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SELF-LOCKING STEMMED COMPONENT FOR A JOINT ENDO-PROSTHESIS

This invention relates to a self-locking stemmed component
for a joint endo-prosthesis, in particular for the femoral

component of a hip joint prosthesis.

Background of the Invention

Twenty-plus years of lively development in hip joint pros-
thesis design have not produced a fully satisfactory solu-~
tion to the problem of stem loosening; it still is a major
long-term complication. Current trends towards bone inte-
gration are addressing only some, perhaps minor problems

of prosthesis-bone interaction.

A femoral component for an artificial hip joint is known
from the German Offenlegungsschrift no. 31 13 898 in which
the stem is formed by several anchoring rods which together
with a collar are made from one solid casting. The rods are
pressed against the inside of the bone by plugs, thereby
producing a locking effect. A fixation system of this kind
is not only difficult and time-consuming to insert but pro-
duces still an uncontrolled, uneven load transfer from the
stemmed component of the joint endo-prosthesisto the bone

with high load concentrations at the end of the stem.
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Summery of the Invention

The invention as claimed is intended to provide a remedy.
It solves the problem of how to design a true self-locking
stemmed component that can be easily inserted and removed
if neéessary and whose load transfer from the stem to the
inner cortex of the medullary canairof a tubular bone is
evenly distributed in a controlled manner.

In accordance with the invention there is provided a self-
locking stemmed component for a joint endo-prosthesis
whose stem thickness tends to increase when said stemmed
component is loaded by physiological loads.

A self-locking stemmed component in accordance with the
invention is'distinguished from the known constructions by
its optimal adaptability to the medullary canal of the tu-
bular bone, the ability of the stem to transmit indipenden-
tly the specific compressional, respectively tensional for-
ces prevailing at the respective interfaces between Stem
and cortex in a controlled manner and as gradually and
evenly as desired and the ease of its removal.

Bending stiffness of the stem, a major obstacle to control-
ling the load transfer, is reduced manyfold by the stem

geometry according to the invention.

The self-locking stemmed component consists preferably .of
two lobes, one for transfer of compression loads and the
other for transfer of tension loads. The two lobes are des-
tined to be pressed against the inner walls of the medul-
lary cavity of a tubular bone by the action of connecting
structures interconnecting said two lobes in such a way
that relative axial displacement between said two lobes,

as produced upon bending of said self locking stemmed com-
ponent, increases the distance between said two lobes.

The pressure for holding the two lobes in place is therefore
generated by said connecting structures which are acting as
wedges when the stemmed component is loaded and said two

lobes are displaced in there relative axial position.
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Brief description of the drawing

In the drawing

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 6

Fig. 7

Fig. 8

Fig. 9

is a schematic view of a stem section according

to the state of the art;

is a schematic view of a stem according to the

invention;

is a sectional view of a femoral component for a
hip joint prosthesis consisting  of a self-locking
stemmed component according to the invention and

a joint head;

is a sectional view of an implanted state-of-the-~

art femoral component of a hip joint prosthesis;

is a sectional view of an implanted femoral com-
ponent according to the invention and a cross-
sectional view of the stem taken along the line
I-1;

is a magnified sectional view of the femoral compo-

nent of Fig. 5 showing the effect of insertion:

is a sectional view of a femoral component with a

curvature greater than that of the natural femur;

is a sectional view of the inserted stemmed compo-
nent according to the invention with a hammering

instrument;

is a sectional view of the stemmed component accor-
ding to the invention and explaining the effect of

relative axial movement between the medial and la-

teral lobes; and

PCT/EP85/00251
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Fig. 10 1is a perspective view of the means to control
relative axial movements between the medial and

lateral lobe of the stem. .

The invention is now described in more detail for the pre-
ferred use as a femoral stem component of an artificial hip
joint., Of course this embodiment can be easily adapted to

stemmed components of other artificial joint prosthesis.
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Detailed description:

Figure l(a) shows a generic stem design setting the
requirements for a self-locking stem. Let the stem 1 be
fixed to the wall 20 as a cantilever beam and be loaded
by, for example, a bending moment 2. To resist the
rotation under the bending moment 2, stresses within the
stem 1 will develop - tension within the side 5 and
compression within the side 4 of the stem 1. There will
also be a neutral axis 3 between the sides 4 and 5. The
sides 4 and 5 are interconnected by the connecting
structure 6. Let points A, B and C lie on a normal to the
neutral axis 3 as shown. H is the thickness (in the plane

of load 2) of the stem 1.

Now consider the shape of the deformed stem shown on the
Figure 1l(b). The neutral axis 3 defines the so called
elastic line. Thickness H1l of the stem under load is
measured perpendicularly to the elastic line 3. We will
now define the self-locking stem as a stem that under
functional load (say the bending moment 2) INCREASES its
stem thickness, i.e., Hl is greater than H. This cannot be
satisfied by a simple beam. If the stem 1 was a simple
beam the points A and B would move to A2 and B2
respectively. Distance (A2,B2) would remain equal to
distance (A,B), i.e. the thickness H of the beam would not

change under load. But, as will soon be demonstrated, the
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connecting region 6 may be constructed in such a way as to
result in the increase of the stem thickness under
functional load. Points A, B and C will move to positions
Al, Bl and C1 respeétively. The differences between
positions Al and Bl and those that would occur if the stem
1 was a simple beam, i.e. A2 and B2, are utilised to

increase the thickness H.

A prefered embodiment of the connecting structuie 6 that
will satisfy herein established criterium of self-locking
is shown on Figure 2(a). The stem 1 is shown inserted into
a tubular bone 10. The load-accepting end 7 of the stem 1
is loaded by a force 8. The tension side 5 and the
compression side 4 of the stem 1 are connected by a number
of struts 6. These struts are inclined with fespect to the
neutral axis 3 of the stem 1 by an angle 16 of less than

90 degrees.

Figure 2(b) shows deformations of the stem 1 and the

bone 10 under the load 8. Tension side 5 of the stem 1
tends to pull out from the bone 10, as indicated by arrow
13, while the compression side 4 tends to sink into the
bone 10, as indicated by arrow l4. This would tend to
rotate the struts 6 in the direction indicated by arrows 9
producing radial compression on the bone 10, as indicated
by arrows 15. These contact stresses 15 between the stem

and the bone due to functional load tend to increase



10

15

20

25

WO 86/06954 PCT/EP85/00251
-7 -

stability of stem anchorage. Loads are transmitted from
the stem 1 to the bone 10 by the shear forces at the
interfaces - tension from the side 5 of the stem 1 is
transferred to the tension side 11 of the bone 10 at the
interface 17; compression from the side 4 of the stem 1 to
the compression side 12 of the bone 10 at the interface
18. To increase the coefficient of friction at interfaces
17 and 18 the corresponding surfaces of the stem 1 may be
specially treated - for example roughened by grit

blasting, or plasma sprayed.

Figure 3 shows a functional stem 1 for a femoral side
component of the hip joint replacement. Prosthesis head 21
is connected to the proximal, load-accepting section 7 of
the stem 1 via prosthesis neck 22. The compression side 4
is connected to the tension side 5 of the stem 1 by a
number of struts 6. These struts 6 form an angle 16 with
the stem neutral line 3. The angle 16 has less than 90
degrees. It may vary along the stem axis 3 in order to
optimise the radial stresses 15, Figure 2(b). The
thickness H of the stem 1 also changes along the stem axis
in order to fit the natural shape of the femoral bone
canal 23, Figure 5. The holes 24 between the struts 6 are
cut through the full stem thickness. Some, or all of the
holes 24 may be filled by an elastomer such as silicone
rubber to prevent bone ingrowth - should that happen, the

prosthesis removal in case of necessity would be very
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difficult. More proximal holes may be reached by a chisel
however, so if desirable, they could be left open for bone

to grow in.

Figure 4 shows a state—of-the—art femoral component of a
hip prosthesis. The stem 25 is of a full cross-section. It
may incorporate different surface features such as
grooves, or be coated by a porous coat for bone ingrowth.
The bending stiffness of these stems is very high compared
to that of bone 10 and the ldad transfer from the
prosthesis to the bone is poor - concentrated around the
proximal, 26, and distal, 27, parts of the stem 25. High
dynamic loads 8 applied to the head 21 of the prosthesis
will result in micro-motions between the stem 25 and the
bone 10 starting bone resorption within the canal 23 of
the bone 10. And further, high bending stiffness of the
prosthesis stem will "stress-shield" the bone - this will
cause a bone loss and have a detrimental role on the long

term prognosis of the joint replacement.

Figure 5 shows a femoral component stem 1 according to the
invention inserted in the proximal femur 10. Note the
correspondence with the situation of Figure 2(a). Bending
stiffness of the stem 1 consisting of two lobes - tensile
5 and compressive 4, connected by struts 6 is much lower
than that of the full stem. Hence this stem will not cause

significant stress-shielding of the bone 10. The load
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transfer is uniform and can be controlled by the
individual cross-sections, 28 and 29, of the lobes 4 and
5, respectively. Load 8 applied to the head 21 is
partitioned into compressive and tensile components and
each is applied at the appropriate location of the bone.
Radial stresses 15 are related to functional load and may
be controlled by design (inclination 16 of the struts to
the stem axis 3). The muscle force 30 is applied to the
greater trochanter 31. This force is the main factor
determining the magnitude and direction of the joint force
8. Most of the proximal femur is filled with cancellous
bone 32. As suggested earlier, a few, more proximal holes
24 of the stem 1 may be left open to allow for cancellous
bone ingrowth, 33. There is also a layer of cancellous
bone 34 lining the medullary cavity 23. This should be
removed where prosthesis lobes should contact bone 10,
i.e. interfaces 17 and 18 should preferably be on the
cortical bone. As shown on section I-I, some of the bone
34 may remain, facilitating post operative blood supply to
the involved regions of the femur. More distal holes 24

are filled with an elastomer 35 to prevent bone ingrowth.

Figure 6 shows a magnified section of the stem at
insertion. The insertion should be performed so as to
result in some preload of the interfaces 17 and 18.

This is possible by making use of the fact that the stem

thickness will decrease when loaded by loads opposite to
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physiological. Hence with a bending moment 37 the struts 6
will deform as shown on Figure é(b). The rotation 19 will
result in decreased, HO, thickness of the stem, allowing
the stem to move deeper into bone 10 by amount 38 when an
axial force 36 is applied. Upon release of the insertion
loads 36 and 37 radial preload 15 will be set in at the

interfaces 17 and 18.

Figure 7 shows a stem 1 according to the invention which

is slightly more curved than the corresponding section of

_the femur, i.e. the radius of curvature of the stem’s

neutral line 3 is smaller than that of femur’s 39. When
the stem is forced into the medullary canal of a tubular
bone it will bend in direction opposite to that under
physiological load. Insertion will produce preloads as
discussed earlier. Note also that the compression lobe 4
will be preloaded by tension and that the tension lobe 5
will be preloaded by compression. This may be of advantage
in terms of stem strength. However, the preloads on bone
will be of the same sign as the physiological loads, so

designing for preload must be excercised with care.

It is sufficient to mismatch the curvatures over only a
part of the stem length. In particular, if the curvature -
of tﬁe proximal part of the medial side interface 18a is
greater than that of the corresponding bone section 18b,

the prosthesis may be inserted as described by Figure 6
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and obtain a good fit at all interfaces following
insertion. Hammering the prosthesis into prepared cavity
by hammer blows applied somewhat laterally as shown on
Figure 8 will produce the effects described by Figure 6.
An insertion tool 50 may be used to extend and define
lateral position, 51, of the hammering force 52. The tool
50 is attached to the conus 53 of the prosthesis which
normally receives the prosthesis head 21. The hammering
force is transmitted to_the prosthesis mainly through the
extension 54 of the tool 50, resting against the proximal

section 7 of the prosthesis stem.

Figure 9 shows another design feature facilitating
insertion and fixation. A slot 40 is made across the
section 7 of the stem. It allows relative axial sliding of
the lateral lobe 5 with respect to medial lobe 4. At
insertion, a displacement in direction of arrow 41 results
in the reduced thickness H of the stem 1l. Fixation is

accomplished by the movement in the direction of arrow 42.

Figure 10 shows one possible design for the means to
control movements 41 and 42. A bridge 43 is inserted into
the receiving hole 47 in the section 7 of the proximal
stem. This arrangement allows for parallel movement at the
slot 40 while preventing the slot to open. Vertical
position of the bridge 43 within the receiving hole 47 is

controlled by four set-screws 44 which can be screwed into
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threaded portions 48 of the cflindrical sections 49 of the
receiving hole 47. Cylindrical sections of the bridge 43
have clearance holes 46 so that a key can be inserted
through key holes 45 of all four screws from the top.
Actually, to effect movements 41 and 42 the key is
inserted throﬁgh both top and bottom set screws . on one
side, and they are turned together moving the bridge 43 up
or down in the hole 47. When desired position is achieved
the toé.screw is tightened agains the bridge 43, fixing

its position.
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Claims

1. Self-locking stemmed component (1) for a joint
endo-prosthesis, characterized in that the stem thickness
tends to increase when the stemmed component (1) is loaded

by physiological loads.

2. Self-locking stemmed component (1) according to
claim 1, characterized in that the stem has medial and late-
ral lobes (4,5) destined to be pressed against the inner cor-
tex of the medullary canal (23) of a tubular bone (10), said
medial and lateral lobes (4,5) being interconnected by
connecting structures(6) in such a way that relative axial
displacement between said two lobes (4,5) as produced upon
bending of said stemmed component (1) increases the latero-

medial distance between said two lobes (4,5).

3. Self-locking stemmed component (1) according to
claim 1 or 2, characterized in that the connecting structures
(6) are dimensioned in such a way that theyareprevented to
buckle when said stemmed component (1) is loaded under phy-

siological conditions.

4. Self-locking stemmed component (1) according to
one of the claims 1 to 3, characterized in that the holes (24)
between said connecting structures (6) are filled, at least
partly, with an elastomer (35) to prevent bone ingrowth (33).
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5. Self-locking stemmed component (1) according to one
of the claims 1 to 4, characterized in that the cross-section
of said two lobes (4,5) is diminishing from proximal to dis-

tal.

6. Self-locking stemmed component (1) according to one
of the claims 1 to 5, characterized in that the curvature of
the stem is mismatched to that of the receiving tubular bone
(10), at least partly, resulting in preloaded interfaces upon
insertion of said stemmed componént'(l) into the medullary
canal (23) of said tubular bone (10).

7. Sélf-locking stemmed component (1) according to
claim 6, characterized in that the curvature of said stem
is greater than that of the natural medullary canal (23) of
said tubular bone (10), preferably only at the proximal part
of the medial side interface (18a) of the medial lobe (4).

8. Self-locking stemmed component (1) according to one
of the claims 1 to 7, characterized in that it is provided
by means (40) of controlled relative axial displacement bet-

ween the medial and lateral lobes (4,5).

9. Self-locking stemmed component (1) according to one
of the claims 1 to 8, characterized in that the bone contac-
ting surfaces of said stemmed component (1) are treated in a
way that increases the shear strength of the interface to
bone, preferably by grit blasting, coating with a porous

layer or plasma spraying.

10. Self-locking stemmed component (1) according to one
of the claims 1 to 9, characterized in that the connecting
structures (6) are formed by a number of struts including an
angle of less than 90°, preferably of approximately 75°, with
the neutral axis (3) of the stem and preferably varying along

said neutral axis (3) in order to optimize the radial stresses
(15). |
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11. Self-locking stemmed component (1) according to
one of the claims 1 to 10, characterized in that the stem is
bifurcated, whereby one lobe (4) is designed for transferring
compression loads and the other lobe (5) is designed for

transferring tension loads.

12. Hammering instrument (50) for inserting the self-
locking stemmed component (1) according to one of the claims
1 to 11 into the medullary canal (23) of a tubular bone (10),
characterized in that it extends and defines the lateral po-

sition (51) of the hammering force (52).

13. Use of the self-locking stemmed component (1) accor-
ding to one of the claims 1 to 11 for the femoral component

of a hip joint prosthesis.
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