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(54) Title: TOTAL KNEE ARTHROPLASTY ENDOPROTHESIS WITH THIRD CONDYLE AND ROTATING POLYETHYL-
ENE INSERT

(57) Abstract: The invention presents a total knee arthro
plasty endoprosthesis consisting of: a) A femoral component
(1) with a lower-radius lateral condyle (2), a larger-radius
medial condyle (3) and between them, a third condyle (5) lo

cated posteriorly, superiorly and nearest the medial side b)
A tibial component (6) with a central protruding spigot (7)
for the rotating polyethylene insert (8), c) A rotating poly
ethylene insert (8), with three cavities for articulation of the
femoral condyles. For initial and moderate flexion the joint
functions with load bearing onto the lateral (9) and medial
(10) articular cavities, and in advanced and final flexion with
load bearing on the third articular cavity (11). The advan
tages of this endoprosthesis are enhanced maximum flexion,
improved femoral axis alignment, significant posterior sta

bilization, favourable accommodation of tibial rotation with
consequent relief of materials and fixations, and preservation
of more articular fluid for lubrication and reduction of poly
ethylene wear.



Total knee arthroplasty endoprosthesis with
third condyle and rotating polyethylene insert

The invention described herein is an endoprosthesis for total
knee arthroplasty (TKA), the surgical technique meant to
reconstruct and rehabilitate the painful and deformed knee joint.

The motion of the normal knee joint is a continuous combination
of rolling, sliding and rotation, valgus-varus angular displace¬
ment of the femoral condyles on the tibial articular surface and
the menisci, which collectively is referred to as flexion-extension.
These complex motion components take place in three
dimensions and always in a varying combination, and are
controlled by the shape of the articular surfaces, the articular
capsule, the menisci and the ligaments.

Longterm and good quality function of a TKA endoprosthesis is
influenced by and depends upon the manner adopted by the
implant design to solve the following interrelated problems: the
wear of materials, the fixation of the endoprosthesis and the
satisfactory joint motion.

The femoral component of a TKA endoprosthesis resembles the
distal part of the human femur and is either metallic or ceramic.
The tibial component of a TKA endoprosthesis is metallic, having
a flat upper surface and possessing at least one stem on the
lower surface for fixation onto the tibial bone. Between the
femoral and tibial components another one is inserted : the
polyethylene insert, which may be either fixed or mobile on the
flat upper surface of the tibial component.

When the polyethylene insert is mobile, its motion is controlled
by spigots protruding from the upper surface of the tibial
component and corresponding recesses on the lower surface of
the polyethylene insert, or vice versa. This control system may
allow rotation or also simultaneously anteroposterior translation.

During TKA surgery, the articular cartilage and the subchondral
bone are removed from the distal femur and the proximal tibia.
Using appropriate instrumentation, these anatomical areas are
contoured in order to allow the exact fitting of the endoprosthetic
components, with or without use of acrylic resin cement. The



anterior cruciate ligament is most of the times removed, while
the posterior cruciate ligament is either preserved or sacrificed
and substituted by functional characteristics of the implants.
Special surgical attention is being paid in the preservation of the
collateral ligaments of the knee and the symmetry of the
ligamentous tensions developed during joint motion.

From the above description, it can be appreciated that with a
given competent surgical technique, the longterm good quality
function of a TKA endoprosthesis lies with the correct design of
its individual components; this latter condition being perceived in
a particular biomechanical sense reflecting the kinematic
compatibility between the pre-existing musculoskeletal flexion-
extension mechanism of the patient and the corresponding
mechanism to which the individual components obey by-design.

Successive design generations attempted to fulfil the above
condition, initially using fixed polyethylene inserts and later on
mobile ones; the latter introduced in order to better address the
issue of material wear and longevity. Mobile polyethylene inserts
in particular, were introduced based on the rationale that, while
the endoprosthesis should have the required congruent articular
surfaces within the full range of joint motion and independently
from the tibial rotation with respect to the femur, on the other
hand it (the endoprosthesis) should direct a large amount of the
developed loading towards the surrounding soft tissues (capsule,
ligaments, tendons-muscles), thus protecting the polyethylene
as well as the fixation of the implants onto the bones.

Today, when correctly implanted, all commercially available TKA
endoprostheses generally demonstrate good clinical results, with
a survival percentage of 95% at ten years from surgery.

However, all commercially available TKA endoprostheses present
today the following disadvantages:

a) They demonstrate limited maximum flexion angle (ranging
between 115 to 127 degrees), which is not compatible with
activities of younger patients as well as with daily activities of
populations needing to flex their knee joints above 150 degrees,
and



b) When driven to higher knee flexion angles, they present an
extremely reduced area of load bearing articular surface between
polyethylene and femoral condyles, which results in faster
material wear and loss of implants fixation onto the bones.

The invention described herein is an endoprosthesis for total
knee arthroplasty (TKA), with which the above disadvantages are
addressed and which consists of: a metallic femoral component,
a metallic tibial component and a mobile polyethylene insert.

The posterior and anterior isometric views of the invented TKA
endoprosthesis are exhibited in drawings 1 and 2 respectively,
for a left knee joint:

The femoral component (1) of the endoprosthesis possesses two
asymmetric femoral condyles which are sections of spheres: the
lateral condyle (2) with a smaller radius and the medial condyle
(3) with a larger radius. Between these two condyles, the
femoral component possesses a third spherical or elliptical
condyle (5), which with respect to the other two is located more
posteriorly, superiorly and nearest the medial condyle (i.e.
located towards the medial side). For the purpose of patella
sliding and adequate function of the extension mechanism, the
anterior aspect of the femoral component possesses a concave
groove (4) running along a direction from proximally-lateral to
distally-medial, and which gradually from proximally to distally
becomes broader and shallower.

The tibial component (6) possesses a flat upper surface and a
protruding rotation spigot (7) located at its centre. On the lower
surface of the tibial component there is a system of stems for
fixation on the tibial bone.

The polyethylene insert (8) follows the morphology of the three
condyles of the femoral component (1), in order to serve their
articulation during the various stages throughout the full flexion
range of the knee joint. For the articulation of the asymmetric
lateral (2) and medial (3) femoral condyles, on its upper surface
this component possesses two respectively asymmetric but
equally deep cavities, one laterally (9) and one medially (10).
Furthermore, for the articulation of the third femoral condyle (5),
this component possesses the central cavity (11) which, due to
its location, engages the condyle (5) at an advanced and final



stage of flexion, when this condyle besides acting as an axis of
flexion and rotation, also acts as a posterior stabilizer.

I n the centre of its lower surface, the polyethylene insert (8) has
an appropriate bore (12) in order to be fitted on the rotation
spigot (7) which lies on the tibial component (6). The imaginary
axis of rotation for the polyethylene insert lies therefore on the
mid-sagittal plane of the endoprosthesis and consequently
laterally to the third condyle (5).

Drawings 3, 4, 5 and 6 describe the function of the invented TKA
endoprosthesis, showing sagittal sections on the lateral condyle
(2) and of the third condyle (5), for the various stages of flexion:

Drawing 3 describes the joint at the initial full extension (i.e.
zero degrees of flexion).

Drawing 4 describes the joint at a stage representative of initial
and moderate flexion (i.e. a flexion range including the angle of
40 degrees encountered during the stance phase of gait, the
angle of 70 degrees encountered during the swing phase of gait
and until approximately 100 degrees).

Drawing 5 describes the joint at a stage representative of rather
advanced flexion (i.e. a flexion range above 100 degrees).

Drawing 6 describes the joint at a stage representative of final
flexion (i.e. a flexion range up to 160 degrees, for various other
activities beyond gait).

After TKA surgery and with the patient finally in an active load
bearing postoperative condition, the invented endoprosthesis will
function according to two fundamental ways, as follows:

a) From full extension (drawing 3) and for initial and moderate
flexion (drawing 4), the function is based on the articulation
between the congruent load-bearing articular surfaces of the
polyethylene insert and the corresponding surfaces of the
femoral condyles, that is between the cavities (9) and (10) on
one hand and the lateral (2) and medial (3) femoral condyles on
the other.



b) I n advanced flexion (drawing 5) and subsequently in final
flexion (drawing 6), the function is mainly based on the
articulation between the congruent load-bearing central cavity
(11) of the polyethylene insert and the third femoral condyle (5)
and much less on the articulation between the polyethylene
insert and lateral and medial femoral condyles, which at this
stage play a continuously inferior role.

During the above functional configurations and besides the
significantly increased range of maximum flexion, the function of
the invented TKA endoprosthesis demonstrates the following
additional advantages:

a) At any stage throughout the whole flexion range, the
asymmetrical femoral condyles, namely the lower radius lateral
condyle (2) and the larger radius medial condyle (3), impose
between the anatomical femoral and tibial axes a geometrical
relationship which approaches the physiological valgus of the
knee joint.

b) At any stage during advanced and final flexion range, the
third condyle (5), besides acting as a rotation axis for the joint, it
also acts, due to its superior-posterior position, as a posterior
stabilizer; thus maintaining the femoral component in a
appropriately posterior relationship with respect to the
polyethylene insert (8) and consequently with respect to the
tibial component (6). This is fact actually favours completion of
full flexion without material impingement.

c) At any stage during advanced and final flexion range, the third
condyle (5), due to its location nearest to the medial condyle
(i.e. towards the medial side), not only has an enhanced
contribution in load bearing, but also encourages during flexion
the rotation of the tibia about the axis (7), which is located more
laterally.

d) The rotating polyethylene insert (8) taking advantage of its
mobility about the rotation axis (7) on the tibial component (6),
is enabled to accommodate the needs of the joint in external or
internal rotation; thus removing such wearing burden from the
articular surfaces and relieving implant fixation sites, even in
very high flexion angles where the tibia may need to internally
rotate as much as 20 degrees.



e) The congruency of all articular bearing surfaces between
polyethylene and condyles ensures preservation of more articular
fluid between them, thus enhancing lubrication and contributing
to the reduction of material wear.

The invented TKA endoprosthesis reported herein addresses the
disadvantages demonstrated by the commercially available TKA
endoprostheses, as it fulfils the biomechanical prerequisites
which are necessary for an unconstrained full flexion of the joint
with simultaneous protection of the polyethylene insert from
loads born by articular surfaces of limited area. These
characteristics have a beneficial effect in ensuring adequate joint
functionality even in very high flexion angles and in protecting
the polyethylene, which to a large extent defines the biological
and mechanical stability and longevity of the arthroplasty.



CLAIMS

1. Total knee arthroplasty endoprosthesis consisting of a metallic
femoral component (1), a metallic tibial component (6) and a
polyethylene insert (8) which has the possibility to rotate about
the central spigot (7) of the tibial component (6), characterized
by the fact that the femoral component (1) possesses two
asymmetrical femoral condyles which are sections of spheres,
namely the lateral condyle (2) with a smaller radius and the
medial condyle (3) with a larger radius which due to their
asymmetry impose between the anatomical femoral and tibial
axes a geometrical relationship approaching the physiological
valgus of the knee joint and by the fact that between these two
condyles, the femoral component possesses, on its posterior
aspect, a third spherical or elliptical condyle (5), which with
respect to the other two is located more posteriorly, superiorly
and nearest the medial condyle (3) in such a way that it engages
during advanced and final knee flexion assisting transverse
rotation of the polyethylene insert (8), and by the fact that on
the anterior aspect of the femoral component (1) there is a
concave groove (4) running along a direction from proximally-
lateral to distally-medial, which gradually from proximally to
distally becomes broader and shallower, in such a way that it
favours patella sliding and assists adequate function of the
extension mechanism in a more physiological direction.

2. Total knee arthroplasty endoprosthesis, according to Claim 1,
additionally characterized by the fact that the rotating
polyethylene insert (8) following the morphology of the three
condyles of the femoral component (1), possesses on its upper
surface for the articulation of the asymmetric lateral (2) and
medial (3) femoral condyles, two respectively asymmetric but
equally deep cavities, one laterally (9) and one medially (10),
and for the articulation of the third femoral condyle (5)
possesses the central cavity (11) located inferiorly posteriorly
and between the other two cavities; this cavity (11) engaging,
due to its location, the third condyle (5) at an advanced and final
stage of flexion, in such a way that this condyle besides acting as
an axis of flexion and rotation, also acts as a posterior stabilizer,
thus maintaining the femoral component (1) in a appropriately
posterior relationship with respect to the polyethylene insert (8)
and consequently with respect to the tibial component (6), thus
ensuring completion of full flexion without material impingement.



AMENDED CLAIMS
received by the International Bureau on 26 July 2007 (26.07.2007)

CLAIMS

1. Total knee arthroplasty endoprosthesis consisting of a metallic
femoral component (1), a metallic tibial component (6) and a
polyethylene insert (8) with a bore (12) and a possibility to
rotate about the central spigot (7) of the tibial component (6),
characterized by the fact that the lateral and medial spherical
femoral condyles are asymmetrical, with the lateral one (2)
having a smaller radius and the medial one (3) having a larger
radius, for the articulation of which the polyethylene insert (8)
possesses on its upper surface two respectively asymmetrical but
equally deep cavities, one laterally (9) and one medially (10),
thus imposing between the anatomical femoral and tibial axes a
geometrical relationship approaching the physiological valgus of
the knee joint.

2. Total knee arthroplasty endoprosthesis according to Claim 1,
additionally characterized by the fact that the femoral
component (1) possesses an additional load bearing third
spherical or elliptical condyle (5), which is located between the
other two and more posteriorly, superiorly and nearest the
medial one (3) and for the articulation of which, the polyethylene
insert (8) possesses an additional cavity (11) located between
the other two and more inferiorly, posteriorly and nearest the
medial one (10), so that at an advanced and final stage of
flexion, full load bearing is undertaken by this condyle (5) and
cavity (11), thus replacing the two other bearing surfaces by a
central, posterior and much larger bearing surface; and
additionally, due to the mediolateral offset between the axis of
spigot (7) and the location of the third condyle (5), internal
rotation of the tibial component (6) with respect to the femoral
component (1) is assisted.
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