do so. To further 
complicate matters, the enzymes react with the bone Sup 
porting the prosthetic joint. The enzymes weaken or dissolve 
the bone. This condition causes osteolysis or weakening of 
the bone, therefore weakening attachment to the bone and 
making it difficult to replace the prosthetic joint when the 
bearing Surfaces have eroded to Such a point that the joint 
should be replaced. Osteolysis decreases the lifetime of the 
replacement prosthetic joint, and eventually renders the 
bone unusable. The entire disclosure of this U.S. Pat. No. 
6,010,533 is hereby incorporated by reference into this 
Specification. Disclosed in this patent is a method of making 
a prosthetic joint having loadbearing Surfaces which interact 
to enable rotation of one of the load-bearing Surfaces relative 
to one another, the method comprising the Steps of coating 
at least one of the load bearing Surface with polycrystalline 
diamond compact having particles with a common diameter 
ranging form one nanometer to 100 microns. The method 
also comprises the Step of polishing the diamond layer to an 
RA value of between 0.1 and 0.010 microns to a high luster 
to provide the diamond layer a low coefficient of friction. 
0055. In another preferred embodiment, the coating 
material of the circular shaped shell enclosing the entire 
System 34 is either polycrystalline diamond compact or 
Some form of biocompatible titanium alloy, as is described 
in U.S. Pat. No. 6,010,533 by Pope et al. 
0056. In this embodiment, the circular solid objects 32 
act as a buffer between a lubrication liquid and the acetabu 
lar component or the naturally occurring Surface within the 
body it’s in contact with (see FIG. 3). 
0057. In another embodiment, the lubrication dispensed 
within the cavity of the circular shaped shell 36 can be of a 
Saline Solution, Such as phosphate buffered Solution, ringers 
Solution (which contains Sodium chloride, potassium chlo 
ride, calcium chloride, Sodium bicarbonate and glucose in 
the concentrations in which they occur in body fluids) and 
phospholipids. Such phospholipids include those as 
described in U.S. Pat. No. 6,133,249 by Hills et al. The 
patent provides phospholipids and propylene glycol based 
lubricants to be administered to physiological joints, articu 
lations and prosthetic or partly prosthetic joints. The com 
position comprises between about 25 milligrams to about 
500 milligrams of phospholipids per 1 milliliter of propylene 
glycol administered at a volume of between 0.1 milliliter to 
about 10 milliliters. One or more of the phospholipids are 
Selected from a group consisting of Shingolipids, phospho 
glycerides, phosphatidylcholine, phosphatidylethanolamine, 
phosphatidylserine, phosphatidylglycerol, phosphatidyli 
nositol, Sphingomyelin and derivatives thereof which are 
Suitable in lubricant compositions where in Said phospho 
lipids is a alpha-dipalmitoyl phosphatidylcholine, racemic 
alpha-dipalmitoyl phosphatidylcholine or a L-enantiomeric 
alpha-dipalmitoyl phosphatidylcholine. 
0.058 Without wishing to be bound to any particular 
theory, applicants believe that the combined effect of balls 
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and bearing System (of the diamond coated Solid circular 
shaped objects 32) and lubricant dispensed within the cavity 
of the head 36 (as shown in FIG. 3) produces a synergistic 
friction reducing effect. 
0059. It should be noted that the methods and ideas 
described in this patent are not limited in use to hip joints, 
but can also be incorporated into other joints of the body and 
portions of the bone where use of a prosthetic implant is 
required for the treatment of a bone related disease or injury. 
0060 FIG. 5A is a schematic illustration of a preferred 
prosthetic implant 100. This FIG. 5A, and the remaining 
Figures in this case, illustrate an artificial joint assembly 
comprised of a first member comprising bone and, attached 
to Said first member, a Second member comprised of shape 
memory material, wherein Said Second member is disposed 
at least in part within Said first member. 
0061. In one aspect of this embodiment, the first member 
is Selected from the group consisting of femoral bone, 
humeral bone, tibial bone, radial bone, and ulnar bone. In 
another aspect of this embodiment, the memory material is 
shape memory alloy. In another aspect of this embodiment, 
the memory material is shape memory polymeric material. 
In yet another aspect of this embodiment, the memory 
material is shape memory carbon composite material. In yet 
another aspect of this embodiment, the Second member has 
a Substantial conical shape, or a Substantially frustoconical 
shape. In yet another aspect of this embodiment, the shape 
memory material is deformable via heat induction, or via 
stress induction. In yet another aspect of this embodiment, 
the artificial joint assembly comprises a third member con 
nected to the second member; the third member preferably 
has a shape Selected from the group consisting of a cylin 
drical shape, a conical shape, and a frustoconical shape; and, 
in one preferred embodiment, the third member is comprised 
of shape memory material Such as, e.g., shape memory alloy 
which, preferably, is deformable by either heat induction 
and/or StreSS induction. In yet another aspect of this embodi 
ment, the artificial joint assembly also comprises a fourth 
member connected to said third member; the fourth member 
preferably has a Substantially Spherical shape, is preferably 
comprised of a shape memory material. 
0062. In the remainder of this specification, certain terms 
are used which will now be defined. 

0063) The term “first member” generally refers to the 
bone of the host that the second member is disposed within. 
The first member is preferably Selected from a group con 
sisting of the femoral bone, the humeral bone, the tibial 
bone, the radial bone, and the ulnar bone. 

0064. The term “second member generally refers to that 
portion of the implant that is disposed within the first 
member (the bone of the host). In one embodiment, the 
Second member is referred to as the “stem.” In general, the 
Second member extends into the bone at least from about 4 
to about 5 inches inches. Generally, at least about fifty 
percent of the stem (“second member”) is disposed within 
the bone and, more preferably, at least about Seventy percent 
is disposed within the bone. 
0065. The term “third member” generally refers to that 
portion of the implant that connects the Second and fourth 
member. In one embodiment, the third member is also 
referred to as the “neck.’ 
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0066. The term “fourth member” generally refers to the 
portion of the implant that is connected to the third member. 
In one embodiment, the fourth member is substantially 
Spherical in Shape and is rotatably connected to the fifth 
member. The fourth member generally communicates with 
the body Soft tissue of the biological organism in which it is 
disposed (such as muscle and tendons, for Support). In one 
embodiment, the fourth member is also to as the "head.” 
0067. The term “fifth member” generally refers to that 
area within the biological organism's body within which the 
the fourth member is preferably disposed. The fifth member 
is preferably rotatably connected to the fourth member. The 
fifth member is preferably contiguous with the soft tissue of 
the host biological organism and may consist of, or be 
comprised of, e.g., bone (e.g. the acetabulum), polymeric 
materials (see, e.g., U.S. Pat. No. 6,290,727), metal supports 
(see, e.g., U.S. Pat. No. 5,549,701), and/or shape memory 
materials. The entire disclosure of each of these United 
States patents is hereby incorporated by reference into this 
Specification. 
0068. The term “femoral bone” or “femur" refers to the 
bone that extends the length of the thigh from the hip to the 
knee. 

0069. The term “humeral bone” or “humerus” refers to 
the bone that extends the length of the upper arm, from the 
shoulder to the elbow. 

0070 The term “tibial bone" or “tibia” refers to the 
stouter of the two bones of the lower leg and is located on 
the medial side of the leg. It extends from the knee to the 
ankle. 

0071. The term “radial bone” or “radius” refers to the 
Stouter of the two bones of the forearm and is located on the 
same side of the arm as is the thumb. It extends from the 
elbow to the wrist. 

0072 The term “ulnar bone” or “ulna” refers to the 
longer of the two bones of the forearm and is located on the 
Same Side of the arm as is the little finger. 
0073) Referring again to FIG. 5A, and in the preferred 
embodiment depicted therein, it will be seen that the artifi 
cial joint assembly 100 depicted is comprised of a first 
member 102 that is comprised of bone and, attached to said 
first member 102, a second member 104 comprised of shape 
memory material. 
0.074. In the embodiment depicted, the second member 
104 is disposed at least in part within the first member 102. 
wherein Said Second member is disposed at least in part 
within said first member. AS is illustrated in FIG. 5A, the 
Second member 104 extends into the bone 102 at least about 
fifty percent of the length 103 of the second member 104 
and, more preferably, at least about 70 percent of the length 
103 of the second member 104 is disposed within the bone 
102. In one embodiment, from about 4 to about 5 inches of 
the length of second member 104 is disposed within the bone 
102. 

0075). In one embodiment, the second member 104 is 
comprised of shape memory material. The shape memory 
material may be a shape memory alloy. Alternatively, or 
additionally, the shape memory material may be a shape 
memory polymeric material. Alternatively, or additionally, 
Said shape memory material may be shape memory carbon 
composite material. 
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0.076 Referring again to FIG. 5A, the first member 102 
may be a femoral bone, a humeral bone, a tibial bone, a 
radial bone, or an ulnar bone. 
0077. In one embodiment, depicted in FIG. 5A, the 
implant 100 is comprised of a third member 106 that is 
connected to second member 104. The third member 106 is 
connected to a fourth member 108, which in turn is prefer 
ably rotatably connected to a fifth member 110. 
0078. The second member 104 may have a substantially 
conical shape, as is illustrated in FIG. 5A. 
0079 Alternatively, the second member 104 may have a 
substantially frustronical shape, as is illustrated in FIG. 5B. 
AS is known to those skilled in the art, a frustum (or a 
frustrum) is that portion of a Solid figure which remains after 
the upper portion has been cut off by a plane parallel to the 
base. Thus, a frustoconical (or frustroconical) shape is a 
shape remaining after the top portion has been cut off by 
0080. Alternatively, as is illustrated in FIG. 5C, the 
second member 104 may have a substantially cylindrical 
shape 

0081. The third member, member 106, preferably has a 
shape Selected from the group consisting of a conical shape, 
a frustoconical shape, and a cylindrical shape. These shapes 
are illustrated in FIGS. 6 and 7, respectively. 
0082 It will be obvious to those skilled in the art, having 
regard to this disclosure, that other variations on this inven 
tion beyond those Specifically exemplified here, and other 
medical devices making use of StreSS-induced material, may 
be made. Such variations are, however, to be considered as 
coming within the Scope of this invention as limited Solely 
by the following claims. 

We claim: 
1. An artificial joint assembly comprised of a first member 

comprising bone and, attached to Said first member, a Second 
member comprised of shape memory material, wherein Said 
Second member is disposed at least in part within Said first 
member. 

2. The artificial joint assembly as recited in claim 1, 
wherein Said first member is Selected from the group con 
Sisting of femoral bone, humeral bone, tibial bone, radial 
bone, and ulnar bone. 

3. The artificial joint assembly as recited in claim 1, 
wherein Said memory material is shape memory alloy. 

4. The artificial joint assembly as recited in claim 1, 
wherein Said memory material is shape memory polymeric 
material. 

5. The artificial joint assembly as recited in claim 1, 
wherein Said memory material is shape memory carbon 
composite material. 

6. The artificial joint assembly as recited in claim 1, 
wherein Said Second member has a Substantial conical shape. 

7. The artificial joint assembly as recited in claim 1, 
wherein Said Second member has a Substantially frustroconi 
cal shape. 

8. The artificial joint assembly as recited in claim 1, 
wherein Said shape memory material is deformable via heat 
induction 

9. The artificial joint assembly as recited in claim 1 
whereby the shape memory material is deformable via StreSS 
induction. 
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10. The artificial joint assembly as recited in claim 1, 
further comprising a third member connected to Said Second 
member. 

11. The artificial joint assembly as recited in claim 10, 
wherein Said third member has a shape Selected from the 
group consisting of a cylindrical shape, a conical shape, and 
a frustroconical shape. 

12. The artificial joint assembly as recited in claim 10, 
wherein Said third member is comprised of a shape memory 
material. 

13. The artificial joint assembly as recited in claim 12 
whereby the shape memory material is a shape memory 
alloy. 

14. The artificial joint assembly as recited in claim 12 
whereby the shape memory material is deformable via heat 
induction. 

15. The artificial joint assembly as recited in claim 12 
whereby the shape memory material is deformable via StreSS 
induction. 

16. The artificial joint assembly as recited in claim 10, 
further comprising a fourth member connected to Said third 
member. 

17. The artificial joint assembly as recited in claim 16, 
wherein Said fourth member has a Substantially Spherical 
shape. 

18. The artificial joint assembly as recited in claim 14 
wherein Said fourth member is comprised of a shape 
memory material. 
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19. The artificial joint assembly as recited in claim 18 
whereby the Shape memory material is a shape memory 
alloy. 

20/ The artificial joint assembly as recited in claim 18 
whereby the shape memory material is deformable via heat 
induction. 

21. The artificial joint assembly as recited in claim 18 
whereby the shape memory material is deformable via StreSS 
induction. 

22. The artificial joint assembly as recited in claim 16, 
wherein said fourth member is rotatably connected to a fifth 
member. 

23. The artificial joint assembly as recited in claim 22, 
wherein said fifth member is comprised of bone. 

24. The artificial joint assembly as recited in claim 22, 
wherein said fifth member is comprised of synthetic poly 
meric material. 

25. The artificial joint assembly as recited in claim 22, 
wherein Said fifth member is comprised of shape memory 
material. 

26. The artificial joint assembly as recited in claim 22, 
wherein said fifth member is comprised of metal. 


