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Abstract

A prosthesis system consisting of an endoprosthesis
with a shank which is to be introduced into the medullary ca-
nal of a bone, and of a rasp (20) which is similar in shape
to the shank and is used to prepare a cavity for receiving
the shank. Along much of its length, the rasp has an untoo-
thed profile part (25) which, instead of excavating the spon-
gy bone substance, compacts the latter and thus ensures a
secure fit of the prosthesis. In the area corresponding to
the untoothed area of the rasp (20), the prosthesis shank
preferably has a rib which cuts like a wedge into the com-

pacted spongy substance.
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Prosthesis system

Endoprostheses are generally connected to
the ends of long bones by anchoring a shank of the
prosthesis in the cavity of the iong bone. If this is to
be done without using cement, then, in order to achieve
sufficient anchoring stability, there must be
substantial correspondence in shape between the
prosthesis shank and the bone cavity intended to receive
it. For this purpose, a rasp is used whose configuration
corresponds with that of the prosthesis shank. After the
epiphysis of the bone has been opened, and, if
appropriate, after drilling through the epiphyseal
spongy substance into the medullary canal of the
diaphysis, the rasp is pushed into the bone to the
position which the prosthesis shank is intended
subsequently to assume. In doing so, the spongy bone is
loosened by the rasp action of the instrument and for
the most part removed from the bone.

US 4,671,275 discloses a rasp which has an
approximately rectangular cross section and is toothed
only at the corners. Between these there are smooth,
concave surfaces which do not exert any cutting or
tearing action, but merely displace the bone material
with which they make contact. This avoids the need to
pack bone material around the prosthesis shank.
Preferably, the invention makes available a prosthesis
system which consists of prosthesis and rasp and which

permits an especially secure fit of the prosthesis

S:40395
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shank in the bone. This is achieved by the features of claim
1 and preferably those of the aependent claims.

The invention is based on the observation that the
increased strength of that area of the bone cavity generated
by the untoothed profile part of the rasp improves the secu-
rity of the prosthesis fit all the more the closer this area
cooperates with the surface of the prosthesis shank. Accor-
ding to the invention, the shank therefore has at least one
longitudinal rib arranged in that part of the prosthesis
shank corresponding to the untoothed profile part of the
rasp. Although it is advantageous for this rib to extend .
along the entire length of the shank, this is not absolutely
essential, as long as a large part of the shank length is in-
volved, preferably greater than one third, particularly pre-
ferably greater than two thirds, of the shank length.

The invention recognizes that a particularly secure
prosthesis fit is obtained if the abovementioned longitudinal
rib of the shank is absent in the profile of the rasp, at
least over much of the length of the latter. In this case,
the bone cavity created by the rasp in order to receive the
shank has no groove at the location where the rib of the
shank is situated. Instead, this groove is created only by
the shank rib itself. As the shank is being introduced, it
cuts like a wedge into the bone material. In this way, a bed
is created in the bone cavity for receiving the prosthesis
éhank, in which bed the prosthesis shank, by virtue of its
cross sectional shape, compresses the spongy substance at
least in some areas and achieves optimum bone contact, pre-
ferably over greater than 70%, more preierably over greater
than 80% of the shank surface.

The effect achieved according to the invention is

further increased if the untoothed profile part of the rasp
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is dimensioned smaller than the corresponding part of the
shank, with the result that, after implantation of the
prosthesis shank, the surface of the bone cavity surrounds
the latter with prestressing.

The invention is of particular importance for an-
choring of a hip prosthesis which is to be implanted without
cement. If the shank of the hip prosthesis is curved in
approximation to Shenton’s line, the untoothed profile part
should be arranged on the ventral and/or dorsal aspect of the
rasp, preferably on both aspects, while the rasp is toothed

at least on the medial aspect. In this way, the surface of

- 'the bone cavity can be adapted very precisely to the surface

shape of the shank in the medial area.-First, this is im-
portant because the bone surface is fairly irreqular there.
Second, a relatively close approximation of the shank surface
to the hard cortical bone is desired here. Thus, the remai-
ning spongy layer, where the cortical bone has not been re-
ached directly, is already comparatively compact and gives
little play for compaction of the spongy bone substance, so
that, in areas where préssure is too great, there is a risk
of the cortical bone bursting if one were to rely solely on
displacement of the spongy substance. For this reason, the
toothing on the medial aspect of the rasp should be provided
at least in the proximal area thereof. That means a section
of about 4 to 7 cm in length on the medial aspect of the
shank, measured from the upper end of the shank. The lateral
aspect of the rasp is also expediently toothed, at least in
the proximal section thereof.

By contrast, it is expedient if the distal section
of the rasp is designed without sharp tfansverse edges on the
medial and lateral aspects. This is because it is intended to

fulfil a guide function, upon insertion of the rasp into the
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bone, by means of sliding along the inner surface of the
cortical bone, primarily in the diaphyseal area, the aim
of this being to avoid unnecessary damage to said cortical
bone.

The untoothed areas on the ventral and/or
dorsal aspects of the rasp preferably extend along the
entire length of the rasp. Both aspects can be provided
with the abovementioned longitudinal rib, which likewise
is preferably arranged running along essentially the
entire length of the shank. It is particularly
advantageous if this rib is formed by a pair of grooves
enclosing it on both sides, by which means a laxrge contact
surface is created for the intimate contact between the
prosthesis shank and the compacted bone material. If this
rib is absent in the rasp profile, only the groove cross
sections are formed thereon, their bottom surfaces being
connected essentially directly to each other. This
creates, on the ventral and dorsal aspects of the rasp,
extensive surfaces which are expediently spaced apart from
each other by a distance which increases in a wedge shape
from the direction of the distal end, in order to
gradually compact the bone material along which the rasp
slides as it is being pushed into the bone.

The concept of the invention can be summarized
by stating that a prosthesis system consisting of
prosthesis and rasp is made available which, in order to
create the cavity for receiving the prosthesis, does not
require prior excavation of bone material, but instead
leaves the bone material in situ, and with which, by means
of marked differences in shape between rasp and prosthesis
shank, the spongy bone substance is compressed, upon
insertion of the prosthesis shank, in such a way that an
exercise-stable and secure fit of the prosthesis is
achieved with high vital form closure to the bone.

In a first aspect the present invention
provides a prosthesis system, comprising:

(a) an endoprosthesis configured as a hip
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prosthesis with a shank configured to be introduced into a
medullary canal of a femoral bone and curved in
approximation to Shenton's line and
(b) a separate rasp corresponding to the shank

which is similar in shape to the shank and is configured
to be used to prepare a cavity in the bone for receiving
the shank, said rasp having, along a substantial portion
of its dorsal or medial aspect, an untoothed profile part
dimensioned smaller than the corresponding part of the
shank,

the shank having at least one longitudinal rib
formed on a part of the shank which corresponds to the
untoothed profile part of the rasp, and, in the untoothed
profile part of the rasp, there is no rib corresponding to
the rib on the shank,

wherein the toothing is limited to a proximal
section of the rasp.

In a second aspect the present invention
provides a prosthesis system, comprising:

(a) an endoprosthesis configured as a hip
prosthesis with a shank configured to be introduced into a
medullary canal of a femoral bone and curved in
approximation to Shenton's line and

(b) a separate rasp corresponding to the shank
which is similar in shape to the shank and is configured
to be used to prepare a cavity in the bone for receiving
the shank, said rasp having, along a substantial portion
of its dorsal or medial aspect, an untoothed profile part
dimensioned smaller than the corresponding part of the
shank,

the shank having at least one longitudinal rib
formed on a part of the shank which corresponds to the
untoothed profile part of the rasp, and, in the untoothed
profile part of the rasp, there is no rib corresponding to
the rib on the shank,
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wherein the dorsal and ventral aspects of the
rasp are untoothed along their entire lengths.
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The invention is explained in greater detail below
with reference to the drawing which depicts an advantageous
illustrative embodiment and in which:

Fig. 1 shows a section in the lateral/medial plane
of the proximal part of a femur;

Fig. 2 shows the sectional view according to Fig. 1
after a rasp has been introduced;

Figs 2a through 2c show cross sections through the
arrangement according to Fig. 2, in the sectional planes in-
dicated by dot-and-dash lines;

Fig. 3 shows the sectional view according to Fig.

1, after a prosthesis has been fitted, and

Figs 3a through 3c show cross sectional views
through the arrangement according to Fig. 3, in the sectional
planes indicated by dot-and-dash lines.

The proximal end of a femur is shown in Fig. 1 af-
ter the head of the joint has been resected along resection
plane 1. The bone is formed on the outside by the hard corti-
cal bone 7 which, in the drawing, lies between the outer sur-
face 2 of the bone and the inner boundary line 3. The corti-
cal bone is much thinner in the epiphyseal area 4 than in the
diaphyseal area 5. This also applies (different than the dia-
grammatic representation in the drawing) in the area of Shen-
ton’s line 6, which is shown in the drawing as a monotonous
arc line but which in reality presents irregularities. The
line 6 in the drawing therefore represents an approximation
to the cortical bone.

In the epiphyseal area 4 of the bone, the interior
of the latter is filled by spongy bone substance 8, which is
essentially absent in the medullary canél 9 of the diaphyseal
area 5. Bbth contain soft marrow. The density of the spongy

bone substance increases toward the cortical bone 7. The term
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medullary canél, as it is used in claim 1, is not limited to
the cavity of the diaphysis, but also includes for the sake
of simplicity the epiphyseal area into which the prosthesis
is to be introduced. _

In all of the drawings, the bone has been shown
with its ventral (frontal) aspect toward the observer, said
drawings representing the left femur and the.left prosthesis.-
The dorsal aspect is facing in the other direction. The medi-
al aspect is toward the left in the drawing, and the lateral
aspect toward the right.

The endoprosthesis 10 consists of a shank 11, a
neck 12 and a coupling piece 13 for connection to a joint
head. The latter can also be connected in one piece to the
neck. A neck bearing 14 can be provided lying on the resecti-
on surface 1.

The shank 11 is curved in an arc shape between a
distal direction, which is approximately that of the diaphy-
sis 5, and a proximal direction, which is similar to the di-
rection of the natural neck of the joint. The curvature is
essentially regular, so that the shank can be inserted into a
correspondingly curved canal of the same shape which has been
formed beforehand in the epiphyseal area of the bone. Slight
deviations from the circular arc shape can be tolerated,
especially in view of the fact that the thickness of the
shank decreases toward the distal end.

The shank profile has an oval contour which can be
seen in the cross sectional representations 3a through 3c. On
the anterior and posterior aspects of the shank, two grooves
15 have in each case been cut into the profile, which grooves
15 delimit a rib 16 between them. |

The grooves 15 and the rib 16 extend along the en-

tire length of the shank, the thickness of the rib 16 and the
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width of the grooves remaining approximately constant. The
distance between the groove bottoms of grooves lying opposite
each other on the dorsal and ventral aspects increases
slightly from the distal end to the proximal end of the
shank. Since the rib 16 is situated in the central area of
the shank cross section,

it protrudes considerably further

out from the profile core than do the medial 17 and lateral

18 cross sectional areas of the shank. As a result of the ta-

pering of the shank from its proximal end toward the distai
end, these medial and lateral cross sectional areas 17, 18
gradually disappear toward the distal end. The rib 16 is the-
refore configured with a large surface area both in the medi-
al direction and also in the lateral direction. In the proxi-
mal half of the prosthesis shank, the height of each rib 16
is greater in cross section than the distance of the bottom
surfaces of the grooves 15, enclosing it, from the axis of
symmetry. This preferably also applies in the distal area of
the prosthesis shank, aslis shown clearly in Figs 3b and 3c.

In the proximal half of the shank length, the con-
tour of the medial cross sectional area 17 essentially fol-
lows an arc of a circle (Fig. 3), the radius of curvature of
which is approximate to that of Shenton’s line. It will be
appreciated that several sizes of prostheses are made
available, permitting optimum shape adaptation to each size
group of bones. The medial proximal shank surface is intended
to bear on Shenton’s line of the cortical bone or the relati-
vely compact spongy bone substance which lies to the inside
of this and which delimits the bone cavity formed to receive
the prosthesis shank.

To form this cavity, the raspjzo indicated in Fig.
2 is provided, consisting of a shank 21 and of a neck 22.
other elements not shown

With the neck and, if appropriate,
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in the drawing, it can be connected to an instrument handle
to permit manipulaticn.

The shank 21 of the rasp 20 has a shape similar to
that of the prosthesis shank 11. Comparing Figures 2a and 3a,
Figures 2b and 3b, and Figures 2c and 3c, it will be apparent
that the medial and lateral sections 17, 18 of the prosthesis
profile are true imitations of the profile sections 27, 28 of
the rasp 20. However, this is expediently domne with'slightly
reduced dimensioning. The lateral-medial transverse measure-
ment of the rasp is 0.2 to 2 mm, preferably 0.5 to 1 mm,
smaller than the corresponding measurement of the prosthesis
shank.

The sections 27, 28 of the rasp profile are provi-
ded with a toothing 23 which, at least in the area of Shen-
ton’s line, ensures a sufficiently defined bearing surface of
the prosthesis shank. The toothing 23 is limited to the
proximal part of the rasp length, namely (measured on the me-
dial aspect) to preferably at least 4 cm, preferably about 5
to 6 cm. The remaining distal section of the rasp, whose to-
tal length (measured in a straight line between the center
points of the proximal and distal ends of the rasp shank) is
preferably between 10 and 12 cm, is untoothed in order not to
damage the wall of the diaphyseal medullary canal 9 any more
than is necessary. In addition, this ensures that the tip of
the rasp is guided on the wall of the diaphyseal medullary
canal in order to guarantee the correct positioning of the
bone cavity produced by the rasp in the epiphyseal area.

The flanks of the grooves 15 of the prosthesis
shank, adjoining the profile sections 17, 18, are also imita-
ted at 24 in the rasp. However, the rib 16 is absent. In
other words, the bottom surfaces of the grooves 15 in the ca-

se of the rasp are connected to each other in a straight line
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in order to form a continuous bottom surface 25. The distance
between the bottom surfaces 25 lying opposite each other on
the ventral and dorsal aspects of the rasp is approximately
equal to the corresponding distance of the bottom surfaces of
the grooves 15, but slightly smaller; namely by 0.2 to 2 mm,
preferably 0.5 to 1 mm. The surfaces 25 and flanks 24 are un-
toothed, but the teeth of the profile sections 27, 28 run out
into the flanks 24.

The mutual spacing of the bottom surfaces 25 is
between 2 and 8 mm at the distal end and increases toward the
proximal end by 3 to 7 mm. The bottom surfaces 25 are there-
fore of wedge-shaped design.

To prepare the bone cavity for receiving the
prosthesis shank, first, starting from that point of the
resection surface 1 of the bone at which the center point of
the neck 12 is intended to lie, an opening is made through to
the diaphyseal medullary canal 9 by means of a probe which
does not excavate the substance but displaces it. The rasp 20
is then pushed into this opening, widening the epiphyseal
spongy substance. In the last part of this movement, the
teeth 23 form sufficiently precise bearing surfaces for the
medial and lateral surfaces of the prosthesis shank 10. At
the same time, the spongy bone substance contacted by the un-
toothed surfaces 24, 25 of the rasp is displaced and com-
pacted. When the prosthesis shank is then pushed into the ca-
vity, it finds its medial and lateral positioning surfaces
which, because of the smaller dimensioning of the rasp, per-
mit a secure fit. On the ventral and dorsal aspects, the rib
16 cuts like a wedge into the spongy substance located there
and compacted by the rasp. This spongy éubstance ié thereby

further compacted. Further compaction is also achieved by the

fact that the groove bottom 25 of the rasp is dimensioned
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smaller than the corresponding grooves 15. The large surface-
area rib 16 thus sits securely in the compacted bone materi-
al.

The prosthesis shank thus acquires excellent initi-
al stability in the bone. This guarantees a post-operative
exercise-stable fit of the prosthesis in the loading directi-
on medially and also against rotational forces. This additio-
nally favors a vital connection of the prosthesis surface
with the bone.

In this connection, a particular advantage is that
the compressing of the spongy bone substance is made possible
without at the same time creating any risk of the cortical
bone bursting. This is based first on the fact that in those
cross sectional areas where strong compaction would also lead
to high radial stressing of the cortical bone, namely in the
medial direction, the rasp is toothed, so that in these areas
the rasp does not exert any compression effect. The compres-
sion which arises from the underdimensioning of the rasp com-
pared with the prosthesis shank can be limited in a precise
manner. Second, the cortical bone in the ventral and dorsal
areas is relieved of the compression forces by virtue of the
fact that the wedge-shaped untoothed surfaces 25 of the rasp
are enclosed by the groove flanks 24 and therefore some of
the compression force is taken up by these. This also applies
upon insertion of the prosthesis shank into the bone cavity
created in advance by the rasp. The compression surface which
the rib 16 directs outward toward the cortical bone is rela-
tively narrow (namely preferably narrower than 4 mm), and its
compression action takes place principally in the area of the
grooves 15, without thereby causing subétantial loading of

the cortical bone.
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It is to be understood that, if any prior art
publication is referred to herein, such reference does not
constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia

or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A prosthesis system, comprising:

(a) an endoprosthesis configured as a hip prosthesis
with a shank configured to be introduced into a medullary
canal of a femoral bone and curved in approximation to
Shenton's line and

(b) a separate rasp corresponding to the shahk which
is similar in shape to the shank and is configured to be
used to prepare a cavity in the bone for receiving the
shank, said rasp having, along a substantial portion of
its dorsal or medial aspect, an untoothed profile part
dimensioned smaller than the corresponding part of the
shank,

the shank having at least one longitudinal rib formed
on a part of the shank which corresponds to the untoothed
profile part of the rasp, and, in the untoothed profile
part of the rasp, there is no rib corresponding to the rib
on the shank,

wherein the toothing is limited to a proximal section

of the rasp.

2. The prosthesis system as claimed in claim 1, wherein
the shank, on its ventral or dorsal aspect, or both, has
at least one longitudinal rib which is absent in the
profile of the rasp.

3. The prosthesis system as claimed in claim 2, wherein
the longitudinal rib runs along essentially the entire
length of the shank.

4. The prosthesis system as claimed in claim 2 or 3,
wherein the rib is formed by grooves enclosing it, and, in
the profile of the rasp, the bottom surfaces of both

grooves are connected essentially directly to each other.




Ve

- 13 -

5. The prosthesis system as claimed in claim 1, wherein
two opposite untoothed surfaces of the rasp are spaced
apart by a distance which increases in a wedge shape from
the direction of the distal end.

6. A prosthesis system, comprising:

(a) an endoprosthesis configured as a hip prosthesis
with a shank configured to be introduced into a medullary
canal of a femoral bone and curved in approximation to

10 Shenton's line and

(b) a separate rasp corresponding to the shank which
is similar in shape to the shank and is configured to be
used to prepare a cavity in the bone for receiving the

15 shank, said rasp having, along a substantial portion of
its dorsal or medial aspect, an untoothed profile part
dimensioned smaller than the corresponding part of the
shank,

the shank having at least one longitudinal rib formed

20 on a part of the shank which corresponds to the untoothed

profile part of the rasp, and, in the untoothed profile

L part of the rasp, there is no rib corresponding to the rib
:Q.a on the shank,
" wherein the dorsal and ventral aspects of the rasp

25 are untoothed along their entire lengths.
s Ceee Dated this 13*® day of April 2004

ogee WALDEMAR LINK (GMBH & CO)

30 By their Patent Attorneys
é.. GRIFFITH HACK
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