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SYSTEMS AND METHODS FOR PROVIDING 
LIGHTWEIGHT PROSTHETIC 

COMPONENTS 

RELATED APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 62/150,756 (Attorney Docket No. 
15379.47), filed Apr. 21, 2015, entitled SYSTEMS AND 
METHODS FOR PROVIDING LIGHTWEIGHT PROS 
THETIC IMPLANTS, which is incorporated herein in its 
entirety by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to prostheses, includ 
ing, without limitation, knee prostheses. In particular, some 
implementations of the present invention relate to systems 
and methods for providing prosthetic implants that are 
relatively lightweight. While the implants can be produced 
in any suitable manner and have any Suitable feature that 
allows them to be lightweight, in Some instances. Such 
implants include an internal lattice structure that Supports 
the implants, while allowing the implants to be relatively 
lightweight and rigid. 
0004 2. Background and Related Art 
0005 Orthopedic surgeons are experiencing a prolifera 
tion of joint replacement Surgeries. This demand appears to 
be driven by the fact that few procedures return as much 
quality of life as do joint replacements. 
0006. One common joint replacement surgery that can be 
especially useful in returning quality of life to an individual 
is that of knee replacement Surgery. In this regard, the 
increased need for knee replacements implicates the need for 
durable and long lasting artificial knee devices that provide 
for and allow full, functional flexion. That is, there is a great 
need for research that provides new medical advances on the 
overall function and performance of knee prostheses, and 
improves corresponding Surgical materials and technologies 
related to such devices. 
0007 Improvements to knee prostheses correspondingly 
increase with demand. Thus, currently-available knee pros 
theses mimic characteristics of the normal knee more than 
those previously used. Unfortunately, some of today's knee 
prostheses still have shortcomings. 
0008 Among these shortcomings is the inability of a 
knee prosthesis patient to achieve deep knee flexion, also 
known as full functional flexion. Though some currently 
available knee prostheses allow for knee flexion (i.e., bend 
ing) of more than 130° from full limb extension (0° being 
when the patient's knee is fully extended and straight); some 
such prostheses do not allow patients to flex from full 
extension to 160° and beyond (e.g., to full functional and/or 
deep knee flexion). Full functional or deep knee flexion is 
where the leg is bent to its maximum extent, which may be 
with the femur and tibia at an angle to each other of 140° or 
more, though the actual angle varies from person to person 
and with body habitus. 
0009. To illustrate the average range of knee motion in 
degrees achieved by patients having standard knee prosthe 
ses Surgery, the following is provided: When a patient’s knee 
or limb is fully extended, the femur and tibia are typically in 
the same plane at 0°, or up to 5-10° of hyperextension in 
some individuals. However, once the knee bends, and the 
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distal tibia moves toward the buttocks, the angle increases 
from 0 to 90° for a person sitting in a chair. Furthermore, 
when the tibia is closest to the femur, and the heel is almost 
at, if not touching, the buttock, the angle is around 160° or 
more. Most conventional knee prosthesis patients are unable 
to consistently achieve the latter position or any position 
placing the knee joint at angles above 130° (e.g., at 160° and 
beyond). 
0010 For many people, such a limb and body position is 
not often achieved or desired most of the time. However, 
nearly everyone, at Some point in time, whether or not it 
occurs when a person is getting on and off the ground to play 
with children, or merely incidental to living an active 
lifestyle, finds themselves in a position requiring knee 
flexion greater than 130°. Unfortunately, those with cur 
rently-available knee prostheses are unable to participate in 
any activity requiring greater knee flexion and are thus 
limited to watching from the sidelines. 
0011. In many populations and cultures such a limb/knee 
and body position is desired and necessary the majority of 
the time. For instance, in some Asian and Indian cultures, 
full functional flexion and the squatting position is common 
and performed for relatively long periods of time. 
0012. A need, therefore, exists for knee prostheses for 
those patients and especially for those in cultures where 
extensive squatting, sitting with knees fully flexed, and/or 
kneeling when praying or eating is common, to achieve knee 
flexion greater than presently possible among some of those 
who have currently-available knee prostheses. 
0013 As another example of a potential shortcoming 
associated with some conventional knee prostheses, some 
such prostheses are relatively heavy. Nevertheless, in many 
cases such prostheses are implanted into elderly recipients 
or, even if the prostheses are implanted into younger recipi 
ents, the implants are intended to remain with their recipi 
ents until Such recipients age and eventually die. Accord 
ingly, there is a need for prosthetic implants that are 
relatively lightweight and that do not require their recipients 
to carry unnecessary weight from Such implants throughout 
their life. 

0014. As still another potential shortcoming, some con 
ventional prostheses are relatively more rigid then the bones 
into which they are implanted. For instance, in Some cases, 
a prosthetic stem extending in a medullary canal is more 
rigid then the cancellous bone around Such a stem. As a 
result, in Some cases, bone Surrounding the rigid stem may 
not flex as it should. In this regard, as such a bone may 
experience less of the flexion forces than would typically 
strengthen the bone, Such a bone may actually become weak 
and resorb. Additionally, in some cases as the bone Sur 
rounding a rigid shaft flexes, micro-abrasions may occur at 
the interface between the bone and the stem, resulting in the 
loss of bone at the interface. Moreover, in some instances in 
which a prosthetic implant keeps a portion of a long bone 
rigid, stresses that would normally be spread across a length 
of the bone are spread across a smaller area of the bone, 
often forming a stress riser in the bone at an end of the 
prosthetic (e.g., at an end of a rigid stem). 
0015. As still another example, some femoral prostheses 
place relatively large loads on the distal end of the femur, 
and do little to dissipate Such loads. As a result, some such 
prostheses may do little to prevent fractures from forming 
and spreading in the femur (e.g., at stress risers created as a 
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consequence of bone cuts that were made to allow the 
femoral prosthesis to be seated on the femur). 
0016. As yet another example, although some femoral 
prostheses comprise a stem to strengthen the femur's distal 
end. Such stems often place significant limits on the physical 
characteristics of the femoral prosthesis that can be used 
therewith. Additionally, in some cases in which a femoral 
prosthesis includes a stem, the stem can also limit the 
manner in which the femoral prosthesis can be attached to a 
femur. 
0017 Thus, while techniques currently exist that relate to 
prosthetic implants (such as knee prostheses), challenges 
with Such implants still exist, including those discussed 
above. Accordingly, it would be an improvement in the art 
to augment or even replace current techniques with other 
techniques. 

SUMMARY OF THE INVENTION 

0018. Some aspects of the present invention relate to 
systems and methods for providing relatively lightweight 
prostheses. In some such instances, the described systems 
and methods include a prosthetic implant having an exterior 
Surface that is configured to be coupled to and/or to articu 
late with a bone (and/or another prosthetic component), an 
interior space disposed within the implant, and a lattice 
structure disposed within the interior space. Some examples 
of Such an implant include a femoral knee component, a 
tibial knee component, an intramedullary stem, and/or any 
other suitable implant. Additionally, in some cases, a portion 
of the implant is configured to have a modulus of elasticity 
that substantially matches that of the bone to which the 
implant couples. While the elasticity of the bone and the 
implant can be matched in any suitable manner, in some 
cases, the elasticity of one or more portions of the implant 
is modified by varying the strength provided to the implant 
by the lattice structure. 
0019. Additionally, some aspects of the present invention 
relate to systems and methods for providing deeper knee 
flexion capabilities for knee prosthesis patients, and more 
particularly by effectuating one or more of the following: (i) 
providing a greater articular Surface area to the femoral 
component of a knee prosthesis, with either a modification 
of or an attachment to the femoral component of a knee 
prosthesis, which when integrated with a patient’s femur and 
an appropriate tibial component, results in full functional 
flexion; (ii) providing modifications to the internal geometry 
of the femoral component and the opposing femoral bone 
with methods of implanting; (iii) providing asymmetrical 
under Surfaces on the tibial component of the knee prosthe 
sis and uniquely-positioned articular Surfaces to facilitate 
full functional flexion; (iv) providing asymmetrical femoral 
condylar surfaces with a lateralized patellar (trochlear) 
groove to more closely replicate physiologic loading of the 
knee and to provide better tracking of the patella: (v) 
resectioning essentially all of the anterior femoral articular 
cartilage and underlying bone, but no additional bone and 
replacing it with a femoral component that does not have an 
anterior flange as seen on contemporary prostheses; (vi) 
providing a femoral component having a modular stem, 
which allows the femoral component to be rolled onto a 
resected portion of a distal end of the femur, or to be slid 
onto the resected portion of the femur at an angle that 
intersects with a longitudinal axis of the femur, (vii) cutting 
a posterior proximal portion of a femoral condyle to allow 
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for deep knee flexion; and (viii) providing a process for 
providing customized prosthetics. 
0020. In a normal knee, there is often a cessation of active 
flexion at approximately 120°, first, because the hamstring 
muscles lose their mechanical advantage, and secondly 
because the medial femoral condyle rolls posteriorly which 
does not occur up to 120°. By 120° of flexion, the medial 
femoral condyle often starts to roll backwards relative to the 
posterior horn of the medial meniscus of the tibia. At 140° 
of flexion, the femur moves up on to the posterior horn of the 
medial meniscus. Accordingly, resistance to flexion is felt at 
this point and beyond. By full flexion, the medial femoral 
condyle has moved back approximately 8 mm from its 
position at 120° to a position 10 mm from the posterior tibial 
cortex. Laterally, the femur moves back an additional 5 mm 
in hyperflexion so that there is little or no tibiofemoral 
rotation between 120° and 160°. Accordingly, the hyper 
flexion between 120° and 160° is a separate arc than the 
kinematics from 0° to 120° of flexion, and at 160°, the 
posterior horn of the lateral meniscus comes to lie on the 
posterior surface of the tibia distal to the femoral condyle. 
As such, the posterior horn is not compressed and the two 
bones are in direct contact. 
0021. The final limit to hyperflexion arises because the 
posterior horn of the medial meniscus impedes flexion at 
140° and limits it absolutely at 160°. The posterior horn also 
often prevents the medial femoral condyle from moving 
back beyond a point 10 mm from the posterior tibial cortex. 
Thus, the posterior horn of the medial meniscus is a key 
structure in achieving deep flexion. 
0022 Implementation of the present invention takes 
place in association with improved knee prostheses that 
enable knee prosthesis patients to achieve greater deep knee 
flexion than previously achievable using presently-designed 
knee prostheses. In at least some implementations of the 
present invention, greater deep knee flexion is provided to 
the knee prosthesis by resecting portions of the femur to 
allow additional clearance for the posterior horn of the 
medial meniscus and the tibia. In other implementations in 
which a portion of the tibia is replaced by a prosthesis, 
however, the posterior horn is left intact. Additionally, at 
least some implementations of the present invention further 
provide positioning and/or installing an articular surface 
within resectioned portions of the femur to provide an 
interface between the posterior horn of the medial meniscus 
and the resectioned surface of the femur. 
0023. In at least some implementations of the present 
invention, greater deep knee flexion is provided to the knee 
prosthesis by providing an articular surface on the proximal, 
anterior surface (or portion) of the posterior condyles of the 
femur. At least Some implementations of the present inven 
tion embrace an additional or increased articular surface on 
the proximal, anterior portion of either or both of the medial 
or lateral posterior condyles of the femoral component of the 
prosthesis. Embodiments of the femoral component add 
increased articular Surface area to the proximal end of the 
posterior condyles of the femoral component in an anterior 
direction such that when the patient bends his or her knee 
during deep knee flexion, contact between the femoral 
component and the tibial component is maintained, and a 
greater, deeper knee flexion can be achieved. 
0024. In at least some implementations of the present 
invention, greater deep knee flexion can be provided or 
improved by modifying the tibial articulation, in which the 
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center of the conforming medial tibial articular surface of 
the tibial component of the prosthesis is moved posterior 
relative to what is currently available. Additionally, in some 
such embodiments, the overall shape of the lateral tibial 
articular surface is modified. 

0025. In at least some implementations of the present 
invention, greater deep knee flexion can be achieved by 
providing an asymmetrical femoral component of the pros 
thesis. The asymmetrical femoral component permits trans 
fer of more than one-half of the force transmitted across the 
joint to be transmitted to the medial side, as occurs in the 
normal knee. In some implementations, other modifications 
to the tibial and femoral components of a knee prosthesis 
may be made, including having asymmetric femoral con 
dyles, having a closing radius on the femoral component, 
having a lateral femoral condyle with an articular surface 
that is Substantially flat, and/or removing certain areas of the 
tibial and femoral components; wherein all of the foregoing 
may result in deeper knee flexion capabilities for knee 
prosthesis patients than previously achievable. 
0026. At least some implementations of the present 
invention include a femoral component (and associated 
methods for making and using Such a component) that 
includes a femoral articular Surface extending in an anterior 
direction from a proximal end of a posterior condyle of a 
femoral knee replacement component, the femoral compo 
nent further having a full anterior articular extension which 
replaces the anterior articular cartilage of a femur. In some 
cases, the femoral component includes a first interior Surface 
and a second interior Surface that run Substantially parallel 
to each other. In other cases, the first interior surface and the 
second interior Surface of the femoral component diverge 
from each other less than a 45° angle. In some instances, the 
first interior surface and the second interior surface diverge 
from each other by an angle between approximately 3° and 
approximately 10°. 
0027. In some implementations in which the described 
systems and methods relate to the femoral component hav 
ing a modular stem, the stem and femoral component are 
configured such that the femoral component can either be 
rolled onto a resected portion of the femur, or to be slid onto 
the resected portion at an angle that intersects a longitudinal 
axis of a distal portion of the femur, after the modular 
femoral stem has been inserted into the femur. 

0028. With respect to the femoral component having one 
or more modular femoral stems, both the femoral compo 
nent and the modular stem can have any suitable character 
istic. For instance, the femoral component can comprise any 
suitable femoral component that is configured to be fixedly 
attached to the stem after the stem has been inserted into the 
femur (e.g., within the femurs intramedullary canal). Indeed, 
in Some implementations, the femoral component comprises 
a thickened posterior condyle, an extended articulation Sur 
face, one or more internal Surfaces that require the femoral 
component to be rolled onto a resectioned portion of the 
femur, a modular attachment, a proximal extension, a medial 
femoral condylar Surface, a lateral femoral condylar Surface, 
an anterior extension that terminates at or adjacent to a 
proximal limit of the knees articular cartilage, one or more 
internal Surfaces that require the femoral component to be 
slid on to the femur at an angle that intersects with a 
longitudinal axis of a distal portion of the femur, a modular 
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flange, a mating Surface that is configured to be permanently 
fixed to the modular femoral stem, and/or any other suitable 
component or characteristic. 
0029. With respect to the modular femoral stem, the 
femoral stem can comprise any suitable component or 
characteristic that allows it to be inserted into a distal portion 
of the femur and then to be attached to the femoral compo 
nent. In this regard, the stem can be any Suitable size and 
shape that allows it to be inserted into the femur and then to 
be connected to the femoral component. In some implemen 
tations, the stem further comprises a flange at its distal end 
that allows the flange to be permanently fixed to the femoral 
component (e.g., via cement). 
0030 Additionally, in some implementations, the 
described systems relate to a femoral knee replacement 
component that includes a modular femoral stem having a 
proximal end and a distal end; a femoral component having 
an external articular surface and an internal Surface, wherein 
the internal Surface is configured to be attached to a resec 
tioned portion of a distal end of a femur, and wherein the 
femoral component is configured to be applied to the femur 
by at least one of sliding the femoral component onto the 
resectioned portion of the femur at an angle of between 
about 20 and about 80° with respect to a longitudinal axis of 
a distal one fourth to a distal one third of the femur, and 
rolling the femoral component onto the resectioned portion 
of the femur, wherein the internal surface of the femoral 
component comprises a mating Surface that is configured to 
be permanently fixed to the distal end of one or more 
modular stems. 

0031. In other implementations, the described systems 
relate to a femoral knee replacement component, including: 
a modular intramedullary stem having a proximal end and a 
distal end, wherein the distal end comprises a flange; and a 
femoral component having an articular surface and an 
internal Surface, wherein the femoral component is config 
ured to be applied to a femur by sliding the femoral 
component onto a resectioned portion of a distal end of the 
femur at an angle of between about 20 and about 80° with 
respect to a longitudinal axis of about a distal one fourth to 
about a distal one third of the femur, wherein a distal cut 
Surface of the femoral components internal Surface is 
configured to be permanently fixed to the flange of the 
modular stem. 

0032. Additionally, in some implementations, the 
described methods relate to a method of applying a femoral 
component to a femur. In some such implementations, the 
method includes preparing the femur to receive the femoral 
component by removing bone from a distal portion of the 
femur, providing a modular intramedullary stem having a 
proximal end and a distal end; inserting the modular stem 
into an intramedullary canal (or other suitable portion) of the 
femur, providing the femoral component (wherein the femo 
ral component and the modular stem each comprise a 
discrete component, and wherein the femoral component 
comprises an articular surface and an internal Surface); 
seating the femoral component on the distal portion of the 
femur (wherein the seating is accomplished by sliding the 
femoral component onto a resectioned surface of the femur 
at an angle of between about 20 and about 80° with respect 
to a longitudinal axis of about a distal one fourth to about a 
distal one third of the femur and/or rolling the femoral 
component onto the resectioned surface of the femur); and 
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fixing the distal end of the modular stem to the internal 
Surface of the femoral component. 
0033. In still other implementations, the described sys 
tems and methods relate to the use of a cutting guide block 
that is configured to be used to direct a cutting instrument to 
remove a proximal portion of a posterior condyle. In some 
implementations, this cutting block is configured to guide a 
cutting tool to cut a full flexion cut on the femur (or a cut that 
runs proximally and anteriorly from its distal end towards a 
posterior Surface of the femur, such as a posterior Surface of 
the femur's shaft). 
0034. In yet other implementations, the described sys 
tems and methods relate to processes for using a single 
master negative mold architecture to produce multiple pros 
theses having a variety of optional component or character 
istics. Indeed, in Some implementations, a negative master 
mold defining a space for a prosthetic component with at 
least one optional portion is provided, a positive prosthetic 
blank is formed in the master negative mold, at least one 
optional component (e.g., an anterior flange, a lateral proxi 
mal extension, a medial proximal extension, etc.) is removed 
from the positive blank, the modified positive blank is 
coated with an investment, the positive blank is removed 
from the investment, and a prosthetic material is placed in 
the investment to form a prosthetic that is missing the 
optional component. 
0035. While the methods, modifications and components 
of the present invention have proven to be particularly useful 
in the area of knee prostheses, those skilled in the art will 
appreciate that the methods, modifications and components 
can be used in a variety of different orthopedic and medical 
applications. 
0036. These and other features and advantages of the 
present invention will be set forth or will become more fully 
apparent in the description that follows and in the appended 
claims. The features and advantages may be realized and 
obtained by means of the instruments and combinations 
particularly pointed out in the appended claims. Further 
more, the features and advantages of the invention may be 
learned by the practice of the invention or will be obvious 
from the description, as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037. In order that the manner in which the above recited 
and other features and advantages of the present invention 
are obtained, a more particular description of the invention 
will be rendered by reference to specific embodiments 
thereof, which are illustrated in the appended drawings. 
Understanding that the drawings depict only typical embodi 
ments of the present invention and are not, therefore, to be 
considered as limiting the scope of the invention, the present 
invention will be described and explained with additional 
specificity and detail through the use of the accompanying 
drawings in which: 
0038 FIGS. 1A and 1B depict ranges of flexion of a knee 

joint; 
0039 FIGS. 2A-2C and 3A-3C depict various views of a 
generic knee prosthesis; 
0040 FIGS. 4A-4D depict representative perspective 
views of embodiments of a femoral component of a knee 
prosthesis in accordance with representative embodiments 
of the present invention; 
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004.1 FIGS. 5A-5D depict representative perspective 
views of embodiments of the femoral component of a knee 
prosthesis in accordance with embodiments of the present 
invention; 
0042 FIGS. 6A-6B depict side views of a representative 
prior art tibial component of a knee prosthesis; 
0043 FIGS. 6C-6D depict side views of a representative 
embodiment of a tibial component in accordance with 
embodiments of the present invention; 
0044 FIGS. 6E-6F depict an alternate embodiment of a 
representative tibial component modified to include a raised 
ridge articulation feature; 
004.5 FIGS. 6G-6H depict an alternate embodiment of a 
representative tibial component modified to include a spheri 
cal articulation feature; 
0046 FIG. 6I illustrates an alternate embodiment of a 
representative tibial component modified to include the 
raised ridge articulation feature; 
0047 FIGS. 6J and 6K depict side views of a represen 
tative embodiment of a tibial component in accordance with 
embodiments of the present invention; 
0048 FIGS. 7A and 7B depict alternate embodiments of 
femoral and tibial components in accordance with embodi 
ments of the present invention; 
0049 FIG. 8A illustrates a conventional femoral compo 
nent while FIG. 8B illustrates an embodiment of the femoral 
component in accordance with the present invention; 
0050 FIG. 9 illustrates a modular attachment for use with 
embodiments of the femoral component in accordance with 
embodiments of the present invention; 
0051 FIGS. 10A-10H illustrate representative steps for 
attaching an embodiment of the femoral component to a 
femur, the resectioned portions of the femur shown in 
phantom; 
0052 FIGS. 11A-11K illustrate representative steps for 
attaching an alternate embodiment of the femoral compo 
nent to a femur, 
0053 FIGS. 12A-12C and FIG. 13 illustrate comparisons 
between a conventional femoral component and the femoral 
component in accordance with embodiments of the present 
invention; 
0054 FIG. 14 illustrates an alternate embodiment of the 
femoral component in accordance with embodiments of the 
present invention; 
0055 FIGS. 15A-15E illustrate comparisons between 
embodiments of the femoral component; 
0056 FIG. 15F illustrates a perspective view of a repre 
sentative embodiment of the femoral component comprising 
a lateral proximal extension and a medial proximal exten 
S1On, 
0057 FIGS. 15G-15H each respectively illustrate an 
angled top view showing a representative embodiment in 
which the proximal extension (or the femoral full flexion 
articulation) comprises respectively comprises a rounded 
and a substantially flat posterior end; 
0058 FIGS. 15I-15K each illustrate a different view of a 
representative embodiment in which the femoral component 
comprises a medial proximal extension; 
0059 FIGS. 16A-16D illustrate a manner in which an 
articulating Surface of the femoral components shown in 
FIGS. 15A-15D may be extended; 
0060 FIG. 16E illustrates a shortened embodiment in 
which an articulating Surface of the femoral component may 
be extended; 
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0061 FIGS. 16F-16P illustrate flexion of a non-limiting 
embodiment of the femoral component having a decreasing 
radius, wherein the decreasing radius provides laxity over a 
portion of the range of flexion in accordance with a repre 
sentative embodiment of the present invention; 
0062 FIG. 16Q illustrates a unicompartmental femoral 
component including an extended articulating Surface in 
accordance with a representative embodiment of the present 
invention; 
0063 FIG. 16R illustrates a unicompartmental femoral 
component including a decreasing radius and an indentation 
in accordance with a representative embodiment of the 
present invention; 
0064 FIG. 16S illustrates a truncated femoral component 
including an indentation in accordance with a representative 
embodiment of the present invention: 
0065 FIG. 16T illustrates a cross-section view of the 
femoral component coupled to a modular patella-femoral 
component in accordance with a representative embodiment 
of the present invention; 
0.066 FIG. 16U illustrates a cross-section view of a 
femoral component slidably coupled to a modular patella 
femoral component in accordance with a representative 
embodiment of the present invention: 
0067 FIG. 16V illustrates a detailed cross-section view 
of the femoral component having a tapered opening adjust 
ably and slidably coupled to a post of a modular patella 
femoral component in accordance with a representative 
embodiment of the present invention: 
0068 FIG. 16W illustrates a cross-sectional view of the 
femoral component having a convex surface abutted with a 
concave Surface of a modular patella-femoral component in 
accordance with a representative embodiment of the present 
invention; 
0069 FIGS. 16X-16Z illustrate flexion of a non-limiting 
embodiment of the femoral component having femoral full 
flexion articulation (or proximal extension) in accordance 
with a representative embodiment of the present invention; 
0070 FIG. 17 illustrates drawing of a radiograph of a 
normal knee flexed to approximately 160°, and further 
illustrating the position of the patella; 
(0071 FIGS. 18A through 18C illustrate alternate embodi 
ments of a femoral component in accordance with repre 
sentative embodiments of the present invention; 
0072 FIG. 18D illustrates a face view of a representative 
embodiment of the femoral component comprising a lateral 
condyle having a substantially flat articular Surface; 
0073 FIG. 19A illustrates a representative embodiment 
of a tibial component that does not have an articular Surface 
posterior to the main articular Surface; 
0074 FIG. 19B illustrates a representative embodiment 
of the tibial full flex articulation being posterior to the main 
weight bearing articulation; 
0075 FIGS. 20A-20I illustrate a representative interac 
tion of a femoral full flex articulation and a tibial full flex 
articulation; 
0076 FIG. 20J illustrates a side view of a representative 
embodiment of the femoral component; 
0077 FIG. 21 illustrates a representative interaction of 
the posterior articulate surface of the medial plateau of the 
tibia and the popliteal surface during deep flexion of the 
knee; 
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0078 FIG. 22 illustrates a representative implementation 
of a resection block and the femur following resection of the 
popliteal Surface; 
007.9 FIG. 22A illustrates a representative implementa 
tion of a resection block and the femur prior to resection of 
the popliteal Surface; 
0080 FIG. 23 illustrates a representative interaction of 
the posterior articular surface of the medial plateau of the 
tibia and an extended portion of the femoral component of 
the knee prosthesis during deep flexion; 
I0081 FIG. 23A illustrates a representative interaction of 
the posterior full flex articular surface of the medial tibial 
plateau of a tibial component and an extended portion of the 
femoral component of the knee prosthesis during deep 
flexion; 
0082 FIG. 24 illustrates a cross-section view of a tibial 
component and stem inserted within a tibia in accordance 
with a representative embodiment of the present invention; 
0083 FIGS. 25-27 illustrate various embodiments of 
stems in accordance with representative embodiments of the 
present invention; 
I0084 FIG. 28A illustrates an adjustable stem in accor 
dance with a representative embodiment of the present 
invention; 
I0085 FIG. 28B illustrates a tibial component comprising 
a modular stem in accordance with a representative embodi 
ment of the present invention; 
I0086 FIGS. 29A-29C each illustrate a different repre 
sentative embodiment of an implanted femoral component 
having two opposing internal Surfaces that run Substantially 
parallel to each other; 
I0087 FIGS. 30A-30B each illustrate a representative 
embodiment of the femoral component comprising a repre 
sentative embodiment of a modular femoral stem; 
I0088 FIG. 30C illustrates side view of a representative 
embodiment of the modular femoral stem, wherein the stem 
comprises a multifaceted flange; 
0089 FIG. 30D illustrates a view of a distal surface of a 
representative embodiment of the modular femoral stem, 
wherein the stem comprises a flange defining a receptacle 
for a turning tool; 
0090 FIG. 31A illustrates an anterior face view of a 
representative embodiment of the modular femoral stem, 
wherein the stem comprises a flange that is configured to 
hold the stem at an angle with respect to the femoral 
component; 
0091 FIG. 31B illustrates a view of a distal surface of a 
representative embodiment of the flange of the modular 
Stem; 
0092 FIG. 31C illustrates a view of a distal surface of a 
representative embodiment of the flange of the modular 
stem, wherein the flange is multifaceted; 
0093 FIG. 32 illustrates a flow chart, depicting a method 
for applying the femoral component and the modular femo 
ral stem to a femur in accordance with a representative 
embodiment; 
(0094 FIGS. 33-34 each illustrate a different representa 
tive embodiment of the femoral component comprising a 
different representative embodiment of the modular femoral 
Stem; 
0095 FIGS. 35A-35C each illustrate a side view of a 
different representative embodiment of the modular femoral 
stem, wherein the stem comprises a multifaceted flange; 
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0.096 FIG. 36A illustrates a side, cross-sectional view of 
the modular femoral stem and a corresponding flange that is 
configured to couple with the femoral stem in accordance 
with a representative embodiment; 
0097 FIGS. 36B-36C each illustrate a top plan view of a 
different representative embodiment of the femoral stem 
coupled to the flange; 
0098 FIG. 36D illustrates a face view of the femoral 
stem and the flange in accordance with a representative 
embodiment; 
0099 FIG. 37A illustrates an anterior and/or posterior 
view of a representative embodiment of the femoral stem; 
0100 FIGS. 37B-37C each illustrate a top plan view of a 
different representative embodiment of the femoral stem 
coupled to the flange; 
0101 FIG. 38 illustrates a side view of a representative 
embodiment of a cutting guide block that is configured to 
guide resection of a proximal portion of a lateral and/or 
medial posterior condyle; 
0102 FIGS. 39A-39B each illustrates a perspective view 
of a different representative embodiment of the cutting guide 
block; 
0103 FIG. 40A illustrates a side, cross-sectional view of 
the femoral component comprising an internal lattice struc 
ture in accordance with a representative embodiment; 
0104 FIG. 40B illustrates a side, cross-sectional view of 
the tibial component comprising the internal lattice structure 
in accordance with a respective embodiment; 
0105 FIG. 40C illustrates a top, cross-sectional view of 
the femoral component, which comprises the lattice struc 
ture in accordance with a representative embodiment; 
0106 FIG. 40D illustrates a top, cross-sectional view 
through the stem comprising the lattice structure in accor 
dance with representative embodiment; 
0107 FIG. 40E illustrates a side, cross-sectional view of 
the femoral component defining multiple interior spaces 
comprising the lattice structure in accordance with a repre 
sentative embodiment; 
0108 FIG. 40F illustrates a side, cross-sectional view of 
the tibial component comprising a stem that comprises 
multiple interior spaces defining the lattice structure in 
accordance with a representative embodiment; 
0109 FIG. 40G illustrates a side, cross-sectional view of 
the tibial component defining an interior space comprising a 
modified version of the lattice structure in accordance with 
a representative embodiment; 
0110 FIG. 40H illustrates a side, cross-sectional view of 
the femoral component comprising multiple types of the 
lattice structure in accordance with a representative embodi 
ment, 
0111 FIG. 40I illustrates a side, cross-sectional view of 
the tibial component defining an interior space comprising 
the lattice structure in accordance with a representative 
embodiment; 
0112 FIG. 40J illustrates a side, cross-sectional view of 
the femoral component in accordance with a representative 
embodiment; 
0113 FIG. 40K illustrates a side view of the tibial com 
ponent in accordance with a representative embodiment; 
0114 FIG. 41 illustrates a side, cross-sectional, exploded 
view of the femoral component comprising the lattice struc 
ture in accordance with a representative embodiment; 
0115 FIG. 42 illustrates a representative embodiment of 
method for forming a prosthetic implant; and 
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0116 FIG. 43 illustrates a side view of a positive pros 
thetic blank in accordance with a representative embodi 
ment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0117 Some aspects of the present invention relates to 
prosthetic implants. More specifically, while some aspects of 
the present invention relate to prosthetic knee implants that 
allow for a relatively high degree of knee flexion, other 
aspects relate to systems and methods for providing rela 
tively lightweight prosthetic implants. 
0118. The following disclosure of the present invention is 
grouped into two Subheadings, namely "High Flexion Knee 
Components' and “Lightweight Prosthetic Implants.” The 
utilization of subheadings is for convenience of the reader 
and is not, in any way, to be construed as limiting in any 
SS. 

High Flexion Knee Components 

0119 With respect to the high flexion knee components, 
Some aspects of the present invention relates to knee pros 
theses. In particular, Some implementations of the present 
invention relate to systems and methods for providing 
deeper knee flexion capabilities for knee prosthesis patients, 
and more particularly, to systems and methods for: (i) 
providing a greater articular Surface area to the femoral 
component of a knee prosthesis, with either a modification 
of or an attachment to the femoral component of a knee 
prosthesis, which when integrated with a patients femur and 
an appropriate tibial component, results in full functional 
flexion; (ii) providing modifications to the internal geometry 
of the femoral component and the opposing femoral bone 
with methods of implanting; (iii) providing asymmetrical 
under Surfaces on the tibial component of the knee prosthe 
sis and uniquely-positioned articular Surfaces to facilitate 
full functional flexion; (iv) providing asymmetrical femoral 
condylar surfaces with a lateralized patellar (trochlear) 
groove to more closely replicate physiologic loading of the 
knee and to provide better tracking of the patella: (v) 
resectioning essentially all of the anterior femoral articular 
cartilage and underlying bone, but no additional bone and 
replacing it with a femoral component that does not have an 
anterior flange as seen on contemporary prostheses; (vi) 
providing a femoral component having a modular stem, 
which allows the femoral component to be rolled onto a 
resected portion of a distal end of the femur, or to be slid 
onto the resected portion of the femur at an angle that 
intersects with a longitudinal axis of the femur, (vii) cutting 
a posterior proximal portion of a femoral condyle to allow 
for deep knee flexion; and (viii) providing a process for 
providing customized prosthetics. In some implementations 
in which the described systems and methods relate to the 
femoral component having a modular stem, the stem and 
femoral component are configured Such that the femoral 
component can either be rolled onto a resected portion of the 
femur, or to be slid onto the resected portion at angle that 
intersects a longitudinal axis of a distal portion of the femur, 
after the modular femoral stem has been inserted into the 
femur. 
0.120. It is emphasized that the present invention, as 
illustrated in the FIGS. and description herein, may be 
embodied in other forms. Thus, neither the drawings nor the 
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following more detailed description of the various embodi 
ments of the system and method of the present invention 
limit the scope of the invention. The drawings and detailed 
description are merely representative of examples of 
embodiments of the invention; the substantive scope of the 
present invention is limited only by the appended claims 
recited to describe the many embodiments. The various 
embodiments of the invention will best be understood by 
reference to the drawings, wherein like elements are desig 
nated by like alphanumeric character throughout. 
0121 With reference now to the accompanying draw 
ings, FIGS. 1A-3C are provided for general reference to 
assist in understanding the features of the embodiments of 
the present invention. FIGS. 1A and 1B depict a range of 
angles possible between the tibia and femur in a person who 
is extending and flexing (bending) his or her knee. Specifi 
cally, FIG. 1A depicts a range of angles possible while the 
person extends and bends his or her knee, realizing that 
some knees may flex to 160°, 165°, or beyond. FIG. 1B 
depicts these various angles in an alternative position. These 
FIGS. should be kept in mind during the discussion illus 
trating how with some embodiments of the present inven 
tion, knee flexion of greater than 135° is possible for knee 
prosthetic patients, which is not generally possible with 
currently-available knee prostheses. 
0122 FIGS. 2A-2C depict various perspective views of a 
generic knee prosthesis 10. Specifically, FIG. 2A depicts a 
Sagittal view of a left knee joint having a knee joint 
prosthesis 10, with the tibia and the femur of the normal 
knee transparent. FIG. 2B depicts an enlarged view of a 
femoral component 12 of the knee prosthesis 10, while FIG. 
2C provides a top perspective view of a tibial component 14 
of the knee prosthesis. FIG. 2B depicts certain components 
of the femoral component 12, Such a medial receiving area 
16 that may be modified in embodiments of the present 
invention to integrally connect with an attachment (not 
shown but hereinafter described) as well as a lateral receiv 
ing area 18. The internal geometry of the femoral component 
12 is provided to allow a one piece femoral component 12 
that is rolled into place on the resectioned femur 32, as 
shown in FIG. 4D. Thus, the internal geometry of the 
femoral component 12 includes various Surfaces, including 
areas 16 and 18, to accommodate the patellar articulation 
and the anterior extensions of the proximal portions of the 
posterior condyles. The resectioned portions of the condyles 
provide flat surfaces which are loaded in compression in full 
knee flexion. Additionally, the resectioned Surfaces are pro 
vided such that the articular surface of the femoral compo 
nent is at essentially the same position as the Surface being 
resectioned. As such, the normal relationship between the 
femur and the tibia is preserved with full flexion. Addition 
ally, when the knee is fully flexed, the interface between the 
femoral component and the underlying femur is mainly 
loaded in compression rather than sheer forces. Compres 
sion forces provide a more stable interface between the 
femoral component and the femur thereby decreasing the 
chances of loosening. Therefore, in some embodiments the 
interface between the femoral component and the tibial 
component are configured to enhance a compression force 
between the femoral component and the underlying femur 
during full flexion of the knee joint. 
0123. Also visible in FIG. 2B is a medial femoral con 
dylar surface 20 and a lateral femoral condylar surface 22. 
FIG. 2C depicts the tibial component 14 and its elements: a 
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lateral tibial condylar surface 24, a medial tibial condylar 
surface 26, and an intercondylar surface 28. When the knee 
prosthesis 10 is functioning, an interface exists between the 
medial femoral condylar surface 20 of the femoral compo 
nent 12 and the medial tibial condylar surface 26 of the tibial 
component 14 and between the lateral femoral condylar 
surface 22 of the femoral component 12 and the lateral tibial 
condylar surface 24 of the tibial component 14. 
0.124 FIGS. 3A-3C depict additional perspective views 
of the generic knee prosthesis 10 with its different compo 
nents. Specifically, FIG. 3A depicts a frontal view of the 
knee prosthesis 10 with the femoral component 12 articu 
lating with the tibial component 14 as described above. FIG. 
3B is a side view of the femoral component 12, and FIG. 3C 
is a side view of the tibial component 14, and specifically, of 
the medial side of the tibial component showing the medial 
tibial condylar surface 26. The medial femoral condylar 
surface 20 slidingly interfaces with the medial tibial condy 
lar surface 26 so that as a person flexes or extends his or her 
knee, the arc of the medial femoral condylar surface 20 runs 
along the media tibial condylar Surface 26. 
0.125. In some embodiments of the present invention, 
greater deep knee flexion is provided to the knee prosthesis 
10 by providing an articular Surface on the proximal, ante 
rior surface (or portion) of the posterior condyles of the 
femur. At least some embodiments of the present invention 
embrace an additional or increased articular Surface on the 
proximal, anterior portion of either or both of the medial or 
lateral posterior condyles of the femoral component 12. 
Embodiments of the femoral component 12 add increased 
articular Surface area to the proximal end of the posterior 
condyles of the femoral component 12 in an anterior direc 
tion such that when the patient bends his or her knee during 
deep knee flexion, contact between the femoral component 
12 and the tibial component 14 is maintained, and a greater, 
deeper knee flexion can be achieved. 
I0126. At least four different examples of how this may be 
achieved are demonstrated with reference to the figures. Any 
method of increasing an articular Surface area to the proxi 
mal end of the posterior condyles of the femoral component 
12 in an anterior direction is embraced by the embodiments 
of the present invention. 
(O127 FIGS. 8A and 8B illustrate a femoral component 12 
and method of increasing an articular Surface area to the 
proximal end of the posterior condyles of the femoral 
component 12. FIG. 8A illustrates a side view of a conven 
tional femoral component 12. In the first embodiment of the 
inventive prosthesis, the shaded area of the femoral com 
ponent 12 of FIG. 8A (i.e., the posterior condyle) is thick 
ened in the anterior direction until the resulting Surface 
opposing the bone is approaching the same plane as the 
posterior surface of the shaft of the distal femur. This 
thickening may be seen with reference to FIG. 8B. In 
particular, FIG. 8B shows that, in some embodiments, the 
posterior condyle is thickened from its posterior most edge 
(as illustrated by line 300) towards a plane 302 of a distal 
portion of posterior surface of the shaft of the distal femur. 
This results in a greater articular surface area of the posterior 
condyles of the femoral component 12. This requires resec 
tion of more bone but is otherwise an easy modification to 
current prostheses and requires little to no modification of 
current Surgical technique. 
I0128. A second type of embodiment that extends the 
articular surface area is illustrated by FIGS. 4A-5C. Meth 
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ods of utilizing this type of embodiment are illustrated with 
reference to FIGS. 9-10H. This type of embodiment utilizes 
an extension attachment to the femoral component 12 of an 
embodiment of the knee prosthesis 10, which when inte 
grated with both the femoral component 12 and a patients 
femur, results in a greater Surface area of the femoral 
component 12. 
0129. As illustrated in FIGS. 4A-5D, this type of embodi 
ment has a modular attachment 30 that provides a modular 
flexion attachment surface to extend the articular surface 
area of the anterior portion of the proximal portion of the 
posterior condyles. The modular attachment 30 may be 
attached to the inside, or non-articular Surface, of a relatively 
conventional total knee femoral component 12. The modular 
attachment 30 has a portion that may be partially received, 
in one embodiment, within a recessed receiving area on the 
flat anterior surface of one or both of the posterior condyles 
of the femoral component 12 and may thus be used on the 
medial posterior condyle, the lateral posterior condyle, or 
both. Alternatively, it may be implanted in a groove within 
either or both of the resected posterior condyles of the femur 
itself. 

0130. The modular attachment 30 provides an increased 
articular contact area as an anterior continuation of the 
medial femoral condylar surface 20 and/or of the lateral 
femoral condylar surface 22 of the femoral component 12. 
In some embodiments, the modular attachment 30 may be 
initially placed onto the femoral component 12 and then 
attached to the distal end of the patient's femur. In other 
embodiments, the modular attachment 30 may be connected 
first to the posterior condyles of the distal end of the femur 
and then integrally connected with the femoral component 
12. The modular attachment 30 may be used on the medial 
side, on the lateral side or on both sides. 
0131 FIGS. 4A-4D depict perspective views of embodi 
ments of the femoral component 12 and the modular attach 
ment 30. As described, the modular attachment 30 attaches 
to the femoral component 12 and to the femur of a patient 
to enlarge the Surface area of the femoral component 12 and, 
ultimately, to enable deep knee flexion beyond 140° in a 
knee prosthesis patient. FIG. 4A depicts a simplified side 
view of an embodiment of the femoral component 12 having 
the modular attachment 30 attached to the posterior condyle 
of the femoral component. FIG. 4D depicts a side view of 
the attachment integrally attached to a patients femur and to 
the femoral component of the knee prosthesis. The modular 
attachment 30 may be modular as shown in FIGS. 4B-4D 
and may fit within a recess in either or both of the medial 
receiving area 16 and the lateral receiving area 18 (i.e., in the 
anterior interior surface of the posterior condyles of the 
femoral component 12, as shown in FIG. 2B) and/or in either 
or both of the medial and the lateral posterior condyles of the 
femur or in both the femoral component 12 and the femur. 
In another embodiment the modular attachment 30 may be 
a permanent part of the femoral component, as discussed 
below. 

0132 FIG. 4B depicts a side view of one embodiment the 
modular attachment 30 and FIG. 4C depicts a top view of the 
depicted embodiment of the modular attachment 30. Spe 
cific dimensions of the depicted embodiment of the modular 
attachment 30 are not given and one of skill in the art will 
recognize that the dimensions may be modified from patient 
to patient and will also recognize that the various portions of 
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the modular attachment 30 may all be formed in some 
embodiments to be as wide as the condyle of the femoral 
component 12. 
0133. In some embodiments, the modular attachment 30 
includes a first portion roughly perpendicular to a second 
portion. The first portion of the modular attachment 30 
entails a flanged articular area 36 (“flanged area 36”) at one 
end of the modular attachment 30, and an elongated stem 38 
extending therefrom, which extends roughly perpendicular 
from the flanged area, distally from the flanged area 36. The 
elongated stem 38 therefore is attached to the non-articular 
side of the flanged area 36. Although the elongated stem is 
illustrated in FIG. 4C as having a medial-lateral width 
substantially shorter than the medial-lateral width of the 
flanged area 36, the elongated stem 38 of other embodiments 
may be of any medial-lateral width up to the medial-lateral 
width of the posterior condyles of the femoral component 12 
itself. 
I0134. The elongated stem 38 has an upper side 40 and a 
lower side 42. Nodules 44 may be placed on either or both 
of the upper side 40 and the lower side 42, to enable an 
integral connection with the femur 32 on the upper side 40, 
and the femoral component 12 on the lower side 42. Some 
form of a nodule-receiving groove or recess (not shown) 
may be made in the femur 32 and/or the femoral component 
12 to receive these nodules 44 and to secure the integral 
connection between the femur 32, the attachment 30, and the 
femoral component 12; with the modular attachment 30 
being disposed between the femur 32 and the femoral 
component 12. 
I0135) In embodiments having no nodules 44 on the 
elongated stem 38, the attachment 30 may fit within a recess 
made on either or both of the medial receiving area 16 and 
the lateral receiving area 18 of the femoral component 12. 
The elongated stem 38 of the modular attachment 30 would 
fit within Such recesses and integrally connect thereto. The 
modular attachment 30 may simultaneously connect with the 
femur 32 on the upper side 40 (generally) of the elongated 
stem 38. In embodiments having no nodules on the elon 
gated stem, the stem of the modular portion may further fit 
into a groove prepared in the resected posterior condyles of 
the femur. 

0.136. The modular attachment 30 increases the overall 
Surface area of the femoral component 12 and prolongs the 
interface and contact that exists between the femoral com 
ponent 12 and the tibial component 14. This enables greater 
knee flexion in prosthetic knee patients because the femoral 
component 12 remains interfaced with the tibial component 
14 throughout the full range of flexion resulting in pain-free 
knee flexion. 

0.137 Without this increased surface area, the medial and 
lateral proximal edges of the posterior femoral condyles of 
a prosthesis may push into the proximal Surfaces of the tibial 
component 14 and may produce wear of the tibial compo 
nent 14. In addition, the tibial component 14 may contact the 
bone of the distal femur 32 that is anterior and/or proximal 
to the proximal edges of the posterior condyles of the 
prosthesis and cause pain to and limit flexion of the pros 
thetic knee patient and may cause wear to the tibial com 
ponent. Further, without this added surface area, with flexion 
beyond 140°, the tibial component 14 may exert a force in 
the distal direction on the femoral component 12, which may 
result in loosening of the femoral component 12. Therefore, 
the modular attachment 30 extends the life of the prosthetic 
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knee, decreases pain to the patient, and ultimately, enables 
a prosthetic knee patient to achieve deep knee or full 
functional flexion. 

0138 FIGS. 5A-5D depict various perspective views of 
the modular attachment 30 as it is attached to the femoral 
component 12 and to the femur 32. FIG. 5A is illustrative of 
the modular attachment 30 as it is attached to the femur 32 
prior to attachment of the femoral component 12. FIGS. 
5B-5D are illustrative of the modular attachment 30 as it is 
recessed within the femoral component 12 prior to attach 
ment to the femur 32, and specifically, as the modular 
attachment 30 is integrally connected to either or both of the 
medial femoral receiving area 16 and the lateral femoral 
receiving areas 18. 
0139 FIG. 9 and FIGS. 10A-10H illustrate methods of 
attaching the modular attachment 30 to the femur 32, 
followed by attaching the femoral component 12 to the 
femur 32 and modular attachment 30. FIG. 9 illustrates the 
resection needed on the femur 32 prior to creating the recess 
in the femur to allow attaching the modular attachment 30. 
FIG. 9 and FIGS. 10A-10H do not illustrate the specific 
resection needed for the modular attachment 30, but the 
resection needed will be appreciated by one of skill in the 
art. After resection is completed, as at FIG. 10A, the modular 
attachment 30 may be attached to the femur as at FIG. 10B. 
The femoral component 12 may then be attached to the 
femur 32 (and to the modular attachment 30, if desired) by 
positioning and moving the femoral component 12 as illus 
trated in FIGS. 10C-10H. As may be appreciated from the 
sequence of illustrations depicted in FIGS. 10C-10H, the 
femoral component 12 needs to be rotated or rolled into 
position, with initial contact beginning in the posterior 
region as illustrated in FIG. 10E and progressing to the 
fully-seated position illustrated in FIG. 10G. This is a new 
implantation technique that will require Some additional 
practice and training over current techniques. 
0140. As has been set forth above in reference to FIG. 
4A, a third type of embodiment having an extended articular 
Surface is not modular and does not utilize a separate 
modular attachment 30. In such embodiments, an extended 
articular Surface corresponding to the flanged area 36 of the 
modular attachment 30 may be integrally formed as part of 
one or both condyles of the femoral component 12. Place 
ment of one such embodiment is illustrated with reference to 
FIGS. 11A-11K. As may be appreciated with reference to 
these FIGS., placement of such an embodiment also utilizes 
a similar rotational placement technique to that illustrated in 
FIGS. 10C-10H. As may be appreciated by reference to 
FIGS. 10H and 11 K, any of the modular or non-modular 
embodiments may, optionally, be further secured by one or 
more screws placed in an anterior flange of the femoral 
component 12. 
0141 One advantage of the embodiment illustrated in 
FIGS. 11A-11K is that the implanting surgeon may decide 
whether to utilize the illustrated embodiment or a traditional 
femoral component 12 after the distal and anterior oblique 
cuts have been made. This is illustrated in FIGS. 12A 
through 12C. FIG. 12A shows a traditional femoral compo 
nent 12. FIG. 12B shows an embodiment of the described 
femoral component 12 without an extended anterior flange. 
In other words, FIG.12B shows that, in some embodiments, 
when the femoral component is seated on the femur 32, a 
proximal anterior end 69 of the femoral component is 
configured to terminate at or near a proximal end 71 of the 
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anterior oblique cut 64 (e.g., at between about 0 and about 
15 mm on either the proximal side or the distal side of the 
proximal limit of the knee's natural articular cartilage). FIG. 
12C, on the other hand, shows an embodiment of the femoral 
component 12 illustrated in FIGS. 11A-11K, which include 
an anterior flange 49 that extends proximally past the 
anterior oblique cut 64. As may be appreciated by reference 
to the FIGS., the distal cuts 62 and anterior oblique cuts 64 
are essentially identical. This may be further appreciated by 
reference to FIG. 13, which shows a superimposed view of 
FIGS. 12A and 12B, not only showing that the distal femoral 
cuts 62 and the anterior oblique cuts 64 are identical, but also 
showing that the total amount of bone resected for the 
illustrated embodiment is similar to or less than the amount 
resected using current techniques and femoral components 
12. 

0142. In a non-modular embodiment of the femoral com 
ponent 12 as shown in FIGS. 11A-11K and in a modular 
embodiment of the femoral component as shown in FIGS. 
4A-5D, there are junctions where the inside flat surfaces of 
the prosthesis (which when implanted are in contact with the 
bone) meet. These flat Surfaces, rather than coming together 
at a sharp angle, may or may not have a radius connecting 
the two flat surfaces. Not all of the junctions of the flat 
Surfaces necessarily need a radius and in some embodiments 
none of the junctions of flat surfaces will have radii. The flat 
Surfaces may or may not be in exactly the same planes as on 
conventional knees and will provide for the placement of a 
non-modular surface that will provide an articulation for the 
proximal, anterior portion of the posterior femoral condyles 
extending to or almost to a plane that is a continuation of the 
posterior cortex of the distal femoral shaft. In embodiments 
where one or more radii are provided to the junction(s) of the 
inside flat surfaces of the femoral component 12, corre 
sponding radii 31 or curvatures may be provided to the 
resected bone surface of the femur, as is illustrated in FIG. 
5A. As may be appreciated by one of skill in the art, the 
presence of the corresponding radii 31 may assist in the 
rotational placement of the femoral component 12 as illus 
trated in FIGS. 10A-10H and 11A-11K. 

0143. This internal configuration allows the femoral 
component 12 to be initially applied to the femur in a flexed 
position and then rotated into the fully extended position as 
it is implanted fully, as illustrated and discussed with ref 
erence to FIGS. 10A-10H and 11A-11K. Screw(s) may, 
optionally, be placed in the anterior flange (or other portion) 
of the femoral component 12 to firmly stabilize the compo 
nent. This ability facilitates implanting the non-modular 
femoral component 12 or a modular femoral component 12 
with the modular attachment 30 already implanted on the 
posterior condyles of the femur 32. 
0144. A fourth type of embodiment of the femoral com 
ponent 12 is illustrated in FIG. 14. This type of embodiment 
has a femoral component 12 that replaces the weight-bearing 
distal femoral condyles, and some or all of the anterior 
femoral articular surface and, in addition to Some or all of 
the articular Surface of the posterior condyles extending 
proximally and anteriorly to an area that is in the same plane 
as a continuation of the posterior cortex of the distal one 
fourth to one third of the femur. Such an embodiment may 
comprise separate medial and lateral components or they 
may be attached together to form one component that 
replaces or resurfaces the medial and lateral condyles. 
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0145 Historically, many early total knee femoral com 
ponents 12 did nothing regarding the patello-femoral joint. 
Because a certain percentage of those patients had anterior 
knee pain, an anterior flange was added to the femoral 
component 12 to resurface the trochlea (patellar groove). 
This weakened the patella and resulted in fractures in some 
patients. Recently techniques have been developed to mini 
mize patellar pain which do not require implantation of a 
component. The embodiment shown in FIG. 14 does not 
have an anterior flange that is an integral part on the 
condylar portion of the prosthesis. It is anticipated that Such 
a device 12 alone may, in some patients, be adequate to 
replace the femoral condyles and allow the Surgeon to treat 
the patello-femoral joint as he/she felt was indicated. Alter 
natively, a separate patello-femoral articular Surface or Sur 
faces could be implanted. The patello-femoral implant(s) 
could be entirely separate or could be modular and attached 
to the device shown in FIG. 14. In some instances, the 
embodiment illustrated in FIG. 14 includes the ability to 
attach a modular anterior flange (trochlear groove) to the 
device shown in the Figure. In this regard, FIGS. 16T-16W 
(discussed below) illustrate some methods for attaching 
various embodiments of a modular anterior flange 57 (or 
modular patella-femoral component). 
0146 Implementations of the present invention embrace 
a femoral component 12, a tibial component 14, a modular 
attachment 30, stem 500 (discussed hereafter), and/or any 
other Suitable components that each comprise a metal, metal 
alloy, ceramic, carbon fiber, glass, polymer (including, with 
out limitation, bone cement, nylon, polyethylene, polyester, 
polytetrafluoroethylene (Teflon R.), and/or any other suitable 
polymer), organic material, retrieved human or animal tis 
Sue, cementless material, and naturally occurring or Syn 
thetic materials used either separately or in any combination 
of two or more of the materials. 

0147 As may be appreciated by reference to the above 
discussion and the corresponding figures, currently-existing 
femoral components 12 provide an articular surface that 
only extends a short distance in the proximal anterior 
direction of the posterior condyle. For example, as may be 
seen with reference to FIGS. 2A and 8A, the articular surface 
at the anterior end of the posterior condyle typically extends 
to and replaces at most the posterior third of the posterior 
condyle, as measured from the most posterior portion of the 
patient’s original posterior condyle (or from the most pos 
terior portion of the femoral component 12) to a plane that 
is a continuation of the distal one fourth to one third of the 
posterior cortex of the femoral shaft. 
0148. In contrast, the various embodiments of the femo 
ral component 12 illustrated in the FIGS. and discussed 
above provide an extended articular surface for either or 
both of the medial condyle and the lateral condyle that 
extends in a proximal anterior direction so as to extend half 
or more of the anteroposterior distance between the most 
posterior portion of the posterior condyle and the plane that 
is a continuation of the distal one fourth to one third of the 
posterior cortex of the femoral shaft. In some embodiments, 
the extended articular surface extends at least two-thirds of 
the anteroposterior distance between the most posterior 
portion (e.g., as shown by line 300 in FIG. 8B) of the 
posterior condyle and the plane (e.g., as shown by line 302 
in FIG. 8B) that is a continuation of the distal one fourth to 
one third of the posterior cortex of the femoral shaft. In other 
embodiments, the extended articular Surface extends nearly 

Oct. 27, 2016 

the entire anteroposterior distance between the most poste 
rior portion of the posterior condyle and the plane that is a 
continuation of the distal one fourth to one third of the 
posterior cortex of the femoral shaft. In still other embodi 
ments, the extended articular Surface may extend even 
further, to encompass a distal portion of the posterior cortex 
of the femoral shaft, as illustrated in FIGS. 16A-16D. 
014.9 The surface of the extension, which may or may 
not contact bone and is a continuation of the femoral 
articular surface, can be referred to as the full flex articula 
tion. There may be a corresponding Surface on the posterior 
edge of the medial and or lateral tibial articulation which is 
not part of the articular surface of the tibia when the tibia is 
in full extension. For example, in Some implementations of 
the current invention there is a corresponding Surface on the 
posterior edge of the medial tibial articulation where the 
center of the medial articular surface is more than 20% of the 
distance from the posterior edge of the component to the 
anterior edge. 
0150. The embodiment illustrated in FIG. 19A shows a 
non-articular surface 41 posterior to the main articular 
surface 43. FIG. 19B illustrates a full flex articular surface 
45 and an articular surface 47. The tibial full flex articulation 
of FIG. 19B is posterior to the main weight bearing articu 
lation and articulates with a specific articular area on the 
femoral component, the femoral full flex articulation (proxi 
mal extension 50) shown in FIGS. 16A-16Q and shown in 
a slightly shortened embodiment in FIG. 16E. 
0151. With continued reference to FIG. 16E, in some 
embodiments of the present invention the articular surface 
402 of femoral component 53 comprises sections of various 
surface radii 404, 406 and 408. Each section is provided as 
a means for controlling the relationship between the femoral 
component 53 and the tibial component (not shown) 
throughout the range of flexion for the knee. However, in 
Some embodiments, radius 406 may be constant and replace 
radii 404 and 408. 

0152 Radius 404 is characterized as having a decreasing 
radius such that an indentation 410 is formed on the articular 
surface 402. In some embodiments, indentation 410 is 
configured to receive anterior ridge 420 of tibial component 
14 when the knee joint is hyper extended to approximately 
-10°, as shown in FIG. 16F. Upon further hyperextension, as 
shown in FIG. 16G, indentation 410 further impinges upon 
anterior ridge 420, such that the interface between indenta 
tion 410 and anterior ridge 420 acts as a fulcrum between 
femoral component 53 and tibial component 14. Therefore, 
as the knee joint is hyper-extended beyond approximately 
-10°, radius 404 of the articular surface 402 is distracted 
from the tibial component 14, as shown. As this distraction 
increases, the dense connective tissues of the knee joint are 
stressed thereby limiting further hyper-extension of the knee 
joint. 
0153. Referring now to FIG. 16H, a knee joint is shown 
in a neutral, extended position at approximately 0' flexion. 
At approximately 0° flexion, radii 404 and 406 are partially 
in contact with tibial articular surface 403, yet the knee joint 
is not fully constrained. As such, femoral component 53 is 
permitted to move anteriorly and posteriorly relative to the 
tibial component 14. In some embodiments, radii 404 and 
406 provide laxity within the knee joint between approxi 
mately 0° and 20° flexion. In other embodiments, radii 4.04 
and 406 provide laxity within the knee joint between 
approximately 0° and 40° flexion. 
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0154 Referring now to FIG. 16I, a knee joint is shown at 
approximately 10° flexion with the femoral component 53 
being shifted anteriorly relative to tibial component 14. FIG. 
16J shows a knee joint at approximately 10° flexion wherein 
the femoral component 53 has been shifted posteriorly 
relative to tibial component 14. Anterior and posterior laxity 
within the knee joint, as provided by radius 404, is limited 
both by tension within the dense connective tissues of the 
knee joint, and by the curvatures of the opposing femoral 
and tibial articular surfaces 402 and 403. By providing laxity 
between approximately 0° and approximately 20° the natu 
ral mechanics of knee flexion are preserved, as sensed or 
experienced by the user. In some embodiments, laxity is 
eliminated between approximately 0' and approximately 
20°, thereby modifying the natural mechanics of knee flex 
ion as may be desired. This is achieved by having radii 4.04 
and 408 replaced by radius 406. 
0155. Upon further flexion of the knee joint to approxi 
mately 20, radius 406 is largely in contact with tibial 
articular surface 403, as shown in FIG. 16K. However, in 
Some embodiments laxity within the knee joint is maintained 
at approximately 20° flexion such that the femoral compo 
nent 53 is permitted to shift anteriorly (FIG. 16K) and 
posteriorly (FIG. 16L) relative to the tibial component 14. 
As the knee joint is further flexed, radius 406 assumes full 
contact with the opposing tibial articular surface 403 thereby 
fully constraining anterior and posterior movement within 
the knee joint, as shown in FIG. 16M. Full contact and 
constraint within the knee joint is thereafter maintained 
through the remaining mid-flexion movement of the joint, as 
shown in FIGS. 16N and 16O. Beyond approximately 110° 
flexion, radius 408 begins to pick up contact with tibial 
articular surface 403 thereby causing distraction of the 
femoral and tibial components 53 and 14, as shown in FIG. 
16P. As the knee joint is further distracted, proximal exten 
sion 50 maintains contact with posterior articular feature 412 
of the tibial component 14. 
0156 With reference to FIG. 16Q, a representative 
embodiment of a unicompartmental femoral component 120 
is shown. The various components of the present invention 
may be substituted with a unicompartmental component, as 
discussed below. In some embodiments, unicompartmental 
femoral component 120 further comprises a decreasing 
radius 404 providing indentation 410, as shown in FIG. 16R. 
In other embodiments, unicompartmental femoral compo 
nent 120 is truncated thereby providing indentation 410 at 
intersection between component 120 and non-resectioned 
anterior condylar surface of femur 32, as shown in FIG. 16S. 
0157. The unicompartmental component is generally 
implanted to replace the weight bearing portion of the knee 
joint medially or laterally. The unicompartmental compo 
nent may be used medially and/or laterally as two separate 
femoral and two separate tibial components on just the 
weight bearing portion of the joint. In some embodiments, 
the unicompartmental component is used with two femoral 
or two tibial components joined, but ignoring the patello 
femoral joint. In other embodiments, the unicompartmental 
component is used as one femoral component replacing the 
medial and lateral weight bearing portions of the distal 
femur and also a portion of, or all of the patello-femoral joint 
with either a one piece tibial component or separate medial 
and lateral tibial components. Finally, in some embodiments 
the unicompartmental component is a one-piece, femoral 
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component replacing the patello-femoral joint and either the 
medial or lateral weight-bearing portion of the femur. 
0158. In some embodiments, the unicompartmental com 
ponent 120 includes a full flex femoral articulation surface 
(which may also be referred to as a proximal extension) 50. 
As previously discussed, the articulation Surface or exten 
sion 50 is configured to provide extended contact between 
the unicompartmental femoral component 120 and a full flex 
tibial articulation surface 55 of a tibial component during 
deep flexion of the knee. In some embodiments, a portion of 
the popliteal surface 202 of the femur is removed to accept 
placement of the articulation surface 50. In other embodi 
ments, a unicompartmental component (not shown) is pro 
vided for use in conjunction with a modular full flex femoral 
articulation Surface (not shown). Thus, in Some embodi 
ments a first portion of the femur is prepared to receive the 
unicompartmental component 120, and a second portion of 
the femur is prepared to receive a modular full flex femoral 
articulation Surface (not shown). As such, a combination of 
the unicompartmental component and the modular full flex 
femoral articulation Surface provide a unicompartmental 
femoral component that is functionally equivalent to the 
unicompartmental femoral component 120. 
0159. In some embodiments, the unicompartmental 
femoral component 120 is used in conjunction with a 
unicompartmental tibial component. In other embodiments, 
the unicompartmental femoral component 120 is used in 
conjunction with a full tibial component. Finally, in some 
embodiments, the unicompartmental femoral component 
120 is used directly in conjunction with a natural surface of 
the opposing tibia. 
0160. Where permitted, implementation of a unicompart 
mental femoral component 120 provides several advantages 
over total knee replacement procedures. For example, while 
an eight-inch incision is typically required for a total knee 
replacement Surgery, a partial knee replacement utilizing a 
unicompartmental femoral component 120 requires an inci 
sion of approximately three-inches. Thus, one benefit of a 
unicompartmental femoral component 120 is decreased 
scarring following the partial knee replacement procedure. 
0.161. Other benefits of a partial knee replacement include 
decreased recovery time, increased range of motion, and 
decreased overall damage to the knee. A total knee replace 
ment procedure may require the patient to remain in the 
hospital for up to four days. It can also take up to three 
months, or longer, to recover from the Surgery. However, 
with a partial knee replacement procedure, a patient typi 
cally requires no more than two days of hospitalization 
followed by one month of recovery. Additionally, a patient 
is typically able to walk without assistance a week or two 
following the partial knee replacement procedure. 
0162 Unlike some total knee replacement procedures, 
insertion of the unicompartmental femoral component 120 
generally preserves more ligaments thereby providing a 
fuller range of motion. For example, in some partial knee 
replacement procedures, the anterior and/or posterior cruci 
ate ligaments are preserved, as desired. A partial knee 
replacement also generally results in less damage to the knee 
because the Surgery is minimally invasive thereby causing 
minimal tissue, muscle and tendon damage to the knee. 
0163 For some partial knee replacement procedures, 
various methods may be implemented to address pain and 
discomfort caused by patello-femoral arthritis. For example, 
for some partial knee replacement procedures denervation of 
























































