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(57) Abstract: A knee revision prosthesis that provides decreasing val-
gus-varus and medial- lateral restraint as the knee rotates from extension
to flexion, and then increasing restraint as the knee rotates from flexion to
full extension. The prosthesis includes a femoral component and a tibial
component. The femoral component includes a guide box fixed to the
femoral mounting surfaces intermediate the condyles. The tibial compon-
ent includes a central post fixed intermediate the tibial concavities, which
articulates within the guide box and constrains rotational movement of the
femoral and tibial components relative to one another in the coronal plane
and transverse planes. The post and guide box are constructed and ar-
ranged to provide progressively decreasing and then progressively in-
creasing rotational constraint of the femoral component in the coronal and
transverse planes as the femoral component rotates in the sagittal plane
between full extension to a position in flexion, and then back to full flex-
ion, respectively.
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KNEE REVISION PROSTHESIS WITH
PROGRESSIVE RESTRAINT

Field of the Invention
[0001] - The present invention relates to a revision knee prosthesis that provides
decreasing coronal and transverse rotational constraint as the knee rotates from extension to
flexion, and then increasing constraint as the knee rotates from flexion to full extension.
[0002] Knee revision surgery, also known as revision total knee arthroplasty, is a
procedure in which the surgeon removes a previously implanted artificial knee joint, or
“primary” prosthesis, and replaces it with a new “revision” prosthesis. Replacement of the
“primary” prosthesis is required when it becomes defective or its connection to the femur
and/or tibia becomes compromised (loosened), both of which may occur for several reasons.
For example, the primary prosthesis may simply wear out or be damaged from patient
trauma. However, the most common condition requiring primary prosthesis replacement is
weakening or degradation of the anatomy to which the primary prosthesis is attached, which
is commonly caused by osteolysis. Osteolysis is an inflammatory response that occurs when
tiny fragments of polymer liner are absorbed by tissue cells around the knee joint. The
inflammatory response dissolves the bone around the prosthesis and eventually loosens its
connection thereto, In such case, it is usually not possible to surgically re-attach the primary
prosthesis since the bone has typically degraded to a condition that is incompatible for re-
connection to a primary device. Furthermore, the patient’s bone is further degraded when
the primary prosthesis, which is typically cemented to the bone, is removed by chipping away
at the bone. _ _
[0003] While the articulating surfaces of a revisio.n prosthesis are similar to a primary
prosthesis, the design of a revision prosthesis accommodates the fact that there is typically
less bone to which the prosthesis is attached. For example, a revision prosthesis typically
includes integrated stems that are inserted into the intermedullary canal of the femur and tibia
for better support and stability. A revision prosthesis may also include attachable augments
of varying thicknesses connected to the tibial base plate or the femoral component to
accommodate irregularities in the bone profile. These components enable the bone to better
support the device.
{0004] In addition to providing greater support on the bones, the design of a revision

prosthesis typically provides greater constraint than a primary prosthesis. As the knee is
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flexed, the most obvious rotation of the tibia occurs in the sagittal plane about a coronal axis
relative to the femur. However, the femur also translates posteriorly on the tibia and the tibia
also rotates internally about its longitudinal axis. The complex articulation path of the
human knee is dictated by the geometry of the distal femur and proximal tibia, as well as the
arrangement of ligaments surrounding and connecting the distal femur and proximal tibia.
The collateral ligaments provide stability to the knee in varus and valgus stresses. The
cruciate ligaments provide stability in the anterior and posterior direction, and also allow the
tibia to rotate axially, i.e., about its longitudinal axis. Thus, as the knee is ﬂexed; the tibia
undergoes internal rotation about its longitudinal axis.

[0005] Duting primary knee replacement surgery, the anterior cruciate ligament
(ACL), and sometimes posterior cruciate ligament (PCL), is removed but the collateral
ligaments remain intact. During revision knee surgery, the PCL (if remaining) and the
collateral ligaments are almost always removed. Therefore, the stability/constraint that was
previously provided by these ligaments must be provided by the design of the revision
prosthesis itself.

[0006] To provide stability, prior art revision prostheses include a femoral component
with a guide box and a tibial liner with a central a central post, which articulates within the
guide box. The post and guide box of prior art revision prostheses are designed and
dimensioned to allow free rotation of the tibia in the sagittal plane but little rotation in the
transverse or coronal plane. Any rotation in the transverse or coronal plane is due to the
clearance or laxity between the engaging surfaces of the post and guide box, which enables
some movement in both the coronal and transverse planes.

{0007] In the prior art, the amount of clearance intentionally designed between the
post and the guide box is dictated by two competing considerations based on the natural
articulation of the knee. To mimic the complex articulation path of the human knee, a
revision prosthesis should provide high restraint during full extension but provide some
laxity during flexion. Some prior art revision prostheses have very little clearance between
the post and the guide box, which provides the desirable high level of constraint in full
extension but undesirable high level of constraint during flexion. On the other hand, other
prior art revision prostheses have greater clearance between the post and the guide box,
which provides undesirable laxity in full extension but desirable laxity during flexion. It is
believed, however, that none of the prior art revision prostheses provide high restraint during

full extension and reduced restraint during flexion. Therefore, it would be desirable to
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provide a revision prosthesis, which more accurately facilitates the motion of the natural knee
by providing a high degree of restraint during extension and less restraint during flexion.
Summary of the Invention
[0008] The invention comprises a revision knee prosthesis that provides variable
restraint restraint as the knee rotates through its normal range of motion. In a first
embodiment, the revision knee replacement prosthesis provides decreased restraint (increased
laxity) as the knee rotates from full extension to flexion, and then provides increased restraint
(decreased laxity) as the knee rotates from flexion to full extension. In a preferred
embodiment, variation in restraint relates to valgus-varus laxity (rotation or tilt in the coronal
plane) and/or medial-lateral laxity (rotation in the transverse plane).
[0009] The novel prosthesis comprises a femoral component that articulates with a
tibial component and the natural or prosthetic patella. In a first embodiment, the revision
knee prosthesis comprises a femoral component that connects to the distal end of a resected
femur and a tibial component that connects to the proximal end of a resected tibia. The
femoral component includes medial and lateral condyles having distal, articulating condylar
surfaces, and a patellar flange having an articulating patellar surface. The tibial component
includes a proximal bearing surface with medial and lateral concavities that articulate with
the medial and lateral condyles. The condylar surfaces and concavities enable anterior-
posterior translation of the femur relative to the tibia, and enable the tibia to rotate about its
longitudinal axis during flexion of the knee.
[00010] The femoral component includes a guide box fixed to the femoral mounting
surfaces intermediate the condyles. The tibial component includes a central post fixed
intermediate the tibial concavities, which articulates within the guide box and constrains
rotational movement of the femoral and tibial components relative to one another in the
coronal plane and transverse planes. The post and guide box are constructed and arranged to
provide progressively decreasing and then progressively increasing rotational restraint of the
femoral component in the coronal and transverse nlanes as the femoral component rotates in
the sagittal plane between full extension to a position in flexion, and then back to full
extension, respectively. In a preferred embodiment, the femoral component is restrained
from rotating or tilting more than about 2 degrees in the coronal plane when the prosthesis is
positioned in full extension and from rotating or tilting more than about 7 degrees in the
coronal plane when the prosthesis is positioned in full flexion.
In a preferred embodiment, the femoral component is preferably restrained from rotating

more than about | degree in the transverse plane when the prosthesis is positioned in full
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extension and from rotating more than about 4 degrees in the transverse plane when the
prosthesis is positioned in full flexion.
[00011] In one embodiment, the change in restraint 3R on the femoral component is
constant over the full range of flexion. Alternatively, the change in restraint 3R on the
femoral component is variable over the full range of flexion. In another embodiment, the
change in restraint 3R on the femoral component has a first profile over a first range of
flexion, and has a second profile over a second range of flexion.
[00012] The guide box has opposed side walls with interior surfaces, and the post has
opposed exterior surfaces that engage the interior surfaces of the guide box. The guide box
interior surfaces have a minimum interior width between them at an anterior end (AW) and a
maximum interior width at a posterior end (PW), and the post has exterior surfaces with a
constant width (CW) that is less than AW. In one embodiment the guide box side walls have
exterior surfaces that are parallel to one another and interior side walls that are skew. The
interior surfaces may have a planar surface or an irregular surface profile. In another
embodiment, a cam is fixed to each of the interior surfaces of the side walls, The cams have
interior surfaces that engage the exterior surfaces of the post. The interior cam surfaces have
a minimum interior width between them at an anterior end (AW) and a maximum interior
width at a posterior end (PW). The post has exterior surfaces have a constant width (CW)
between them that is less than AW. The interior surfaces of the cams may also have a planar
or an irregular surface profile.
[00013] The femoral component includes a cam connecting the posterior ends of the
condyles. Anterior and posterior translation of the femoral component relative to the tibial
component is controlled by the cam and central post. Rotation of the tibia about its
longitudinal axis is also controiled, at least in part, by the cam and central post. In one
embodiment contact between the cam and post occurs at knee flexion greater than about 30
degrees. Posterior translation caused by the cam and post is about 1-2 miilimeters after the
prosthesis is fully flexed.

Brief Description of the Drawings
[00014] Fig.1isa perspective view of a knee prosthesis in full flexion in accordance
with an embodiment of the invention;
[00015] Fig. 2 is a perspective view showing the proximal mounting surface of the

femoral component shown in Fig. 1;
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[00016] Fig. 3 is another perspective view showing the showing the proximal

mounting surface of the femoral component shown in Fig. 1;

[00017] Fig. 4 is a top (proximal) plan view of the femoral component shown in Fig. 1;
[00018] Fig. 5 is a posterior elevation of the femoral component shown in Fig. 1;
[00019] Fig. 6 is an anterior elevation of the femoral component shown in Fig. 1;
[00020] Fig. 7 is a lateral elevation of the femoral component shown in Fig. 1;

[00021] Fig. 8 is a medial elevation of the femoral component shown in Fig. 1;

[00022] Fig. 9 is section view taken along lines 9-9 of Fig. 5;

[00023] Fig. 10 is an illustration (not to scale) of the guide box slot shown in Fig. 9;
[00024] Figs. 11 and 12 are anterior and posterior, respectively, perspective views of

the tibial liner shown in Fig. 1;

[00025] Fig. 13 is a medial elevation of the tibial liner shown in Fig. 1;

[00026] Fig 14 is an anterior elevation of the tibial liner shown in Fig. 1;
[00027] Fig. 15 is a top (proximal) plan view of the tibial liner shown in Fig. 1;
[00028] Fig. 16 is a cross section taken along lines 16-16 of Fig. 15;

[00029] Fig. 17 is a cross section taken along lines 17-17 of Fig. 15;
[00030] Figs. 18a—20c are illustfations of the progressively decreasing medial-lateral
(transverse plane) rotational restraint of the femoral component as the femoral component
rotates from full extension to an intermediate position, and then rotates to a full flexion;
[00031] Figs. 21a-23¢ are illustrations of the progressively decreasing valgus-varus
(coronal plane) rotational laxity of the femoral component as the femoral component rotates
from full extension to an intermediate position, and then rotates to a full flexion;
[00032] Fig. 24 is an illustration (not to scale) of the guide box slot in accordance with
another embodiment of the invention; |
[006033] Fig. 25 is an illustration (not to scale) of the guide box slot in accordance with
vet a further embodiment of the invention; and,
[00034] Fig. 26 is an illustration {not to scale} of the guide box slot in accordance with
an additional embodiment of the invention.

_ Detailed Description of Preferred Embodiments
[00035] For the purpose of illustrating the invention, several embodiments of the
invention are shown in the accompanying drawings. However, it should be understood by
those of ordinary skill in the art that the invention is not limited to the precise arrangements

and instrumentalities shown therein and described below. Throughout the specification, like
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reference numerals are used to designate like elements. Numerous changes and
modifications within the spirit and scope of the invention will become apparent to those
skilled in the art from this detailed description.

[00036] Unless otherwise defined, all technical and scientific terms used herein in their
various grammatical forms have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. The terms varus, valgus, anterior,
posterior, proximal, distal, medial, lateral, sagittal, coronal, and transverse are used herein
with their conventional medical/anatomical meaning as defined, for example, in Dorland’s
[Hlustrated Medical Dictionary. The term laxity shall mean slackness or displacement in the
rotational motion of the knee joint. The term restraint shall mean restriction or confinement
in the rotational motion of the knee joint. Valgus-varus restraint shall mean rotational or
tilting restriction or confinement in the coronal plane. Medial-lateral restraint shall mean
rotational restriction or confinement in the transverse plane. The term “change in restraint
OR” shall mean the increase or decrease in valgus-varus restraint or medial-lateral restraint or
degree of rotation of the prosthesis in the sagittal plane. Because the components rotate, the
orientation of various features is described with reference to the configuration in full flexion
as show in Fig. 1.

[00037] A revision knee prosthesis in accordance with a first preferred embodiment of
the invention is iliustrated in Figs. 1- 23 and is designated generally by reference numeral 10.
The prosthesis 10 includes a femoral component 20, constructed and designed to be fixed to
the distal end of a resected femur, and a tibial component 52, constructed and designed to be
fixed to the proximal end of a resected tibia. The components 20, 52 can be fixed to the
femur and tibia, respectively, using conventional methods after conventional femoral and
tibial revision resection. The tibial component 52 has a symmetrical design that can be used
on either the left or right knee; however, the femoral component is asymmetrical and is
illustrated in Figs. 1-23 for installation on the left knee. A mirror image of the femoral
component 20 will be used for installation on the opposite knee.

[00038] The femoral component 20 has a medial condylar portion or condyle 22, a
lateral condylar portion or condyle 24, a patellar flange portion or flange 26, which bridges
the anterior ends 28, 30 of the medial 22 and lateral 24 condyles, respectively, and a cam 47
that bridges and connects the posterior ends 29, 31 of the medial 22 and lateral 24 condyles.
The medial 22 and lateral 24 condyles are arranged in substantially parallel relationship to

each other and define an intercondylar notch 32 there between. As the prosthesis flexes,
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different sections of the curved condylar ﬁortions engage and articulate with the tibial
component 52,

[00039] The patellar flange 26 includes a patellar groove 42, which is flanked by a
medial trochlear surface 44 and a lateral 46 trochlear surface. The patellar flange is designed
to articulate with either the natural patella or a patellar component. The patellar flange
transitions smoothly with the condyles 22, 24. The patellar flange is constructed by
approximating the geometry of the distal anterior surface of a natural femur. As a result, the
patellar flange has natural tracking of the prosthetic or natural patella.

[00040] Each condyle 22, 24 generally comprises an anterior 34, 36 and posterior 38,
40 surface, which blend smoothly with each other without any abrupt transition. Ina
preferred embodiment shown in Figs. 1-23, the anterior and posterior surfaces resemble
toroidal sections, with each surface having its radius about the major axis (major radius)
substantially in the sagittal plane. In general, the major radius of curvature of the condyles
22, 24 varies from front to back to mimic anatomic femoral rollback during high degrees of
flexion. For example, the major radius of the anterior surface 34 is preferably larger than the
major radius of the posterior surface 38. Additionally, the major radius of the anterior and
posterior surfaces may also reduce proceeding posteriorly. For example, in the embodiment
shown in Figs. 1-23, the anterior surfaces 34, 38 have gradually reducing major radii while
the posterior surfaces 36, 40 have rapidly reducing major radii proceeding posteriorly.
Proximate the posterior ends 29, 31 of the condyles 22, 24, the major radius is preferably
greatly reduced to allow the prosthesis to flex preferably greater than 100 degrees, and more
preferably more than 130 degrees. Further, the small radii of the ends 29, 31 prevent edge
loading of the condyles 29, 31 while maintaining contact between the components on the
tibial liner 60.

[00041] The condyles 22, 24 have a radius about the minor axis (minor axis) in the
coronal plane. In a preferred embodiment, the condyles have a constant radius of curvature
in the coronal plane. However, the condylar surfaces could have a more complex geometry
wherein the radius of curvature in the coronal plane can vary. In particular, the posterior
condylar surfaces can be designed with varying radii in all three planes.

[00042] The interior boundaries of the medial 22 and lateral 24 condyles define an
intercondylar notch 32 there between. A guide box 100 is centrally fixed to the proximal
mounting surface 21 of the femoral component 20 and straddles the intercondylar notch 32.
The guide box 100 is formed from a medial 102 and lateral 104 web that extend proximally

in generally-parallel sagittal planes along the interior edge of each condylar portion 22, 24,
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Referring to Figs. 7-8, each web 102, 104 has a straight top edge 102a, 104a, and an
irregularly-shaped bottom edge 102b, 104b that is integrally formed with the irregularly-
shaped proximal mounting surface 21 at the interior edge of each condylar portion 22, 24,
respectively. While the height of the webs will vary depending on the size of the prosthesis,
the height of the webs should be great enough to provide the desired restraint when engaged
with the central post 90 as described below. In the embodiment shown in Figs. 1-22, the
webs are about 13 to 20 mm high. As best seen in Fig. 4, a bridge plate 106 connects the \
upper edges 102a, 104a of the webs 102, 104. The bridge plate 106 extends in a transverse
plane from the anterior mounting surface to an intermediate point 108 on the upper edge of
each web 102, 104. The posterior edge 106d, cam 47, and upper edges 102a, 104a of the
webs 102, 104 define a box guide slot 110 in which the central post 90 translates and rotates
as described below. _

[00043] Referring to Figs. 4, 9 and 10, the guide box slot 110 has a generally
trapezoidal shape. As best seen in the enlarged illustration of Fig. 10, the slot 110 has an
anterior end width “AW™ and a posterior end width “PB” that is wider than “AW.” While
shown exaggerated in Fig. 10, the difference between “AW” and “PW” is preferably about |
mm but may smaller or larger depending on the desired performance characteristics of the
prosthesis. In a preferred embodiment, the medial 102 and lateral 104 webs have reducing
thickness proceeding posteriorly. In this embodiment, the exterior surfaces 102d, 104d of the
webs are parallel to one another while the interior surfaces 102c, 104c are skew, which
creates the trapezoidal interior guide slot. In another embodiment shown in Fig. 24, similar
functionality could be achieved with web walls 202, 204 having a uniform thickness.
However, in this embodiment, the interior walls 202¢, 204¢ and extertor walls 202d, 204d are
skew.

[00044] As best seen in Fig. 5 and 14, a cam 47 bridges and connects the posterior
ends 29, 31 of the medial 22 and lateral 24 condyles. Referring to Fig. 16, the cam 47 has a
generally flat back surface 48 and a curved front bearing surface 49. The back surface 48 is
oriented coplanar with the posterior portion of the mounting (proximal) surface 21 of the
condyles 22, 24 and is flat to abut the resected surface of the distal femur. As best seen in
Fig. 5, the radius of curvature of fhe bearing surface 49 is larger at the lateral end 51 than the
medial end 50. As described in greater detail below, the cam 47 engages the central post 90
on the tibial bearing liner 60 to provide stability and tibial rotation as the knee is flexed.
[00045] A boss 112 is fixed to the proximal surface of the bridge plate 106. The boss

112 has a generally cylindrical shape and is dimensioned to receive an intermedullary



WO 2013/074700 PCT/US2012/065121

mounting stem 9 shown in Fig. 1, which helps secure the femoral component using known
revision surgery techniques. A radial bore 114 extends through the wall of the boss 112. As
best seen in Fig. 5, the boss extends at a slight angle relative to the bridge plate 106. The
angle approximates the angle of the femoral intermedullary canal relative to the ground.
Once the stem is inserted into the boss 112, a set screw or pin is inserted through the bore
114 and into the stem to lock the stem in the bore 114. The boss 112 also includes a plurality
of alignment indicators 122 for properly orienting the femoral component 20 on the femoral
stem 8.

[00046] Referring to Figs. 3 and 4, the proximal mounting surface 21 comprises
discrete surface portions 21a-e proceeding from the patellar flange portion 26 to the posterior
end of the condylar portion 29, 31. The discrete mounting surfaces engage complimenting
surfaces on the resected femur and are secured thereto with cement. The intermediate
mounting surface 21¢ and posterior mounting surface 21e include threaded bores 118, 120,
respectively, which engage threaded fasteners used to affix augménts (not shown), if needed.
The intermediate mounting surface 2 1¢ also includes medial and lateral notches 116, which
assist removal of the femoral component during sizing and/or replacement. The notches 116
also act as cement pockets once the correctly-sized component is permanently affixed to the
resected femur.

[00047] Referring to Fig. 1, the tibial component 52 generally comprises a tibial
platform 54 and a liner 60. The tibial platform 54 has a base plate 535, which engages the
distal surface 64 of the liner 60, and a stabilizing keel 56, which is inserted into the
medullary canal of the tibia. The underside or distal surface of the base plate 55 may have a
textured, roughened surface that allows cement interdigitation during installation on the tibia.
[00048] The liner 60 has a proximal bearing surface 62, which articulates with the
femoral component 20, and a distal surface 64, which abuts and is fixed to the tibial _platform
52. The tibial component 50 also has a medial side 66, a lateral side 68, an anterior side 70,
and a posterior side 71. The tibial component is generally symmetrical about a central
sagittal axis running anterior to posterior.

[00049] A medial concavity 72 and a lateral concavity 74 are formed in the medial and
lateral sides of the proximal surface 62, respectively. The medial 72 and lateral 74
concavities engage the medial 22 and lateral 24 condyles of the femoral component 20 as the
components articulate relative to one another. In general, the concavities 72, 74 are

shallower than the depth of the femoral condyies 22, 24.
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[00050] Each concavity 72, 74 generally comprises an anterior 76, 78 and posterior 80,
82 surtace, respectively, that resemble toroidal sections, which blend together at an
intermediate boundary. In a preferred embodiment, the anterior surfaces 76, 78 have a major
radius of curvature oriented substantially in the sagittal plane. Preferably, the posterior
surfaces 80, 82 have a major radius of curvature oriented substantially in the transverse
plane. The posterior concavities 80, 82 curve inwardly toward the sagittal central axijs and
sweep posteriorly and toward the central sagittal axis. The anterior 76, 78 and posterior 80,
82 surfaces have the same constant radius of curvature iﬁ the coronal plane and share the
same tangent intersection in the coronal plane. The coronal curvature of the posterior surface
is maintained as it turns toward the central sagittal axis. This construction allows the tibia to
rotate about its longitudinal axis and translate posteriorly as the knee flexes.

[00051] The anterior and posteriof concavities may have a raised periphery at the
anterior 86 and posterior 88 ends to contain and prevent dislocation of the femur from the
tibia. The raised periphery also provides stability to the knee during flexion. The anterior
concavitiecs may have lateral elevations 89, which contain fhe condyles 22, 24 so that the
tibial component has little laxity during initial flexion and prevent tibial axial rotation. In
contrast, the posterior concavities are designed without constraining lateral elevations and are
designed to enable tibial axial rotation.

[00052] In the embodiment shown in Figs. 1-23, the tibial component 60 includes a
central post 90, which has a proximal surface 91, anterior surface 92, posterior surface 93,
medial side surface 94, and lateral side surface 95. The anterior surface 92 of the central post
90 is tapered at an angle relative to the distal surface 64 to minimize impingement of the
patella or a patellar implant in deep flexion. As best seen in Fig. 14, the medial 94 and lateral
95 sides of the post 90 are parallel and have a constant medial-lateral width “MLW?”, Ina
preferred embodiment, the medial-lateral width is slightly less than the anterior width “AW”
of the box guide slot. To maximize its restraining performance, the height of the post 90
should approximate but be slightly less than the height of webs 102, 104; otherwise, the post
90 will interfere with the bridge plate 106 when the knee is positioned near full extension.
[00053] The relative motion path of the femoral and tibial components is illustrated in
Figs. 18-23. Like the natural knee, the anterior surfaces 34, 38 of the condyles 22, 24 contact
the tibial component in the range of full extension (Figs. 18 and 21) to an intermediate
position in partial flexion (Figs. 19 and 22), and then to full flexion (Figs. 20 and 23). As the

femoral component rotates, the central post 90 translates within the box guide slot 110.
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[00054] In full extension, the central post 90 is positioned in the anterior end portion
of the guide slot as best seen in Fig 18b. In this position, the prosthesis has maximum
medial-lateral restraint and valgus-varus restraint since the medial-lateral width “CW™ of the
central post 90 is only slightly less than the anterior, interior width “AW™ of the guide slot
110. In a preferred embodiment, the difference “AW” minus “CW” is about 0.1 to 0.25 mm.
Therefore, the femoral component has very little transverse rotational laxity, represented by
alpha 1 (al) in Fig. 18c. In a preferred embodiment, alpha («1) is about 1degree. The
femoral component also has very little medial-lateral rotational laxity, represented as beta 1
(B1) in Fig. 21¢. In a preferred embodiment, beta 1 (B1) is about 2 degrees.

[00055] As the femoral component rotates to an intermediate position show in Figs.
19a and Fig. 22a, the central post 90 moves within the guide slot 110 to a position
intermediate the anterior and posterior end portions of the guide slot as best seen in Fig 18b.
In this intermediate position, the prosthesis has decreased medial-lateral restraint and
decreased valgus-varus restraint compared to full extension since the gap between the sides
of the central post 90 and the inside surfaces 102¢, 104c of the medial 102 and lateral 104
webs is increased. The gap is increased since the interior width of the slot 110 is wider in the
intermediate region of the guide slot than the anterior width AW, while thé medial lateral
width “CW?” of the central post 90 is constant. Therefore, the femoral component has
increased transverse rotational laxity alpha 2 (a2) compared to al as illustrated in Fig. 19c¢.
The femoral component also has increased medial-lateral rotational laxity beta 2 (B2)
compared to 1 as illustrated in Fig. 22c.

[00056] As the femoral components rotates to a position in full flexion shown in Figs.
20 and 23, the asymmetric cam 47 articulates with the tibial post 90 and causes the femoral
component to translate posteriorly on the tibial component 52 as best seen in Figs. 20 and 23.
In the preferred embodiment, posterior translation of the femoral component is limited to
about 1-2 millimeters. In full flexion, the central post 90 is positioned in the posterior end
portion of the guide slot as best seen in Fig 20b. In this position, the prosthesis has minimum
medial-lateral restraint and minimum valgus-varus restraint since the gap. between the sides
of the central post 90 and the inside surfaces 102¢, 104¢ of the medial 102 and lateral 104
webs is increased even greater compared to the intermediate position. The gap is increased
since the interior width of the guide slot at the posterior end “PW?” is maximized, while the
medial-lateral width “CW” of the central post 90 is constant. In a preferred embodiment, the
difference “PC” minus “CW” is about 0.5 to 1 mm. Therefore, the femoral component has

increased transverse rotational laxity alpha 3 (03) compared to o2 as illustrated in Fig. 20c.
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In a preferred embodiment, a3 is less than about 4 degrees. The femoral component also has
increased medial-lateral rotational laxity beta 3:(f3) compared to B2 as illustrated in Fig. 23c.
In a preferred embodiment, B3 is less than about 7 degrees.

[00057] In a similar manner, as the femoral component rotates from full flexion, or
any intermediate position in flexion, back to full extension, valgus-varus restraint and
medial-lateral restraint gradually increase. As the femoral component returns to full
extension, the gap between the central post 90 and the guide slot 110 reduces to a minimum,
thereby further restraining the knee.

[00058] As described above, the unique design of the prosthesis enables desirable
maximum valgus-varus and medial-lateral rotational restraint in full flexion. The unique

" design also provides progressively decreasing and increasing restraint as the knee flexes.
Because of this unique design, the curved bearing surface 49 of the cam 47 and the geometry
of the bearing surfaces cause the tibia to rotate axially as the knee flexes. In a preferred
embodiment, tibial rotation is enabled up to at least about 5 degrees, preferably up to at least
about 6 degrees, more preferably up to about 7 degrees. However, the cam and articulating
surfaces could be designed to enable greater tibial axial rotation if desired.

[00059] It should be appreciate by those skilled in the art that the prosthesis 10 can be
provided in a variety of sizes to accommodate patients of varying sizes. Therefore, the
dimensions described above with respect to certain components will obviously vary.

100060] Furthermore, the prosthesis can be provided in a wide variety of performance
characteristics without departing from the scope of the invention. For example, the
prosthesis 10 can be custom designed with high restraint in full flexion and a small R or
large 6R. Similarly, the prosthesis 10 can be designed with less restraint in full flexion and a
small R or large 8R. In each case, however, the relative level of restraint will be change

aver the range of flexion of the prosthesis 19.

[00061] In the emb.odiments shown in Figs. 10 and 24, the planar profile of the inner
surfaces of the guide slot create a constant change (delta) in restraint, 3R, on the femoral
component as it rotates. In further embodiments of the invention, the inside surfaces of the
medial and lateral webs could have non-planar or irregular shapes that create a variety of R
profiles. For example, the curved inside surface profile shown in Fig. 25 creates a variable
SR over the full range of flexion.

[00062] Furthermore, to create even more complex dR profiles, the inner surfaces of

the medial and lateral webs could be fitted with separate cam surfaces 405, 406 such as
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shown in Fig. 26. The exterior surfaces 405d, 406d of the cams abut the interior surfaces
402¢, 404c of the medial and lateral webs. In the embodiment shown in Fig. 26, the inner
surfaces 405¢, 406¢ of the cams create zero SR in the first region 410a of the slot and a
variable 6R in the second region 410b of the slot. The regions 410a and 410b correspond to
defined ranges of flexion. For example, the first region 410a corresponds to a flexion range
of 0 degrees to X degrees, i.e., full extension to a predefined intermediate angular position X.
Within the first flexion range, the prosthesis would have a constant, predefined level of
restraint. The second region 410b corresponds to a flexion range of X degrees to Y degrees,
i.e., the intermediate position to the maximum angular position Y. Within the second flexion
range, the level of restraint decreases and increases at a non-constant rate as the knee
cyclically flexes from the X degrees to Y degrees and then back to X degrees. The values of
X and Y can vary without departing from the scope of the present invention.

[00063] Even more complex cams can be fitted to the inner surfaces of the medial and
lateral webs, which would create multiple, discrete 3R profiles over multiple, discrete ranges
of flexion. Many other useful surface profiles should be readily apparent to those skilled in
the art.

[00064] The femoral component and tibial component may have various surface
profiles and may be constructed in various manners and from various materials such as those
described in U.S. patent application no. 12/388,125 entitled Total Knee Replacement
Prosthesis with High order NURBS Surfaces, filed 2/18/2009, and U.S. patent application no.
12/388,182 entitled Total Knee Replacement Prosthesis, filed 2/18/2009, both of which are
incorporated herein by reference. For example, the femoral component 20 and the tibial
platform 54 may be machined, cast, forged or otherwise constructed as a one-piece integral
unit from a medical grade, physiologically acceptable metal such as cobalt chromium alloy,
stainless steel, titanium, titanium alloy or nickel cobalt alloy.

[00065] The tibial liner may also be constructed in various manners and from various
materials. For example, the tibial liner may be machined, molded or otherwise constructed
as a one-piece, integral unit out of a medical grade, physiologically acceptable polymeric
materials such as any polyolefin, including high-density polyethylene, low-density
polyethylene, linear-low-density polyethylene, ultra-high molecular weight polyethylene
(UHMWPE), or mixtures thereof. Polymeric materials, as used herein, also include
polyethylene of various forms, for example, resin powder, flakes, particles, powder, or a
mixture thereof, or a consolidated form derived from any of the above. Ultra-high molecular

weight polyethylene (UHMWPE) refers to linear, non-branched chains of ethylene having
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initial average molecular weights in excess of about 500,000, preferably above about
1,000,000, and more preferably above about 2,000,000. Often the molecuiar weights can
reach about 8,000,000 or more. The material can be treated, for example, by radiation,
chemistry, or other technology to alter its wear properties and/or strength or hardness. Initial
average molecular weight means the average molecular weight of the UHMWPE starting
material, prior to any irradiation.

{00066] It is to be understood that the description, specific examples and data, while
indicating exemplary embodiments, are given by way of illustration and are not intended to
limit the present invention. Various changes and modifications within the present invention
will become apparent to the skilled artisan from the discussion, disclosure and data contained

herein, and thus are considered part of the invention.
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CLAIMS

1. A knee revision prosthesis having anterior, posterior, lateral, medial, distal and
proximal sides and sagittal, coronal and transversz planes, comprising:

a) a femoral component that connects to the distal end of a resected
femur, said femoral component including:

i} medial and lateral condyles having distal, articulating surfaces
and proximal mounting surfaces;

i) a patellar flange having a patellar articulating surface that
bridges the anterior ends of the femoral articulating surfaces;

iii) a guide box fixed to the femoral mounting surfaces
intermediate said condyles; and,

b) a tibial component that connects to the proximal end of a resected tibia,
said tibial component including:

i) a proximal bearing surface with medial and lateral concavities
that articulate with said medial and lateral condyles; and,

i) a central post fixed intermediate the tibial concavities which
articulates within said guide box and constrains both rotational and
translational movement of the femoral and tibial components relative to one
another in the coronal plane and transverse plane;

wherein said post and guide box are constructed and arranged to provide progressively
decreasing and then progressively increasing rotational constraint of the femoral component
in the coronal and transverse planes as the femoral component rotates in the sagittal plane
between full extension to a position in flexion, and then back to full flexion, respectively.

2. The knee revision prosthesis recited in claim 1., wherein the femoral
component is restrained from rotating more than about 2 degrees in the coronal plane when
the prosthesis is positioned in full extension.

3. The knee revision prosthesis recited in claim 1, wherein the femoral
component is restrained from rotating more than about 7 degrees in the coronal plane when
the prosthesis is positioned in full flexion.

4, The knee revision prosthesis recited in claim 1, wherein the femoral
component is restrained from rotating more than about | degrees in the transverse plane when

the prosthesis is positioned in full extension.
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5. The knee revision prosthesis recited in claim 1, wherein the femoral
component is restrained from rotating more than about 4 degrees in the transverse plane when
the prosthesis is positioned in full flexion.

6. The knee revision prosthesis recited in claim 1, wherein the change in restraint
SR on the femoral component is constant over the full range of flexion.

7. The knee revision prosthesis recited in claim 1, wherein the change in restraint
OR on the femoral component is variable over the full range of flexion.

8. The knee revision prosthesis recited in claim 1, wherein the change in restraint
oR on the femoral component has a first profile over a first range of flexion, and has a second
profile over a second range of flexion.

9. The knee revision prosthesis recited in claim 1, wherein said guide box has
opposed side walls with interior surfaces, and said post has opposed exterior surfaces that
engage the interior surfaces of said guide box.

10.  The knee revision prosthesis recited in claim 9, wherein the guide box interior
surfaces have a minimum interior width between them at an anterior end AW and a
maximum interior width at a posterior end PW, and the post has exterior surfaces have a
constant width CW that is less than AW.

11.  The knee revision prosthesis recited in claim 10, wherein the guide box side
walls have exterior surfaces that are parallel to one another and interior side walls that are
skew.

12.  The knee revision prosthesis recited in claim 11, wherein said guide box
interior surfaces have a planar surface.

13. The knee revision prosthesis recited in claim 11, wherein said guide box
interior surfaces have an irregular surface profile.

14.  The knee revision prosthesis recited in claim 9, including a cam fixed to each
of the interior surfaces of said side walls, said cams having interior surfaces that engage the
exterior surfaces of said post.

15.  The knee revision prosthesis recited in claim 14, wherein the interior surface
of said cams surfaces have a minimum interior width between them at an anterior end AW
and a maximum interior width at a posterior end PW, and the post has exterior surfaces that
have a constant width CW between them that is less than AW.

16.  The knee revision prosthesis recited in claim 15, where the interior surfaces of

said cams have an irregular surface profile.

16



WO 2013/074700 PCT/US2012/065121

17.  The knee revision prosthesis recited in claim 1, wherein said femoral
component includes a cam connecting the posterior ends of the condyles, and said tibial
component includes a central post intermediate said concavities.

18.  The knee revision prosthesis recited in claim 17, wherein anterior and
posterior translation of the femoral component relative to the tibial component is controlled
by said cam and central post.

19.  The knee revision prosthesis recited in claim 18, wherein rotation of the tibia
about its longitudinal axis is controlled by said cam and central post.

20. The knee revision prosthesis recited in claim 18, wherein contact between the
cam and post occurs at knee flexion greater than about 30 degrees.

21.  The knee revision prosthesis recited in claim 18, wherein the posterior
translation is about 1-2 millimeters after the prosthesis is fully flexed.

22. A knee revision prosthesis having anterior, posterior, lateral, medial, distal and
proximal sides and sagittal, coronal and transverse planes, comprising:

a) a femoral component that connects to the distal end of a resected
femur, said femoral component including:

i) medial and lateral condyles having distal, articulating surfaces
and proximal mounting surfaces;

i) a patellar flange having a patellar articulating surface that
bridges the anterior ends of the femoral articulating surfaces;

b) a tibial component that connects to the proximal end of a resected tibia,
said tibial component including a proximal bearing surface with medial and lateral
concavities that articulate with said medial and lateral condyles;

c) progressive constraint means comprising:

i) means for restraining rotation of said femoral component in the
coronal plane and transverse plane relative to said tibial component;

ii) means for progressively reducing rotational restraint of the
femoral component in the coronal and transverse planes as the femoral

component rotates in the sagittal plane from the position of full extension to a

position in flexion,

iti) means for progressively increasing rotational restraint of the
femoral component in the coronal and transverse planes as the femoral
component rotates in the sagittal plane from a position in flexion to a position

of full extension.
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23. A knee revision prosthesis having anterior, posterior, lateral, medial, distal and
proximal sides and sagittal, coronal and transverse planes, comprising:

a) a femoral component that connects to the distal end of a resected
femur, said femoral component including:

i) medial and lateral condyles having distal, articulating surfaces
and proximal mounting surfaces;

ii) a patellar flange having a patellar articulating surface that
bridges the anterior ends of the femoral articulating surfaces;

b) a tibial component that connects to the proximal end of a resected tibia,
said tibial component including a proximal bearing surface with medial and lateral
concavities that articulate with said medial and lateral condyles;

c) means for providing progressively increasing and progressively
decreasing rotationa) constraint of the femoral component in the coronal and transverse
planes as the femoral component rotates back and forth in the sagittal plane between full

extension positions in flexion.
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