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(57) Abstract

A knee reconstruction apparatus (40) and method
provides for controlling and adjusting the point of fixation
of a ligament graft (30), for example a replacement for the
anterior cruciate ligament, which permits precisely and re-
peatably adjusting the length of the ligament graft (30) or
graft components (304, 30B, 30C) with the joint (33) under
a prescribed load prior to fixation. A fixture (40) is fixed
on the tibia (36) and includes an adjustable clamp (64) that
holds a ligament graft (30) anchored or held in the femur
(25). The clamp (64) can be moved for adjusting the length
of the ligament graft (30), or individual segments (30A,
30B, 30C) of a composite ligament graft (30) while the
joint (33) is under a prescribed load. The load carried by
one or more individual graft components (30A, 30B, 30C)
also can be measured prior to fixation to ensure that each
of the segments of a composite ligament graft (30) will car-
ry the desired or selected load for a joint under a pre-
scribed load.
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LIGAMENT GRAFT APPARATUS AND METHOD
BACKGROUND OF THE INVENTION
The present invention relates to an

apparatus and method for repairing ligament damage in
5 a joint by providing a ligament graft. member with
proper position and fixation.

This invention relates to an apparatus for
use in installing replacement ligament graft members
(of either single or multiple segments) at a joint
10 between first and second bone components using a
removable fixture mountable on a first bone component
adjacent to a joint in which a ligament graft member
is to be used for joining the two bone components.
The frame has means for removably mounting it on the
15 first bone component and for adjusting the length of
"a ligament graft member relative to the frame with the
joint under a prescribed 1load. The means for
adjusting are positionable adjacent a ligament graft
member path on the first bone segment and are coupled
20 to the ligament graft member whereby the length of the
ligament graft member can be adjusted while the joint
is under load prior to fixation of the ligament graft

member to both bone components.
The invention also includes a method of
25 replacing ligaments in a joint of a human body between
first and second bone portions by temporarily fixing
a replacement ligament graft at a first attachment
site relative to a first of the bone portions, in a
provided tunnel in the first bone portion, passing the
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replacement ligament graft into a tunnel in a second
bone portion and changing the location where the
replacement ligament graft exits the tunnel in the
first bone portion while measuring length changes of
5 the replacement ligament graft as reflected by total
forces in the replacement ligament graft_while under
external load. Then the replacement ligament graft is
fixed to the second bone portion at a second
attachment site, and the 1location where the
10 replacement ligament graft exits the tunnel in the
first bone portion is fixed to minimize changes in
length of the replacement ligahent graft during'a
desired amount of flexion of the joint.
Prior art efforts have concentrated on
15 precisely locating the openings for the tunnels for
such grafts and the attachment sites to overcome the
problem of excessive shortening and lengthening
experienced by the replacement ligament graft.
Attempts to precisely locate such ligaments through
20 the use'of apparatus that locates the bone tunﬁels'
~accurately has been expiained and reviewed in United
States Patent 4,738,751. It is explaiﬁed'in that
patent that some change occurs in the natural ACL as
the knee joint flexes, but many surgeons seek an
25 "isometric" relation of ligament grafts which means no
change in attachment site distance as the tibia and
femur flex.-

The external load to be applied to the joint
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prior to fixation is a load selected to be a proper
amount for strength of the graft when healed. The
load might be set at different levels for different
applications. One way to do the load setting is to
5 approximate the load on a normal ligament which can be
determined by laboratory testing.
Additionally, as has been treated in the
prior art, the point of effective attachment site of
a ligament at the joint interface on the bone segment
10 or portion can affect the flexing of the joint, so
that apparatus is provided for adjusting the position
of the fixation site of a ligament graft to permit not
only adjusting the length of the ligament graft but
also arriving at a location where the change in
15 loading is minimized between the ligament graft and
the original ligament before injury, and joint
operation is maximized or enhanced.
In the drawings:
_ Figure 1 is a schematic view of typical
20 ligament graft installed in a knee joint, and showing
one end anchored in place in a femur and the other
passing through a- tunnel in a tibia, and used for
purposes of illustration and explanation;
Figure 2 is a top view of an apparatus used
25 for permitting length and load adjustments in a
ligament graft;
Figure 3 is a section view taken generally
along line 3--3 in Figure 2;
Figure 4 is a side elevational view of a
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knee joint illustrating schematically the application
of an external load to the knee joint at the same time
the apparatus shown in Figure 2 is being used to
adjust the graft length; -

Figure 5 is a schematic representation of a
ligament adjustment device for adjusting the.length
and attachment position of a ligament in any joint;

Figure 6 is a sectional view taken generally
along line 6--6 in Figure 5;

Figure 7 is an end view of a typical bone
plug made to fit a cavity that is bored out with the
counter bore device shown in Figure 5; and

Figure 8 is a side view of such bone plug of
Figure 7.

' Figure 1 illustrates schematically a typical
ligament graft member in a knee joint, for purposes of
background information. The repair shown in Figure 1
schematically is for an anterior cruciate ligament '
(ACL) which is one of the most commonly and totally
disrupted of the knee ligaments. The ACL is partially
or completely torri over 70% of the time when there has
been substantial trauma causing lig-ament damage in a
knee. If left untreated the ACL ruptures lead to '

increased anterior and rotary instabilities and

meniscal tears, and in many patients joint space
narrowing and osteoarthritis. In Figure 1, a
composite graft is shown, and by way of illustrétion
the femur indicated at 10 and the tibia 13 meet at the
knee joint indicated at 12. In replacement of the

PCT/US90/00477
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ACL, tunnels or bores are formed, which open to the

interface surface of the joint and which have openings

or ports defining the attachment site of the ligament

graft. In the femur the attachment site is toward the

5 rear of the intercondylar notch, but only a schematic

showing is made. A tunnel or bore 14 is formed in the

femur which is of size to receive the ligament graft

and permit fixing it to the wall of the tunnel to the

outside wall of the femur. Preferably the tunnel will

10 exit at substantially the point of attachment of the

actual ACL. A second tunnel 15 is formed in the end

of the tibia forwardly of the tunnel in the femur to

closely simulate the attachment site of the ACL. A

ligament graft member indicated generally at 16 is

15 then used to replace the ACL and it is passed through

the tunnel in the femur and is held in place with a

bone fixation screw indicated at 17 or some other

means of anchoring the ligament graft in place. The

opposite end of the ligament graft 16 passes into the

20 tunnel 15. With a standardized external load applied

to the joint (the knee), the positioning and length of

the ligament graft can be adjusted, using the present

apparatus to closely match the conditions in a normal

ligament. The free end of the ligament graft 16 is

25 fixed in place and the surgery is completed by closing

the wound. As shown, sutures 18 can be used for

holding graft segments together and for adjustment of
ligament length.

Ligament grafts may be made of single or
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composite grafts, as is commonly known in the field.
Synthetic materials that are used include

-carbon fibers coated with polylactic acid, high
strength Dacron pcleester fiber, woven polypropylene,

5 or material made by W. L. Gore Company and sold under
its trademark "Gortex". The synthetic material may be

used as an ACL prosthesis or to augment and protect a
biological segment of a graft. In some instances, a.
patellar tendon can be segmented from the petella and
10 the tibia, along with end portions of .bone, and used
as part of the ligament graft. If it is augmented

with synthetic materials the sections can be sutured
together, or as will be shown the segments or strands '

can be maintained separately for length adjustment and

15 then fixed as a unit in the tunnel in the tibia.

Preferably, the ligament graft is positioned
in the tunnels so that its 1length, that is the
distance between its attachment points or sites, will
not significantly change as the knee is fixed'through

20 ~ a normal range of pivoting motion. ,

In the prior art, the isometric position of
the ligament graft is located using a device called an-
isometer. Suture material or thread is commonly
placed through a small pilot hole and is fixed to

25 either the outside of the tibia or to the femur at one
end and is connected to an isometer at the other end. .
With the suture under a constant spring load ;suppliedf
by the isometer the knee is carried through a range of
passive  flexion/extension, with the isometer
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indicating the resulting length change of the suture.
The pilot hole is then relocated until any length
during flexion/extension is within an acceptable
limit. These pilot holes then are used for the center
5 of the fixation tunnels, and once the fixation tunnels
as generally shown in Figure 1 are drilled through the
bone the ligament graft is placed within the tunnels
and is fixed to the tibia and the femur.
Fixation is achieved by using sutures,
10 staples, screws and washers, or a éombination of
these. For purposes of this application, the fixation
devices are pridr devices that fix the ligament graft
in position, once the appropriate locations and the
proper length and loading has been achieved through
15 the use of the present apparatus, and following the
method described herein.
Typically, after having fixed the graft to
the bone at one part of the joint (a first bone
_ portion) the knee is held at a flexion angle generally
20 in the range of 30! and then a certain level of
external load is applied to the joint while fixation
is achieved at the other end of the ligament graft.
The joint can be in some other chosen state.
It has been found that the mechanical state
25 of the prior art reconstructed joints was not
reproducible from knee to knee, nor did the mechanics
of the reconstructed joint match a normal knee. Two
probable sources of this variability were the graft
attachment site location, and the length of the graft
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at the time of fixation. At every flexion angle, the
knee has a lax region where the articular surfaces can
passively displace and rotate over each other until a
ligamentous, capsular, or bony constraint is met.
This lax region is much larger in an injured knee.
Depending upon how the external load is applied prior
to the final graft fixation, the articular surfaces
will displace relative to each other so that the
configuration of the joint and the subseqﬁent length
of the graft (as a function of externai load) at the
time of fixation will vary causing the lack of
reproducibility that has ‘been noted. '
~ The mechanical state of the knee during
graft fixation can be controlled with the present
apparatus, and following the present method, so ‘that
the graft length and the attachment site are varied
with the knee joint under external load such that the
force in the ligament graft matches that whichr the
normal ACL would experience in a similar situation.
Referring to Figures 2 and 3 in particulrar,
and also Figure 4, a device for determining the
ligament graft length of individual components of a
composite graft, or of a single graft is shown.
Assuming that the tunnels in the femur and tibia are
properly located, which can be done with the device of
Figures 5 and 6, an illustration of the present graft
loading apparatus shows the femur indicated generally
at 25 has a femoral knee joint end 26 (formed of inner
and outer condyles), and a tunnel 27 has been located

PCT/US90/00477
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in a proper location for the ligament graft. A
ligament graft, which is a polystrand or composite
segment ligament graft indicated at 30 is fixed in the
femoral tunnel in a suitable matter such as using a
5 bone screw 32 in the tunnel 27 so that one end is
fixed at a reference position that can be selected in
accordance with the surgeon's needs. The bone screw
32 will force the ligament graft against side surfaces
of the tunnel, and the ligament graft then will span
10 the interface indicated at 33 between the knee joint
end 26 of femur and the knee joint end 35 on the tibia
shown generally at 36. A tunnel 37 in the tibia has
an opening or port 37A at the interface surface that
is shown in Figure 3, and a fixture indicated
15 generally at 40 is mounted on the tibia and is used
for setting the length of the individual components or
graft segments shown at 30A, 30B and 30C of the
ligament graft. The port or opening 27A of tunnel 27
at the joint interface and port 37A are spaced apart

20 and the length of ligament graft between these ports
when the ligament graft is fixed in position is
important.

The individual components or segments can be

sutured together adjacent the fixation screw 32 if

25 desired so that they are held as a unit, but the
individual segments or strands are used separately in

the form shown in Figure 2 utilizing fixture 40. The
tunnel 37 also opens to the exterior of the tibia and

the fixture 40 is positioned adjacent the outlet of
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tunnel 37. 7
As shown in Figures 2 and 3, the fixture 40
has a mounting or base plate 42 that is supported onto
the medial tibial flare, over the exit port or 'opéning
5 of the tunnel 37. The plate 42 is spaced from the
surface of the tibia utilizing adjustment or leveling
screws 43 that are threaded through the plate 42 and
have ends which bear against the outer surface of the
tibia to provide the desired spacing. The plate 42
10 has an exit opening 45 of suitable size that overlies
' the opening or exit port from the tunnel 37. The
plate 42 is held against the tibia, and bearing
pressure is placéd on the support screws 43 throué'h
the use of a bone screw 46 that is threaded into the
15 bone and tightly holds the plate 42 in positi’oh. 7
The plate 42 forms a base that can be used
for exerting external loads on the joint as well as
supporting graft length adjusting assemblies. The
plate' 42 supports three individual ligament graft
20 segment length adjustihg assemblies 50. Each of the
length adjusting assemblies is substantially identical
in construction, and will be identically numbered, but
they are mounted on different brackets and at
different locations on plate 42 (see Figure 3). Exh ,
25 length adjusting assembly 50 includes a device for
measuring of loads on the ligament graft segment being
adjusted in length. The length adjusting assembly 50
for the graft segment 30B is mounted on a bracket 51B
that centers the axis of the length adjusting assembly
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50 along the central axis of the tunnel 37, while the

length adjusting assembly 50 for changing length and
measuring the force on the ligament graft segment 30A

is mounted on a bracket 51A that is attached to the

5 plate 42 and extends laterally therefrom so that the
segment 30A is directed to the side of the tibia. As

can be seen the length adjusting assembly 50 has a

guide roller for properly guiding the ligament segment

30A. The length adjusting assembly 50 for the graft

10 segment 30C is mounted on a bracket 51C that is to the
other side of the plate 42 and tibia from the bracket

51A so that there is clearance from the center length
adjusting assembly 50. | .

Each of the length adjusting assemblies 50

15 is constructed as shown generally in Figure 3, and
‘ includes an outer sleeve or tube 53 which has an
elongated slot 54 on one side thereof. A screw 55 is
rotatably mounted on the interior of the tube 53, and

a nut 56 is fixed to one end of the screw 55 and

20 positioned outside the tube at an outer end to support
and carry the loads on the screw 55 against the end of
the tube 53.

At the inner ends of the length adjusting
assemblies 50 there are brackets 56 mounted that in
25 turn rotatably mount graft segment guide pulleys 57.
The guide pulleys 57 rotate about axes that are
oriented to properly guide the individual ligament
graft segments, and prevent binding of'these segments

as the length is adjusted.
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A traveling nut 60 is threadably mounted on
each of the screws 55, and has a projection portion
60A that extends through the slot 54 of each of the
respective tubes 53. The projeétion 60A is connected

5 to a load cell 62 and clamp 63. The load cell 62 is
shown only schematically and is of suitable design.
The load cell 62 can be attached to the projection 60A
through the use of an attachment screw or with
adhesives. Load cell 62 can be a strain gauge type
10 device that has the ability to measure the level of
forces that are carried by the graft segments as the
lengths are adjusted. A clamp 64 is connected torthe
outer end of the load cell in a suitable manner and is
used for clamping the free ends of a ligament graft
15 segment. The clamps 64 have a threaded screw 65 that
can release a clamp jaw block 66 and clamp the graft
segment to the main clamp body after the graft segment
has been passed around a post 67.
The load cell 62 can be a conventional
20 purchased load cell unit of known design, so that it
would have an.output 1line 68 leading to readout
equipment indicated by the block 68A that could read
out individually the amount of tension load generated
in the ligament graft segment. The pulleys 37 have
25 shaIIOW’péripheral grooves for guiding the respective
ligament graft segments, and they are made so that
they freely rotate to avoid applying loads to the
ligament segments or binding as the ligament'segments
are adjusted in length. '
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The length adjusting assembly 50 that is
used with the ligament graft segment 30A, as shown, is
held by its bracket 51 so that the axis of rotation of
the guide pulley 57 is substantially upright, and it

5 can be seen that the tube inclines at a desired angle
away from the tibia so that it has clearance for
operation as the 1ligament graft segment 30A is
adjusted in length. The pulley 57 is positioned to
guide the ligament graft segment in a substantially

10 straight path through the tunnel 37 and to the clamp
used. The length adjusting assembly 50 used with the
ligament graft segment 30C likewise is inclined in its
bracket 51C and the pulley 57 properly guides the
ligament graft segment 30C. Each of the length
15 adjusting assemblies 50 has an individual load cell 62
that will provide an output load reading. _

When the ligament graft has been anchored
with the screw 32 in the femur, and the ligament graft
segments 30A, 30B and 30C have been clamped in their

20 respective clamps 63 by moving the clamp block 64, the
individual ligament graft segments are adjusted so
that they are at the desired length by adjusting the
traveling nut 60 along the length of the respective
screw 55. The nuts 60 are at desired locations so

25 that the necessary length adjustment is possible.
Then the knee is flexed so that the tibia forms
generally in the range of a 30° angle relative to the
femur, as shown in Figure 4. The plate 42 has a
loading bracket 69 thereon that is provided with a
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loading cable 70, and a suitable scale or 1load
indicating means 71 that can be manually pulled, but

which will measure the applied load is connected to

the cable 70. A standardized force will be applied to

5 the flexed knee in a direction selected as desired but
tending to pull the tibia away from the femur to
produce a 1load in the individual ligament graft
segments. This external load is selected to be a load
sufficient to provide a good graft and may be the same

10 as the force carried by a normal ligament which is
being replaced. The normal force can be determined by
laboratory testing. As shown, the external 1load
placed on the joint through cable 70 will be
substantially the same as the load in a normal ACL.

15 ' Ligament segment length adjustments can be
made by threading the screws 55 to prevent the knee
interface indicated at 33 from separating and to keep

the Jjoint components properly located. When the
external joint load desired has been registered on the

20 load indicating means 71, ~the 1lengths of the
individual ligament graft'segments are adjusted until

the individual loads indicated by each of the
individual load cells 62 are at a desired relationship

to each other. The ligameht graft segments 30A, 30B

25 and 30C may be adjusi:ed in length to equally share the
load or the individual loads may be set at unequal but
clinically desirable levels. Once the desired load
arrangement has been reached, the individual graft
segments then can be fixed or secured as a unitary
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ligament graft to the sides of tunnel 37. A temporary
type fixation can be made and the knee joint flexed to
make sure that it is working properly. Once the
permanent fixation is done, the plate 42 can be
5 removed. If the knee is flexed before the ligament
graft is secured in tunnel 37, changes in length of
the ligament graft 30 will be evidenced by a change in
load registered by the load cells 62 while the joint
is externally 1loaded through - cable 70. This
10 information can be used for adjusting the attachment
site for the femoral end using a device such as shown

of Figures 7 and 8.
In order to vary the effective ligament
graft attachment site location, the device shown in
15 Figures 5 and 6 was advanced, leading to the method
and device of Figures 7 and 8. The device shown in
Figures 5 and 6 is a prototype device that is not
implanted or used in 1live patients, but permits
analysis of the effect of changing the position of the
20 port or opening of the tunnel at the end surface of a
femur and tibia model or from a cadaver. The model
femur 82 and tibia 79 are shown in dotted lines only,
but the attachment site locating device indicated
genérally at 80 includes an outer threaded casing 81
25 that forms a housing. The threads 81, as shown, are
the type that will self-tap when threaded into a bore
existing in the femur 82. The bore can be made
initially with a cannulated drill, or the casing 81
may be cannulated and used to make a bore and remove
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a bone plug, after which the casing 81 is threaded in
place. The tunnel size for receiving the threaded
portion 81 is large so lateral positions of the
ligament graft can be changed. The tunnel is larger .
than the bundle of 1ligament graft segments shown
generally at 83. '

The outer casing 81 has a stop collar 84
that can be used for placing it at a desired location
against the outer surface of the joint end of the
femur 82, and at the end outwardly from the stop
~zllar 84, there are a pair of threaded collars 85 and
66, which can be rotated to bear against a slidable
collar 87 that slidably fits over the end of casing 81
and which carries a ligament graft clamp 88 at the
outer end. The ligament_graft bundle 83 extends
outwardly from the clamp 88 and can be clamped in a
scissor-like arrangement. The clamp 88 has a pair of
arms 90 and 91, that are pivotally mounted together
with a pin 92 adjacent one end, and this pin 92 is
attached to the sliding collar 87. With the ligament
graft between the arms 90 and 91, a screw 94 can be
threaded to tighten the arms 90 and 91 together about
the pivot pin 92 and clamp the ligament graft 83 to
hold it securely. The collar 86 can be adjusted to
push on collar 87 to change the length of the ligament
graft before fixing it in place.

The ligament graft 83 passes through a
cylindrical hub or plug 96 that is rotatably mounted
on the inside of the threaded casing, as shown in
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Figure 6. If the casing is used for making its own
tunnel, the hub or plug 96 would be removed, and the
bone plug formed would also be removed. Hub 96 has a
tunnel or bore 97 therein that is offset from the
5 center of rotation of the outer surface of the hub 96,
so that upon rotation of the hub 96 the position of
the tunnel 97 will change. This will then change the
position of the site where the ligament graft exits
the interface surface of the femur for the knee joint
10 (or other Jjoint). Changing of the site of the
ligaments at the interface surface on the femur and on
the tibia, as has previously been explained, can be
.very critical so that by proper adjustment a good
ligament graft can be properly positioned and held in
15 place. The hub 96 can be rotated about its axis,
which will displace the tunnel 99 laterally because of
its offset from the center of the hub. The site of
exit of the ligament graft from the femur can be
changed if a large tunnel section such as that shown
20 in 97A is provided. The ligament graft can be secured
in a desired location by use of securing means that
will hold the graft in a desired lateral position.
In order to have the site of exit of the
graft adjustable for a permanent replacement in a
25 living person, a bone plug 104 as shown in Figures 7
and 8, can be removed from another bone of the person
being treated, and inserted into a tunnel or bore 106
formed to the desired size for the cylindrical bone
plug 104. The bone plug 104 has a tunnel 105 offset
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from the bone plug axis. The tunnel 105 can be
shifted laterally by rotating it in tunnel 106 to
shift the attachment point of a ligament graft 110 at
the femoral interface surface. A fixture of Fiqures
5 2-4 can bé adapted to attach to the femur at the
exterior of the tunnel 106 and load a ligament graft
110 secured in a tibia 112 to adjust the length of the
ligament graft. ' ' - 7 '
The opening of tunnel 105 can be positioned
10 at a desired location at the interface at the knee
joint by rotating the bone plug 104 about its axis, in
the same manner that the hub 96 of Figure 5 is
rotated, to change the effective site of attachment of .
the ligament graft. The bone plug 104 can be rotated
15 about its axis until the port from the tunnel in the
" bone plug is positioned at a location where knee
flexion can occur with minimum change in length of the
ligament graft, as indicated by little change in force -
measured with a fixture having manuaily adjustable,
20 length adjusting assemblies 50 thereon.  The ligament
graft 110 can be fixed to the tunnel 105 as previously
shown with a screw, and then the bone plug 104 itself
can be secured into the bore 106 in the femur by a
lock screw or other suitable means, once the |
25 appropriate site of the ligament graft has been-
selected. ' ' R
The end surface 104A of bone plug 104 facing
the tibia can be shaped to conform to the knee joint
end surface shape of the femur after the plug 104 has
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been rotated to the desired position and secured. It
should be noted that a plug such as that shown in 104
can also be used in the tibia, but it would be of
smaller diameter. If desired individual tunnels can

5 be bored into such plug for carrying the individual
segments of the ligament graft so that the segnments
all can be adjusted for proper location where they
cross the interface surface at the knee or other
joint.

10 The ability to change the effective
attachment site with a hub or a plug that has an
eccentric tunnel formed in it, and which can be
rotated inside a larger tunnel to change the position
of the ligament graft where it exits the interface of

15 a joint provides for greater adjustability, and by
properly adjusting the ligament graft length and
utilizing means for ensuring that individual segments
of a ligament graft are adjusted in length to carry
selected portions of the total load, a satisfactory

20 reconstruction can be achieved.

The ideal situation is that the ligament
grafts are positioned in such a location that they do
not change in length to any substantial degree as the
knee flexes through its full range of unloaded

25 flexion. The proper length adjustment as indicated by
force in the graft segments prior to fixation with the
knee under external 1load provides the proper
relationship of the joint parts when the external load

on the joint is unloaded.
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It should be noted that the ligament
segments do not have to extend all the way out to the
clamps on the length adjusting assemblies 50, but

sutures can be placed onto the ligament graft segments'

and the sutures clamped in place to provide the length
changes. Applying a desired standardized external

joint load to the knee, and then adjusting the length .

of each of the individual ligament graft segménts so
that the total graft force is as desired, and which
may be related to normal forces in the ligament being
replaced, means precise control for a good reliable

graft can be achieved. By ensuring that the lengths

are proper for joint operation before securing the
graft, the reconstruction is greatly enhanced.

The load adjusting devices can be used for
extra articular grafts wherein tissue or ligament
graft material is applied to an external part of the
joint. No tunnels are used, but the ligament graft
can be adjusted in length easily. The frame 42 would
be located to guide the ligament graft to its desired
location in the bone segment. -

Additional force measuring devices may also
be used such as a "buckle" transducer which goes
directly onto a ligament having a frame with end cross

bars and a center cross bar. The ligament graft is

threaded under the end bars of the buckle frame and
over the center cross bar, so that when the ligament
tends to straighten out it will exert loads on both
end bars and the cross bar. Strain gauges are used on
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such buckle to sense loads.

The external load applied through the cable
70 can be done with a strain gauge force ring, or any
desired load indicating device.

5 Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.
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WHAT IS CLATMED IS:
1. A method of replacing ligaments in a
joint of a human body between first and second bone
portions comprising the steps of: ' ' o
temporarily fixing a replacement ligament
graft at a first attachment ‘site
relative to a first of said bone
portions, in a provided tunnel;

passing the replacement ligament graft into
a tunnel in a second bone portion;

changing the location where the replacément
ligament graft exits the tunnel in the
first bone portion while measuring
length changes of the replacement
ligament graft as reflected by total
forces in the replacement li'gamen‘t'
graft while under external load; and-

fixing the replacement ligament graft to the
second' bone portion at a second
attachment site and fixing the
location where the replacement
ligament graft exits the tunnel in the
first bone portion to minimize changes
in length of such replacement ligament
graft during a desired amount of
flexion of the joint.

2. The method of claim 1 including the

 further step of applying a load on the replacement
ligament graft to a desired level prior to fixation of

o
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the replacement ligament graft to the second bone
portion.

3. The method of claim 1 including the step
of varying the length of the replacement ligament
graft between the first and second attachment sites on
the two bone portions so that force in the replacement
ligament graft is substantially matching normal
loading of a natural ligament for the joint.

4, The method of claim 1 including the step
of using a multi-segment replacement ligament graft
and determining the load carried in the individual
replacement ligament graft segments as the length
thereof is adjusted prior to fixation of the
replacement ligament graft segments with the joint
under external load.

5. An apparatus for use in installing
replacement ligament graft members of either single or
multiple segments to a joint between first and second
bone components comprising:

a removable fixture mountable on a first
bone component adjacent to a joint in
which a ligament graft member is to be
used  for Jjoining the two bone
components;

the fixture comprising a frame;

means for removably mounting said frame on

. the first bone component;

means on the frame for adjusting the length

of a ligament graft relative to the
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frame with the Jjoint wunder a
prescribed load, said means for
adjusting being positionable adjacent
a ligament graft member path on the
first bone segment; and

means for coupling the means for adjusting

to the ligament graft member whereby
the 1length of the 1ligament graft

member can be adjusted while the joint

is under load prior to fixation of the

ligament graft member to both bone
components.

6. The apparatus as specified in claim 5
wherein said frame includes a load carrying member
independent of the means for adjusting for permitting
exerting an external load to the joint before the
length is adjusted. 7

7. The apparatus of any one of the
preceding claims wherein the ligament graft has a
plurality of individual elongated graft segments, and
said frame having a plurality of length adjusting
means for individually adjusting the length of each
graft segment. '

8. The apparatus of any one- of the
preceding claims, said 1length adjusting means
including a clamp for receiving a ligament graft, and
a screw threadable for moving the clamp to change the
length of the iigament graft member.
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9. The apparatus of Claim 8 and guide
pulley means for guiding a ligament graft member for
aligning such ligament graft member with the clamp.

10. The apparatus of Claim 8 and a load
cell carrying forces from the screw to the clamp to
measure loads carried on the ligament graft member.

11. 2n apparatus for providing a guide for
locating a ligament graft member relative to a first
bone segment adjacent to a joint with a second bone
segment for which said joint ligament graft member is
to be used, said apparatus comprising:

means for providing a first tunnel in the

first bone segment through which a
graft will extend; and

plug means for mounting in said first tunnel

comprising a plug having a central axis
and a second tunnel through the plug
extending substantially parallel to
the central axis, the second tunnel
being offset from the central axié,
said second tunnel receiving a
ligament graft member, and said plug
being rotatable about its central axis
to change the exit position of the
ligament graft member received in the
second tunnel in respect to a tunnel
formed in asecond bone segment forming

joint.
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