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Device for measuring tibio-femoral force amplitudes and force locations in total
knee arthroplasty.

The invention relates to a probe for measuring force amplitudes and force locations and
moments according to the concept of claim 1.

During a Total Knee Arthroplasty (TKA), the surgeon balances the collateral knee joint
ligaments in order to ensure a stable artificial joint. Conventionally, the balance
assessment ié based on the surgeon’s perception and experience by manually
manipulating the knee joint. Assessing the ligament forces and moments acting in the
knee “by hand” is subjective, and can lead to relatively large errors and repeatability

problems.

From EP 1 304 093 GOUGEON a probe is known, which allows the measurement of
the compressive forces between each condyle of the femur and the tibial plateau. This
known probe comprises two load sensors, one for each condyle, and is attached to a
plate like support. This known probe shows the disadvantage that the determination of
the point of application of the compressive force is not possible. The moments which
are important for the ligament balancing remain unknown.

On this point, the invention intends to provide remedial measures. The invention is
based on the objective of providing a probe allowing to measure the amplitude and

location of the compressive force generated by each condyle.

The invention solves the posed problem with a probe that displays the features of claim
1.

Additional advantageous embodiments of the invention are characterized in the

subclaims.

The advantages achieved by the invention are essentially to be seen in the fact that the
probe according to the invention allows

BESTATIGUNGSKOPIE
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- measuring the force amplitude and location separately for each condyle and
therefore

- computing the moments acting on the knee joint to better assess the ligament
balance;

- measuring in real-time time; and

- keeping the patella at its anatomical place during the measurement, which is closer
to the postoperative situation.

In a preferred embodiment the first and second load sensitive plate comprise at least
three load sensors each that are non-colinearly arranged allowing to measure the force
amplitudes and locations with respect to two perpendicular axes, preferably one
extending in a medio-lateral direction and the other one extending in a antero-posterior

direction.

In another preferred embodiment the probe further comprises a tibial base plate.
Therewith, the advantage of a fixed and defined reference surface for the probe is

obtainable.

in a further embodiment the probe further comprises a set of wedges allowing a
variation of the tibio-femoral gap according to the patient anatomy and ligament
releasing procedure.

In yet another embodiment the first and second load sensitive plates have adjoining
inner lateral side walls and are connected at these adjoining inner lateral side walls.
Therewith, an easier insertion of the probe into the tibio-femoral gap is obtainable.
Preferably the first and second load sensitive plate are flexibly connected at their
adjoining inner lateral side walls therewith allowing that the tibio-femoral gap may be
varied by means of the above wedges.

Preferably, each load sensor comprises a bridge-shaped structure and at least one
piezoresistive sensor attached thereto. The bridge-shaped structures may be configured
such that each load sensor provides measurement at one discrete point. Preferably, the
discrete point measurements of the load sensors are spaced apart relative to one

another by a distance greater than 2 mm.
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The measured parameters may be used as inputs to a computational biomechanical

model of the knee joint acting as an assistive expert system.

Instead of electrically connecting the load sensitive sensors with the data processing
instrument, (e.g. the computer) by means of cables, wireless telemetry may be used to
transmit the measurement signals of the load sensors to the data processing
instrument, e.g. the computer. Therewith, the ergonomics of the probe may be improved

and the handling may be facilitated as well.

The invention and additional configurations of the invention are explained in even more

detail with reference to the partially schematic illustration of several embodiments.

Shown are:

Fig. 1 a perspective view of a human knee joint with inserted probe according to one

embodiment of the invention and a computer;

Fig. 2 a perspective view on the embodiment of the probe shown in fig. 1.

Fig. 1 represents the measuring apparatus 22 comprising a probe 1 being situated
between the tibial plateau 25 and the two condyles 8;9 of a human knee joint 4.
Furthermore, the measuring apparatus 22 comprises a data acquisition and processing
instrument 24 connected cableless or by means of cables 20 to the probe 1 and a
computer 23. The probe 1 comprises two load sensitive plates 2;3 whose bottom
surfaces 7 are in contact with the top surface of a tibial base plate 28 lying on the tibial
plateau 25 and whose top surfaces 6 are in contact with one condyle 8;9 of the femur
26 each. Each load sensitive plate 2;3 is situated in one knee-compartment and
experiences the forces of one condyle 8;9. Furthermore, each load sensitive plate 2;3
comprises three brigde-shaped structures 30 (Fig. 2) being elastically deformable with
respect to the load applied onto the top surfaces 6 of the load sensitive plates 2;3.

Fig. 2 depicts a perspective view on an exemplary embodiment of the probe 1
comprising two load sensitive plates 2;3 each for one condyle 8;9 of a human knee joint
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4. Each plate 2;3 has a top surface 6 and a bottom surface 7. In the top view the two
plates 2;3 have polygon-like shape with rounded corners. Each plate 2;3 contains three
load sensors 10 that are situated on the top surface 6 next to the periphery of the plates
2;3. The peripheries of the plates 2;3 are configured so that the shape of the probe 1 is
adapted to the shape of the tibial plateau 25. The two load sensitive plates 2;3 are
connected to each other by means of a flexible joining element 19 being attached at the
top surfaces 6 next to the adjoining inner lateral side walls 14a;14b of the load sensitive
plates 2;3. In the exemplary embodiment shown in Fig. 2 the load sensors 10 are
provided with cables 20 that are combined to a cable form 21 near the periphery of the
first or second load sensitive plate 2;3 whereby each cable 20 is connected to the data
acquisition and processing instrument 24 (Fig. 1). At the gap between the inner lateral
side walls 14a;14b the cable 20 of the load sensors 10 situated on the first load
sensitive plate 2 are integrated in the flexible joining element 19. Instead of using cables
20 the measurement signals could be wirelessly transmitted as well.
|

The load sensors 10 are realised through elastically deformable bridge-shaped
structures 30 near the periphery of each plate 2;3 and instrumented with thick-film
piezoresistive sensors 33. The bridge-shaped structures 30 are spaced apart from each
other whereby at least two of the bridge-shaped structures 30 are situated at an angle
relative to each other. Furthermore, each bridge-shaped structure 30 is provided with a
central pillar 32 which is convexely, preferably spherically shaped at the bottom. The
piezoresistive sensors experience an electric resistance change depending on the force
applied. Arranging the piezoresistive sensors in a Wheatstone bridge allows converting
the resistance change into an electric signal being measurable by means of the data
acquisition and processing instrument 24 (Fig. 1). According to the measurement device
22 shown in Fig. 1 the amplitude and the location x;y within the reference system 34 of
the compressive force on the probe 1 that is generated by each condyle 8;9 may be
computed by means of the computer 23 using the values of the electric signals

measured by the data acquisition and processing instrument 24.

Once the probe 1 has been inserted in the knee-joint the surgeon may display the
computed parameters, i.e. the amplitude and location of the compressive forces and the
resulting moments, which characterise the degree of ligament force balance in real-
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time on the monitor 27 of the computer. The relevant parameters may be computed
during flexion/extension of the knee joint 4 (Fig. 1).

Each load sensitive plate 2;3 contains three deformable bridge-shaped structures 30
instrumented with thick-film piezoresistive sensors 33. The contact between the load
sensitive plates 2;3 and the tibial base plate 28 or the wedges (not shown) occurs at the
bottom of the pillar center 32 of each bridge-shaped structure 30. In that way, three
reaction forces Ri;R2;R3 orthogonal to the tibial base plate 28 are generated at the
pillars 32 of the bridge-shaped structures 30 when a force F is applied on the respective
load sensitive plate 2;3. These reaction forces Ri;R2;R3 being measured by the
piezoresistive sensors 33, the amplitude and location of the initial load F can be

computed thanks to the equations of mechanical equilibrium.

Description of the surgical procedure:

Following a standard opening of the knee joint 4, a tibial precut is performed in order to
obtain a flat reference surface and enough room for the probe 1. The probe 1 is inserted
into the knee joint 4 and the measuring system as well as the computer 23 is prepared
for the acquisition, processing and display of the measurements. The amplitude and
location of the compressive contact force as well as the moments of each femoral
condyle 8;9 are then measured in real-time at various knee flexion angles. The
computer 23 displays the raw measurements and an interpretation of these
measurements based on a computational biomechanical model of the knee joint 4,
which acts as an assistive expert system. The ligamentous balance is then corrected
according to the measurements and to the biomechanical interpretation. The
measurement and correction procedure is repeated until the ligaments are balanced.
Finally, the probe 1 is removed and the prosthetic components are inserted.
Alternatively, the probe 1 can be used after the insertion of the femoral and/or tibial
prosthetic component.
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Claims

1. Probe (1) used during a total knee arthroplasty for measuring force amplitudes and
force locations

characterised in that it comprises

two load sensitive plates (2;3) apt to be inserted in one joint-compartment of a knee joint
each and each being provided with a top surface (6) and a bottom surface (7); whereby
each load sensitive plate (2;3) comprises at least two load sensors (10).

2. Probe (1) according to claim 1, wherein at least two load sensors (10) are situated on

the top surface (6).

3. Probe (1) according to claim 1 or 2, wherein at least two load sensors (10) are
situated on the bottom surface (7).

4. Probe (1) according to one of the claims 1 to 3, wherein at least one load sensor (10)
is situated on the top surface (6) and at least one load sensor (10) is situated on the
bottom surface (6;7).

5. Probe (1) according to one of the claims 1 to 4, wherein the first and second load
sensitive plate (2;3) comprise at least three load sensors (10) each that are non-

colinearly arranged.

6. Probe (1) according to one of the claims 1 to 5, wherein it further comprises a tibial
base plate.

7. Probe (1) according to one of the claims 1 to 6, wherein it further comprises a set of

wedges.

8. Probe (1) according to one of the claims 1 to 7, wherein the first and second load
sensitive plate (2;3) have adjoining inner lateral side walls (14) and are connected at

their adjoining inner lateral side walls (14).



WO 2005/122899 PCT/CH2004/000361
7

9. Probe (1) according to claim 8, wherein the first and second load sensitive plate (2;3)
are flexibly connected at their adjoining inner lateral side walls (14)

10. Probe (1) according to one of the claims 1 to 9, wherein each load sensor (10)

comprises a bridge-shaped structure (30) and at least one piezoresistive sensor (33).

11. Probe (1) according to one of the claims 1 to 10, wherein the measured parameters
are used as inputs of a computational biomedical model of the knee joint acting as an

assistive expert system.

12. Probe (1) according to one of the claims 1 to 11, wherein wireless telemetry is used
to transmit the measurement signals emitted by the load sensors (10) to a computer
(23).

13. Probe (1) according to one of the claims 1 to 12, wherein each load sensor (10)
provides measurement at one discrete point.

14. Probe (1) according to claim 13, wherein the discrete point measurements of the
load sensors (10) are spaced apart relative to one another by a distance greater than 2
mm.
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