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SHOES AND SNEAKERS HAVING 
HYDROMAGNETIC JOINTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 13/903,170, ?led May 28, 2013, 
which is a continuation of US. patent application Ser. No. 
13/046,949, ?led Mar. 14, 201 1,now US. Pat. No. 8,449,615, 
which is a continuation-in-part of US. patent application Ser. 
No. 13/031,566, ?led Feb. 21, 201 1, now US. Pat. No. 8,454, 
692, which, in turn, claims bene?t of US. Provisional Appli 
cation Ser. No. 61/325,357, ?led Apr. 18, 2010, the disclo 
sures of which are hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to joints and springs, 
and more speci?cally relates to moveable joints and springs 
for mechanical systems and medical devices such as interve 
tebral implants and knee implants. 
[0004] 2. Description of the Related Art 
[0005] A joint is a structure that joins together two separate 
parts. Some joints unite the two parts rigidly, however, other 
joints permit motion between the two parts. Some joints are 
reinforced with nails, screws, or glue, such as a joint forming 
a connection between two pieces of wood or metal. 
[0006] In a human body, a joint is the moveable or ?xed 
place where two bones or elements of a skeleton are joined 
together. Recently, moveable arti?cial joints have been incor 
porated into medical implant devices such as arti?cial knees, 
arti?cial hips, and spinal implants such as intervertebral 
discs. By 2012, the joint reconstruction market is expected to 
grow from $12.2 to $17.4 billion. By 2016, the spinal implant 
market is expected to grow from $6.5 to $10.3 billion. 
[0007] Metal rods and pedicle screws are often used during 
spinal fusion procedures. Physiological drawbacks of using 
metal rods for spinal fusion include decreased motion, pain, 
degeneration of joints, stiffness, epidural searing and muscle 
stripping. Other drawbacks include the high costs associated 
with physical therapy and rehabilitation, and instances of 
post-surgical infection. 
[0008] One problem with joints for mechanical systems 
and medical devices is that they tend to wear out and must be 
replaced. Other problems include gel extrusion, joint/ surface 
friction and bone resorption. Another problem is that joints do 
not su?iciently dampen vibrational, compression and tension 
forces, resulting in energy losses and the generation of exces 
sive noise. In addition, moveable arti?cial joints do not accu 
rately replicate the natural movement of the human body. 
[0009] In view of the above problems, there remains a need 
for improved joints for mechanical systems and medical 
devices that are durable, conserve energy, su?iciently absorb 
vibrational, compression and tension forces, and minimize 
noise. Moreover, there is a need for hydromagnetic joints that 
increase physiological effectiveness by increasing motion, 
and decrease friction and pain, and that decrease research and 
development and material costs, and increase durability. 

SUMMARY OF THE INVENTION 

[0010] In one embodiment, a hydromagnetic joint prefer 
ably includes a ?rst joint part including a ?rst magnetic ele 
ment having a magnetically charged surface, and a ?rst buoy 
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ant element coupled with the ?rst magnetic element, and a 
second joint part including a second magnetic element having 
a second magnetically charged surface that opposes the ?rst 
magnetically charged surface of the ?rst magnetic element, 
and a second buoyant element coupled with the second mag 
netic element. The joint desirably includes a liquid, such as 
water or saline solution, disposed between the ?rst and sec 
ond joint parts, whereby the ?rst and second joint parts are 
moveable relative to one another and are in ?uid communi 
cation with the liquid. 
[0011] In one embodiment, the liquid is contained within an 
enclosure that is disposed between the ?rst and second joint 
parts. In one embodiment, the enclosure for the liquid is 
?exible so that the shape of the liquid body may change in 
response to external forces such as compression, tension and 
vibrational forces transferred from the ?rst and second joint 
parts. 
[0012] In one embodiment, as least one of the ?rst and 
second joint parts preferably includes a solid body having at 
least one aperture extending therethrough that is adapted for 
enabling the liquid to pass through the at least one aperture. 
The at least one aperture may include a plurality of apertures. 
The size and number of apertures may be modi?ed for con 
trolling the compression rate of the hydromagnetic joint. For 
example, if it is desirable to provide for more rapid compres 
sion of a hydromagnetic joint, more apertures may be pro 
vided through the body of one of the ?rst and second joint 
parts. The size or diameter of the apertures may also be 
modi?ed for controlling the compression rate. On the other 
hand, if it is desirable to slow down the compression rate, 
fewer apertures or apertures having a smaller diameter may 
be provided. 
[0013] In one embodiment, the ?rst and second joint parts 
are moveable relative to one another. In one embodiment, the 
?rst and second joint parts are preferably aligned with one 
another along an axis and are moveable relative to one another 
along the axis. 
[0014] In one embodiment, the magnetic elements com 
prise magnetic materials including ferromagnetic, diamag 
netic, and electromagnetic materials, or any other well 
known magnetic materials. 
[0015] In one embodiment, in response to compression 
forces, the ?rst and second joint parts are adapted to move 
toward one another for compressing the liquid therebetween. 
The ?rst and second magnetically charged surfaces desirably 
have the same polarity and are adapted to repel one another 
when the ?rst and second parts are compressed toward one 
another. 
[0016] In one embodiment, as the ?rst and second joint 
parts are compressed toward one another, the ?rst and second 
joint parts transfer the compressing force to the liquid. The 
?exible enclosure or ?exible diaphragm containing the liquid 
enables the shape of the liquid body to change in response to 
the compression forces. The resistance provided by the liquid 
body dampens the compression rate for the ?rst and second 
joint parts. In addition, the ?rst and second magnetically 
charged surfaces having the same polarity will repel one 
another when the ?rst and second parts move toward one 
another. The repelling force will increase as the ?rst and 
second magnetically charged surfaces move closer to one 
another. Thus, the compression rate of the hydromagnetic 
joint is dampened by both the resistance provided by the 
liquid body and the repelling magnetic force between the ?rst 
and second joint parts. 
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[0017] In one embodiment, the hydromagnetic j oint may be 
incorporated into a medical implant device such as a knee 
replacement implant, a hip replacement implant, a bone 
implant, and/or a spinal implant such as an intervertebral 
device or a device that replaces one or more vertebrae. In one 

embodiment, a medical device having an electromagnetic 
joint may be used to replace multiple vertebrae. In one 
embodiment, an intervertebral device has a near frictionless 
joint that preserves both vertebral segment mobility as well as 
resisting axial compression. The hydromagnetic joint desir 
ably allows for gradual resistance to axial compression that 
may not be achieved when using current disc replacement 
implants. Additionally, wear is nearly absent in the device 
having a hydromagnetic joint because there is nearly no metal 
to metal contact and no risk of UHMW polyethylene wear. In 
addition, the hydromagnetic surface distributes force across 
the entire joint endplate to prevent bone resorption, and gel 
extrusion seen in conventional devices cannot occur with the 
device disclosed in the present application. Finally, compet 
ing implants are prone to fragmentation with shearing loads, 
which is obviated with a spinal implant having a hydromag 
netic joint. 
[0018] In one embodiment, the hydromagnetic joint may 
also be incorporated into mechanical systems having move 
able joints, such as car joints, power generation systems (e.g., 
generators), shoes and sneakers, and balance boards used for 
medical therapy. 
[0019] It may be desirable to secure the hydromagnetic 
joint in place within a mechanical system or a patient’s body. 
For example, a bore may be formed in bone and the anchoring 
element may be inserted into the bone for holding the hydro 
magnetic joint to the bone. The anchoring element disposed 
within the bone may include a hydromagnetic joint for damp 
ening compression, tension, and vibrational forces. In one 
embodiment, a hydromagnetic joint preferably includes a 
?rst anchoring element coupled with the ?rst joint part for 
anchoring the ?rst joint part to a ?rst object, and a second 
anchoring element coupled with the second joint part for 
anchoring the second joint part to a second object. In one 
embodiment, a hydromagnetic joint may be incorporated into 
an anchoring element. 

[0020] In one embodiment, a medical implant preferably 
includes a ?rst part including a ?rst magnetic element having 
a magnetically charged surface and a ?rst buoyant element 
coupled with the ?rst magnetic element, a second part includ 
ing a second magnetic element having a second magnetically 
charged surface that opposes the ?rst magnetically charged 
surface of the ?rst magnetic element and a second buoyant 
element coupled with the second magnetic element, and a 
liquid body disposed between the ?rst and second parts, 
whereby the ?rst and second parts are in ?uid communication 
with the liquid body and are adapted to move relative to one 
another. 

[0021] The ?rst and second magnetically charged surfaces 
desirably have a common polarity so that the ?rst and second 
magnetically charged surfaces repel one another. The medical 
implant preferably includes a ?rst anchoring element coupled 
with the ?rst part of the implant for attaching the ?rst part to 
a ?rst bone, and a second anchoring element coupled with the 
second part of the implant for attaching the second part to a 
second bone. In one embodiment, the ?rst and second parts of 
the implant move relative to one another. In one embodiment, 
one of the ?rst and second implant parts may remain station 
ary and the other one of the ?rst and second implant parts is 
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moveable relative to the other implant part. In one embodi 
ment, the stationary implant part includes a relatively rigid or 
stationary reservoir for holding the liquid and the other 
implant part moves in a fashion similar to a piston within the 
reservoir. In one embodiment, the moveable implant part 
includes one or more apertures extending therethrough for 
enabling the liquid to pass through the apertures as the 
implant parts move toward one another. The size and/ or the 
number of apertures provided will control the compression 
rate of the hydromagnetic joint. As noted above, the number 
of apertures and the size of the apertures may be modi?ed to 
change the compression rate. The hydromagnetic joint may 
have shutters for modifying the size and/ or the number of the 
apertures to change the compression rate of the joint, which 
may occur after the joint has been installed or implanted. In 
one embodiment, the shutters may be opened and closed and 
adjusted by a control system such as an electronic control 
system. 
[0022] In one embodiment, an enclosure desirably extends 
between the ?rst and second parts for containing the liquid 
body. The enclosure may be ?exible for changing shape as the 
?rst and second parts move relative to one another. 

[0023] In one embodiment, a balance board for providing 
balancing therapy desirably includes a ?rst part having a ?rst 
buoyant element, and a ?rst magnetic element attached to the 
?rst buoyant element, the ?rst magnetic element having a ?rst 
magnetically charged surface, and a second part including a 
second buoyant element, and a second magnetic element 
attached to the second buoyant element, the second magnetic 
element having a second magnetically charged surface that 
opposes and repels the ?rst magnetically charged surface. 
The balance board preferably includes a liquid body con 
tained between the ?rst and second parts with the ?rst and 
second parts being in ?uid communication with the liquid 
body and being adapted to move relative to one another. 

[0024] In one embodiment, the balance board is used for 
rehabilitation and is particularly used for rehabilitating mili 
tary personnel having amputated limbs. Placing the above 
described balance board with a hydromagnetic joint in an 
external body of water has been shown to enhance balancing 
therapy for the above-described military personnel. In one 
embodiment, the balance board is held below the surface of 
the external body of water using restraining straps. The 
restraining straps perform a number of functions including 
holding the balance board below the top surface of the exter 
nal body of water and limiting vertical and horizontal move 
ment of the balance board within the external body of water. 

[0025] In one embodiment, an intervertebral implant pref 
erably includes a ?rst part attached to a ?rst vertebrae, the ?rst 
part including a ?rst magnetic element having a ?rst magneti 
cally charged surface and a ?rst buoyant element coupled 
with the ?rst magnetic element, and a second part attached to 
a second vertebrae, the second part including a second mag 
netic element having a second magnetically charged surface 
that opposes the ?rst magnetically charged surface of the ?rst 
magnetic element and a second buoyant element coupled with 
the second magnetic element. The implant desirably includes 
a ?uid body, such as a liquid or gel, disposed between the ?rst 
and second parts, whereby the ?rst and second parts are in 
?uid communication with one another through the ?uid body. 
An enclosure, such as a ?exible enclosure, preferably extends 
between the ?rst and second parts for containing the ?uid 
body therebetween, whereby the ?rst and second parts are 
preferably moveable relative to one another. 
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[0026] In one embodiment, the intervertebral implant desir 
ably includes a ?rst anchoring element coupled with the ?rst 
part of the implant for attaching the ?rst part to the ?rst 
vertebrae, and a second anchoring element coupled with the 
second part of the implant for attaching the second part to the 
second vertebrae. 
[0027] In one embodiment, the ?rst and second magneti 
cally charged surfaces oppose one another and have a com 
mon polarity so that the ?rst and second magnetically charged 
surfaces repel one another. The repelling forces may be useful 
for dampening compression forces exerted upon the ?rst and 
second implant parts. 
[0028] In one embodiment, the ?exible enclosure is 
adapted to change shape as the ?rst and second parts move 
relative to one another. The ?uid body and the ?exible enclo 
sure are adapted to change shape in response to compression 
forces exerted upon the ?rst and second parts of the interver 
tebral implant. 
[0029] In one embodiment, an intervertebral implant desir 
ably includes a ?rst implant part with a ?rst magnetic element 
having a magnetically charged surface, and a ?rst buoyant 
element coupled with the ?rst magnetic element, and a second 
implant part opposing the ?rst implant part, the second 
implant part including a second magnetic element having a 
second magnetically charged surface that opposes the ?rst 
magnetically charged surface of the ?rst magnetic element, 
and a second buoyant element coupled with the second mag 
netic element. The ?rst and second magnetically charged 
surfaces preferably have the same polarity and are adapted to 
repel one another. The intervertebral implant preferably 
includes a ?uid disposed between the ?rst and second implant 
parts, whereby the ?rst and second implant parts are move 
able relative to one another and are in ?uid communication 
with one another via the ?uid. 

[0030] In one embodiment, at least one of the ?rst and 
second implant parts comprises a solid body having at least 
one aperture extending therethrough adapted for enabling the 
?uid to pass through the at least one aperture. The at least one 
aperture may include a plurality of apertures. 
[0031] In one embodiment, the ?rst and second parts of the 
intervertebral implant are moveable relative to one another. 
The ?rst and second parts are preferably aligned with one 
another along an axis and are moveable relative to one another 
along the axis. In one embodiment, the ?rst and second parts 
are adapted to move toward one another for compressing the 
?uid therebetween. 
[0032] In one embodiment, the intervertebral implant pref 
erably includes a ?rst anchoring element coupled with the 
?rst part for anchoring the ?rst part to the ?rst vertebrae, and 
a second anchoring element coupled with the second part for 
anchoring the second part to the second vertebrae. 
[0033] In one embodiment, an intervertebral implant desir 
ably has a ?rst part including a ?rst magnetic element having 
a magnetically charged surface and a ?rst buoyant element 
coupled with the ?rst magnetic element, and a second part 
including a second magnetic element having a second mag 
netically charged surface that opposes the ?rst magnetically 
charged surface of the ?rst magnetic element and a second 
buoyant element coupled with the second magnetic element. 
The implant preferably includes a ?uid disposed between the 
?rst and second parts, whereby the ?rst and second parts are 
in ?uid communication with the ?uid and are adapted to move 
relative to one another. The intervertebral implant desirably 
includes an enclosure extending between the ?rst and second 
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parts for containing the ?uid. The enclosure is desirably ?ex 
ible for changing shape as the ?rst and second parts move 
relative to one another. 

[0034] In one embodiment, the ?exible enclosure of the 
intervertebral implant is adapted to leech a medical solution 
such as a medicated ?uid, liquid, or gel into the area of the 
spine surrounding the implant. In certain preferred embodi 
ments, the ?uid, liquid or gel may be a medicated solution 
including but not limited to analgesics, anti-in?ammatories, 
steroids, antibiotics, etc. The ?exible enclosure preferably 
functions as a reservoir for the medicated ?uid, liquid or gel. 
The reservoir may be re-?lled just as pain pumps are re-?lled 
today. 
[0035] After most disk replacement surgeries, a massive 
amount of pain medication is used, however, patients that 
receive the medicated intervertebral implant disclosed herein 
will be pain free. In one embodiment, when increased com 
pression of the intervertebral implant occurs, more medica 
tion would be leeched out to in?amatory sites decreasing 
degeneration in the surrounding area. In one embodiment, the 
intervertebral implant has a microscopic two way opening 
that allows the medication to leech out and the device to be 
re-?lled. In one embodiment, the implant has a ?rst ?uid 
chamber that does not leech so that the level of ?uid therein 
remains constant and a second ?uid chamber that leeches 
medication. The second ?uid chamber that leeches medica 
tion is preferably re-?llable. 
[0036] These and other preferred embodiments of the 
present invention will be described in more detail below. 

BRIEF DESCRIPTION OF THE DRAWING 

[0037] FIG. 1 shows a system including a hydromagnetic 
joint for dampening compression, tension and vibrational 
forces, in accordance with one embodiment of the present 
invention. 
[0038] FIG. 2 shows a medical implant including a hydro 
magnetic joint, in accordance with one embodiment of the 
present invention. 
[0039] FIGS. 3A and 3B show an arti?cial knee implant 
including a hydromagnetic joint, in accordance with one 
embodiment of the present invention. 
[0040] FIG. 4 shows a schematic of the medical implant 
and hydromagnetic joint of FIG. 2. 
[0041] FIGS. 5A and 5B show an arti?cial knee implant 
including the hydromagnetic joint of FIG. 3B implanted in a 
patient. 
[0042] FIG. 6 shows an arti?cial intervertebral disc having 
a hydromagnetic joint, in accordance with one embodiment 
of the present invention. 
[0043] FIG. 7A shows a balance board including a hydro 
magnetic joint, in accordance with one embodiment of the 
present invention. 
[0044] FIG. 7B shows a patient positioned atop the balance 
board of FIG. 7A for balancing therapy, in accordance with 
one embodiment of the present invention. 
[0045] FIG. 8 shows a balance board including a hydro 
magnetic joint, in accordance with another embodiment of 
the present invention. 
[0046] FIG. 9 shows a spring including a hydromagnetic 
joint, in accordance with one embodiment of the present 
invention. 
[0047] FIG. 10 shows a vehicle including a shock absorb 
ing system having one or more hydromagnetic joints, in 
accordance with one embodiment of the present invention. 
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[0048] FIG. 11 shows a shoe including a heel having a 
hydromagnetic joint, in accordance with one embodiment of 
the present invention. 
[0049] FIGS. 12A and 12B show a power generation sys 
tem including a generator positioned atop hydromagnetic 
joints, in accordance with one embodiment of the present 
invention. 
[0050] FIG. 13 shows an arti?cial knee including a hydro 
magnetic joint disposed in a bone anchoring element, in 
accordance with one embodiment of the present invention. 
[0051] FIG. 14 shows a hydromagnetic joint having aper 
tures that control the compression rate of the joint, in accor 
dance with another embodiment of the present invention. 
[0052] FIG. 15 shows an intervertebral disc having a hydro 
magnetic joint including a ?uid reservoir adapted to leech a 
medicated solution, in accordance with one embodiment of 
the present invention. 
[0053] FIG. 16 shows an intervertebral disc having a hydro 
magnetic joint including a ?rst reservoir for a ?uid and a 
second reservoir adapted to leech a medicated solution. 

DETAILED DESCRIPTION 

[0054] Referring to FIG. 1, in one embodiment, a hydro 
magnetic joint 20 includes a ?rst buoyant element 22 having 
a top surface 24 and a bottom surface 26. The ?rst buoyant 
element 22 is preferably buoyant in a liquid such as water. The 
hydromagnetic joint 20 also preferably includes a ?rst mag 
netic element 28 having a negatively charged surface 30, and 
a positively charged surface 32. 
[0055] The hydromagnetic joint 20 also desirably includes 
a body of a liquid 34, such as water, saline solution, or gel, 
bounded by a ?exible enclosure 36, such as a ?exible dia 
phragm, that enables the liquid body 34 to change shape in 
response to compression, tension, and vibrational forces 
applied to the hydromagnetic joint. The ?exibility of the 
diaphragm may be varied in response to operational needs. In 
one embodiment, the hydromagnetic joint preferably 
includes a compressible ?uid such as a compressible gas or a 
compressible liquid. In one embodiment, the compressibility 
of the ?uid or liquid may be varied. 
[0056] The hydromagnetic joint 20 also desirably includes 
a second buoyant element 38 having a top surface 40 and a 
bottom surface 42. The second buoyant element desirably has 
properties that are similar to the ?rst buoyant element 22 so 
that it is adapted to ?oat atop a liquid, such as water. The 
hydromagnetic joint 20 also desirably includes a second mag 
netic element 44 having a positively charged top surface 46, 
and a negatively charged bottom surface 48. The ?rst and 
second magnetic elements 28, 44 are preferably made of 
ferromagnetic, diamagnetic, electromagnetic, or other well 
known magnetic materials. 
[0057] In the embodiment shown in FIG. 1, the positively 
charged surfaces of the ?rst and second magnetic elements 
28, 44 face one another. In other embodiments, however, the 
orientation of the ?rst and second magnetic elements may be 
changed so that the opposing faces are negatively charged 
surfaces. The principal of operation remains consistent so 
long as the opposing faces of the ?rst and second magnetic 
elements have common polarities so that they repel one 
another. The repelling force preferably increases as the 
opposing magnetically charged surfaces move closer to one 
another. 
[0058] Although the present invention is not limited by any 
particular theory of operation, it is believed that the hydro 
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magnetic joint 20 shown in FIG. 1 utilizes magnetism, buoy 
ancy, and hydraulics to provide a nearly frictionless joint 
capable of preserving both mobility as well as minimizing 
energy losses. The ?rst and second magnetic elements pro 
vide a repelling magnetic force as the magnetic elements are 
compressed toward one another. The ?rst and second buoyant 
elements also provide a dampening force in response to com 
pression of the buoyant elements toward one another. The 
hydromagnetic joint 20 exhibits gradual resistance to com 
pression in a manner that cannot be achieved with conven 
tional mechanical implants. The level of resistances may 
increase as the joint is further compressed. Moreover, the 
potential for structural breakdown of the joint elements is 
greatly minimized or reduced. 
[0059] When the ?rst and second buoyant elements 22, 38 
are compressed toward one another, the interaction of the 
buoyant elements 22, 38 with the liquid body 34 generates a 
dampening or repelling force that opposes the compression 
forces. In addition, the opposing magnetic elements 28, 44 
that are coupled with the respective ?rst and second buoyant 
elements 22, 38 also provide a repelling force as shown by the 
large arrow in FIG. 1. Moreover, an electric ?eld generated by 
the moving magnetic elements 28, 44 may yield additional 
energy that can be harnessed and utilized. 

[0060] Referring to FIG. 2, in one embodiment, a hydro 
magnetic joint 120 may be incorporated into a medical device 
such as an arti?cial knee. In one embodiment, a femur bone 
50 has a lower end 52 and a tibia bone 60 has an upper end 62. 
The arti?cial knee including the hydromagnetic joint 120 
preferably includes a ?rst buoyant element 122, and a ?rst 
magnetic element 128 coupled with the ?rst buoyant element 
122. The ?rst magnetic element has a negatively charged face 
130 and a positively charged face 132. The ?rst buoyant 
element 122 and the ?rst magnetic element 128 are preferably 
coupled together for moving simultaneously with one 
another. The hydromagnetic joint 120 desirably includes a 
liquid body 134, such as a body of water, contained within a 
?exible enclosure 136 for enabling movement of the liquid 
body in response to compression, tension, and vibrational 
forces. 
[0061] The arti?cial knee with the hydromagnetic joint 120 
also desirably includes a second buoyant element 138 
coupled with the upper end 62 of the tibia 60, and a second 
magnetic element 144 coupled with the second buoyant ele 
ment. The second magnetic element 144 includes a negatively 
charged face 148 and a positively charged face 146. The 
positively charged face 132 of the ?rst magnetic element 128 
desirably opposes the positively charged face 146 of the sec 
ond magnetic element 144 to provide a magnetic repelling 
force between the ?rst and second magnetic elements 128, 
144. In other embodiments, however, the opposing surfaces 
of the ?rst and second magnetic elements 128, 144 may be 
negatively charged for repelling one another. 
[0062] In one embodiment, the femur 50 and the tibia 60 
compress the hydromagnetic joint 120 therebetween so that a 
compressing force F1 is applied to the liquid body 134. In 
response, the ?rst and second buoyant element 122, 138 pro 
vide a repelling and/ or dampening force that resists compres 
sion and the opposing positively charged faces of the ?rst and 
second magnetic elements 128, 144 provide a repelling mag 
netic force. The combination of the repelling magnetic and 
buoyant forces is designated F2. 
[0063] FIG. 3A shows a human leg including the femur 50 
and the tibia 60. A natural knee joint 70 is located between a 
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lower end 52 of the femur 50 and an upper end 62 of the tibia 
60. FIG. 3B shows the leg ofFIG. 3A after the arti?cial knee 
including the hydromagnetic joint 120 of FIG. 2 has been 
implanted between the lower end 52 of the femur 50 and the 
upper end 62 of the tibia 60. 

[0064] FIG. 4 shows a schematic view of the arti?cial knee 
implant including a hydromagnetic joint 120 positioned 
between the femur bone 50 and the tibia bone 60. The hydro 
magnetic joint 120 is represented in FIG. 4 as a box having an 
X positioned therein. The schematic showing a hydromag 
netic joint 120 as a box with the X positioned therein is done 
to enhance clarity as to where the hydromagnetic joint is 
positioned in other embodiments disclosed herein. 

[0065] Referring to FIG. 5A, in one embodiment, a patient 
80 has a leg including a femur 50 and a tibia 60. An arti?cial 
knee including a hydromagnetic joint 120 is implanted 
between the lower end of the femur 50 and the upper end of 
the tibia 60 to provide a ?exible hydromagnetic joint. The 
hydromagnetic joint is preferably ?exible during movement 
of the patient’s leg and dampens compression, tension and 
vibrational forces. 

[0066] FIG. 5B shows an arti?cial knee with the hydromag 
netic joint 120 during movement of the patient 80. The hydro 
magnetic joint 120 is adapted to accommodate ?exing of the 
knee area of the patient and responds to compressive forces 
with opposing dampening and/or repelling forces created by 
the opposing buoyant elements and the opposing magnetic 
elements. 

[0067] Referring to FIG. 6, in one embodiment, a hydro 
magnetic j oint may be incorporated into an intervertebral disc 
implant that is positioned within a disc space of a vertebral 
column. In FIG. 6, the vertebral column 90 includes vertebra 
92A-92E having intervertebral discs 94A-94E therebetween. 
After disc 94C has been removed, an implant having a hydro 
magnetic joint 220 such as that shown and described herein 
may be positioned within the disc space between vertebra 
92C and 92D. The hydromagnetic joint 220 of the implant 
provides ?exibility between the adjacent vertebra 92C, 92D, 
while counteracting compressing forces due to the repelling 
forces generated by the hydraulic forces generated by the 
buoyant elements and magnetic elements of the joint 220. 

[0068] In one embodiment, the hydromagnetic joint dis 
closed herein may be incorporated into a balance board used 
for balancing therapy. Referring to FIG. 7A, in one embodi 
ment, a balance board 300 includes a top surface 302 and a 
bottom surface 304 with a hydromagnetic joint 320 posi 
tioned between the respective top and bottom surfaces 302, 
3 04. The hydromagnetic j oint includes a ?rst buoyant element 
322 including the top surface 3 02 and a ?rst magnetic element 
328 coupled with the ?rst buoyant element 322. The ?rst 
magnetic element 328 includes a negatively charged surface 
330 and a positively charged surface 332. The hydromagnetic 
joint also desirably includes a second buoyant body 338 that 
is coupled with a second magnetic element 344 having a 
positively charged surface 346 and a negatively charged sur 
face 348. The hydromagnetic joint 320 desirably includes a 
liquid body 334 that is contained between the ?rst and second 
buoyant bodies 322, 338. 
[0069] FIG. 7B shows a balance board 300 having the 
hydromagnetic joint 320 shown in FIG. 7A. An individual, 
such an amputee undergoing balancing therapy, may stand on 
the top surface 302 of the balance board 300. The balance 
board 3 00 is preferably immersed in an external body of water 
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and held below the waterline via straps 375 that limit hori 
zontal and vertical movement of the balance board 3 00 within 
the external body of water. 
[0070] Referring to FIG. 8, in one embodiment, a patient 
480 may use a balance board 400 for therapy. For example, a 
patient 480, having one or more limbs amputated, uses the 
board forbalancing therapy to enhance balancing capabilities 
and prepare the patient for receiving prosthetic limbs. In FIG. 
8, the balance board 400 includes a ?rst buoyant element 422, 
a ?rst magnetic element 428, a second buoyant element 438 
and a second magnetic element 444. A liquid body 434 is 
disposed between the ?rst and second magnetic elements 428, 
444. In one embodiment, a ?exible membrane 436 holds the 
liquid body 434 between the ?rst and second magnetic ele 
ments 428, 444 and enables movement of the liquid body in 
response to compression and tension forces. The ?rst mag 
netic element 428 has a ?rst positively charged surface 432 
and the second magnetic element 444 has a second positively 
charged surface 446 that opposes the ?rst positively charged 
surface. In one embodiment, the patient 480 may wear boots 
495 that have magnets incorporated therein that are magneti 
cally attracted to the ?rst magnetic element 428 for at least 
partially holding the patient 480 atop the balance board 400. 
The balance board 400 is desirably immersed in an external 
body of water 496. The balance board 400 is buoyant in the 
external body of water 496 so that the patient 480 may bal 
ance on a top surface 402 of the balance board 400 for par 
ticipating in balancing therapy. 
[0071] Thousands of US. Service members have been 
wounded in Iraq. These combat survivors often sustain mul 
tiple traumas and develop physical and mental injuries. The 
term olytrauma refers to concurrent injury to the brain and 
several body areas or organ systems that result in physical, 
cognitive, and psycho social impairments. While many thera 
peutic modalities are available for patients with polytrauma, 
only a few modalities simultaneously address global rehabili 
tation, including pain, vestibular impairment, and cognitive 
symptoms. The sport of sur?ng involves aspects of hydro 
therapy, strength training, balance rehabilitation, and group 
supportive therapy. 
[0072] Sur?ng therapy may be used to help patients 
improve their pro?ciency in walking, balancing, and vestibu 
lar functions, as well as gain muscular strength, aerobic 
endurance, concentration, and timing of wave movements. 
The devices shown in FIGS. 7A-7B and 8 of the present 
application may be used as part of a sur?ng therapy protocol 
as part of a multi-modal treatment for patients with poly 
trauma. 

[0073] Sur?ng therapy provides patients, such as amputees, 
with an environment and means by which to engage in physi 
cal activities they enjoy and which challenge them physically, 
mentally, and emotionally. It preferably includes vestibular 
instruction, water safety, swimming, paddling, and wave 
riding and focuses on the physical and psychological skills 
needed for these activities, including balance, muscular 
strength, aerobic endurance, as well as skills in concentration 
and timing of wave movement. Discussions among veteran 
mentors, who are also wounded warriors, local lifeguards, 
and new program participants may also take place while 
participating in sur?ng therapy. 
[0074] Although the present invention is not limited by any 
particular theory of operation, it is believed that there are 
several potential mechanisms by which sur?ng may help 
patients. Pain management is most likely established through 










