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FEMORAL AND TBAL BASES 

BACKGROUND 

0001 Various embodiments disclosed herein are directed 
to structure for attachment to body anatomy, and more par 
ticularly, towards approaches for providing mounting mem 
bers for trans-articular implantable mechanical energy 
absorbing systems. 
0002 Joint replacement is one of the most common and 
Successful operations in modern orthopaedic Surgery. It con 
sists of replacing painful, arthritic, worn or diseased parts of 
a joint with artificial Surfaces shaped in Such away as to allow 
joint movement. Osteoarthritis is a common diagnosis lead 
ing to joint replacement. Such joint replacement procedures 
are a last resort treatment as they are highly invasive and 
require Substantial periods of recovery. Total joint replace 
ment, also known as total joint arthroplasty, is a procedure in 
which all articular surfaces at a joint are replaced. This con 
trasts with hemiarthroplasty (half arthroplasty) in which only 
one bone's articular Surface at a joint is replaced and unin 
compartmental arthroplasty in which the articular Surfaces of 
only one of multiple compartments at a joint (Such as the 
Surfaces of the thigh and shin bones on just the inner side or 
just the outer side at the knee) are replaced. 
0003 Arthroplasty, as a general term, is an orthopaedic 
procedure which Surgically alters the natural joint in some 
way. Arthroplasty includes procedures in which the arthritic 
or dysfunctional joint Surface is replaced with something else 
as well as procedures which are undertaken to reshape or 
realigning the joint by osteotomy or some other procedure. A 
previously popular form of arthroplasty was interpositional 
arthroplasty in which the joint was Surgically altered by inser 
tion of Some other tissue like skin, muscle or tendon within 
the articular space to keep inflammatory Surfaces apart. 
Another less popular arthroplasty is excisional arthroplasty in 
which articular surfaces are removed leaving scar tissue to fill 
in the gap. Among other types of arthroplasty are resection(al) 
arthroplasty, resurfacing arthroplasty, mold arthroplasty, cup 
arthroplasty, silicone replacement arthroplasty, and 
osteotomy to affect joint alignment or restore or modify joint 
congruity. 
0004. The most common arthroplasty procedures includ 
ing joint replacement, osteotomy procedures and other pro 
cedures in which the joint surfaces are modified are highly 
invasive procedures and are characterized by relatively long 
recovery times. When it is successful, arthroplasty results in 
new joint Surfaces which serve the same function in the joint 
as did the surfaces that were removed. Any chodrocytes (cells 
that control the creation and maintenance of articular joint 
surfaces), however, are either removed as part of the arthro 
plasty, or left to contend with the resulting new joint anatomy 
and injury. Because of this, none of these currently available 
therapies are chondro-protective. 
0005. A widely-applied type of osteotomy is one in which 
bones beside the joint are Surgically cut and realigned to 
improve alignment in the joint. A misalignment due to injury 
or disease in a joint related to the direction of load can result 
in an imbalance of forces and pain in the affected joint. The 
goal of osteotomy is to Surgically re-align the bones at a joint 
Such as by cutting and reattaching part of one of the bones to 
change the joint alignment. This realignment relieves pain by 
equalizing forces across the joint. This can also increase the 
lifespan of the joint. The Surgical realignment of the knee 
joint by high tibial osteotomy (HTO) (the surgical re-align 
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ment of the upper end of the shin bone (tibia) to address knee 
malalignment) is an osteotomy procedure done to address 
osteoarthritis in the knee. When successful, HTO results in a 
decrease in pain and improved function. However, HTO does 
not address ligamentous instability—only mechanical align 
ment. Good early results associated with HTO often deterio 
rate over time. 

0006. Other approaches to treating osteoarthritis involve 
an analysis of loads which exist at a joint and attempts to 
correct (generally reduce) these loads. Both cartilage and 
bone are living tissues that respond and adapt to the loads they 
experience. Within a nominal range of loading, bone and 
cartilage remain healthy and viable. If the load falls below the 
nominal range for extended periods of time, bone and carti 
lage can become softer and weaker (atrophy). If the load rises 
above the nominal level for extended periods of time, bone 
can become stiffer and stronger (hypertrophy). Osteoarthritis 
or breakdown of cartilage due to wear and tear can also result 
from overloading. When cartilage breaks down, the bones rub 
together and cause further damage and pain. Finally, if the 
load rises too high, then abrupt failure of bone, cartilage and 
other tissues can result. 

0007. The treatment of osteoarthritis and other bone and 
cartilage conditions is severely hampered when a Surgeon is 
not able to control and prescribe the levels of joint load. 
Furthermore, bone healing research has shown that some 
mechanical stimulation can enhance the healing response and 
it is likely that the optimum regime for a cartilage/bone graft 
or construct will involve different levels of load overtime, e.g. 
during a particular treatment schedule. Thus, there is a need 
for devices which facilitate the control of load on a joint 
undergoing treatment or therapy, to thereby enable use of the 
joint within a healthy loading Zone. 
0008 Certain other approaches to treating osteoarthritis 
contemplate external devices such as braces or fixators which 
attempt to control the motion of the bones at a joint or apply 
cross-loads at a joint to shift load from one side of the joint to 
the other. A number of these approaches have had some 
Success in alleviating pain. However, lack of patient compli 
ance and the inability of the devices to facilitate and support 
the natural motion and function of the diseased joint have 
been problems with these external braces. 
0009 Prior approaches to treating osteoarthritis have also 
failed to account for all of the basic functions of the various 
structures of a joint in combination with its unique move 
ment. In addition to addressing the loads and motions at a 
joint, an ultimately successful approach must also acknowl 
edge the dampening and energy absorption functions of the 
anatomy. Prior devices designed to reduce the load trans 
ferred by the natural joint typically incorporate relatively 
rigid constructs that are incompressible. Mechanical energy 
(E) is the action of a force (F) through a distance (S) (i.e., 
E=Fxs). Device constructs which are relatively rigid do not 
allow Substantial energy storage as they do not allow Substan 
tial deformations—do not act through Substantial distances. 
For these relatively rigid constructs, energy is transferred 
rather than stored or absorbed relative to a joint. By contrast, 
the natural joint is a construct comprised of elements of 
different compliance characteristics such as bone, cartilage, 
synovial fluid, muscles, tendons, ligaments, and other tissues. 
These dynamic elements include relatively compliant ones 
(ligaments, tendons, fluid, cartilage) which allow for Substan 
tial energy absorption and storage, and relatively stiffer ones 
(bone) that allow for efficient energy transfer. The cartilage in 
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a joint compresses under applied force and the resultant force 
displacement product represents the energy absorbed by car 
tilage. The fluid content of cartilage also acts to stiffen its 
response to load applied quickly and dampen its response to 
loads applied slowly. In this way, cartilage acts to absorb and 
store, as well as to dissipate energy. 
0010 With the foregoing applications in mind, it has been 
found to be necessary to develop effective structures for 
mounting to body anatomy which conform to body anatomy 
and cooperate with body anatomy to achieve desired load 
reduction, energy absorption, energy storage, and energy 
transfer. The structure should also provide a base for attach 
ment of complementary structure across articulating joints. 
0011 For these implant structures to function optimally, 
they should not cause a disturbance to apposing tissue in the 
body, nor should their function be affected by anatomical 
tissue. Moreover, there is a need to reliably and durably 
transfer loads across members defining a joint. Such transfer 
can only be accomplished where the base structure is securely 
affixed to anatomy. It has also been found desirable that a base 
have a smaller bone contact footprint. In this way, a less 
invasive implantable procedure can be possible, Surgical time 
can be decreased, and larger variations in and greater mem 
bers of patients can be accommodated with the same base 
geometries. 
0012. Therefore, what is needed is an effective base for 
connecting an implantable trans-articular assembly and one 
which does so with a reduced or minimized bone contacting 
Surface area. 

SUMMARY 

0013 Briefly, and in general terms, the disclosure is 
directed to bases that are mountable to a bone and may be 
used for cooperation with an implantable trans-articular sys 
tem. In one approach, the bases facilitate mounting an extra 
articular implantable absorber or mechanical energy absorb 
ing System. 
0014. According to one embodiment, the bases of the 
energy absorbing system are curved to match the bone Sur 
faces of the femur and tibia and are secured with bone screws. 
In one particular embodiment, the base has a bone contacting 
surface area of less than 750 mm. In one aspect, the base 
includes a total of three threaded holes for receiving locking 
screws. In a further aspect, the base includes a single hole 
adapted to receive a compression screw and certain bases can 
further include at least one hole sized to accept a K-wire 
(Kirschner wire) or Steinmann pin. 
0015. In further aspects, the base of the present disclosure 
contemplates the use of locking screws with threaded heads 
as well as bases with three threaded holes forming a triangular 
pattern. In one approach, a non-threaded hole for receiving a 
compression screw is configured entirely or at least partially 
within an area defined by the triangle pattern. One contem 
plated femoral base can include three threaded holes having 
axes all three with non-parallel trajectories. Additionally, the 
femoral base can include a K-wire hole having an axis which 
is Substantially parallel to an axis of a non-threaded opening 
provided for a compression screw. The tibial base can have a 
hole for a compression screw which is perpendicular to bone. 
Further, the position and number of locking screw holes of the 
bases are selected to reduce moment forces on the bases as 
well as provide an anti-rotation function. 
0016. It is also contemplated that various versions of both 
femoral and tibial bases can be provided so that larger seg 
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ments of the population can be treated. In one particular 
approach, three versions of femoral bases can be provided as 
a kit. Such femoral bases can be characterized by the angle 
between the plane in which locking screws affixing the femo 
ral base to bone contact the bone and a line perpendicular to 
the Sagittal plane of the patient. In this regard, angles of 40. 
45° and 50° are contemplated. 
0017. The various tibial bases which can be provided as a 
kit and can include 11 mm, 14 mm and 17 mm versions. Such 
dimensions represent the distance from bone to a center of 
rotation of a ball and socket arrangement associated with the 
particular tibial base. 
0018. The femoral and tibial bases are also designed to 
preserve the articulating joint and capsular structures of the 
knee. Accordingly, various knee procedures, including uni 
compartmental and total joint replacement, may be Subse 
quently performed without requiring removal of the bases. 
0019. In one specific embodiment, the bases each include 
a body having an inner Surface that is curved in shape to mate 
with a bone surface. The inner surface contacts the bone 
Surface and may be porous, roughened or etched to promote 
osteointegration. Osteointegration is a process of bone 
growth onto and about an implanted device that results in 
integrating the implant to the bone, thereby facilitating the 
transfer of load and stress from the implant directly to the 
bone. The inner Surface can be coated with an osteointegra 
tion composition. The base is also shaped to avoid and pre 
serve structures of the knee. Moreover, the base is configured 
to locate a mounting member on the bone in order to position 
a kinematic load absorber for optimal reduction of forces on 
a joint. The base is a relatively rigid structure that may be 
made from metal, polymer or ceramic materials including 
titanium, cobalt chrome, or polyetheretherketone (PEEK) or 
a combination thereof. In an alternate approach, the base can 
be formed at least partially from flexible material. 
0020. It is contemplated that the base includes a low 
profile body that is generally elongate and includes first and 
second end portions. The first end terminates in a curved 
manner and the second end includes structure formating with 
a mount for an absorber arrangement. The body is non-planar 
such that the second end of the body is elevated as compared 
to the first end of the body. In an application relating to 
treating a knee joint, the inner Surface of the body can be 
curved so as to be shaped to fit to the medial surface of the 
femur and/or tibia on opposite sides of a knee joint. The inner 
Surface can also be curved to mate with other Surfaces such as 
lateral surfaces of the femur and tibia. 
0021. Other features and advantages will become apparent 
from the following detailed description, taken in conjunction 
with the accompanying drawings, which illustrate by way of 
example, the features of the various embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a side view, depicting an energy absorbing 
system attached across a knee joint; 
0023 FIG. 2 is a side view, depicting the system of FIG. 1 
with the joint anatomy shown in a hidden format; 
0024 FIG.3 is an enlarged side view, depicting the system 
of FIG. 1 removed from anatomy; 
0025 FIG. 4 is an enlarged side view, depicting a femoral 
base of the system of FIG. 3 with a socket removed; 
0026 FIG. 5 is an enlarged side view, depicting a tibial 
base of the system of FIG. 3 with a socket removed; 
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0027 FIGS. 6A-6E are various angled views of the femo 
ral base shown in FIG. 4; 
0028 FIG. 7 is a perspective view, depicting three 
embodiments of a femoral base; 
0029 FIGS. 8A-E are various coupled views of the tibial 
base shown in FIG. 5; and 
0030 FIG. 9 is a perspective view, depicting three 
embodiments of a tibial base. 

DETAILED DESCRIPTION 

0031. Various embodiments are disclosed which are 
directed to bases for attachment to body anatomy. In a pre 
ferred approach, femoral and tibial bases are provided for 
attachment of an extra-articular implantable mechanical 
energy absorbing system to the body anatomy. 
0032. In a specific embodiment, the femoral and tibial 
bases are shaped to match the medial surfaces of the femur 
and tibia, respectively. The bases have a low-profile design 
and curved surfaces thereby minimizing the profile of the 
bases when mounted to the bone Surface and enabling atrau 
matic motion of the adjoining soft tissues over the bases. The 
bases are secured to bone Surfaces with one or more fastening 
members. 
0033. The base can be configured to be an anchor for the 
extra-articular implantable absorber or mechanical energy 
absorbing system used to reduce forces on the knee or other 
joints (e.g., finger, toe, elbow, hip, ankle) The base also can be 
designed to distribute loads onto the bone from an extra 
articular implantable absorber or mechanical energy absorb 
ing system while avoiding articulating joint and capsular 
Structures. 

0034 Various shapes of bases are contemplated and 
described. Moreover, it is contemplated that various sized and 
similar shaped bases be made available to a physician in a kit 
so that a proper fit to variably sized and shaped bones can be 
accomplished. In that regard, it is contemplated that up to 
three or more different femoral and tibial bases can be avail 
able to a physician. 
0035. The bases disclosed herein are structures that are 
different and distinct from bone plates. As defined by the 
American Academy of Orthopedic Surgeons, bone plates are 
internal splints that hold fractured ends of bone together. In 
contrast, the bases disclosed herein are designed to couple to 
and transfer loads from a absorber of an implanted extra 
articular system to the bones of the joint. Furthermore, the 
loading conditions of a bone plate system are directly propor 
tional to the physiological loads of the bone it is attached to, 
by contrast the loading conditions of a base is not directly 
proportional to the physiological loading conditions of the 
bone but is directly proportional to the loading conditions of 
the absorber to which it is coupled. In various embodiments, 
the base is configured to transfer the load through the fasten 
ing members used to secure the base to the bone and/or one or 
more osteointegration areas on the base. The bases are 
designed and positioned on the bone adjacent a joint to 
achieve desired kinematics of the absorber when the absorber 
is attached to the bases. 
0036. The approaches to the bases disclosed herein 
address needs of the anatomy in cyclic loading and in particu 
lar, provides an approach which achieves extra-cortical bony 
in-growth under cyclic loading. In certain disclosed applica 
tions, shear strength of about 3 MPa or more can be expected. 
0037 Referring now to the drawings, wherein like refer 
ence numerals denote like or corresponding parts throughout 
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the drawings and, more particularly to FIGS. 1-9, there are 
shown various embodiments of a base that may be fixed to a 
bone. The terms distal and proximal as used herein refer to a 
location with respect to a center of rotation of the articulating 
joint. 
0038 FIG. 1 illustrates one embodiment of an extra-ar 
ticular implantable mechanical energy absorbing system 100 
as implanted at a knee joint to treat the symptoms of pain and 
loss of knee motion resulting from osteoarthritis of the medial 
knee joint. The mechanical energy absorbing system 100 
includes femoral and tibial bases 110, 120, respectively. An 
articulated absorber 130 is connected to both the femoral and 
tibial bases 110, 120. As shown in FIG. 1, the knee joint is 
formed at the junction of the femur 152, the tibia 154 and the 
fibula 156. Through the connections provided by the bases 
110, 120, the absorber assembly 130 of the mechanical 
energy absorbing system 100 can function to absorb and 
reduce load on the knee joint 150 defined by a femur 152 and 
a tibia 154. According to one example, the system 100 is 
placed beneath the skin (not shown) and outside the joint 
using a minimally invasive approach and resides at the medial 
aspect of the knee in the subcutaneous tissue. The system 100 
requires no bone, cartilage or ligament resection. The only 
bone removal being the drilling of holes for the screws which 
quickly heal if screws are removed. 
0039. It is also to be recognized that the placement of the 
bases 110, 120 on the bones without interfering with the 
articular surfaces of the joint is made such that further proce 
dures, such as a total knee arthroplasty (TKA), unicompart 
mental knee arthroplasty (UKA) or other arthroplasty proce 
dure, can be conducted at the joint at a later date. For the later 
procedure, the bases 110, 120 can remain in place after 
removing the absorber assembly 130 or both the absorber 
assembly and bases can be removed. Additionally, the 
absorber assembly 130 can be changed out with a new 
absorber assembly without having to replace the bases. 
0040. The various embodiments of the bases 110, 120 
describe herein may be made from a wide range of materials. 
According to one embodiment, the bases are made from 
metals, metal alloys, or ceramics such as, but not limited to, 
Titanium, stainless steel, Cobalt Chrome or combinations 
thereof. Alternatively, the bases are made from thermo-plastic 
materials such as, but not limited to, high performance 
polyketones including polyetheretherketone (PEEK) or a 
combination of thermo-plastic and other materials. Various 
embodiments of the bases are relatively rigid structures. Pref 
erably, the material of the base is selected so that base stiff 
ness approximates the bone stiffness adjacent the base to 
minimize stress shielding. 
0041 Turning now to FIG. 2, it can be appreciated that the 
femoral and tibial bases 110, 120 include various surfaces 
170, 172 which are curved to substantially match the surfaces 
of bones to which they are affixed. Moreover, it is apparent 
that various affixating structures, such as screws 180,182, are 
contemplated for affixing the bases 110, 120 to body 
anatomy. 
0042. With reference to FIG. 2, a femoral base 110 fixable 
to a medial surface of a femur 152 is illustrated. It is to be 
recognized, however, that the base 110 can be configured to 
be fixed to a lateral side of the femur 152 or other anatomy of 
the body. The femoral base 110 includes an outer surface 190 
and an inner surface 170.The outer surface 190 of the base has 
a low-profile and is curved to eliminate any edges or Surfaces 
that may damage Surrounding tissue when the base is affixed 
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to bone. The inner surface 170 and outer surface 190 are not 
coplanar and serve differing functions which the inner Surface 
conforming to the bone shape and the outer Surface providing 
a smooth transition between the bone and the absorber assem 
bly 130. The proximal end of the outer surface 190 of the 
femoral base 110 may reside under the vastus medialis and is 
designed to allow the vastus medialis muscle to glide over the 
outer surface of the base. 

0043. The femoral base 110 is intended to be positioned on 
the femur at a location that allows the center of knee rotation 
to be aligned relative to a center of rotation of a femoral 
articulation, such as the ball and socket joint 204 of the 
absorber assembly 130. According to one embodiment, the 
base 110 is mounted to the medial epicondyle of the femur 
152 so that a mounting structure 220 (described below) con 
necting the absorber to the femoral base 110 is located ante 
rior and superior to the center of rotation of the knee. Mount 
ing the absorber 130 at this location allows the extra-articular 
mechanical energy absorbing system 100 to reduce forces 
during the 'stance' or weight bearing phase of gait between 
heal strike and toe-off. Alternatively, the femoral base may be 
mounted at different positions on the femur to reduce forces 
during different phases of a person's gait. 
0044 As shown in FIG. 3, the femoral base 110 is gener 
ally elongate and includes a first curved end 193 and a second 
squared mounting end 195 which is raised to suspend the 
absorber 130 off the bone surface to avoid contact between 
the absorber and the kneecapsule and associated structures of 
the knee joint. The body of the base 110 includes a curved 
portion and the squared second end 195 is at an angle with 
respect to the first end 193. It is contemplated that the 
absorber 130 be offset approximately 2-15 mm from the 
Surface of the joint capsule. In one specific embodiment, the 
entire second end 195 which is connectable with an associ 
ated socket structure 200 is offset from the capsular structure 
of the knee. Thus, the system 100 is extra-articular or outside 
of the capsular structure of the knee. The system 100 is also 
trans-articular or extends across the articular structure of the 
joint. In one embodiment, the second end 195 is designed to 
be located offset approximately 3 mm from the capsular 
structure. In another approach, the offset is approximately 6 
mm from the capsular structure. Accordingly, the base 110 
allows for positioning of an extra-articular device on the knee 
joint while preserving the knee structures including the ante 
rior cruciate ligament (ACL), posterior cruciate ligament 
(PCL), Pesanserius tendon, and allowing future Surgical pro 
cedures such as TKA or UKA. 

0045. Also shown in FIG. 2 is an embodiment of a tibial 
base 120 that is mountable to the medial surface of the tibia 
154. As shown, the tibial base 120 has an overall elongate 
shape and a curved portion end portion. An outer Surface of 
the body 192 is curved convexly where the center of the body 
is thicker than the edges of the body. The tibial base 120 also 
includes rounded edges in order to minimize sharp edges that 
may otherwise cause damage to Surrounding tissues when the 
base is coupled to the tibia 154. The body includes a rounded 
first end 196 and a squared-off second end 198 which defines 
an angle with respect to the elongate portion of the body. In 
various embodiments, the second end 198 is configured to be 
spaced from bone as well as attach to the absorber 130. The 
underside 172 of the body is the portion of the tibial base 120 
that contacts the tibia. The squared off end 198 is offset 
medially from the bone. 
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0046. As best seen in FIGS. 3-5, the squared off second 
ends 195, 198 of the femoral 110 and tibial 120 bases are 
shaped to mate with socket structures 200, 202. In one 
approach, the sockets 200, 202 each include a post 210 which 
is press fit into a corresponding bore 220, 222 formed in the 
squared offends of the bases 110, 120. The sockets 200, 202, 
in turn, receive ball structures forming ends of the absorber 
130, as shown most clearly in FIG. 2. 
0047. As shown most clearly in FIGS. 6B and 8B, it is 
contemplated that the inner surfaces 170, 172 of the bases 
110, 120 can include bone contacting surfaces 170, 172 
shaped to match and directly contact the bone Surface as well 
as curved offset surfaces 174, 176 between the bone contact 
ing surfaces and the squared off mounting ends 195, 198. 
These inner curved offset surfaces 174, 176 are designed to 
not come into contact with bone and to provide an offset of the 
tibia articulation, such as the ball and socket joints 204, 206, 
in the medial direction from the joint. The inner bone con 
tacting surfaces 170, 172 may be curved in an anterior to 
posterior direction as well as superior to inferior directions to 
conform to the shape of the typical patient femur. According 
to one embodiment, the inner bone contacting surfaces 170, 
172 includes one or more compositions that induce osteoin 
tegration to the cortex of long bones in the body. Additionally 
or alternatively, the inner bone contacting surfaces 170, 172 
can be roughened or etched to improve osteointegration. The 
inner bone contacting surfaces of the bases 110, 120 conform 
to the bone Surface area. The amount of bone contacting 
surface area can vary depending on the load. In the illustrated 
example, the amount of bone contacting Surface area pro 
vided in able to support expected shear forces resulting from 
60 lbs of load as well as to counter bending moments and 
tensile forces on the bases tending to lift the bases from the 
bone. The surface area of the bone contacting surface 170 
provided by the femoral and tibial bases 110, 120 is signifi 
cantly less than other bases due to the improved fit and 
improved fixation provided by the new base shape and 
improved screw arrangement. For osteointegration the bone 
contacting Surface area desired for a base is determined based 
on the amount of load on the absorber and the calculated shear 
strength of the interfaces between the bone and the base. For 
example, the Surface area of the inner bone contacting Surface 
170 of the femoral base 120 is less than 650 mm, preferably 
less thank 500 mm, for secure fixation to the femur and is 
capable of carrying 60 pounds in 4 mm of compression of a 
kinematic load absorber 130. A safety factor may be built into 
base as larger Surfaces may be used in other embodiments. 
For example, a femoral base can include an osteointegration 
surface area of approximately 350 mm. Since a limited num 
ber of base shapes and sizes are generally available to a 
Surgeon, a perfect fit of a base to a bone is not always 
achieved. With a smaller base size, an adequate fit can be 
achieved with a reduced number of bases because there is less 
surface area to be matched with bone shape. In this way the 
same number of bases are also able to accommodate a larger 
selection of patient anatomies. 
0048 Although the use of compression screws are 
described herein, the methods and systems described can be 
employed without the use of a compression screw and may 
use the alternative of an instrument designed for delivering 
compression while locking screws are placed. 
0049. For a tibial base 120 for secure fixation to the femur 
and capability of carrying 60 pounds in 4 mm of compression 
of a kinematic load absorber 130, the bone contacting inner 
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surface 172 is less than 750 mm, preferably less than 700 
mm for secure fixation to the tibia. 
0050. In certain embodiments, the load transferred from 
the absorber to the base can change over time. For example, 
when the base is initially fixed to the bone, the fastening 
members carry all the load. Over time, as the base may 
become osteointegrated with the underlying bone at which 
time both the fastening members and the osteointegrated 
Surface carry the load from the implanted system. The loading 
of the bases also varies throughout motion of the joint as a 
function of the flexion angle and based on patient activity. 
0051. The femoral and tibial bases 110, 120 include a 
plurality of openings that are sized to receive fastening mem 
bers used to permanently secure the base to the bone. The 
openings define through-holes that may receive fastening 
members such as compression screws and/or locking screws. 
The openings may have divergent bore trajectories to further 
maximize the pull forces required to remove the base from the 
bone. Although divergent bore trajectories are shown, con 
Verging trajectories may also be used as long as interference 
between the screws is avoided. The number and trajectories of 
the openings may be varied in alternate embodiments. 
0052. As shown in FIGS. 6A-6E, the femoral base 110 
includes a plurality of openings 230a, 230b, 232,234a, 234b 
and 234c. Openings 230a, 230b have a diameter sized to 
receive standard K-wires or Steinmann pins that are used to 
temporarily locate the base 110 on the bone. Openings 232 
and 234a-c are sized to receive fastening members used to 
permanently secure the base 110 to the bone. Opening 232 
defines a through hole for a compression screw 180. Such as a 
cancellous bone screws. The compression screw generates 
compression of bone underneath the base. Openings 234a-c 
are configured to receive locking screws 182 (see FIG.2). The 
locking screws 182 can include a threaded head that engages 
threaded locking screw holes 234a-C and generally do not 
provide the bone compression that a compression screw does. 
Although locking screws with threaded heads and corre 
sponding threaded openings have been described, other types 
of locking screws are also know having heads that are locked 
to the base in a manner other than by threading. Such as by a 
sliding lock on the base or an insertable locking member. 
0053. In one embodiment, the locking screw openings 
234a-care threaded and the K-wire holes 230 and compres 
sion screw opening 232 are non-threaded. The K-wire hole 
230a has a trajectory or axis parallel to that of the compres 
sion screw hole 232. As shown, two of the locking screw 
openings 234a, 234b are located near the square mounting 
end 195 of the femoral base 110 in order to receive fasteners 
which securely fix the base to the bone and maximize resis 
tance to pull-out forces and other forces which might tend to 
loosen the fasteners. A third locking screw hole 234c is 
spaced from the other two and closer to the first end 193 of the 
base 110. The position of the three locking screw holes 
234a-c in a triangular arrangement on the base 110 functions 
to maximize bone quality at the fastener locations and reduce 
both moments and forces on the base which might cause the 
base or the fasteners to loosen. 

0054 The various energy absorbing devices in the present 
application are shown without a protective covering or sheath 
but it is contemplated that they can be within a protective 
covering or sheath to protect the moving elements from 
impingement by Surrounding tissues and to prevent the 
devices from damaging Surrounding tissue. The bases 110. 
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120 may be provided with attachment means such as holes 
238 for receiving a fastener to attach the sheath to the bases. 
0055. The compression screw hole 232 is positioned gen 
erally at a center of the femoral base 110 and at least partially 
within a triangle formed by the locking screw holes 234a-c. It 
is contemplated that the compression screw hole 232 be 
unthreaded and is the first hole to receive a fastening structure 
in the form of the compression screw 180 so as to pull the base 
110 tightly against bone. Once the femoral base 110 is so 
configured against bone, the locking screws 182 are 
employed to fix the base 110 in place. Each of the locking 
screw holes 234a-care oriented in inwardly converging, non 
parallel trajectories (i.e. each of the locking screws 182 has a 
trajectory converging in the direction of insertion with each of 
the other locking screws) to add strength to the fixation to 
bone. The parallel trajectories of the K-wire hole 230 and 
compression screw hole 232 reduce or eliminate displace 
ment of the base 110 during initial fixation by the compres 
sion screw 235. The parallel trajectory of the K-wire hole 230 
also substantially eliminates the occurrence of binding of the 
K-wire in the hole after screw fixation. Further, the third 
locking screw hole 234c positioned near the first end 193 of 
the base 110 operates to provide an anti-rotation feature. The 
openings 234a-c may also have divergent bore trajectories to 
further maximize the pull forces required to remove the base 
from the bone. The number and trajectories of the openings 
may be varied in alternate embodiments. 
0056. The femoral base 110 can also be provided with a 
post access port 240 positioned near the Squared, mounting 
end 193 of the base 110. The post access port 240 is sized to 
receive a tool (not shown) that allows for locking of a socket 
member 240 (See FIG. 4) to the base 110 by pulling the post 
210 of the Socket member 240 into the base 110. It is to be 
further recognized that the openings 232,234a-c can be coun 
tersunk to allow the fastening members to sit below the sur 
face of the base body as shown in FIG. 2. In one specific 
approach, the openings 232, 234a-c are sized to accommo 
date 4.0 mm screws. In other approaches, the openings may 
be sized to accommodate 3.5 mm, 4.5 mm, 5.0 mm, or 6.5 
SCCWS. 

0057 FIG. 6B illustrates a view of the inner surface 170 of 
the femoral base 110. The inner surface bone contacting 
surface 170 can be roughened or etched to improve osteoin 
tegration. Alternatively, the inner Surface bone contacting 
surface 170 can be modified in other ways to induce bone 
growth. In one example, the inner Surface bone contacting 
170 may be coated with bone morphogenic protein 2 (BMP 
2), hydroxyapatite (HA), titanium, cobalt chrome beads, any 
other osteo-generating Substance or a combination of two or 
more coatings. According to one embodiment, a titanium 
plasma spray coating having a thickness of approximately 
0.025 in.0.005 in. is applied to the inner bone contacting 
surface 170. In another embodiment, a HA plasma spray 
having a thickness of approximately 35umit 10 um is applied 
to facilitate osteointegration. The portions of the inner Sur 
faces of the base which are not in contact with the bone 
including the curved offset surfaces 174 of the bases may or 
may not be treated in the same manner to improve osteointe 
gration at the bone contacting Surface. 
0058 As shown in FIGS. 6C-6E, the inner surface 170 has 
a first radius of curvature at the first end 193 of the base 110 
and a second radius of curvature at the second end 195 of the 
inner surface 170, where the first radius of curvature can 
differ from the second radius of curvature. Additionally, the 
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inner surface 170 is generally helical in shape when moving 
from the first end 193 to the Second end 195 of the base 110. 
That is, the inner surface 170 twists when moving from the 
top of the inner surface to the bottom of the inner surface. The 
helical nature of the inner surface 170 generally follows the 
shape of the distal medial femur when moving distally (down 
the femur) and posteriorly (front to back). Accordingly, the 
curved shape of the inner surface 170 helps to reduce the 
overall profile of the base 110 when affixed to the medial 
Surface of the femur. Additionally, the matching curved shape 
of the inner surface 28 increases the surface area in which the 
femoral base 110 contacts the femur thereby improving load 
distribution. The curved shape of the outer surface 190 soft 
ens the transitions between the absorber 130 and the femoral 
base 110, between the base and bone, and improves the 
Smooth motion of skin, muscle, and other anatomy over the 
base. 

0059. It is contemplated that femoral base 110 can be 
provided in two or more versions to accommodate patient 
anatomies. The two or more versions of the femoral base 110 
form a set of bases of different shapes and/or sizes which are 
modular in that any one of these bases can be used with the 
same absorber. In one example, three base shapes are pro 
vided and designated 40°, 45°, 50° bases 110a, 110b, 110c 
(See FIG. 7). These angles represent the angle between a 
plane formed by the three points where the locking screws 
234 contact the bone and a line perpendicular to the saggital 
plane (vertical A-P plane through the joint) of the patient. The 
femoral bases 110 are substantially the same size and shape, 
but are each rotated by 5 degrees about the center of rotation 
ofa ball and socketjoint attached to the base (See FIGS. 1 and 
2). Such femoral base versions allow improved kinematics by 
allowing the base to be selected and placed for each particular 
patient in order to achieve a desired location of the center of 
rotation. The location of the center of rotation of the ball and 
Socket joint 204 at a desired location allows improved range 
of motion and desired kinematics for different patient bone 
geometries. The orientation of the mounting end 195 at a 
desired orientation is also important to allowing desired kine 
matics. Placing the femoral ball and socket joint 204 at the 
desired location and orientation allows controlled clearance 
between the bone and the absorber 130 during full range of 
motion, as well as full range of motion of the knee without 
impingement of the absorber on the socket. In one example, 
the desired location of the center of rotation of the femoral 
ball and socket joint 204 is slightly anterior and distal to the 
radiographic center of rotation of the knee joint. A center of 
rotation of the knee joint can be approximated by locating the 
midpoint of Blumensatt's line. The center of rotation of the 
femoral ball and socket joint can also be arranged to be 
located at a desired offset distance from the bone. This offset 
distance is about 2 to 15 mm, preferably about 5 to 12 mm. 
0060. The implantable mechanical energy absorbing sys 
tems described herein have a total of 7 degrees of freedom 
including two universal joints each having three degrees of 
freedom and the absorber having one degree of freedom. 
However, other combinations of joints may be used to forman 
implantable energy absorbing system, Such as a system hav 
ing 5 or 6 degrees of freedom. 
0061 The figures have illustrated the implantable 
mechanical energy absorbing systems designed for place 
ment on the medial side of the left knee. It is to be appreciated 
that a mirror image of the femoral base 110 would be fixable 
to the medial surface of the right femur for the purposes of 
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unloading or reducing a load on the medial compartment of 
the knee. In an alternate embodiment, the femoral and tibial 
bases 110, 120 and the absorber 130 may be configured to be 
fixed to the lateral surfaces of the left or right femur and to 
reduce loads on the lateral compartment of the knee. In yet 
another approach, implantable mechanical energy absorbing 
systems can be fixed to both the lateral and medial surfaces of 
the left or right knee joint or of other joints. 
0062. As shown in FIGS. 8A-8E, the tibial base 120 also 
includes a plurality of through holes 232, 234a-c, 236. A 
non-threaded hole 232 is sized to receive a compression screw 
180 (See FIG. 2) and three threaded holes 234a-c are 
designed to accept locking screws 182. The compression 
screw hole 232 is positioned generally at a center of the tibial 
base 120 and at least partially within a triangle formed by the 
locking screw holes 234a-c. The three openings 234a-care 
oriented to provide differing trajectories for fastening mem 
bers that maximize pull out forces thereby minimizing the 
possibility that the tibial base 120 is separated from the bone. 
According to one embodiment, the trajectories of the locking 
screws 182 in the tibial base 120 are oriented such that the 
hole trajectories (axes) and corresponding locking screws are 
normal or approximately normal to the shear loading forces 
on the base or normal to be surface of the adjacent bone. The 
screw trajectories are designed to minimize potential for vio 
lation of the joint space and/or posterior joint structures. 
0063 As with the femoral base, the openings 232, 234a-c 
can be countersunk to allow the heads of fastening members 
to sit below the surface of the body as shown in FIG. 2. 
According to one embodiment, the openings 232, 234a-care 
sized to accommodate 4.0 mm diameter fastening members. 
In other embodiments, the openings 232, 234 may be sized to 
accommodate 3.5 mm, 4.5 mm, 5.0 mm or other diameter 
fastening members. 
0064. According to one embodiment, a femoral base 110 

is implanted by selecting a base which most closely accom 
modates the patients bone while locating the femoral ball and 
Socket articulation at a desired location, placing the base on 
the bone, inserting a K-wire through the opening 230a to hold 
the desired location, inserting the compression screw 180 
followed by inserting the locking screws 182. The selection of 
the best femoral and tibial bases 110, 120 can be accom 
plished by radiographic assessment, by providing multiple 
trials of the different bases for manual testing, by providing a 
base template which represents multiple bases, or by a com 
bination of these or other methods. 

0065. While screws are used to fix the femoral and tibial 
bases 110, 120 to the bone, those skilled in the art will appre 
ciate that any fastening members known or developed in the 
art may be used in addition to or as an alternative to Screw 
fixation to accomplish desired affixation. Additional instru 
ments and methods which are usable with the bases are 
described in detail in U.S. Patent Application No. 61/259,052 
entitled, “Positioning Systems and Methods for Implanting 
an Energy Absorbing System, which is incorporated herein 
by reference in its entirety. 
0066. The tibial base 120 may also include a plurality of 
holes 236 that may be used during alignment of the base 120 
on the tibia and sized to receive structures such as a K-wire. 
Optionally, the base 120 may include a plurality of holes, 
teeth or other surface features (not shown) to promote bone 
in-growth thereby improving base stability. 
0067. As best seen in FIGS. 8B-8E, the inner bone con 
tacting surface 172 of the tibial base 120 represents the base 
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to bone Surface required to Support expected shear forces 
resulting from 60 lbs of load carrying as well as other forces 
on the base. The inner bone contacting surface 172 can be a 
roughened surface for improving osteointegration. Alterna 
tively or additionally, the inner surface 172 can be coated to 
induce bone growth. For example, the inner surface 172 may 
be coated with bone morphogenic protein 2 (BMP-2) or 
hydroxyapatite, titanium, cobalt chrome beads. The inner 
bone contacting Surface 172 is a curved Surface that matches 
the tibia shape and promotes good contact between the base 
120 and the tibia. Accordingly, the inner surface facilitates the 
tibial base 120 absorbing and transferring load forces from 
the base to the tibia. The portions of the inner surfaces of the 
tibial base 120 which are not in contact with the bone includ 
ing the curved offset surfaces 176 of the bases may or may not 
be treated in the same manner as the bone contacting Surfaces 
172 to improve osteointegration at the bone contacting Sur 
face. 

0068. The tibial base 120 has a generally low-profile when 
mounted to the bone. The base 120 is mounted to the medial 
surface of the tibia in order to preserve critical anatomy such 
as, but not limited to, medial collateral ligaments. The tibial 
base shape is designed to remain on an anteriomedial Surface 
of the tibia and to avoid important anatomical structures on 
the posterior aspect of the tibia. 
0069. As best seen in FIG. 2, the second end 198 of the 
base 120 is offset from the surface of the tibia allowing the 
absorber to move throughout a range of motion while avoid 
ing anatomical structures and maintaining a low profile of the 
base. Together the tibial and femoral bases 120, 110 are 
configured to receive the absorber in a position where the 
absorber plane is Substantially parallel to a line connecting 
the medial aspects of the femoral and tibial condyles. 
0070 The tibial base 120 shown in the figures is config 
ured to be fixed to the medial surface of the left tibia. As those 
skilled in the art will appreciate, a mirror image of the base 
120 would be fixable to the medial surface of the right tibia. 
Tibial bases 120 can be provided in two or more versions to fit 
the differentanatomy of patients. The two or more versions of 
the tibial base 120 form a set of bases of different shapes 
and/or sizes which are modular in that any one of these bases 
can be used with the same absorber. In one example, three 
versions 11 mm base 120a, 14 mm base 120 band 17 mm base 
120c (See FIG. 9) are provided. These dimension identifiers 
represent the distance from the tibia to the center of rotation of 
a tibial ball and socket 206 attached to the tibial base 120 (See 
also FIGS. 1 and 2). The tibial bases 120 are substantially the 
same size and shape, but are each translated by 3 mm above 
the bone to form the three different versions. The new base 
versions allow improved kinematics by allowing bases to be 
placed in order to achieve a desired location of the center of 
rotation. The desired center of rotation of the tibial ball and 
socket joint 206 is selected to provide controlled clearance 
between the absorber and the anatomical joint and to prevent 
impingement of the absorber on the Socket. 
0071. According to one embodiment, a tibial base 120 is 
implanted by first selecting a base which most closely accom 
modates the patient's bone and joint anatomy. To do this, the 
tibial base is positioned a set distance from the femoral base 
with the distance there between being defined by the absorber 
length. Variation of this distance may occur based on absorber 
compression and patient activity. Once the tibial base 120 is 
located on the tibia one or more K-wires, compression screws 
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180 and/or locking screws 182 are inserted in a manner simi 
lar to the method used to secure the femoral base 110. 
0072. In one specific application, the femoral and tibial 
bases 110, 120 are designed to have a relatively small foot 
print which results in a less invasive procedure with smaller 
incisions needed to implant the bases. The Small bases also 
require less periosteum elevation during Surgery resulting in 
a less invasive procedure. Surgical time can also be shortened 
by using Smaller bases and associated less dissection time and 
involving fewer screws to insert. In addition to improving the 
implantation procedure, the Smaller bases accommodate 
larger variations in patient anatomies and accommodate 
larger numbers of patients with the same number of base 
versions. This improved fit of bases is the direct result of the 
fact that there is less surface area that needs to fit closely to the 
bone. 
0073. The use of a single central compression screw com 
bined with Surrounding locking screws for fixation allows 
fixation to be provided nearly entirely by the screws and very 
little osteointegration of base to bone may be needed. Thus, 
improved screw fixation is a key to fixation in place of 
increase Surface area. 
0074 Although the mechanical energy absorbing system 
100 has been illustrated as used to reduce loading on the 
medial knee, it may also be used in the lateral knee as well as 
other joints such as the finger, hand, toe, spine, elbow, hip and 
ankle. Other base configurations and shapes which may be 
Suitable for use in some of these applications include those 
disclosed in U.S. Patent Publication No. 2008/0275562 
which is incorporated herein by reference in its entirety. 
0075. The various embodiments described above are pro 
vided by way of illustration only and should not be construed 
to limit the claimed invention. Those skilled in the art will 
readily recognize various modifications and changes that may 
be made to the claimed invention without following the 
example embodiments and applications illustrated and 
described herein, and without departing from the true spirit 
and scope of the claimed invention, which is set forth in the 
following claims. In that regard, various features from certain 
of the disclosed embodiments can be incorporated into other 
of the disclosed embodiments to provide desired structure. 
What is claimed: 
1. A mechanical energy absorbing system comprising: 
a femoral base having a bone contacting Surface with a 

surface area of less than 650 mm, the femoral base 
having a single non-threaded opening therein configured 
to receive a compression screw and a plurality of 
threaded openings therein configured to receive a plu 
rality of locking screws with threaded locking heads; 

a tibial base having a bone contacting Surface area of less 
than 750 mm: 

an absorberconnected between the femoral and tibial bases 
and configured to reduce loads born by a knee. 

2. The system of claim 1, wherein the femoral base has only 
three threaded openings therein. 

3. The system of claim 1, wherein the tibial base has a 
single non-threaded opening therein configured to receive a 
compression screw and a plurality of threaded openings 
therein configured to receive a plurality of locking screws 
with threaded locking heads. 

4. The system of claim 1, wherein said threaded openings 
are positioned at three points of a triangle. 

5. The system of claim 4, wherein the non-threaded open 
ing is positioned at least partially within the triangle. 
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6. The system of claim 2, wherein the three threaded open 
ings each have axes which cross each other on a bone con 
tacting side of the femoral base. 

7. The system of claim 3, wherein said threaded openings 
of the tibial base are positioned at three points of a triangle 
and the non-threaded opening is positioned at least partially 
within the triangle. 

8. The system of claim 7, wherein two of the threaded 
openings of the tibial base closest to the absorber have axes 
which cross each other on a bone contacting side of the tibial 
base. 

9. The system of claim 7, whereina threaded opening of the 
tibial base furthest from the absorber has an axis which does 
not cross with the axes of the other two threaded openings. 

10. A femoral base for a mechanical energy absorbing 
system comprising: 

a body having a bone contacting Surface and an attachment 
site for attaching an energy absorber; 

a non-threaded opening formed in the body and configured 
to receive a compression screw; 

a plurality of threaded openings formed in the body and 
configured to receive a plurality of locking screws with 
threaded locking heads; and 

a non-threaded K-wire opening Smaller than the threaded 
and non-threaded openings, the K-wire opening having 
an axis parallel to an axis of the non-threaded opening. 

11. The femoral base of claim 10, wherein the non 
threaded opening is a single non-threaded opening. 

12. A method of implanting a femoral base for a mechani 
cal energy absorbing system comprising: 

placing a femoral base having a bone contacting Surface 
against the femur, 

inserting a K-wire through a K-wire opening in the femoral 
base to hold the base in place on the femur, 

inserting a compression screw through a corresponding 
opening formed in the base; 

inserting a plurality of locking screws in threaded openings 
formed in the base and engaging threaded heads of the 
locking screws with the threaded openings, wherein the 
K-wire opening has an axis parallel to an axis of the 
compression screw opening. 

13. The method of claim 12, wherein the compression 
screw opening is a non-threaded opening and is the only 
non-threaded opening of the base. 

14. A kit for implantation of a mechanical energy absorb 
ing system, the kit comprising: 

an absorber having first and second centers of rotation; 
a plurality of femoral bases, each femoral base having 

Substantially the same size and shape, while being 
rotated with respect to one another about the first center 
of rotation; and 

a plurality of tibial bases, each tibial base having substan 
tially the same size and shape, while being translated 
with respect to one another with respect to the second 
center of rotation. 
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15. A set of femoral bases for a mechanical energy absorb 
ing system, the set comprising: 

a set of three of femoral bases, each femoral base having 
Substantially the same size and shape, while being 
rotated with respect to one another about a center of 
rotation. 

16. A method of selecting a femoral base of a mechanical 
energy absorbing system for implanting in a patient, the 
method comprising: 

providing a plurality of femoral bases having Substantially 
the same size and shape, while being rotated with respect 
to one another about a center of rotation of the mechani 
cal energy absorbing system; and 

selecting one of the femoral bases from the plurality of 
femoral bases in order to locate the center of rotation of 
the mechanical energy absorbing system at a desired 
location with respect to a center of rotation of the knee 
joint and at a desired offset distance from the bone. 

17. The method of claim 16, wherein the desired offset 
distance is about 2 to 15 mm. 

18. A set of tibial bases a mechanical energy absorbing 
system, the set comprising: 

a set of three of tibial bases, each tibial base having sub 
stantially the same size and shape, while being translated 
with respect to one another Such that a distance in a 
direction perpendicular to the bone between a mounting 
end of the bases and the bone contacting Surfaces of the 
bases vary between the three bases of the set. 

19. A method of selecting a tibial base of a mechanical 
energy absorbing system for implanting in a patient, the 
method comprising: 

providing a plurality of tibial bases having Substantially the 
same size and shape, while being translated with respect 
to a bone contacting Surface; and 

selecting one of the tibial bases from the plurality of tibial 
bases in order to locate the center of rotation of the 
mechanical energy absorbing system at a desired loca 
tion with respect to the bone. 

20. A mechanical energy absorbing system, the system 
comprising: 

a femoral base configured for implantation on a medial 
aspect of the femur; 

a tibial base configured for implantation on a medial aspect 
of the tibia; 

an absorber configured to be connected to the femoral base 
and the tibial base in an position where the absorber is 
located in an absorber plane; and 

wherein the bases are configured to receive the absorber in 
a position where the absorber plane is substantially par 
allel to a line connecting the medial aspects of the femo 
ral and tibial condyles. 

21. The system of claim 20, wherein bases are configured 
to receive the absorber at a location offset from the line 
connecting the medial aspects of the femoral and tibial 
condyles by 2-15 mm. 
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