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Tibial tray with a tibial tray shaft structure and an artificial knee joint

Description

The invention relates to a tibial shaft with shaft structure having the features of claim 1 and

an artificial knee joint with the features of claim 27.

Joint replacements, in particular artificial knee joint replacements, have been known for
quite some time. In the case of an artificial knee joint it is known that a tibial tray part is
connected with the proximal end of the tibia of the patient. The connection is made through

the distal part of the tibial tray, i.e. the tibial tray shaft.

A femoral part is connected with the distal end of the femur of the patient. A tibial insert is
connected with the proximal surface of the tibial tray so that after the completion of the
surgical procedure, the tibial insert is positioned between the distal surface of the femoral

part and the proximal surface of the distal tray.

A tibial tray and a tibial insert of this kind are e.g. described in EP 3 626 209 B1.

To secure a good cemented connection between the proximal end of the tibia and the tibial
tray shaft, properly shaped geometries, such as form-fitting designs, are needed. This is
important, in particular when a ceramic material is used for the tibial tray and its tibial tray
shaft.

The tibial tray with the features of claim 1 addresses these issues.
The tibial tray comprises a distal surface, wherein a tibial tray shaft structure extends away
from the distal surface in the distal direction. The tibial tray structure forms a protrusion,

which is inserted into the tibial bone.

For a good fixation of the tibial tray to the bone, the tibial tray structure comprises at least

three shaft wall elements which are so arranged relative to each other that the cross-
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sections of the at least three shaft wall elements in a plane perpendicular to the distal
direction are T-shaped, Y-shaped or X-shaped. T-shaped structure comprises three shaft
wall elements, two forming the bar of the T, one forming the stem. The bar and the stem

are positioned under an angle of 90°.

A Y-shaped structure also comprises three shaft wall elements, but three angles can be
different from 90°. In one possible embodiment, the shaft wall elements are spaced equally
apart by 120°. Alternatively, two shaft wall elements can be spaced apart by 90°, the

remaining third shaft wall element is then spaced apart from the others by 135° each.

An X-shaped structure comprises four shaft wall elements. The shaft wall elements are
positioned around a central axis, with angles between the shaft wall elements. It is possible,
that e.g. each of the two angle sets between the shaft wall elements comprises angles of

the same size (e.g. two angles of 110° each, and two angles of 70° each).

Furthermore, the area of the cross-sections decreases strictly monotonously from the distal
surface in the distal direction. This means that the tibial tray structure generally tapers from
a broad base into the distal direction. This facilitates an effective insertion of the tibial tray

into the tibia. The tapering is continuous with sections parallel to the distal surface.

In one embodiment, outer rims of the at least three shaft wall elements converge strictly
monotonously in the distal direction and towards an axis of the tibial tray structure. Again,
this is a further aspect of tapering, facilitating an effective insertion of the tibial tray into the
tibia.

The shape of the outer rim could, e.g., be curved with a uniform direction of curvature (e.g.
an exponential shape). But the outer rims of the least three shaft wall elements have in one
embodiment at least one inflection point, in particular three inflection points. This means

that the direction of the curvature — not only the amount — changes at least once.

The curvature of the outer rim should not change too rapidly, so that any change of a
tangent angle at an outer rim of the at least three shaft wall elements should be less than
30° over a 10% change in the distal direction, in particular any tangent angle of the outer
rim of the at least three shaft wall elements within a third of the height of the tibial tray
structure measured from the distal surface. The changes in the slope should be smaller in

the third of the tibial shaft structure closest to the distal surface.
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In a further embodiment, at least 50% of the volume of the tibial tray structure is located
within a third of the height of the tibial tray structure measured from the distal surface.

At least one of the shaft wall elements can have a wall thickness between 1 and 6 mm, in
particular 2 to 5 mm, for ceramic materials 1 and 5 mm, measured at the point farthest way

from the axis and on the distal surface.

It is also possible that the radius at the transition from the outer rim of at least one of the at
least three shaft wall elements to the sidewalls of the at least one of the at least three shaft

wall element is in the range of 0,5 to 4 mm.

For efficient bonding with the bone cement, at least one of the at least three shaft wall
elements comprise at least one cement holding structure, in particular at least one recess
structure for retaining bone cement. Those cement holding structures can be preferably

positioned on the anterior and / or posterior side close to the tibial tray.

The transition point from the outer rim into the tibial shaft structure in the distal surface is
located at least 5 mm from the lateral sides and / or the posterior side of the distal surface.
This ensures a suitable distance from the edge of the distal surface and makes sure that
the tibial shaft structure is positioned within the substantia spongiosa and outside the
substantia corticalis. The distance is measured from the end of the outer rim in a straight

line to the edge of the distal surface.

In one embodiment, the tibial tray structure comprises a surface extending between at least
two of the outer rims of the at least three shaft wall elements or between two side walls of

the at least three shaft wall elements.

As rounding of edges can be relevant, the radius at the transition from the distal surface to
at least one of the at least three shaft wall elements and / or the smooth surface can be in

the range of 1 to 4 mm.

Furthermore, it is possible that the axis of the tibial tray shaft structure is located on the
distal surface at one third of the distance between the anterior rim to the posterior rim,
measured from the anterior rim. This means that the axis of the tibial tray shaft is located
somewhat more to the anterior side than the posterior side. The axis of the tibial tray shaft
is defined for X, Y, and T shaped tibial tray shaft structures, as the at least three shaft wall

elements are converging towards this axis strictly monotonously. In a specific embodiment,
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the distance of the axis of the tibial tray shaft structure is 5 mm, 5,67 mm, 6,33 mm or 7
mm from the center of the distal surface. In combination with this or alternatively,
embodiments can have tibial shaft tray structures with a height from the distal surface of
35 mm, 40 mm, 45 mm, or 55 mm. In combination with this or alternatively, the thickness

of the shaft wall elements can be 3 mm, 3,75 mm, 4,25 mm or 5 mm.

The angle between the shaft wall elements is between 90° and 180° on the anterior side
and between 30° to 120° on the posterior side. For example, a T-shaped tibial tray structure
with three shaft wall elements would have an anterior angle of 180° and two 90° angles on
the posterior side. The shapes of X- and Y-shaped tibial tray structure could vary within in

the stated regions.

To ensure a good mechanical connection between the tibial tray and the tibia, the tibial tray
shaft structure comprises at least one cement holding structure, in particular a hole, a
groove and / or a recess without any undercut. This allows an efficient entering of cement
in the cement holdings structures. In particular, the at least one cement holding structure
is located within the vertical two thirds of the tibial tray shaft structure measured from the
distal surface in the distal direction, in particular within the first third. This means that the
at least one cement holding structure is preferably located towards the distal surface and

not towards the distal end of the tibial tray shaft structure.

In a further embodiment, the tibial tray comprises least one anterior fixation element, in
particular exactly one anterior fixation element, which is positioned at the anterior side of
the proximal surface, the posterior side of the at least one anterior fixation element
comprising a wall which in a plane parallel to the proximal surface is perpendicular to the
medial plane of the proximal surface. In particular, the at least one anterior fixation element
comprises at least one form-fitting element, in particular, at least one cavity in the posterior
wall of the at least one anterior fixation element and / or at least one channel through the
at least one anterior fixation element, for a corresponding form-fitting element of the tibial
insert, the at least one form-fitting element of the at least one anterior fixation element being
in particular positioned in a region in which the load transfer is at less than 70%, in particular

50% from the maximum load transfer.

The at least one anterior fixation element can comprise at least on guiding surface for a
tibial insert, in particular the guiding surface having a curved and / or a plane part, in a
proximal direction of the at least form-fitting element. When the tibial insert is about to be

fitted together with tibial tray, a protrusion of the tibial insert contacts the guiding surface
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and glides along the guiding surface so that its movement during the fitting is guided and
the protrusions can snap into the at least one form-fitting element. In one embodiment, the
at least one guiding surface comprises a plane part or is a plane which is inclined relative

to the horizontal plane by an angle in the range between 5 to 45°, in particular 30°.

In some embodiments, the tibial tray comprises a proximal surface, the proximal surface
comprising at least two, in particular exactly two central fixation elements for enabling a
connection with the tibial insert as a further part of an artificial knee joint, wherein the at
least two central fixation elements are protrusions from the proximal surface in the proximal
direction and the at least two central fixation elements are positioned symmetrically and /
or parallel to a medial plane of the proximal surface, the medial plane being perpendicular
to the proximal surface and intersecting the proximal surface in the middle between two
most lateral points of the proximal surface. In particular, the at least two central fixation
elements are symmetrically positioned relative to a frontal plane perpendicular to the
medial plane, the frontal plane in particular going through the most lateral points of the
proximal surface. The at least two central fixation elements can comprise a central fixation
element recess for providing a better fit with the tibia insert. The at least two, or exactly two

central fixation elements can be constructed as form-fitting and / or press-fitting elements.

Furthermore, it is possible that an embodiment of the tibial tray comprises at least one, in
particular exactly one, posterior fixation element, positioned symmetrically to the medial
plane of the proximal surface comprising a posterior wall flush with the posterior rim of the
tibial tray and / or comprising an anterior wall which is essentially positioned parallel to the
posterior wall of the at least one anterior fixation element. The sidewalls and / or the anterior
wall of the of the at least one posterior element can in particular be tilted by an angle
between 0 and 45°, in particular between 0 and 30°, more particular by an angle of 10°,
relative to a plane which is perpendicular to the proximal plane and / or the sidewalls and
the anterior wall of the of the at least one posterior element comprise an undercut. This
enables e.g. the formation of a posterior block with inward tilted sidewalls (i.e. sidewalls
with an angle greater than 0°) and sidewalls converging to the anterior side or a tongue
and groove system (undercut). Such a posterior fixation element can be used as a fulcrum

when attaching a tibial insert.

The tibial tray can be manufactured completely or in part from ceramic, a polymer material

or a metal.
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Other embodiments of a tibial tray can comprise a proximal surface, the proximal surface
comprising at least two, in particular exactly two, central fixation elements for enabling a
connection with a tibial insert as a further part of artificial knee joint. The central fixation
elements are protrusions from the proximal surface, which can be connected as form-fitting

and / or force locking with the tibial insert.

The at least two central fixation elements are designed as protrusions from the proximal
surface in the proximal direction, i.e. the central fixation elements generally point away from

the proximal surface in the direction of the tibial insert.

The at least two central fixation elements are positioned symmetrically and / or parallel to
a medial plane of the proximal surface, the medial plane being perpendicular to the
proximal surface and intersecting the proximal surface in the middle between two most
lateral points of the proximal surface. The medial plane is dividing the proximal surface into
two lateral halves. The at least two central fixation elements are oriented symmetrically and
/ or parallel to the medial plane. In a further embodiment the at least two fixation elements
are oriented asymmetrically relative to the medial plane. This can imply different angles

relative to the medial plane and / or different distances from the medial plane.

The at least two central fixation elements are configured as cylindrical protrusions or linear
protrusions, in particular designed for a press-fit and / or form-fit. Cylindrical means that the
protrusion has e.g. a circular, elliptical cross-section. Linear means that the protrusion
extends linearly on the proximal surface. At least one of the central fixation elements can

e.g. have a linear or cylindrical shape.

In one embodiment, the at least two central fixation elements are symmetrically positioned
relative to a frontal plane perpendicular to the medial plane. The frontal plane is dividing
the proximal surface into an anterior and a posterior part. In particular, it is possible that

the frontal plane is going through the most lateral points of the proximal surface.

For a better insertion of the tibial insert and for a better fixation in vivo, the posterior wall of
the at least one anterior fixation element and / or the anterior wall of the at least one

posterior fixation element can comprise an undercut.

In one embodiment, the height of the at least two central fixation elements, the at least one
anterior fixation element and / or the at least one posterior fixation element extending from

the proximal surface is in the range between 1 mm and 6 mm, in particular between 3 mm
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and 4 mm, 5 mm and / or wherein the anterior and / or posterior ends of the at least two
central fixation elements are rounded. In particular, the height of the at least two central
fixation elements, the height of the at least one anterior fixation element and / or the height
of the at least one posterior fixation element above the proximal surface is constant or
varies by maximally 10% from the minimal height. These features are instrumental for

providing a secure connection with the tibial insert and / or allow an effective assembly.

The issues are also addressed by a tibial insert designed or configured to match the tibial

tray as claimed.

To ensure a good connection with the tibial tray, the tibial insert can comprise one recess
in the distal surface for the matching of at least one posterior fixation element, the recess
comprising at least one stress relief notch at the junction of two walls of the recess. This
prevents the build-up of mechanical stress sharp corners where two walls of the recess

meet.

The secure connection can be enabled by at least one form-fitting element of the tibial
insert for engaging the at least one form-fitting element of the at least one anterior fixation
element of the tibial tray. The connection can also be made with a press-fitting connection

or a combination.

The issues are also addressed by an artificial knee joint comprising a claimed tibial tray
and a claimed tibial insert, wherein there is a light press-fit connection between the tibial
insert and the at least two central fixation elements, the at least one anterior fixation
element and the at least one posterior fixation element, in particular having a press-fit in

the range of 0 to 450 um, in particular in the range of 0 to 250 um.

In a further embodiment of an artificial knee joint, there is at least one press-fitting region
between the posterior fixation element and the tibial insert, in particular created by an
angular mismatch between two walls. This allows for an improved assembly of the joint and
a reduction of micromovements in the posterior parts of the joint.

Embodiments of the invention are shown in the figures,

Fig. 1 showing a perspective view of an artificial knee joint;
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8

showing a perspective view onto the distal surface of an embodiment of a
tibial tray with a tibial tray structure with three shaft wall elements (Y-
structure);

showing a perspective view onto the distal surface of an embodiment of a
tibial tray with a tibial tray structure with four shaft wall elements (X-

structure);

showing a review onto the distal surface of a further embodiment of a tibial

tray with a tibial tray structure with three shaft wall elements (T-structure);

showing the structure of Fig. 4 with a cross-sectional plane in the proximal

third of the tibial stray structure (T-structure);

showing a perspective view onto the distal surface of the embodiment shown

in Fig. 4 and 5 (T-structure);

showing a view of the distal surface of an embodiment with indications of

radii of the perimeter;

showing a perspective view from the side of an embodiment of a tibial tray
with a tibial tray structure with three shaft wall elements (T-structure) and a
recess structure for bone cement;

showing a perspective view onto the distal surface of an embodiment of a
tibial tray with a tibial tray structure with three shaft wall elements (T-
structure);

showing a perspective view of an embodiment of a tibial tray;

showing the same view of Fig. 9 highlighting reference frames;

showing a variation of the embodiment in Fig. 9;

showing a view of the proximal surface of an embodiment of a tibial tray;
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18A

9
showing a view of the distal surface of a tibial insert matching the tibial tray
shown in Fig. 10A;

showing a view of a proximal surface of the embodiment shown in Fig. 10A

indicating interference regions;

showing the insertion of a tibial insert to a tibial tray from a perspective view;

showing the of the tibial insert to the tibial tray in Fig. 12A in a sectional view;

showing a detailed frontal view of a first embodiment of the tibial insert;

showing a detailed frontal view of a second embodiment of the tibial insert;

showing a perspective view of a variation of the embodiment shown in Fig.
9;

a perspective view of the distal surface with a view from the anterior side on

the tibial shaft structure;

a perspective view of the distal surface with a view from the posterior side

on the tibial shaft structure;

a view in proximal direction on the distal surface;

a perspective view from the posterior side of the proximal surface of the tibial

tray with a first embodiment of central fixation elements;

a perspective view from the anterior side of the proximal surface of the tibial

tray with the first embodiment of central fixation elements;

a perspective view from the posterior side of the proximal surface of the tibial

tray with a second embodiment of central fixation elements;

a cross-sectional view through an embodiment of the tibial tray in the anterior

direction;
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Fig. 18B

Fig. 19

Fig. 20A

Fig. 20B

Fig. 21A

Fig. 21B

Fig. 22

Fig. 23

10

showing a cross-sectional view through an embodiment of the tibial tray in
the posterior direction;

showing a schematic representation of line elements to generate a smooth

outer rim for wall elements;

showing a perspective view of the anterior side of an embodiment of a tibial

tray with a cement holding structure;

showing a perspective view of the posterior side of the embodiment shown

in Fig. 20A with a cement holding structure;

showing a perspective view of the anterior side of an embodiment with an

illustration of the geometry at wall elements of tibial tray shaft structure;

showing a perspective view of the posterior side of the embodiment shown
in Fig. 21A;

showing a perspective view onto the proximal surface of a further
embodiment of tibial tray with guiding surfaces on the anterior fixation

element;

showing a detail of the connection between the posterior fixation elements

in one embodiment.

In Fig. 1, an artificial ceramic knee joint 100 is shown in a perspective view from a posterior

position. In Fig. 1, a femoral part 40, a tibial insert 30 and a tibial tray 20 of the metal-free

artificial knee joint are shown. Alternative embodiments are not metal-free.

Here the complete artificial art knee joint 100 is metal-free, e.g. a combination of ceramic

and polymeric materials. The tibial tray 20 can, e.g., be made from ceramic and the tibial

insert 30 can be made from a polymeric material.

At the proximal position of the artificial knee joint, a femoral part 40 is shown with two

condyles fitting into matching grooves in the proximal surface of a tibial insert 30 at the

distal end of the femoral part 40.
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The tibial insert 30 is connected with a tibial tray 20, the distal surface D of the tibial insert
30 facing the proximal surface P of the tibial tray 20.

In connection with Fig. 2 to 8, embodiments of a tibial tray 20 are described. In Fig. 9 to 14,
embodiments of a tibial tray 10 and a tibial insert 30 are described which can be used in

connection within the embodiments of the tibial tray 20 described herein.

In Fig. 2, a perspective view of the distal side of an embodiment of a tibial tray 20 is shown.
The shape of the distal surface D is roughly shaped as the proximal side of the tibial tray
20 (see e.g. Fig 9 to 15). A tibial tray shaft structure 21 is located in the center of the distal
surface D, i.e. in the middle of the lateral width between points L1 and L2. In the
embodiment shown, the tibial shaft structure 21 is essentially Y-shaped (i.e. is referring to
a cross-section in a plane parallel to the distal surface D) with an axis A in the center. The
tibial tray structure 21 comprises three shaft wall elements 22, 23, 24 that are placed
around the axis A with angles of 120° between them. One shaft wall element 22 of the Y is
oriented to the anterior side of the tibial tray 20, the two other shaft wall elements 23, 24

are oriented to the posterior side of the tibial tray 20.

The tibial tray structure 21 extends away from the distal surface D into a distal direction DD

(as indicated e.g. in Fig. 5) that in Fig. 2 is essentially pointing out of the plane of the figure.

At the rim of the distal surface D an elevated rim R is located, extending away from the
distal surface D. The width in the plane parallel to the distal surface D is between 1 to 4

mm.

The three shaft wall elements 22, 23, 24 of the tibial tray shaft structure 21 each comprise
an outer rim 26. The outer rims 26 are thin faces of the shaft wall elements 22, 23, 24. The
thickness T of the shaft wall elements 22, 23, 24 measured at the endpoints (i.e. the points

farthest away from the axis A on the distal surface D) is between 2 and 5 mm.

The outer rims 26 converge from their broad base at the distal surface D towards the axis
A in the distal direction. The convergence is strictly monotonous, i.e. there is no section of
the outer rims 26 being parallel to the distal surface D. In the embodiment shown in Fig. 2,
the slope of the outer rims 26 is increasing from the base, i.e. the distal surface D, towards

the axis. The change of the slope is smooth, without kinks.
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In the space subtended between the shaft wall elements 22, 23, 24, the outer rims 26 are
connected by a smooth surface S, here an inward (i.e. towards the axis A) curved surface.
The surface 13 itself has no kinks or edges to enable a good insertion into the tibia. The
transition from the smooth surface 13 to the outer rim 26 is also smooth, i.e. without kinks
or edges. In the embodiment shown, the radius R2 of this transition is between 1 and 4

mm, in particular depending on the size of the tibial tray structure 21.

The transition from the distal surface D into the shaft wall elements 22, 23, 24 and / or the

smooth wall 13 is rounded with the radius R1 being in the range of 1 to 4 mm.

As will also be shown in the context of Fig. 5 in more detail, the cross-sectional area of the
tibial shaft structure 21 in a plane C parallel to the distal surface D is greatest at the base
at the distal surface D. The cross-sectional area is getting smaller (in particular strictly

monotonous smaller) as the tibial shaft structure 21 extends into the distal direction DD.

The base plate with the distal surface D has a thickness in the range of 2 mm to 6 mm, in

particular 4,5 mm.

In Fig. 3, an embodiment of a tibial tray 20 is shown, which comprises four shaft wall
elements 22, 23, 24, 25 in an X-shaped pattern. Two of the shaft wall elements 24, 25 are
oriented towards the anterior side of the tibial tray 20, two of the shaft wall elements 22, 23

are oriented towards the posterior side.

Other than that, the geometry of the outer rims 26, the smooth surface 13 in the angled
space between the shaft wall elements 22, 23, 24, 25 and in particular the convergence of
the outer rims 26 in the distal direction D towards the axis A are analog to the embodiment

shown in connection with Fig. 2, so that reference to the description can be made.

The embodiment shown in Fig. 4 in a perspective view is a further variation of the
embodiment shown in Fig. 2 and 3. Hence, the above given description is applicable as

well.

Here, the tibial tray structure 21 has a T-shaped cross-section in a plane parallel to the
distal surface D. The shaft wall elements 22, 24 forming the bar of the T are positioned
essentially parallel to anterior side, one shaft wall element 25 forming the stem of the T is

directed perpendicularly to the posterior side of the tibial tray 20.



10

15

20

25

30

35

WO 2024/251964 PCT/EP2024/065766
13

Again, the three shaft wall elements 22, 23, 24 of the tibial tray structure 21 have cross-
sectional areas, which converge strictly monotonously towards in the distal direction DD
towards the axis A. The outer rims 22, 23, 24 have slopes (measured against the distal
plane) which are always greater than 0°, i.e. the outer rims have no plateaus. But the outer

rims 26 have three inflection points 27 in which there is a change in curvature.

Any change of a tangent angle over a 10% height distance of the tibial tray structure that
means that there are no sharp bends in the outer rim 26. The changes in the slope are less
in the first third of the height of the tibial tray structure 21 measured from the distal surface.

A further definition of the outer rim 26 is described in connection with Fig. 19.

Fig. 5 shows the embodiment of Fig. 4 in a rear view. Here, a sectional plane C parallel to
the distal surface D is shown. The sectional plane C separates the lower third of the tibial
tray structure 21 from the upper two thirds. For a good mechanical load distribution, at least
50% of the volume of the shaft wall elements 22, 23, 24 are between this sectional plane
C and the distal surface D, i.e. in the third closest to the distal surface D. This is also the

case for the other embodiments shown in Fig. 2 and 3.

Fig. 6 shows the same embodiment as the one shown in Fig. 4 and 5, i.e. a tibial tray
structure 21 with a T-structure. In this view, the shape of the outer rim 26 and the rounded
transitions from the distal surface into the tibial stray structure 21 which can be seen clearly

in the figure.

In Fig. 6A, some geometry of the perimeter of the tibial tray 20 is described. The anterior
radius Rant is between 30 mm and 60 mm. The lateral radius Rlat is between 15 mm and

30 mm and the posterior radius Rpost is between 10 mm and 20 mm, in particular 16 mm.

Fig. 7 basically shows the embodiment of Fig. 4 to 6 in a side view, so that the above
description is applicable. In addition to the embodiments described, this embodiment
comprises one or more anterior and / or posterior cement holding structures, here recess
structures 28 in the tibial tray structure 21. When implanting the tibial tray 20 into the tibia
bone cement can enter the kind of undercut for better fixation. The recess structure 28 is
shaped like a groove essentially parallel to the distal surface in this embodiment. Other
shapes are possible in principle. One aspect here is that cement holding structure 28
should be oriented in a way that the bone cement is not easily removed when implanting
the tibial tray 20.
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In Fig. 8, a variant of the embodiment shown in Fig. 4 to 7 is depicted, i.e. a T-structure as
a tibial tray structure 21. The distal surface D comprises a recess 14. Furthermore, it is
indicated that transition point from the outer rim 26 of the tibial shaft structure 21 in the
distal surface D is located at least 5 mm (D1) from the lateral sides and / or the posterior
side of the distal surface D. The middle plane of the shaft wall elements 22, 23 are extended
to the lateral sides / and or the posterior side of the distal surface D, defining the distances

D1. This allows a good placement of the tibial tray structure 21 in the bone.

In the following, embodiments of the tibial tray 20 and the tibial insert 30 are described, in
particular features of the proximal surface P of the tibial tray 20 and the matching distal
surface D of the tibial insert 30.

Fig. 9, 9A show a perspective view onto the proximal surface P of the tibial tray 20. In Fig.
9A the tibial tray is shown for reducing complexity without the reference numbers but with
reference planes M, N which are used in the following to define the locations of features on
the tibial tray 20.

Referring to Fig. 9A, a medial plane M is perpendicular to the planar proximal surface P
and intersecting the proximal surface P in the middle between to most lateral points L1, L2

of the proximal surface P. A frontal plane N is perpendicular to the medial plane M.

In one embodiment of the tibial tray 20, the dimensions are grouped in different sizes. There
are eight different sizes for the distance between the points L1 and L2. This is used to allow
for artificial knee joints 100 for differently sized patients. The smallest distance between L1
and L2 is 60 mm. The other seven sizes have distances of 64 mm, 68 mm, 72 mm, 76 mm,
80 mm, 84 mm and 88 mm (i.e. using an increment of 4 mm). Other embodiments can use
different absolute sizes and / or different increments, the increments do not have to be

identical.

In the extent of the proximal surface P in the direction perpendicular to the distance
between L1 and L2, the corresponding sizes are 38,7 mm, 41,3 mm, 43,9 mm, 46,5 mm,
49,0 mm, 51,6 mm, 54,2 mm and 56,8 mm. Other embodiments can use different absolute

sizes and / or different increments, again, the increments do not have to be identical.

The proximal surface P of the tibial tray 20 is structured so that a corresponding tibial insert
30 (see e.g., Fig. 1, 13) can be securely fastened to the tibial tray 20 (see Fig. 12A, 12B).

The planar proximal surface P itself is polished with a mean roughness of Ra=1 uym, in
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particular Ra=0,1 ym and an evenness of 0,1. In other embodiments, the mean roughness
is at less than 5 um, in particular at less than 2 um.

In the following, different aspects of the structures 1, 2, 3 on the planar proximal surface P
are described. The structures provide a symmetric, flat plateau with island-like fixation
elements 1, 2, 3 for the tibial insert 30 connection using a press-fit or interference-fit (see
Fig. 11).

In the embodiment shown in Fig. 9, the proximal surface P comprises two central fixation
elements 1. As will be described below, those two central fixation elements enable a secure
connection with the tibial insert (see Fig. 10B) as a further part of the artificial knee joint
100.

In the embodiment shown, the two central fixation elements 1 are linear protrusions,
protruding away from the proximal surface P in the proximal direction, so that they can
match corresponding notches (or grooves) 34 in the tibial insert 30 (see Fig. 10B). In other
embodiments, the central fixation elements 1 could have a cylindrical shape. Other shapes

and different positions of the central fixation elements 1 will be shown below.

The two central fixation elements 1 are positioned symmetrically and parallel to the medial

plane M.

In an embodiment shown in Fig. 9B, the two central fixation elements 1 are still symmetric
to the medial plane M, but not quite parallel as they are angled by less than 5° relative to
the median plane M, so that the two linear fixation elements 1 show some convergence

towards the anterior side.

In other embodiments, it is also possible that the two central fixation elements 1 are

asymmetric to the median plane M but parallel to each other.

As it is shown in Fig. 14, in a different embodiment, more than two central fixation elements
1 can be used. Otherwise, the embodiment of Fig. 14 is comparable to the one described

in connection with Fig. 9.

In the embodiment shown in Fig. 9, the two central fixation elements 1 are symmetrically

positioned relative to the frontal plane N perpendicular to the medial plane M. In this
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embodiment, but not necessarily, the frontal plane N is going through the most lateral points
L1, L2 of the proximal surface P.

The two central fixation elements 1 have the form of a parallelepiped, the anterior and the

posterior ends of the central fixation elements 1 are rounded.

The two central fixation elements 1 have a height H extending in the embodiment shown
3,8 mm from the proximal surface P of the tibial tray 20. In other artificial knee joints 100,
the height H can be up to 6 mm. In the embodiment shown, the height H of the central
fixation elements 1 is constant. In other embodiments, the height H can vary relative to the
proximal surface P. In other embodiments, the height H of the at least two central fixation

elements 1 over the proximal surface varies by maximal 10% from the minimal height.

In the embodiment shown in Fig. 9, the distance between the two central fixation elements
1is 10,5 mm as measured between the interior walls and 15,5 mm as measured between
the exterior walls. As the two central fixation elements 1 are parallel to each other, the width
of each of the central fixation elements is 2,5 mm. The distance between the central fixation
elements is chosen here to be as large as possible to provide a large torque and to prevent
a shearing off of polyethylene material from the tibial insert 30. If the distance between the
two central fixation elements 1 is always the same, tibial inserts 30 of different sizes can

be used in assembling the artificial knee joint 100.

The orientation of the central fixation element 1 on the proximal surface P enables a linear
guiding of the tibial insert 30 during the assembly (see Fig. 12A, 12B), so that the central
fixation elements 1 could also be termed as central guide rails. Furthermore, the central
fixation elements 1 allow for an increased stability against shear forces in the artificial knee

joint.

The proximal surface P also comprises an anterior fixation element 2 that is located at the
anterior rim of the proximal surface P. The posterior side of the anterior fixation element 2
comprises a posterior wall 4 that is positioned perpendicular to the medial plane M of the
proximal surface P. Therefore, the posterior wall 4 is also essentially perpendicular to the
two linear central fixation elements 1. The anterior fixation element 2 in this embodiment
has the same height H as the central fixation element 1. In other embodiments the heights

of the anterior fixation element 2 and the central fixation elements 1 can be different.
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The anterior fixation element 2 comprises two cavities 5, each in the form of a channel (i.e.
the channel being open at both ends) with an essentially rectangular cross-section. As will
be shown in connection with Fig. 12A, 12B, those cavities are form-fitting elements 5
cooperating with matching form-fitting elements 31 on the tibial insert 30. The form-fitting
elements 5 in the anterior fixation element are positioned symmetrically relative to the

medial plane M.

In other embodiments, the anterior fixation element 2 comprises only one or more than two
form-fitting elements 5. The cross-section of the cavities of the form-fitting elements 5 does

not have to be rectangular, as e.g. round or polygonal cross-sections can also be used.

In the embodiment of Fig. 9, the anterior fixation element 2 is one continuous element at
the anterior rim of the tibial tray 20. In other embodiments, the anterior fixation element 2
can be divided into more than one part, e.g. two elements, each of them comprising a form-

fitting element 5.

The two form-fitting elements 5 in the anterior fixation element 2 are positioned in a region
in which the mechanical load transfer is at less than 50% from the maximum load transfer.
This is due to the fact that the channel-like form-fitting elements 5 somewhat weaken the

structure of the anterior fixation element 1.

A further structure on the proximal surface P is a posterior fixation element 3, which is
positioned at the posterior rim of the proximal surface P. The posterior fixation element 3
is positioned symmetrically relative to the medial plane M and comprises a posterior wall 7
flush with the posterior rim 8 of the tibial tray 20. The posterior wall 7 is following the curved
shape of the posterior rim 8 of the tibial tray 20. The cross-section of the anterior fixation
element 3 in a plane parallel to the proximal surface P is symmetric to the medial plane M.
The posterior fixation element 3 in this embodiment has the same height H as the central
fixation element 1. In other embodiments the heights of the posterior fixation element 3 and

the central fixation elements 1 can be different.

The embodiment shown in Fig. 9 also comprises an anterior wall 9 of the posterior fixation
element 3 and a posterior wall 4 of the anterior fixation element 2. The respective rims of
those walls 4, 9 at the proximal surfaces of the posterior element 3 and the anterior fixation
element 2 are parallel to each other. If the walls, 4, 9 would have no undercut (i.e. the walls

4, 9 are not tilted), the walls 4, 9 themselves would be parallel. Therefore, the two central
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fixation elements 1 are oriented perpendicular to both the posterior wall 4 of the anterior
fixation element 2 and the anterior wall 9 of the posterior fixation element 3.

The posterior fixation element 3 also comprises two sidewalls 10 that are angled relative
to the anterior wall 9 of the posterior fixation element 3. The angle a between the two
sidewalls 10 and the anterior wall 9 in a plane parallel to the proximal plane P is in the
range between 0° and 22°, in particular in the range between 15° and 22°. Therefore, the
two sidewalls 10 are oriented convergent in the anterior direction. The overall horizontal
shape of the posterior fixation element 3 is roughly trapezoidal, with the long side of the

trapezoid being curved.

The two sidewalls 10 of the posterior fixation element 3 are tilted inwards to form an
undercut by an angle between 1 and 45°, in particular between 20 and 30° relative to a
plane which is perpendicular to the proximal plane P. Therefore, the top surface of the
posterior fixation element 3 is slightly larger than the base cross-section in the plane of the

proximal surface.

In the embodiment described herein, and best shown in Fig. 12B, the anterior wall 9 of the
posterior fixation element 3 comprises an undercut 6, the undercut 6 forming an angle B
between 1° and 45°, in particular 30° with a plane perpendicular to the proximal surface P.
In other embodiments, the undercut 6 can have — at least in parts - a curved shape. It is in
principle also possible that the posterior wall 4 of the anterior fixation element 2 comprises

an undercut 6.

In the embodiments discussed so far, the height H of the fixation elements 1, 2, 3 above

the proximal surface P was identical. That does not have to be the case in all embodiments.

The matching tibial tray 20 and tibial insert 30 are shown side by side in Fig. 10A, 10B. The
embodiment of the tibial tray 20 in Fig. 10A is already described in Fig. 9, so reference can
be made to the respective description. The distal surface D of the tibial insert 30 is shown
in Fig. 10B. The comparison of the two parts 20, 30 shows that the tibial insert 30 can be
connected with the tibial tray 20 so that the first fixation elements 1 fit into matching notches
34 in the tibial insert 30.

The tibial insert 30 comprises a recess 32 (see Fig. 10B) in the distal surface D for the
matching posterior fixation element 3 of the tibial tray 20. The recess 32 is open towards

the posterior side so that it only has an anterior wall 35 and two sidewalls 36.
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The sidewalls 36 of the recess 32 are angled to match the angled sidewalls 10 of the
posterior fixation element 3. In the corners where the anterior wall 35 and the two sidewalls
36 of the recess 32 meet, stress relief notches 33 are located at the junction of the two
walls 35, 36.

At the anterior side of the tibial tray insert 30, two form-fitting elements 31 are positioned
which can be inserted into the two cavities of the form-fitting elements 5 in the anterior

fixation element 2 (see Fig. 9).

The notches 34 and the recess 32 of the tibial tray 30 also form some form-fitting
connection with the matching structures, i.e. the central fixation elements 1 and the
posterior fixation element 3 of the tibial tray 20. But the main function of the structures 32,
34 is an assistance during the assembly which will be described below in connection with
Fig. 12A, 12B.

The connection between the tibial tray 20 and the tibial insert 30 is primarily effected by a
press-fit connection between the tibial insert 30 and the at least two central fixation
elements 1, the at least one anterior fixation element 2 and the at least one posterior fixation
element 3, in particular having a press-fit in the range of 0 to 450 um, more in particular in
the range of 0 to 250 um in the anterior-posterior direction. In Fig. 11, the surfaces 37 for
the press-fit at the posterior wall 4 of the anterior fixation element 2, at the inside of the
central fixation elements 1 and the anterior wall 9 of the posterior fixation element 9 are
highlighted. It is possible that all press-fit connections are dimensioned identically, but that
does not have to be the case for all embodiments. For example, the press-fit between the
posterior wall 4 of the anterior fixation element 2 and the anterior wall 9 of the posterior
fixation element 3 is in the range of 50 to 150 ym and / or the press-fit between the central
fixation elements 1 is in the range of 50 and 100 um. The lateral surfaces of the recess 32

provide an interference-fit.

In Fig. 12A and 12B, the assembly of embodiments of a tibial insert 30 and a tibial tray is

shown in different views.

Fig. 12A shows a perspective view from the front with the tibial insert 30 partially connected
with the tibial tray 20 underneath. Fig. 12B shows essentially the same relative position of
the tibial tray 20 and the tibial insert 30 but in a sectional view, with the anterior fixation

element 2 on the right-hand side.
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The tibial insert 30 is first connected with the posterior fixation element 3 (see Fig. 9, 10A,
10B) which is used as some kind of fulcrum in the snapping into place. In the view of Fig.
12B, the undercut 6 in the anterior wall 9 with an angle of about 15° is shown which allows
a secure positioning of the tibial insert 30. At the anterior side (see Fig. 12A), the two form-
fitting elements 31 are shown which snap into the cavities of the form-fitting element 5 (not

seen in Fig. 12A).

In Fig. 13A, a first embodiment of a tibial insert 30 is shown in a frontal view. In this
embodiment, the shape of the distal surface D is not fitted to the footprint, i.e. the outer rim
of the tibial insert 30 is essentially a slightly inclined wall. The inclination can be between 0

and 10°. In case of an inclination of 0° the wall is straight.

In Fig. 13B, a second embodiment of a tibial insert 30 is also shown in a frontal view. Here,
the shape of the distal surface D is fitted to the footprint, i.e. the outer wall is lightly tilted

outwards.

Even though, the above-described ceramic knee joint 100 with a metal-free, in particular
ceramic, tibial tray 20 is a preferred embodiment, it is possible that the tibial tray 20 or the
complete knee joint 100 are made from metal or from polymer material or that they

comprise these materials.

Fig. 15A, 16B and Fig. 15C show the distal surface D of the tibial tray 20. Fig. 15A shows
a view from the anterior side, Fig. 15B shows a view from the posterior side. Fig. 15C shows

a top view of the distal surface D.

The tibial tray structure 21 is essentially an X-shaped structure, in which the angle vy,
between the first and second shaft wall elements 22, 23 differs from angle y. between the
third and fourth shaft wall elements 24, 25. The angle y1 between the first and second shaft
wall elements 22, 23 facing the posterior side is smaller than the angle y. between the third
and fourth haft wall elements 24, 25. In the embodiment shown, the angle y1 between the
first and second shaft wall elements 22, 23 is less than 90°, i.e. 80° (see Fig. 15B); the
angle y2 between the third and fourth shaft wall elements 22, 23 is larger than 90°, i.e. 120°.

In one embodiment the angles y1, y2 are 110° and 70° respectively.
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In other embodiments, as e.g. shown in Fig. 9, the central fixation elements 1 had a shape
with two symmetry axes, one along the long axis and on axis perpendicular to this axis. In
Fig 16A, 16B an embodiment of a tibial tray 20 is shown which deviates from this pattern.

In Fig. 16A, 16B an embodiment is shown in which the central fixation elements 1 have a
wider lateral cross-section towards the anterior side than towards the posterior side. Hence,
the long sidewalls of each of the central fixation elements 1 are converging towards the
anterior side. The inner sidewalls of the central fixation elements 1 are not parallel and are
diverging towards the posterior of the tibial tray 20, whereas the outer sidewalls are

essentially parallel.

In Fig. 17, a variant embodiment of the tibial tray 20 is shown, as the central fixation
elements 1 are shaped differently. Here, the outer sidewalls of the central fixation elements
1 are parallel to each other and there are two symmetry axes, as in the embodiment shown
in Fig. 9. In the embodiment of Fig. 17, the inner sidewalls are not linear over the complete
lengths. Towards the anterior and posterior side, the sidewalls are converging, towards the

middle there are diverging.

The anterior fixation element 2 of the embodiments shown in Fig. 16A, 16B and 17 are
shaped as the embodiment shown in Fig. 9. But the posterior fixation elements 3 of the

embodiments shown in Fig. 16A, 16B and 17 are shaped differently.

The sidewalls of the posterior element 3 are tilted by an angle between 0 and 45°, in
particular between 0 and 30° relative to a plane that is perpendicular to the proximal plane
P. In addition or alternatively, the sidewalls and the anterior wall of the of the at least one

posterior element 3 comprise an undercut.

In Fig. 18A, 18B, cross-sections in a frontal plane N (see e.g. Fig. 9A) are shown for one
embodiment. Fig. 18A shows a view in the anterior direction, i.e. the anterior fixation
element 2 can be seen behind the central fixation elements 1, which are shown in cross-
section. Fig. 18B shows a view onto the same frontal plane N but into the posterior

direction.

The cross-sections of the central fixation elements 1 show that they comprise central
fixation element recesses 12 (undercuts) at the transition to the proximal surface P and
along the inner sidewalls. The central fixation element recesses 12 here grooves with a

constant radius. In a different embodiment not shown here, the central fixation element
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recesses 12 can be also on the outer sidewalls of the central fixation elements 1 or only in
the outer sidewalls.

Fig. 18A, 18B also show cement holding structures 28 which will be described in more
detail in connection with Fig. 20A and 20B.

Fig. 19 shows a schematic representation of a view into the anterior direction with the tibial
tray structure 21 (here a T-structure) pointing upwards in the distal direction. This
representation is not shown as a particular embodiment of a tibial tray 20 but it is intended
to indicate how the shape of the outer rim 26 of the sidewalls (e.g. as in Fig. 4 and 5) can
be generated. In this exemplary embodiment the outer rim 26 follows a strictly monotonous
curve with inflection points. A possible generation of this curve is described below by a
using a number of line segments M1, M2, M3, M4, M5 which are connecting the distal plane
D with the distal tip of the tibial tray shaft structure 21.

The first line segment M1 is connecting the distal plane D with a first point P1 in the distal
plane D. The first point P1 is laterally positioned at about 68% of the distance from the
medial plane M (see Fig. 9A) and the and the outermost point of the lateral rim. The
inclination of the first line segment M1 is about 20° as measured from the distal plane D. In
alternative embodiments, the first point P1 is laterally positioned within a range of 55 to
75% of the distance from the medial plane M to the outermost point of the lateral rim. In an
alternative embodiment, the inclination of the first line segment M1 can also be in the range
between 15° to 30° as measured from the distal plane D. The embodiments can be

combined.

The second line segment M2 is connecting the first point P1 with a second point P2 above
the distal plane D. The second point P2 is vertically positioned at about 15% of the distance
from the distal plane D to the parallel plane with the distal-most point of the tibial tray shaft
structure 21. The inclination of the second line segment M2 is about 40° as measured from
the distal plane D. In alternative embodiments, the second point P2 is vertically positioned
within a range of 10 to 20% of the distance from the distal plane D to the parallel plane with
the distal-most point of the tibial tray shaft structure 21. In an alternative embodiment, the
inclination of the second line segment M2 can also be in the range between 30° to 50° as

measured from the distal plane D. The embodiments can be combined.

The third line segment M3 is connecting the second point P2 with a third point P3 above

the distal plane D. The third point P3 is vertically positioned at about 33% of the distance
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from the distal plane D to the parallel plane with the distal-most point of the tibial tray shaft
structure 21. The inclination of the third line segment M3 is about 60° as measured from
the distal plane D. In alternative embodiments, the third point P3 is vertically positioned
within a range of 25 to 40% of the distance from the distal plane D to the parallel plane with
the distal-most point of the tibial tray shaft structure 21. In an alternative embodiment, the
inclination of the third line segment M3 can also be in the range between 45° to 70° as

measured from the distal plane D. The embodiments can be combined.

The fourth line segment M4 is connecting the third point P3 with a fourth point P4 above
the distal plane D. The fourth point P4 is vertically positioned at about 50% of the distance
from distal plane D to the parallel plane with the distal-most point of the tibial tray shaft
structure 21. The inclination of the fourth line segment M4 is about 50° as measured from
the distal plane D. In alternative embodiments, the fourth point P4 is vertically positioned
within a range of 40 to 60% of the distance from the distal plane D to the parallel plane with
the distal-most point of the tibial tray shaft structure 21. In an alternative embodiment, the
inclination of the fourth line segment M4 can also be in the range between 40° to 60° as

measured from the distal plane D. The embodiments can be combined.

The fifth line segment M5 is connecting the fourth point P4 with a point at the central
structure of the tibial tray shaft 21. The inclination of the fifth line segment M5 is about 75°
as measured from the distal plane D. In other embodiments, the inclination of the fifth line
segment M5 is in the range between 50 to 80° as measured from the distal plane D. The

embodiments can be combined.

The line segments M1, M2, M3, M4, M5 have varying inclinations, so that in roughly the
middle, the inclination of the fourth line segment M4 is steeper than that of the third line

segment M3.

The points defining the line segments can be fitted with smooth curve, such as a polynom
or a spline curve to generate the smooth outline of the outer rim 26 of one of the tibial tray
shaft structures 21, i.e. the two lateral shaft all elements in the T-structure are shown in
Fig. 19.

Fig. 20A and 20B show an embodiment of a tibial tray 20 in perspective views. Essentially,
the embodiment has the features as described above, but the tibial shaft structure 21 —

here a T-structure — comprises relatively close to the distal surface D cement holding
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structures 23. The anterior side — best seen in Fig. 20A — comprises a groove as cement
holding structure 28 across the two wall elements. The posterior side — best seen in Fig.
20B - comprises two grooves as cement holding structure 28 each extending over two wall

elements, i.e. traversing the rounded corner between the wall elements.

The cement holding structures 28 are designed here as rounded grooves which are easy
to manufacture. In other embodiments, they can also comprise or consist of other shapes,

e.g. grooves with sharp corners or holes with round or polygonal cross-sections.

In Fig. 21A, 21B, an embodiment of a tibial tray 20 is shown which is a variant of the above-
described embodiments, such as the ones shown in Fig. 20A, 20B, but here without the
cement holding structure 23. The tibial tray shaft structure 21 comprises a vertical cylinder-
shaped base shaft structure 29 extending around the axis A of the tibial tray shaft structure
21. The diameter of this base shaft structure 29 is between 5 to 8 mm, in particular
depending on the size of the tibial tray 20. The diameter can vary in discrete steps, such
as 5 mm, 6 mm, 7mm, and 8 mm. The cross-section of the base shaft structure 29 does

not have to be circular. Other shapes, as e.g. elliptical or polygonal, are also possible.

As discussed above, three wall elements 22, 23, 24 (Y-structure, T-structure) or four wall
elements 22, 23, 24, 25 (X-structure) extend radially away from that base shaft structure
29. The angles between the wall elements 22, 23, 24, 25 are e.g. described in connection
with Fig. 15A, 156B, 156C. The angular spaces between the wall elements 22, 23, 24, 25 are
smoothly filled with curved surfaces 13, e.g. connecting adjacent wall elements 22, 23, 24,
25. Fig. 21B shows the posterior view of a tibial tray 20 (T-structure). The radius of the
curved surface 13 close to the base shaft structure 29 is between 1 and 9 mm, in particular
between 3 and 5 mm. Similar curved surfaces with the same radii would be used between

wall elements in X-structures or Y-structures.

Fig. 21A shows the anterior view of the T-structure shown in Fig. 21B. Here, the cylindrical
base shaft structure 29 extends into the anterior direction beyond the two frontal wall
elements 22, 23. The curved surface 23 at the frontal side here is between 10 mm and 30

mm, in particular 20 mm.

Those curved surfaces 13 prevent sharp corners which improves inter alia the insertabilty

of the tibial tray.
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In Fig. 22, the proximal surface P of a tibial tray 20 is shown which comprises a variation
in the design of the anterior fixation element 2 over the embodiments described above. The
central fixation elements 1 and the posterior fixation element 3 have been described in one
way or the other e.g. in Fig. 9 or 16A, so that reference can be made to the above

description.

The anterior fixation element 2 comprises two form-fitting elements 5 for receiving a
corresponding part of the tibial insert 30 (not shown here, see Fig. 12A, 12B e.g. for the
snap-in process of the tibial tray). The form-fitting elements 5 are essentially holes with a

rectangular cross-section.

As the tibial insert 30 is inserted from the top using its rear part and the posterior fixation
device 3 as fulcrum, the form-fitting elements 31 for the anterior fixation have a shape which

corresponds to the form-fitting elements 5 (e.g. the rectangular holes).

To ease the snapping in of the tibial insert 30 (not shown here), guiding surfaces 11, are
provided for on the proximal surface of the anterior fixation device 5. The guiding surfaces
11 here are planes inclined by 5° to 45° against the horizontal plane, in particular inclined
by 30°. In other embodiments, not shown here. The guiding surface are curved or have a

plane part.

The form-fitting elements 31 of the tibial insert 30 protrude into the anterior direction. When
the tibial insert 30 is about to be snapped-in, the form-fitting elements 31 first rest on the
upper parts of the guiding surfaces 11. When pressure in the distal direction is applied in
the tibial insert 30, the form-fitting elements 31 are guided downwards along the guiding
surfaces 11 and eventually snap into the holes forming the form-fitting elements of the
anterior fixation element 5 for a secure fit. The guiding surfaces 11 prevent compromising

the form-fitting elements 5 during insertion and make a secure snap-in easier.

The lateral width of the guiding surface is the same or about the same as the lateral width

of the form-fitting elements 5 in the anterior fixation element 2.

In Fig. 23, a detail of the posterior fixation element 3 is shown in a top view, i.e. in the

direction of the proximal surface P.

The cross-section of the posterior fixation element 3 comprises two sidewalls 10 that are

inclined towards the medial plane M. Each of the sidewalls 10 is angled by about 20°
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against the medial plane M. In the embodiment shown, there is a deliberate angular
mismatch between the sidewalls 10 of the posterior fixation element 3 and the
corresponding sidewalls of the tibial insert 30 (not shown here).

If, for example the sidewalls of the tibial insert 30, which are intended to get into contact or
into a form-fit with the sidewalls 10 of the posterior fixation element 3, have a lightly different
inclination than the sidewalls 10, an angular mismatch is created causing a closer contact

or a force-fit at some parts along the sidewalls 10 and a looser fit in others.

In the embodiment shown in Fig. 23, the angle of the sidewalls of posterior fixation element
3 is wider (e.g. by about 1°) than the corresponding angle in the recess in the tibial insert
30. This causes a form-fit, i.e. a tighter fit in the posterior area. The press-fitting region 38
in this area is indicated in Fig. 23. Not only enables this angular mismatch an easier

assembly, but it also reduces micromovements in the posterior regions.

In other embodiments the press-fit region 38 is created by widening the posterior part of

the posterior fixation element 3.
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Reference signs
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20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38

central fixation element

anterior fixation element

posterior fixation element

posterior wall of anterior fixation element
form-fitting element of anterior fixation element
undercut in wall of posterior fixation element
posterior wall of posterior fixation element
posterior rim of tibial tray

anterior wall of posterior fixation element
sidewall of posterior fixation element

guiding surface for a tibial insert on the anterior fixation element
central fixation element recess

curved surface between shaft wall elements

recess in distal surface

tibial tray

tibial tray shaft structure

first shaft wall element of tibial tray shaft structure
second shaft wall element of tibial tray shaft structure
third shaft wall element of tibial tray shaft structure
fourth shaft wall element of tibial tray shaft structure
outer rim of shaft wall element

inflection point on outer rim of shaft wall element

cement holding structure, recess structure in shaft wall element for bone cement

base shaft structure

tibial insert

form-fitting element for anterior fixation element

recess for posterior fixation element

relief notch

notch /groove in tibial insert for linear central fixation element
anterior wall of recess

sidewall of recess

press-fit surface

press-fit region due to angular mismatch
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100

o

DD
D1

L1
L2

M1
M2
M3
M4
M5

P1
P2
P3
P4

R1

R2
Rant
Riat
Rpost

28

femoral part

artificial knee joint

axis of the tibial tray shaft structure

cross-section plane

distal surface of tibial tray

distal direction

distance

height of a fixation element

height of tibial tray structure measured from distal surface

lateral point of the proximal surface

lateral point of the proximal surface

medial plane of proximal surface of tibial tray

first line segment defining the outer rim of shaft element

second line segment defining the outer rim of shaft element

third line segment defining the outer rim of shaft element

fourth line segment defining the outer rim of shaft element

fifth line segment defining the outer rim of shaft element

frontal plane perpendicular to the medial plane

proximal surface of tibial tray

first point between line segments defining the outer rim of shaft element
second point between line segments defining the outer rim of shaft element
third point between line segments defining the outer rim of shaft element
fourth point between line segments defining the outer rim of shaft element
rim of distal surface

radius,

radius

anterior radius

laterial radius

posterior radius

smooth surface

thickness of shaft wall element

angle between sidewalls and the anterior wall of the anterior fixation element in a

plane parallel to the proximal surface
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B angle of undercut
Y1 angle between first and second wall structure of a tibial tray structure
Y2 angle between third and fourth all structure of a tibial tray structure
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Patent claims

1.Tibial tray (20) with a distal surface (D), wherein a tibial tray shaft structure (21) extends

away from the distal surface (D) in the distal direction (DD), wherein

the tibial tray structure (21) comprises at least three shaft wall elements (22, 23, 24, 25)
which are so arranged relative to each other that the cross-sections of the at least three
shaft wall elements (22, 23, 24, 25) in a plane perpendicular to the distal direction (DD) are
T-shaped, Y-shaped or X-shaped and

that the area of the cross-sections decreases strictly monotonously from the distal surface
(D) in the distal direction (DD).

2. Tibial tray (20) according to claim 1, wherein the outer rims (26) of the at least three shaft
wall elements (22, 23, 24, 25) converge strictly monotonously in the distal direction (DD)

and towards an axis (A) of the tibial tray structure (21).

3. Tibial tray (20) according to claim 1 or 2, wherein the outer rims (26) of the at least three
shaft wall elements (22, 23, 24, 25) have at least one inflection point (27), in particular three

inflection points (27).

4. Tibial tray (20) according to at least one of the preceding claims, wherein any change of
a tangent angle (y) at an outer rim (26) of the at least three shaft wall elements (22, 23, 24,
25) is less than 30° over a 10% change in the distal direction, in particular any tangent
angle (y) of the outer rim (26) of the at least three shaft wall elements (22, 23, 24, 25) within
a third of the height (L) of the tibial tray structure (21) measured from the distal surface (D).

5. Tibial tray (20) according to at least one of the preceding claims, wherein at least 50%
of the volume of the tibial tray structure (21) is located within a third of the height (L) of the

tibial tray structure (21) measured from the distal surface (D).

6. Tibial tray (20) according to at least one of the preceding claims, wherein at least one of
the shaft wall elements (22, 23, 24, 25) has wall thickness (T) between 1 and 6 mm, in
particular between 2 and 5 mm, in particular for ceramic materials between 1 and 5 mm,

measured at the point farthest way from the axis (A) and on the distal surface (D).
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7. Tibial tray (20) according to at least one of the preceding claims, wherein the radius (y)
at the transition from the outer rim (26) of at least one of the at least three shaft wall
elements (22, 23, 24, 25) to the sidewalls of the at least one of the at least three shaft wall

element is in the range of 0,5 to 4 mm.

8. Tibial tray (20) according to at least one of the preceding claims, wherein at least one of
the at least three shaft wall elements (22, 23, 24, 25) comprises at least cement holding
structure, in particular at least one recess structure (28) for retaining bone cement, in

particular on the anterior and / or posterior side.

9. Tibial tray (20) according to at least one of the preceding claims, wherein the transition
point from the outer rim (26) into the tibial shaft structure (21) in the distal surface (D) is

located at least 5 mm from the lateral sides and / or the posterior side of the distal surface

(D).

10. Tibial tray (20) according to at least one of the preceding claims, wherein the tibial tray
structure (21) comprises a surface (S) extending between at least two of the outer rims (26)
of the at least three shaft wall elements (21) or between two side walls of the at least three

shaft wall elements (21).

11. Tibial tray (20) according to at least one of the preceding claims, wherein the radius
(R1) at the transition from the distal surface (D) to at least one of the at least three shaft

wall elements (22, 23, 24, 25) and / or the smooth surface (8) is in the range of 1 to 4 mm.

12. Tibial tray (20) according to at least one of the preceding claims, wherein the axis (A)
of the tibial tray shaft structure (21) is located on the distal surface (D) at one third of the

distance between the anterior rim to the posterior rim, measured from the anterior rim.

13. Tibial tray (20) according to at least one of the preceding claims, wherein and the angle
(y1) between the shaft elements (22, 23) is between 30° to 120° on the posterior side and
the angle (y2) between the shaft wall elements (24, 25) is between 90° and 180° on the

anterior side.

14. Tibial tray (20) according to at least one of the preceding claims, wherein the tibial tray
shaft structure (21) comprises at least one cement holding structure (28), in particular a

hole, a groove and / or a recess without any undercut.
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15. Tibial tray (20) according to claim 14, wherein the at least one cement (1) holding
structure (20) is located within the vertical two thirds of the tibial tray shaft structure (21)
measured from the distal surface (D) in the distal direction (DD), in particular within the first
third.

16. Tibial tray (20) according to at least one of the preceding claims, wherein at least one
anterior fixation element (2), in particular exactly one anterior fixation element (2), is
positioned at the anterior side of the proximal surface (P), the posterior side of the at least
one anterior fixation element (2) comprising a wall (4) which in a plane parallel to the

proximal surface (P) is perpendicular to the medial plane (M) of the proximal surface (P).

17. Tibial tray (20) according to claim 16, wherein the at least one anterior fixation element
(2) comprises at least one form-fitting element (5), in particular at least one cavity in the
posterior wall (4) of the at least one anterior fixation element (2) and / or at least one
channel through the at least one anterior fixation element (2), for a corresponding form-
fitting element (31) of the tibial insert (30), the at least one form-fitting element (5) of the at
least one anterior fixation element (2) being in particular positioned in a region in which the

load transfer is at less than 70%, in particular 50%, from the maximum load transfer.

18. Tibial Tray (20) according to claim 17, wherein the at least one anterior fixation element
(2) comprises at least on guiding surface (11) for a tibial insert (30), in particular the guiding
surface (11) having a curved and / or a plane part, in a proximal direction of the at least

form-fitting element (5).

19. Tibial Tray (20) according to claim 18, wherein the at least one guiding surface (11)
comprises a plane part or is a plane which is inclined relative to the horizontal plane by an

angle in the range between 5 to 45°, in particular 30°.

20. Tibial tray (20) according to at least one of the preceding claims, with a proximal surface
(P), the proximal surface (P) comprising at least two, in particular exactly two central fixation
elements (1) for enabling a connection with the tibial insert (30) as a further part of an
artificial knee joint, wherein the at least two central fixation elements (1) are protrusions
from the proximal surface (P) in the proximal direction and the at least two central fixation
elements (1) are positioned symmetrically and / or parallel to a medial plane (M) of the
proximal surface (P), the medial plane (M) being perpendicular to the proximal surface (P)
and intersecting the proximal surface (P) in the middle between two most lateral points (L1,

L2) of the proximal surface (P).
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21. Tibial tray (20) according to at least one of the preceding claims, wherein the at least

two central fixation elements (1) comprise a central fixation element recess (12).

22. Tibial tray (20) according to at least one of the preceding claims, wherein at least one,
in particular exactly one posterior fixation element (3) is positioned symmetrically to the
medial plane (M) of the proximal surface (P) comprising a posterior wall (7) flush with the
posterior rim (8) of the tibial tray (20) and / or comprising an anterior wall (9) which is
essentially positioned parallel to the posterior wall (4) of the at least one anterior fixation

element (2).

23. Tibial tray (20) according to claim 22, wherein the sidewalls (10) and / or the anterior
wall (9) of the at least one posterior element (3) are tilted by an angle between 0° and 45°,
in particular between 0 and 30°, more particular by an angle of 10°, relative to a plane which
is perpendicular to the proximal plane (P) and / or the sidewalls (10) and the anterior wall

(9) of the at least one posterior element (3) comprises at an undercut.

24, Tibial tray (20) according to at least one of the preceding claims, wherein the at least
two central fixation elements (1) are oriented symmetrically and / or parallel to the medial
plane (M) or the at least two fixation elements (1) are oriented asymmetrically relative to

the medial plane (M).

25. Tibial tray (20) according to at least one of the preceding claims, wherein it is

manufactured completely or in part from ceramic, a polymer material or a metal.

26. Artificial knee joint (100) comprising a tibial tray (20) according to at least one of the
claims 1 to 23 and a tibial insert (30).

27. Artificial knee joint (100) according to claim 25, wherein there is at least one press-
fitting (38) region between the posterior fixation element (3) and the tibial insert (20), in

particular created by an angular mismatch between two walls.
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