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Description

[0001] This invention relates to a surgical system,
more particularly to a surgical system and apparatus for
use in the course of a knee replacement operation.
[0002] Navigation and robot systems are becoming an
increasingly interesting area of technology in use for knee
replacement. Several systems exist for navigation of the
knee to aid alignment of the standard total knee bone
cuts. In use of such systems the first step is for the patient
to be scanned pre-operatively using computer aided to-
mography (or CT) techniques. In this way the three di-
mensional "form" of the patient’s bones is stored in a
computer’s memory. In addition three dimensional data
for the knee implant to be used by the surgeon, or for a
range of possible knee implants which could be used by
the surgeon, is also stored in the computer’s memory.
[0003] During the knee replacement operation an im-
age of the bones is displayed on a computer screen to
the surgeon who has control of the computer at the op-
erating table. A process to register the patient’s actual
bones from particular landmarks is undertaken which al-
lows sensors fixed to the bones to coordinate the screen
image with the patient. Bone cuts can then be made to
suit the implant after sizing and judging the positions of
the components on the computer screen.
[0004] A basic technique thus provides that each of
the components of the implant has controlled orientation
relative to the bone onto which it will be implanted. This
"landmark" technique replicates most existing systems
for knee replacement that do not involve such a compu-
ter.
[0005] For example, United States Patent Specifica-
tion No. 5,682,886 describes a method for planning sur-
gery on a body portion, such as unicompartmental knee
arthroplasties. This involves use of planning subsystem
hardware which comprises a computer interfaced with a
memory means for storing image data, as well as a visual
display means. The various steps to be used in the meth-
od of planning as applied in a unicompartmental knee
arthroplasty, as well as various sequences of steps to be
carried out by the surgeon, are set out in the flow charts
of Figs. 5, 8, 10, 15, 16, 19, 21, 22, 28, and 31 to 34.
Figure 34 indicates as one of the steps, which is effected
after insertion of the prosthetic components into the pa-
tient’s resected tibia and femur: "Move knee through en-
tire range of motion and test stability and tension in the
ligaments".
[0006] Without a computer the sizing and positioning
are done with relatively simple alignment fixtures. Thus,
the navigation computer is adding little other than time
and cost to the process.
[0007] Some systems can go on to so called "robot"
cutting of the bones from the data available.
[0008] United States Patent Specification No.
5,800,438 discloses a surgical tool for use in knee ar-
throplasty to assist a surgeon to implant a knee prosthe-
sis which will be stable when the knee is in flexion and

in extension. Its use after resection of both tibia and femur
is described.
[0009] United States Patent Specification No.
5,733,292 describes an adjustable trial prosthesis or
prosthetic component which is intended to provide a sur-
geon with the capability of efficiently and accurately ex-
amining a joint’s functioning without having to remove a
trial prosthesis insert and replace it with another sterilised
insert.
[0010] The known navigation process does not allow
for correctly positioning the components such that the
patient’s soft tissues are correctly balanced in the two
vitally important aspects required in successful total knee
replacement. The first is to ensure that, at full extension
of the knee, the medial and lateral tissues are correctly
tensioned in an anatomically aligned knee. The second
aspect is to ensure that the implants are chosen for size
and positioned on the skeleton to ensure the correct bal-
ance of soft tissue tensions in both the extended and
flexed knee.
[0011] There is therefore a need for a surgical appa-
ratus for enabling computer navigation during a knee re-
placement operation which enables the surgeon to en-
sure that, at full extension of the knee, the medial and
lateral tissues are correctly tensioned in an aligned knee.
In addition there is a need to provide a surgical apparatus
which will enable a surgeon to select, using a navigation
computer, an implant having optimum dimensions and
to implant this in optimal fashion in the patient’s skeleton
so as to ensure that there is the correct balance of soft
tissue both in the extended knee and in the flexed knee.
[0012] The invention accordingly seeks to provide a
navigation apparatus which will enable a surgeon to en-
sure that, at full extension of the knee, the medial and
lateral tissues are correctly tensioned in an aligned knee.
In addition the invention seeks to provide a surgical ap-
paratus which will enable a surgeon to select, using a
navigation computer, an implant having optimum dimen-
sions and to implant this in optimal fashion in the patient’s
skeleton so as to ensure that there is the correct balance
of soft tissue both in the extended knee and in the flexed
knee.
[0013] Thus according to the present invention there
is provided a system for use by a surgeon during implan-
tation in a patient of a tibial implant and of a femoral im-
plant in the course of a knee replacement operation, the
system comprising:

a computer having memory for holding data relating
to size and shape of at least one tibial implant and
at least one femoral implant as well as data obtained
during preoperative scanning of the patient relating
to the tibia and femur of the patient and also data
relating to the three dimensional position and orien-
tation of at least one bone selected from the patient’s
tibia and the patient’s femur obtained during the
course of the knee replacement operation;
display means for displaying images derived from
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data held in the memory of the computer relating to
the patient’s tibia, to the patient’s femur, to the at
least one tibial implant, and to the at least one fem-
oral implant; and
registration means for registering the three dimen-
sional position and orientation of the at least one
bone during the course of the knee replacement op-
eration;
detector means connected to the computer and op-
eratively coupled to registration means for detecting
the three dimensional position and orientation of the
at least one bone during the course of the knee re-
placement operation, the detector means supplying
to the computer data relating to the three dimension-
al position and orientation of the at least one bone;
an adjustable tensor for applying tension to the lig-
aments of the patient’s knee in flexion or in extension
and measuring a space between said tibia and femur
the computer being programmed to display on the
display means, inter alia, one or more of the following
images derived from data held in the memory of the
computer and depicting the position and orientation
of:-

(i) the patient’s tibia and the patient’s femur with
the knee tensed by the tensor means in flexion
and said space as measured by said tensor;
(ii) the patient’s tibia and the patient’s femur with
the knee tensed by the tensor means in exten-
sion; and said space as measured by said ten-
sor;
(iii) the patient’s tibia and the patient’s femur with
the knee tensed by the tensor means in flexion
and potential planes of cut for resection of the
patient’s femur and said space as measured by
said tensor;
(iv) the patient’s tibia and the patient’s femur with
the knee tensed by the tensor means in exten-
sion and potential planes of cut for resection of
the patient’s femur and said space as measured
by said tensor;
(v) the patient’s tibia and the patient’s femur with
the knee tensed by the tensor means in flexion
and with at least one component selected from
the tibial component and the femoral component
as it will appear after implantation thereof and
said space as measured by said tensor; and
(vi) the patient’s tibia and the patient’s femur with
the knee tensed by the tensor means in exten-
sion and with at least one component selected
from the tibial component and the femoral com-
ponent as it will appear after implantation thereof
and said space as measured by said tensor.

[0014] In a preferred system according to the invention
the registration means comprises first marker means for
attachment to the patient’s tibia, second marker means
for attachment to the patient’s femur, and pointer means

for touching significant features on the patient’s tibia and
femur, the first marker means, the second marker means,
and the pointer means being all adapted for operative
coupling to the detector means. In such a system the
detector means can comprise an infra-red camera, while
the first marker means, the second marker means, and
the pointer means each carry infra-red reflector means.
Alternatively the detector means may comprise an ultra-
sonic emitter or receiver, whereas the first marker means,
the second marker means, and the pointer means each
carry ultrasonic reflector or emitter means.
[0015] The tensor means is adapted for effecting dis-
traction of the patient’s knee joint in the course of the
knee replacement operation, either before or after resec-
tion of the patient’s tibia. Thus its function is to separate
the ends of the tibia and femur and to tension the liga-
ments of the knee. Normally it will be preferred for the
tensor means to be adapted for use after resection of the
patient’s tibia. Thus the tensor means may comprise an
inflatable balloon. Alternatively it can be a hydraulic bag,
a mechanical device having two parallel motion paddles,
a mechanical device having a swivelling motion top pad-
dle, a mechanical device having separate medial and
lateral top paddles, a mechanical device having one cen-
tral arm on to the femur, or a mechanical device having
only a medial separation.
[0016] The display means can be a conventional com-
puter screen if the computer is supplied with a keyboard.
Alternatively the display means may comprise a touch
operated screen. By placing the touch operated screen
in the operating room within the reach of the surgeon the
computer can be under the control of the surgeon who
can call up at will the images that he wishes to inspect
for the purpose of monitoring the status of the knee re-
placement operation and for planning his next move.
[0017] The invention addresses soft tissue balancing
of the knee in both flexion and extension whilst aided by
the use of computer navigation and a physical distraction
of the knee joint.
[0018] In order that the invention may be clearing un-
derstood and readily carried into effect a preferred em-
bodiment thereof, and its method of use, will now be de-
scribed, by way of example only, with reference to the
accompanying diagrammatic drawings, wherein:-

Figure 1 is a perspective diagrammatic view of the
femur and tibia of a patient undergoing a knee re-
placement operation and equipment in accordance
with the invention which is utilised by the surgeon
for effecting navigation of the knee during the oper-
ation;
Figure 2 is a similar view to that of Figure 1 illustrating
the affixing of a cutting block to the patient’s tibia;
Figure 3 is a similar view to those of Figures 1 and
2 illustrating physical distraction of the knee joint in
flexion following the making of the tibial cut by the
surgeon;
Figure 4 is a similar view showing the knee in exten-
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sion undergoing physical distraction with an anterio-
posterior view on the computer screen;
Figure 5 is a view of the computer screen showing
a lateral view of the knee corresponding to the view
of Figure 4;
Figure 6 is computer screen view showing an ante-
rio-posterior view of the patient’s knee in flexion;
Figure 7 is a lateral view corresponding to that of
Figure 6; and
Figure 8 illustrates the affixing of cutting blocks to
the femur for making the necessary cuts to accom-
modate the selected femoral component of the knee
prosthesis.

[0019] Referring to the drawings, Figure 1 illustrates a
navigation computer 1 linked by a suitable lead 2 to a
touch operated screen monitor 3. A pair of infra-red cam-
eras 4, 5 are connected as indicated at 6, 7 to the screen
3. The patient’s knee joint is exposed surgically in con-
ventional fashion so as to expose the relevant portions
of the patient’s tibia T, and femur F. The patient’s fibula
L is also shown. However, the patient’s tendons, blood
vessels, patella, skin, fat, and muscle are not indicated
in Figure 1 or in any of the other Figures. Pins 8, 9 fitted
with infra-red sensors or reflectors 10, 11, 12, 13, 14, and
15 are surgically attached to the patient’s femur F and
tibia T respectively. Also illustrated in Figure 1 is a hand-
held pointer 16 which is also provided with a pin 17 fitted
with infra-red sensors or reflectors 18, 19, and 20.
[0020] Infra-red cameras 4, 5 map the positions of the
sensors 10 to 12, 13 to 15, and 18 to 20 and the computer
1 is programmed so as to be able to display the positions
of these sensors and to compute the corresponding po-
sitions of femur F and tibia T for display to the surgeon
on screen 3. The computer’s memory also holds images
of the patient’s leg obtained prior to the operation by com-
puter aided tomography, as well as information about the
available ranges of sizes of femoral and tibial compo-
nents of the model of knee implant that the surgeon has
decided to use.
[0021] Figure 2 illustrates a first stage in the knee pros-
thesis implantation operation. A drill 21 is used to drill
holes in the patient’s tibia T to receive pins 22 to hold in
place a tibial cutting block 23 which has holes 24 to re-
ceive pins 22 and a slot 25 for a saw for making the tibial
cut. Computer screen 3 shows on the left side an anterio-
posterior view Ta of the top of the patient’s tibia T and,
on the right hand side, a lateral view Tl the patient’s tibia
T. In addition screen 3 indicates at of this stage of the
operation the plane PT that is required by the design of
femoral component of the implant selected for use by the
surgeon.
[0022] In Figure 3 there is shown the next stage of the
operation. An inflatable balloon 26 has been inserted be-
tween the patient’s femur F and resected tibia T. Balloon
26 can be inflated through tube 27 by means of a hand
held bulb 28 which is provided with a pressure release
valve 29 by means of which the inflated balloon 26 can

be deflated to permit its removal from the patient’s knee
joint. Screen 3 shows on the left side an anterio-posterior
view of the patient’s resected tibia T and femur F, while
on the right side of the screen there is shown a corre-
sponding lateral view.
[0023] Figure 4 shows the patient’s knee in extension
with the inflated balloon 26 in position. Screen 3 shows
an anterio-posterior view of the patient’s knee joint in this
condition. Figure 5 shows screen 3 displaying the pa-
tient’s knee in lateral view corresponding to Figure 4.
[0024] In Figure 6 there is shown the screen display
on an enlarged scale indicating the tibia-femur space d1
on an anterio-posterior view of the patient’s knee in flex-
ion after the surgeon has made the tibial cut PT. The
amount of permissible rotation of the femur is indicated
by θ in Figure 6. The plane of the already made tibial cut
PT is also shown in Figure 6. As will be appreciated by
those skilled in the art, by rotating the femur F, the spacing
at the medial condyle CM and the lateral condyle CL can
be adjusted by appropriate rotation of the patient’s femur
F. Also indicated in Figure 6 is a possible plane FA for
the anterior femoral cut to be made by the surgeon and
a possible position for the posterior cut FP to be made
by the surgeon in the patient’s femur.
[0025] Figure 7 shows a lateral view corresponding to
that of Figure 6. In this view there are included the overall
implant size Io, the tibia thickness assessment TT, the
tibia-femur space d1, and the femur cut size FC. These
lines are added to the display by the computer program
which uses the data loaded into the navigation compu-
ter’s memory for this purpose.
[0026] In Figure 8 there is shown a further view of the
patient’s knee in the flexed position, illustrating how the
surgeon uses the drill 21 to attach temporarily to the pa-
tient’s femur F a cutting block 26 which is located in po-
sition on the patient’s femur by means of pins 27, only
one of which is visible in Figure 8. Block 26 is provided
with slots 28, 29, 30 and 31 by means of which the sur-
geon can make the planned anterior cut FA and the
planned posterior cut FP.
[0027] Having made the anterior cut FA and the pos-
terior cut FP, the surgeon can then fit a further cutting
block 32 to the patient’s femur F, using drill 21 (as indi-
cated at 21’) to drill holes for pins 33 which are received
in holes 34 in block 32. During this part of the operation
block 26 is still in place on the patient’s femur F and is
used as a guide to position the block 32. Slot 35 in block
32 permits the surgeon to make the distal cut in the pa-
tient’s femur F.
[0028] The system of the invention can be used in the
following manner:

1. The patient’s leg is CT scanned and entered into
the memory of the navigation computer 1 in the nor-
mal way provided by the systems available.
2. The knee is exposed in the normal way including
removal of osteophytes and obvious soft tissue ad-
hesions. The anterior cruciate is divided, if present,
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assuming that the intended implant cannot accom-
modate this ligament. The posterior cruciate liga-
ment may be resected also at the choice of the sur-
geon.
3. The navigation landmarks for the end of the femur,
the end of the tibia and the patella are registered as
normal practice with the relevant system. For this
purpose the surgeon can affix pins 8 and 9 to the
patient’s femur F and tibia T respectively and register
pins 8 and 9 using pointer 16 and the markers 18 to
20 mounted thereon to indicate by means of the infra-
red cameras 4 and 5 to the computer 1 the position
of pins 8 and 9 in relation to the infra-red cameras 4
and 5. The infra-red cameras 4 and 5 can then track
markers 10 to 12, 13 to 15, and 18 to 20, while com-
puter 1 stores the relevant data provided by cameras
4 and 5 to permit the position and orientation of the
tibia T and femur F to be displayed on the computer
screen 3. This step is illustrated in Figure 1.
4. The computer 1 is then used to evaluate the tibia
resection by establishing the plane PT that is required
by the implant, e.g. a 7° posterior slope, and to cut
just below the principal defect. If there is little erosion,
the plane PT is set at about 4 mm below the medial
condyle CM. Cutting block 23 is positioned and fixed
onto the tibia T using the computer 1 and its naviga-
tion process and the tibia T resected, as indicated in
Figure 2. Hence pointer 16 can be moved over the
surface of tibia T and femur F until its position in the
image on the computer screen 3 corresponds to the
correct position for the tibial cut to be made on the
plane PT. Alternatively, a robot driven by the com-
puter 1 may be used to resect the tibia T on the cho-
sen plane PT.
5. The knee is explored posteriorly for adhesions on
the femur F and tibia T especially if there was any
kind of fixed deformity, such as flexion, valgus or
varus.
6. A physical spacer, such as inflatable balloon 26,
is applied to the flexed knee, as illustrated in Figure
3, so that it is tensed gently but sufficiently to open
the knee on the medial side to achieve the degree
of tension (A-P drawer) that is closest to the normal
knee tested this way. Instead of using inflatable bal-
loon 26, other forms of physical spacer or tensor can
be used. Thus, for example, a hydraulic bag could
be used in place of inflatable balloon 26. Alternatively
it could be a mechanical device having two parallel
motion paddles, or a swivelling motion top paddle,
or separate medial and lateral top paddles, or one
central arm on to the femur, or only a medial sepa-
ration. In use of any of these physical spacers, the
physical spacer should be designed so as to be able
to be locked in the desired open position. The spacer
has a measurement scale to allow a direct reading
of the gap obtained; this may optionally be linked
into the computer 1 for display and/or for use as part
of the further surgical procedure to be described be-

low.
7. The navigation computer 1 is then consulted, as
indicated in Figures 4 and 5, for the space d1 (see
Figure 6) between the bones as recorded by the
spacer 26 to verify one against the other. The flexion
angle of the knee is adjusted to achieve a parallel
line between the anterior femur as viewed from the
side and the cut tibia. The computer view with align-
ment lines as illustrated in Figures 6 and 7 can assist
in this.
8. A distal view onto the femur, as illustrated in Figure
6, is then chosen on the computer screen 3 and the
rotation θ of the femur F assessed. If the implant
design requires, or the surgeon chooses, a particular
external rotation, the computer 1 can be adjusted to
make such allowance. Alternatively the spacer 26
can be adjusted to register the chosen rotation on
the computer screen 3 again using lines or angles
displayed.
9. This flexion position is locked into the computer
memory with particular attention to the relative three
dimensional orientations and positions of the femur
F and tibia T.
10. The tensor 26 is released, the knee fully extended
and the tensor 26 reinserted into the knee and ten-
sioned again. The tensor 26 in this position is pref-
erably free to allow the leg alignment to be dictated
by the patient’s ligaments. If a mechanical spacer is
used, it should rotate between its two paddles, one
on the tibia T and the other on the distal femur F.
Alternatively, two paddles could independently sit
onto the femoral condyles CM and CL, or one could
sit between the condyles CM and CL.
11. In this position with the knee "tensed" it should
feel stable. The computer 1 can now be consulted
to assess full extension which should be adjusted on
the patient, if necessary. The valgus/varus alignment
is then checked on the computer screen 3. If there
is a valgus or varus deformity between the normal
alignment of hip, knee and ankle centre it will be seen
on the computer alignment. Any such deformity can
be checked against the contra-lateral leg if it is re-
garded as normal. Any unsatisfactory alignment in-
dicates fixed soft tissues that will require a soft tissue
release procedure. This may be performed with the
spacer 26 removed, then the alignment should be
re-assessed with the spacer 26 replaced. The tight
tissues may be palpated whilst the spacer 26 is in
place. The computer 1 may be programmed to dis-
play a help screen to show the most likely and best
sequence of tissue releases to be made.
12. Once the alignment is satisfactory and full exten-
sion is confirmed with the spacer 26 in place and
providing a stable leg the computer 1 again is in-
structed to record the orientations in three dimen-
sions of the femur F and the tibia T.
13. The knee can now be relaxed and the navigation
computer 1 consulted to choose the optimum implant
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configuration for this patient. The two positions re-
corded above relate to the bone orientations, posi-
tions, and their relative positions in flexion and ex-
tension. The computer 1 also knows the implant ge-
ometry, and component thicknesses. With this infor-
mation the component sizes can be calculated and
the three dimensional positions of both the femoral
implant and also the tibial implant easily fixed. The
surgeon’s judgement will be required to help in this
process with options, for example on adjusting the
femur anterior/posterior (AP) size I° and tibia thick-
ness TT. For this purpose the computer 1 can be
programmed to follow the following sequence of
steps:-

(a) The femur F is sized from the anterior cortex
to the posterior condyles, via a template or di-
mensions of the different sizes of femoral im-
plant available; a lateral and distal view can be
displayed on one screen and the size and posi-
tion in both planes chosen.
(b) The lateral view of the femur and the femoral
component in this position will then be used with
the tibia in its tensed position to size the tibial
component thickness TT.
(c) This tibial component thickness TT will then
be modelled on the tibia T in the extended tensed
knee view and the femoral component position
adjusted proximally/distally to fit the extended
space.
(d) These steps are stored in the memory of
computer 1 and complete the choice and posi-
tion of the tibial and femoral components with
relation to fully balancing the two important ele-
ments in replacing the knee.

14. The femur cuts can then be made with the aid of
computer 1 by navigation and/or using a robot to suit
the relevant femoral and tibial components.
15. The spacer 26 can be used again after making
the cuts to confirm the process of "balancing" and
alignment on the computer 1. This may be especially
useful if a considerable fixed deformity was present.
In this instance, preliminary cuts could be made to
help perform releases. The computer 1 could be
used to indicate safe preliminary cut levels.
16. Tibia and femur implant fixation holes or features
can be fixed from the navigation system. By again
fitting the spacer 26, or fitting a tibia trial without fix-
ation features and a femur trial, the extension, flexion
and deep flexion positions can be assessed on the
computer screen 3 and the ideal tibia position fixed.
17. The fixation holes or features, for example, the
holes for pins 22 and 33, can then be made in the
bone by computer navigation positioning of an in-
strument, or by robot.
18. The implants chosen by the computer 1 can be
trialed for confirmation and fixed in the usual way.

19. The freedom between the components, leg align-
ment, and three dimensional positions can be further
assessed on the computer screen 3 at this stage,
recorded in the memory of computer 1, and used for
further analysis. This method should ensure that the
two trialed positions with the physical spacer 26 in
flexion, then extension, and as recorded by the nav-
igation computer 1, are reproduced with the implant.

Claims

1. A system for use by a surgeon during implantation
in a patient of a tibial implant and of a femoral implant
in the course of a knee replacement operation, the
system comprising:

a computer (1) having memory for holding data
relating to size and shape of at least one tibial
implant and at least one femoral implant as well
as data obtained during preoperative scanning
of the patient relating to the tibia (T) and femur
(F) of the patient and also data relating to the
three dimensional position and orientation of at
least one bone selected from the patient’s tibia
(T) and the patient’s femur(F) obtained during
the course of the knee replacement operation;
display means (3) for displaying images derived
from data held in the memory of the computer
(1) relating to the patient’s tibia (T), to the pa-
tient’s femur (F), to the at least one tibial implant,
and to the at least one femoral implant; and
registration means (16) for registering the three
dimensional position and orientation of the at
least one bone during the course of the knee
replacement operation;
detector means (4, 5) connected to the computer
(1) and operatively coupled to registration
means (8, 9, 16) for detecting the three dimen-
sional position and orientation of the at least one
bone (T or F) during the course of the knee re-
placement operation, the detector means (4, 5)
supplying to the computer (1) data relating to
the three dimensional position and orientation
of the at least one bone (T or F);
an adjustable tensor (26) for applying tension to
the ligaments of the patient’s knee in flexion or
in extension and measuring a space between
said tibia (T) and femur (F);
the computer (1) being programmed to display
on the display means (3), inter alia, one or more
of the following images derived from data held
in the memory of the computer (1) and depicting
the position and orientation of:-

(i) the patient’s tibia (T) and the patient’s
femur (F) with the knee tensed by the tensor
(26) in flexion and said space as measured
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by said tensor;
(ii) the patient’s tibia (T) and the patient’s
femur (F) with the knee tensed by the tensor
(26) in extension and said space as meas-
ured by said tensor;
(iii) the patient’s tibia (T) and the patient’s
femur (F) with the knee tensed by the tensor
(26) in flexion and potential planes of cut for
resection of the patient’s femur (F); and said
space as measured by said tensor;
(iv) the patient’s tibia (T) and the patient’s
femur (F) with the knee tensed by the tensor
(26) in extension and potential planes of cut
for resection of the patient’s femur and said
space as measured by said tensor;
(v) the patient’s tibia (T) and the patient’s
femur (F) with the knee tensed by the tensor
(26) in flexion and with at least one compo-
nent selected from the tibial component and
the femoral component as it will appear after
implantation thereof and said space as
measured by said tensor; and
(vi) the patient’s tibia (T) and the patient’s
femur (F) with the knee tensed by the tensor
(26) in extension and with at least one com-
ponent selected from the tibial component
and the femoral component as it will appear
after implantation thereof and said space as
measured by said tensor.

2. A system according to Claim 1, wherein the regis-
tration means comprises first marker means (8) for
attachment to the patient’s tibia (T), second marker
means (9) for attachment to the patient’s femur (F),
and pointer means (16) for touching significant fea-
tures on the patient’s tibia (T) and femur (F), and
wherein the first marker means (8), the second mark-
er means (9), and the pointer means (16) are all
adapted for operative coupling to the detector means
(4, 5).

3. A system according to Claim 2, wherein the detector
means comprises an infra-red camera (4, 5), and
wherein the first marker means (8), the second mark-
er means (9), and the pointer means (16) each carry
infra-red reflector means (10, 11, 12 or 13, 14, 15 or
18, 19, 20).

4. A system according to Claim 2, wherein the detector
means comprises an ultrasonic emitter or receiver,
and wherein the first marker means (8), the second
marker means (9), and the pointer means (16) each
carry ultrasonic reflector or emitter means.

5. A system according to any one of Claims 1 to 4,
wherein the tensor (26) comprises an inflatable bal-
loon.

6. A system according to any one of Claims 1 to 4,
wherein the tensor is selected from a hydraulic bag,
a mechanical device having two parallel motion pad-
dles, a mechanical device having a swivelling motion
top paddle, a mechanical device having separate
medial and lateral top paddles, a mechanical device
having one central arm on to the femur, and a me-
chanical device having only a medial separation.

Patentansprüche

1. System für die Benutzung durch einen Chirurgen bei
der Implantation eines Schienbeinimplantats und ei-
nes Oberschenkelknochenimplantats im Laufe einer
Knieersatzoperation bei einem Patienten, mit
einem Rechner (1) mit Speicher zum Vorhalten von
Daten bezüglich Größe und Form wenigstens eines
Schienbeinimplantats und wenigstens eines Ober-
schenkelknochenimplattats sowie Daten, die bei der
voroperativen Szintigraphie des Patienten bezüglich
seines Schienbeins (T) und Oberschenkelknochens
(F) erhalten wurden, und im Laufe der Knieersatz-
operation erhaltenen Daten bezüglich der dreidi-
mensionalen Lage und Ausrichtung wenigstens ei-
nes unter dem Schienbein (T) und dem Oberschen-
kelknochen (F) des Patienten ausgewählten Kno-
chens,
Bildschirmeinrichtungen (3) zur Anzeige von aus Da-
ten in dem Speicher des Rechners (1) abgeleiteten
Abbildungen bezüglich des Schienbeins (T) des Pa-
tienten, des Oberschenkelknochens (F) des Patien-
ten, wenigstens eines Schienbeinimplantats und we-
nigstens eines Oberschenkelknochenimplantats
und
Aufzeichnungseinrichtungen (16) zur Aufzeichnung
der dreidimensionalen Lage und Ausrichtung des
wenigstens einen Knochens im Verlaufe der Knie-
ersatzoperation,
Nachweiseinrichtungen (4,5), die an den Rechner
(1) angeschlossen und an die Aufzeichnungseinrich-
tungen betriebsmäßig gekoppelt sind, zum Nach-
weis der dreidimensionalen Lage und Ausrichtung
des wenigstens einen Knochens (T oder F) im Ver-
laufe der Knieersatzoperation, wobei die Nachweis-
einrichtungen (4,5) dem Rechner (1) Daten bezüg-
lich der dreidimensionalen Lage und Ausrichtung
des wenigstens einen Knochens (T oder F) liefern,
einem einstellbaren Tensor (26) zum Anlegen von
Spannung an die Bänder des Knies des Patienten
bei Biegung oder Streckung und Abmessen eines
Raumes zwischen dem Schienbein (T) und Ober-
schenkelknochen (F),
wobei der Rechner (1) so programmiert ist, daß er
auf den Bildschirmeinrichtungen (3) u.a. ein oder
mehrere der folgenden, in dem Speicher des Rech-
ners (1) vorgehaltenen Abbildungen anzeigt, die die
Lage und Ausrichtung darstellen von dem
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(i) Schienbein (T) und Oberschenkelknochen
(F) des Patienten mit dem durch den Tensor (26)
gespannten Knie bei Biegung und dem durch
den Tensor abgemessenen Raum,
(ii) Schienbein (T) und Oberschenkelknochen
(F) des Patienten mit dem durch den Tensor (26)
gespannten Knie bei Streckung und dem durch
den Tensor abgemessenen Raum,
(iii) Schienbein (T) und Oberschenkelknochen
(F) des Patienten mit dem durch den Tensor (26)
gespannten Knie bei Biegung und potentiellen
Schnittebenen zum Zurückschneiden des Ober-
schenkelknochens (F) des Patienten und dem
durch den Tensor abgemessenen Raum,
(iv) Schienbein (T) und Oberschenkelknochen
(F) des Patienten mit dem durch den Tensor (26)
gespannten Knie bei Streckung und potentiellen
Schnittebenen zum Zurückschneiden des Ober-
schenkelknochens des Patienten und dem
durch den Tensor abgemessenen Raum,
(v) Schienbein (T) und Oberschenkelknochen
(F) des Patienten mit dem durch den Tensor (26)
gespannten Knie bei Biegung und mit wenig-
stens einem unter dem Schienbeinbestandteil
und dem Oberschenkelknochenbestandteil
ausgewählten Bestandteil, wie er nach seiner
Implantation erscheint, und dem durch den Ten-
sor abgemessenen Raum, und
(vi) Schienbein (T) und Oberschenkelknochen
(F) des Patienten mit dem durch den Tensor (26)
gespannten Knie bei Streckung und mit wenig-
stens einem unter dem Schienbeinbestandteil
und dem Oberschenkelknochenbestandteil
ausgewählten Bestandteil, wie er nach seiner
Implantation erscheint, und dem durch den Ten-
sor abgemessenen Raum.

2. System nach Anspruch 1, bei dem die Aufzeich-
nungseinrichtungen erste Markiermittel (8) zur An-
bringung an dem Schienbein (T) des Patienten,
zweite Markiermittel (9) zur Anbringung an dem
Oberschenkelknochen (F) des Patienten und Zei-
germittel (16) zur Berührung signifikanter Merkmale
auf dem Schienbein (T) und Oberschenkelknochen
(F) des Patienten umfassen, und bei dem das erste
Markiermittel (8), das zweite Markiermittel (9) und
das Zeigermittel (16) alle für die operative Kopplung
an die Nachweiseinrichtungen (4,5) eingerichtet
sind.

3. System nach Anspruch 2, bei dem die Nachweisein-
richtungen eine Infrarotkamera (4,5) umfassen und
das erste Markiermittel (8), das zweite Markiermittel
(9) und das Zeigermittel (16) jeweils Infrarotreflekto-
ren (10,11,12 oder 13,14,15 oder 18,19,20) tragen.

4. System nach Anspruch 2, bei dem die Nachweisein-
richtungen einen Ultraschallsender oder -empfänger

umfassen und das erste Markiermittel (8), das zweite
Markiermittel (9) und das Zeigermittel (16) jeweils
Ultraschallreflektor- oder Ultraschallsendereinrich-
tungen umfassen.

5. System nach einem der Ansprüche 1 bis 4, bei dem
der Tensor (26) einen aufblasbaren Ballon umfaßt.

6. System nach einem der Ansprüche 1 bis 4, bei dem
der Tensor ausgewählt ist unter einer hydraulischen
Tasche, einem mechanischen Gerät mit zwei paral-
lelen Bewegungsschaufeln, einem mechanischen
Gerät mit einer um einen Zapfen drehbaren oberen
Bewegungsschaufel, einem mechanischen Gerät
mit getrennten medialen und seitlichen Oberschau-
feln, einem mechanischen Gerät mit einem Zen-
tralarm auf den Oberschenkelknochen hin und ei-
nem mechanischen Gerät mit nur einer medialen
Trennung.

Revendications

1. Système destiné à être utilisé par un chirurgien pen-
dant l’implantation dans un patient d’un implant tibial
et d’un implant fémoral au cours d’une opération de
remplacement de genou, le système comprenant :

un ordinateur (1) ayant une mémoire pour con-
tenir des données concernant la taille et la forme
d’au moins un implant tibial et d’au moins un
implant fémoral ainsi que des données obte-
nues pendant un balayage préopératoire du pa-
tient concernant le tibia (T) et le fémur (F) du
patient et également des données concernant
la position tridimensionnelle et l’orientation d’au
moins un os sélectionné parmi le tibia (T) du
patient et le fémur (F) du patient obtenues pen-
dant le déroulement de l’opération de rempla-
cement du genou ;
des moyens d’affichage (3) pour afficher des
images provenant des données contenues dans
la mémoire de l’ordinateur (1) concernant le tibia
(T) du patient, le fémur (F) du patient, le au moins
un implant tibial et le au moins un implant
fémoral ; et
des moyens d’enregistrement (16) pour enre-
gistrer la position tridimensionnelle et l’orienta-
tion du au moins un os pendant le déroulement
de l’opération de remplacement du genou ;
des moyens de détecteur (4, 5) raccordés à l’or-
dinateur (1) et couplés de manière opération-
nelle aux moyens d’enregistrement (8, 9, 16)
pour détecter la position tridimensionnelle et
l’orientation du au moins un os (T ou F) pendant
le déroulement de l’opération de remplacement
du genou, les moyens de détecteur (4, 5) four-
nissant à l’ordinateur (1) des données concer-
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nant la position tridimensionnelle et l’orientation
du au moins un os (T ou F) ;
un dispositif tenseur réglable (26) pour appliquer
une tension sur les ligaments du genou du pa-
tient en flexion ou en extension, et mesurer un
espace entre ledit tibia (T) et ledit fémur (F) ;
l’ordinateur (1) étant programmé pour afficher
sur les moyens d’affichage (3), entre autres, une
ou plusieurs des images suivantes provenant
des données contenues dans la mémoire de l’or-
dinateur (1) et illustrant la position et
l’orientation :

(i) du tibia (T) du patient et du fémur (F) du
patient avec le genou tendu par le dispositif
tenseur (26) en flexion, et dudit espace tel
que mesuré par ledit dispositif tenseur ;
(ii) du tibia (T) du patient et du fémur (F) du
patient avec le genou tendu par le dispositif
tenseur en extension et dudit espace tel que
mesuré par ledit dispositif tenseur ;
(iii) du tibia (T) du patient et du fémur (F) du
patient avec le genou tendu par le dispositif
tenseur (26) en flexion et des plans poten-
tiels de coupe pour la résection du fémur
(F) du patient et dudit espace tel que me-
suré par ledit dispositif tenseur ;
(iv) du tibia (T) du patient et du fémur (F) du
patient avec le genou tendu par le dispositif
tenseur (26) en extension et des plans po-
tentiels de coupe pour la résection du fémur
(F) du patient et dudit espace tel que me-
suré par ledit dispositif tenseur ;
(v) du tibia (T) du patient et du fémur (F) du
patient avec le genou tendu par le dispositif
tenseur (26) en flexion et avec au moins un
composant choisi parmi le composant tibial
et le composant fémoral comme cela res-
sort après son implantation et dudit espace
tel que mesuré par ledit dispositif tenseur ;
et
(vi) du tibia (T) du patient et du fémur (F) du
patient avec le genou tendu par le dispositif
tenseur (26) en extension et avec au moins
un composant sélectionné parmi le compo-
sant tibial et le composant fémoral comme
cela ressort après son implantation et dudit
espace tel que mesuré par ledit dispositif
tenseur.

2. Système selon la revendication 1, dans lequel les
moyens d’enregistrement comprennent des pre-
miers moyens de marqueur (8) pour la fixation au
tibia (T) du patient, des seconds moyens de mar-
queur (9) pour la fixation au fémur (F) du patient, et
des moyens d’aiguille (16) pour toucher des carac-
téristiques significatives sur le tibia (T) et le fémur
(F) du patient, et dans lequel les premiers moyens

de marqueur (8), les seconds moyens de marqueur
(9) et les moyens d’aiguille (16) sont tous adaptés
pour le couplage opérationnel aux moyens de dé-
tecteur (4, 5).

3. Système selon la revendication 2, dans lequel les
moyens de détecteur comprennent une caméra in-
frarouge (4, 5), et dans lequel les premiers moyens
de marqueur (8), les seconds moyens de marqueur
(9) et les moyens d’aiguille (16) portent chacun des
moyens réflecteurs d’infrarouge (10, 11, 12 ou 13,
14, 15 ou 18, 19,20).

4. Système selon la revendication 2, dans lequel les
moyens de détecteur comprennent un émetteur ou
récepteur à ultrasons et dans lequel les premiers
moyens de marqueur (8), les seconds moyens de
marqueur (9) et les moyens d’aiguille (16) supportent
chacun des moyens émetteurs ou réflecteurs à ul-
trasons.

5. Dispositif selon l’une quelconque des revendications
1 à 4, dans lequel le dispositif tenseur (26) comprend
un ballonnet gonflable.

6. Système selon l’une quelconque des revendications
1 à 4, dans lequel le dispositif tenseur est choisi par-
mi un sac hydraulique, un dispositif mécanique ayant
deux manettes de mouvement parallèles, un dispo-
sitif mécanique ayant une manette supérieure de
mouvement orientable, un dispositif mécanique
ayant des manettes supérieures latérale et médiane
séparées, un dispositif mécanique ayant un bras
central sur le fémur et un dispositif mécanique
n’ayant qu’une séparation médiane.
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摘要(译)

公开了一种系统，用于外科医生在膝关节置换手术过程中植入胫骨植入
物和股骨植入物的患者期间使用。它包括导航计算机（1），其存储器被
布置成保持与至少一个胫骨植入物和至少一个股骨植入物的尺寸和形状
有关的数据以及在患者的术前扫描期间获得的与胫骨相关的数据（患者
的T）和股骨（F）以及与在膝关节置换手术过程中获得的患者的胫骨和
患者的股骨中选择的至少一个骨的三维位置和取向有关的数据。它还包
括用于在膝关节置换手术过程中记录患者胫骨和/或股骨的三维位置和方
向的登记装置，以及检测器。装置（8,9,16）连接到计算机并可操作地连
接到配准装置，用于检测至少一个骨的位置和方向。该系统还包括张紧
装置（26），用于在切除患者的胫骨后在屈曲或伸展时向患者膝盖的韧
带施加张力。此外，计算机被编程为在计算机的屏幕（3）上显示，尤其
是从保存在计算机的存储器中的数据导出的一个或多个图像，并描绘位
置和方向，包括在切除之前或之后的患者的胫骨（T）。并且患者的股骨
（F）膝盖由张力装置（26）在屈曲或伸展时拉紧，有或没有潜在的切割
平面，用于切除患者的股骨（FA，FP）和/或胫骨组件和/或植入后出现的股骨假体它们。
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