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(57) Abstract

Device for realtime computerized in—situ planning and guidance of ligament graft placement comprising: A) two rigid reference
bodies (4; 5) with at least three markers (6) each and screws (7) or pins to attach the reference bodies (4; 5) to the femur (8) respectively
to the tibia (9); B) a pointer (10) with at least three markers (6); C) an endoscope (11); D) a computer (3); E) a position measurement
device (14) connected to the computer (3) in order to determine the position of the markers (6); F) an X~ray source (1) that may be used
pre—operatively or intra—operatively; G) an X-ray receiver (2) for gathering medical image data which is transferred to the computer (3)
either directly in numerical format or by scanning the radiographic film into the computer (3); and H) an A-mode ultrasound device (13)
which is connected to the computer (3) and provided with at least three markers (6).
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IMAGING AND PLANNING DEVICE FOR LIGAMENT GRAFT PLACEMENT

The present invention relates to a device for realtime
computerized in-situ planning and guidance of 1ligament graft
placement as defined in the preamble of claim 1 and a method for
realtime computerized in-situ planning and guidance of ligament

graft placement as defined in the preamble of claim 8.

Anterior Cruciate Ligament (ACL) rupture is a very common
sports-related injury. Reconstruction with autogenous graft
using a minimal invasive endoscopic approach has become standard
in ACL replacement. This has the advantage that surgery causes

minimal trauma.

Unfortunately, according to the state of the art Xknowledge on
proper ACL placement, approximately 40% of ACL ligaments are
currently being misplaced. This exposes a serious problem in the
quality of a procedure that, if not performed correctly, can
result in premature degeneration of knee structures that

eventually requires total knee replacement.

These misplacements can partially be attributed to the
restricted local endoscopic view that does not give the surgeon

a global overview of ligament position as seen in standard
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postoperative X-rays. These limits of endoscopically-identified
landmarks for consistent 1ligament placement have lead some
experienced surgeons to strongly advocate the use of fluoroscopy

as a quantitative method to verify positioning intraoperatively.

Proper ligament positioning involves many factors such as:

a) Proper drill tunnel placement with respect to anatomical
landmarks;

b) Avoidance of impingement;

c) Ensuring that 1ligament elongation does not exceed 10%
(collagen fibre rupture beyond 10% elongation):;

d) Proper graft tension and position to restore knee stability:;
and

e) Proper graft fixation in good quality bone.

A method for the determination of the femoral point of the graft
attachment in case of ACL replacement is known from the EP 0 603
089 CINQUIN. This known method concerns the determination of a
femoral point of graft attachment with respect to the tibial
graft attachment point such that the distance between these two
points remains invariant during knee flexion and extension. This
known method includes the use of a reference and a pointer both
provided with energy emitting markers whose position within
an on-site three-dimensional coordinate system is determined by
means of a three-dimensional position measurement system e.g.
an optical custom position measurement system OPTOTRAK,

Northern Digital, Waterloo, On. The position measurement system
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measures the position of +the markers with respect to the
on-site three-dimensional coordinate system. Therewith, the
position of the tip of the pointer is determinable by means of

a computer. The method comprises the steps of:
1) Attachment of a first reference at the tibia;

2) Positioning of the pointer tip at a previously determined
point T; and measure the position of the pointer tip with

respect to the first reference;

3) Positioning of the pointer tip at several points P; at the
trochlea of the femur close to that position where the invariant

point is expected;

4) Calculation of the distances of point T; and each of the

points Py;

5) Displacement of the femur with respect to the tibia and
calculation of the variations of the distances between T, and

each of the points P;;

6) Selection of that point P; among points P; which shows the

most invariant distance.

This method measures knee movement to obtain a "functional"

placement of the ligament that respects certain elongation

criteria.
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The disadvantage of this known method 1is that anatomical
placement criteria such as a general overview of graft position

with respect to the whole anatomy of the joint is not possible.

On this point, the invention intends to provide remedial

measures.

The objective of the invention is to provide a device that can
support both functional and anatomical criteria for a variety of

graft types, surgical philosophies and surgical techniques.

The invention solves the posed problem with a device for
realtime computerized in-situ planning and guidance of ligament
graft placement offering the features of claim 1 and a method
for realtime computerized in-situ planning and guidance of

ligament graft placement offering the features of claim 8.

Additional advantageous embodiments of the invention are

characterized in the dependent claims.

The device according to the invention provides the advantage
that the device provides a versatility that allows anterior
cruciate ligament insertion for very different surgical

techniques.

The device according to the invention comprises
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A) two rigid reference bodies with at least three markers each
and screws or pins to attach the reference bodies one to the
femur and one to the tibia;

B) a pointer with at least three markers;

C) an endoscope;

D) a computer;

E) a position measurement device connected to the computer in
order to determine the position of the markers:;

F) an X-ray source that may be used pre-operatively or
intra-operatively;

G) an X-ray receiver for gathering medical image data which is
transferred to the computer either directly in numerical format
or by scanning the radiographic film into the computer; and

H) an ultrasound device which is connected to the computer and

provided with at least three markers.

The markers may be energy emitting, receiving or reflecting
means depending on the position measurement device being used.

For instance as energy emitting means:

- Light sources;

- Light emitting diodes (LED’s):;

- Infrared light emitting diodes (IRED’s);
- Accoustic transmitters; or

- Coils in order to establish a magnetic field;

or as enerqgy receiving means:
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- Photodiodes:;
- Microphones; or

- Hall-effect components;

may be installed.

Furthermore, the device may comprise a drilling device which is
provided with at 1least three markers as well. The markers
attached to the drilling device allow to determine the in-situ
position of the drilling device, particularly of the drill tip.
Such the drill tip may be positioned on the bone as previously
planned at the computer. The path of the hole being bored by the
drill may be controlled at the computer therewith allowing a
guidance of the drilling device according to the holes
previously planned at the computer. The planning of the
positions of the holes may be performed with use of the medical

images.

In a preferred embodiment of the device according to the
invention the pointer and the endoscope are configured as a

one-piece computer-integrated endoscopic instrument.

Preferably, the ultrasound device is an A-mode ultrasound device
emitting and receiving an ultrasound beam along an axis such

allowing a realtime signal processing.
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Particular software allows the computer to display a
three-dimensional representation of the connection between
ligament attachment points previously determined via the
pointer. Moreover, when using the ligament attachment points the

computer can display a ligament during knee flexion and

extension.

The method according to the invention comprises the steps

A) making at least one X-ray of the knee sections of the femur
and the tibia as a medical image;

B) transfer of the medical image to a computer;

C) measurement of points on the surface of the femur
respectively of the tibia by means of a pointer and within a
on-site three-dimensional coordinate system;

D) measurement of points on the surface of the femur
respectively of the tibia by means of an ultrasound device
and within a on-site three-dimensional coordinate system; and

E) functional and anatomical determination of the ligament graft

placement by means the data received under A), C) and D).

The points intraoperatively measured on the surface of the femur-
respectively of the tibia may be used to establish a
mathematical relationship between the patient’s intraoperative

position and the data of the X-rays.

The X-rays may be made preoperatively or intraoperatively and

are used to help decide where to place the ligament.
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Furthermore, the method may comprise the step of determination

of the image magnification by the computer.

Preferably the X-rays are prepared as templates. Such allowing a
direct planning of the desired ligament graft placement with
respect to anatomical landmarks on the medical image displayed

at the computer through manipulation of the templates.

The method may also comprise the implantation of fiducial

markers at the femur respectively at the tibia.
The invention is explained in more detail with reference to the .
partially schematic illustration of the preferred

embodiment.

Shown are:

Fig. 1 the preferred embodiment of the device according to

the invention.

Fig. 1 shows the device according to the invention comprising:

- An X-ray source 1 that may be wused pre-operatively or

intra-operatively;

- An X-ray receiver 2 for gathering medical image data;
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- A computer 3 whereto the medical image data is transferred
either directly in numerical format or by scanning the

radiographic film into the computer 3;

- Two rigid reference bodies 4;5 with four markers 6 each and
screws 7 or pins to attach the reference bodies 4;5 to the femur

8 respectively to the tibia 9;

~ A pointer 10 with twelve markers 6;

- An endoscope 11 which is provided with a display 12;

- An A-mode ultrasound device 13 which is connected to the

computer 3 and provided with four markers 6;

- A position measurement device 14 connected to the computer 3

in order to determine the position of the markers 6; and

- A drilling device 15 which is provided with four markers 6.

X~-rays may be established pre-operatively or intra-operatively
by means of the X-ray source 1 and the X-ray receiver 2. If
pre-operative X-rays are taken, these may be available in
numerical format or as a radiographic film. If available in
numerical format, the X-ray is directly transferred to the
computer 3, otherwise the radiographic film is scanned into the
computer 3. If intra-operative X-rays are taken, a fluoroscope

is used with an X-ray source 1 and an X-ray receiver 2. X-rays
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should be taken in standard orientations, for example
anterior-posterior and medial-lateral, and contain a ruler with
radio-opaque markings placed at the side of the knee. The
radio-opaque markings on the ruler appear on the image and are
digitised in the computer 3 to determine image magnification.
The X-rays can be prepared as templates. Desired ligament
placement with respect to anatomical landmarks, e.g. the medial
and lateral condyles or the trochlea, can be planned directly on
the medical image displayed at the computer 3 through

manipulations of the templates.

To perform  the functional considerations the position
measurement of the femur 8, the tibia 9, and the pointer 10 is
performed by the position measurement device 14. In the
preferred embodiment of the device according to the invention
the position measurement device 14 is an optoelectronic
navigation system (Optotrak 3020, Northern Digital, CAN.). The
markers 6 are infrared light emitting diodes (IRED’s) that are
detected by the position measurement device 14 therewith
allowing to calculate the position of the reference bodies 4;5,
the pointer tip 16, the drill tip 17 and the head 18 of the

ultrasound device 13.

The pointer 10 can be used to digitise structures of the femur
8 respectively of the tibia 9 wunder direct visual control by

means of the endoscope 11. 1In the preferred embodiment of the
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device according to the invention the pointer 10 is a
computer-integrated endoscopic palpation hook such that the

endocsope 11 is integrated in the pointer 10.

Certain landmarks, such as the posterior femoral and tibial
condyles, are difficult to obtain by direct digitization with
the pointer 10. For this reason, the device according to the
invention also incorporates an A-mode ultrasound device 13
equipped with markers 6. The wultrasound device 13 and the
computer 3 allow to calculate the distance between the
ultrasound device head 18 and the point of intersection 19 of
the ultrasound beam with the surface of a bone. Since the
position of the ultrasound device head 18 and the direction of
the wultrasound beam within the on-site three-dimensional
coordinate system 20 are determined by the position measurement
device 14 the position of the point of intersection 19 may be
determined within the on-site three-dimensional coordinate
system 20 by means of a coordinate transformation performed via

the computer 3.

The points intraoperatively measured on the surface of the femur
8, respectively on the tibia 9 may be used to establish a
relationship between the patient’s intraoperative position and
the data of the medical images. Such a transformation of
coordinates on the medical image may be computed into
coordinates within the on-site three-dimensional coordinate
system 20 therewith allowing functional and anatomical

considerations of the graft placement.
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CLAIMS

1. Device for realtime computerized in-situ planning and
guidance of 1ligament graft placement comprising

A) two rigid reference bodies (4;5) with at least three markers
(6) each and screws (7) or pins to attach the reference bodies
(4;5) to the femur (8) respectively to the tibia (9):

B) a pointer (10) with at least three markers (6);

C) an endoscope (11):;

D) a computer (3); and

E) a position measurement device (14) connected to the computer
(3) in order to determine the position of the markers (6),
characterized in that

the device further comprises

F) an X-ray source (1) that may be used pre-operatively or
intra-operatively;

G) an X-ray receiver (2) for gathering medical image data which
is transferred to the computer (3) either directly in numerical
format or by scanning the radiographic film into the computer
(3); and

H) an ultrasound device (13) which is connected to the computer

(3) and provided with at least three markers (6).

2. Device according to claim 1, characterized in that the device
further comprises a drilling device (15) which is provided with

at least three markers (6).
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3. Device according to claim 1 or 2, characterized in that the
pointer (10) and the endoscope (11) are configured as a

one-piece computer-integrated endoscopic instrument.

4. Device according to one of the claims 1 through 3,
characterized in that the ultrasound device (13) is an A-mode

ultrasound device.

5. Device according to one of the claims 1 through 4,
characterized in that the computer (3) can display a
three-dimensional representation of the connection between
ligament attachment points previously determined via the pointer

(10).

6. Device according to claim 5, characterized in that using the
ligament attachment points the computer (3) can display a

ligament during knee flexion and extension.

7. Device according to one of the claims 1 through 6,
characterized in that the X-ray source (1) and the X-ray

receiver (2) are configured as a fluoroscope.

8. Method for realtime computerized in-situ planning and
guidance of ligament graft placement with the use of the device
according to one of the claims 1 through 7,

characterized in that it comprises the steps

A) making at least one X-ray of the knee sections of the femur

(8) and the tibia (9) as a medical image;
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B) transfer of the medical image to a computer (3);

C) measurement of points on the surface of the femur (8)
respectively of the tibia (9) by means of a pointer (10) and
within an on-site three-dimensional coordinate system (20);
D) measurement of points on the surface of the femur (8)
respectively of the tibia (9) by means of an ultrasound device
(13) and within a on-site three—dimensional coordinate system
(20);

E) establish a mathematical relationship between the patient’s
intraoperative position and the data of the medical images by
using the points on the surface of the femur (8) respectively of
the tibia measured under steps C) and/or D); and

F) functional and anatomical determination of the ligament graft

placement by means the data received under A), C) and D).

9. Method according to claim 8, characterized in that the at
least one X-ray is made preoperatively and used to help decide

where the ligament is placed.

10. Method according to claim 8, characterized in that the at
least one X-ray is made intraoperatively and used to help decide

where the ligament is placed.

11. Method according to one of the claims 8 through 10,
characterized 1in that it further comprises the step of

determination of the image magnification by the computer (3).
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12. Method according to one of the claims 8 through 11,
characterized 1in that the at 1least one X-ray is prepared as

template.

13. Method according to claim 12, characterized in that the
desired ligament graft placement with respect to anatomical
landmarks is planned directly on the medical image displayed at

the computer (3) through manipulation of the templates.

14. Method according to one of the claims 8 through 13,
characterized in that it further comprises the implantation of

fiducial markers at the femur (8) respectively at the tibia (9).
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