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initial means of fixation of the device which allows the patient nearly
immediate mobility. This reduced This invention relates to a method of
making a       interval of immobility has the effect of greatly re-
synthetic prosthesis for replacement or repair of      ducing required
rehabilitation time for the affected ligaments or tendons.
5   joint. The generally accepted method of repair of liga-       This
invention will now be particularly described, ments and tendons is through
the use of tissue         by way of example only, by reference to the
accom- transplanted to the defect site from elsewhere in      panying
drawings in which: the body. This method of repair often fails due to a
Figure 1 is a photomicrograph of the PTFE materi- number of factors,
including insufficient strength to   10   al used in the construction of
the prosthesis of Ex- the transplanted tissues, dependence of the trans-
ample B; planted tissue on revascularization for viability       Figure 2
is a photomicrograph of the PTFE materi- and inadequate strength of
attachment or fixation of   al used in the construction of another
prosthesis; the transplanted tissue.                                 Figure
3   a photomicrograph of the material of A great need exists for a
prosthetic device to re-   15   Figure 2 laterally stretched to provide for
measure- p'ace damaged ligaments and tendons, and there         ment of
characteristic interstitial dimensions; been a number of previous attempts
at provid-      Figure 4 shows a schematic perspective view of such
devices. However, there is no procthesis       one prosthesis constructed
in accordance with the today which is widely accepted. Among the reasons
present invention; for failure of prosthetic devices are inadequate   20
Figure 5 depicts schematically the implantation of tensile strength lack of
adequate fixation. deterio-  an anterior cruciate ligament prosthesis not
con- ration of the device due to mechanical stresses       structed in
accordance with the present invention; and deterioration of the
prosthesis/tissue interface.    Figure 6 depicts schematically a stage in
one It is known from EP-A 0 051 954 to provide a        method of
construction of a prosthesis in accord- method for making a tensile
load-bearing tissue   25   ance with the present invention; prosthesis
having a plurality of parallel longitudinal-  Figure 7 shows a schematic
perspective view of ly adjacent strands positioned between and con-
another prosthesis constructed in accordance with nected to at least one
eyelet for initially attaching  the present invention: the prosthesis to
tensile force-applying bone tissue.    Figures 8A. B and C depict the
implantation of the The method, according to the present invention.   30
prosthesis of Figure 7 into a knee joint as an anteri- is characterised by
the steps of:                      or cruciate ligament prosthesis. a.
arranging and spacing a plurality of pin means      The synthetic
prosthesis for replacement or re- to define an elongate area in accordance
with the      pair of ligaments or tendons is made up of multiple desired
size of the prosthesis:                        strands of porous PTFE. The
porosity of the b. forming a plurality of elongate loops around the   35
strands is characterized by interconnecting void plurality of pin means
from a continuous filament of   space throughout. the desired strand
material until the desired number     Strand dimensions are small enough to
permit tis- of parallel strands is obtained; and                   sue
growth in and through the entire strand. The c. gathering the loop ends at
one end of the elon-   percent void space or porosity, is greater than gate
area to form the eyelet. said gathering step in-   40   30%. which allows
mechanical attachment to tissue cluding the step of securing the gathered
loop ends   ,n the interstitial spaces of the prosthesis to pro- against
ungathering.                                   vide sufficient attachment
strength. This degree of Preferably, the strand material is expanded PTFE
porosity is a requirement only for those sections of having a
microstructure of interconnecting voids       the device which are intended
to be anchored defined by nodes ond fibrils. and having a charac-   45
through tissue fixation. Porosity. as used here is terist:c interstitial
dimension of greater than abou. 7  defined as: microns. and a matrix
tensile strength of greater than about 20.000 psi (138 MPa) and with a.
porosity                                        [err] greater than 30%.
50        %  Porosity  =  [err] It is further preferred that the parallel
strands are formed from a plurality of concentric loops of a continuous
filament of the material, the loops being elongate in the tensile load
direction, and wherein      where: P2 - density of porous matera the ends
of the plurality of elongated loops are gath-   55   [err]=density of solid
PTFE making up the solid con- ered and bonded together to form at least one
eye-     tent of the porous material. For PTFE which has let for attaching
the article to tensile force-applying  never been sintered [err]= 2.3
gm/[err] and for materi- bone tissue.
als which have been sintered a value of 2.2 gm/[err] It is further
preferred that the prosthesis in-     is  ced for [err] although this value
can actually vary cludes means for distributing the tensile load among   60
somewhat depending on sintering and cooling condi- the individual strands.
tions. Preferred embodiments of this invention permit        Immediate
postoperative attachment of the de- maximization of tissue attachment
strength to the      vice is provided by eyelets which are attached di-
prosthesis without sacrificing prosthetic strength    .   rectly to bony
tissue. This initial attachment is aug- and when used as a prosthetic
ligament provide an   65   mented and finally made redundant as tissue
grows    3                   EP 0 192 949 B1                    4 



into the porous strand material, providing perma-     ing the fibril length
(i.e. node spacing). The intersti- nent attachment of the prosthesis to
tissue. Tissue   tial dimensions of these materials can be observed can
easily grow between and among the strands         if samples are prepared
for microscopy by slightly since they are not attached to each other nor
held    stretching the material at right angles to its direction together
tightly. However, the depth to which tissue    5   of strength orientation.
Upon stretching the sample can grow into each strand is governed by the
dimen-   10%  in the lateral direction, with the sample re- sions of the
interconnected void corridors or path-   strained from shrinking in the
longitudinal direction, ways through the porous microstructure. The com-
the points at which fibrils are connected become ap- plex
intercommunicating void space is formed by the   parent under microscopic
examination. The distance solid PTFE matrix. In some cases, the matrix is
made   10   between fibril connections is then measured at all up of large
solid nodes interconnected by long flexi-  obvious gaps created between
fibril bundles. This ble, relatively inelastic fibrils. Although the nodes
measurement is taken in the direction of strength may present rigid
inflexible structures to ingrowing  orientation. As with the method
described previous- tissue, the fibrils can be bent and pushed aside by
ly for node spaced, the number of measurements of penetrating  tissue.
Other microstructures  have   15  fibril suspension distance must be
sufficient to much smaller nodes which appear merely as connec-
characterize interstitial dimensions of the micro- tior  ponts for the
fibrils. In both cases, the       structure. strngth of the fibrils in
tension is very high, and al-  Figure 2 shows how material of this type
appears though they can be bent by tissue, they cannot be     without
lateral stretching as compared to Figure 3 stretched significantly. The
microstructures can be   20   which is a micrograph of the same material
with 10% characterized by a mean interstitial dimension which  lateral
stretching. This lateral stretching, which is can be used to predict the
depth of tissue ingrowth.  used oniy to characterize the microstructure of
the Short fibril lengths impede and bottleneck tissue in-  material,
represents a temporary structural reorien- vasion. Thus for porous strands
having short fibril  tation. A force placed on the material in the longitu-
lengths, the overall strand dimensions must itself be   25   dinal
direction causes a return to the original lateral small enough so that
ingrowth and attachment will oc-  dimension and a restoration of the
original micro- cur throughout the entire strand.
structure. As previously described, it is believed The methods used here to
characterize the fibril    that the fibrils composing this microstructure
are length of a particular microstructure rely on visual  pushed aside by
ingrowing tissue. The method of examination of that microstructure.
Photographs at   30   measuring the characteristic interstitial dimension a
convenient magnification can be provided through    for materials of this
type is shown in Figure 3. Hav- scanning electron microscopy or, in some
cases.       ing once determined the characteristic interstitial di- light
microscopy. The microporous PTFE materials      mension by the techniques
described. the proper used in this invention can vary sufficiently in their
strand dimensions can be determined. microstructure  so  that different
techniques of   35   The maximum thickness which will allow tissue pen-
measuring the characteristic interstitial dimension   etration through the
entire strand is approximately must be used. Strand fibres such as those
made by     two times the tissue penetration depth. Thickness. the orocess
described in Example B possess a          as used here, refers to the
appropriate minor mi Ktructure which can clearly be characterized
cross-sectional dimension of a strand. e.g. the di- by nodes interconnected
by fibrils. The characteris-   40   ameter of a strand of circular
cross-section. the tic interstitial dimension for materials of this type
thickness of a strand of rectangular cross-section. can be determined
through a direct measurement of     In general. combinations of
characteristic intersti- the spacing between nodes. This measurement is
tial void dimension and strand thickness which are taken along a line
placed in the direction of strength  preferred because they allow complete
tissue pene- orientation (Figure 1). A large enough number of   45  tration
across the strand cross-section in a shorter measurements must be taken so
that the node spac-     time interval. may be determined from tne following
ing is adequately characterized. The mean node        relationships.
spacing thus provided is used to characterize the interstitial space and
thereby predict the depth of     1n (strand diameter) [err] 2.28 x [err]
(CID) - 4.36 ingrowth into that microste jcture.              50  for CID >
7 microns. [err] 120 microns In strand material which has been manufactured
in (strand diameter) [err] 6.98 x [err] (CID) 9.94 by a stretching process
such as is described in       for CID a 120 microns U.S. Pat. No. 3 962
153, or the products or U.S.        where: CID - charactenstic interstitial
dimension Pat. No. 4 187 390. the nodes of PTFE can be small-   (microns)
er and much less defined. In highly stretched prod-   55  in - natural
logarithm ucts made according to these patents, node spacing      Strand
diameter is expressed in inches becomes very large and fibrils are packed
togeth- er. The sintering step in production of these materi-   The depth
of tissue penetration into the micropo- als causes the bundles of fibrils
to coalesce and     rous redcture decreases radically as characteris- form
secondary attachment points. For this reason.   60  tic interstitial
dimension falls below 10 microns. This the microstructure of such materials
is not readily   decrease is due to the fact that in structures with
apparent even under magnification. In determining     this characteristic
spacing and below, only a small : .e characteristic interstitial dimension
of these ma-  number of the interstitial pathways are large enough terials.
it is necessary to measure the distance be-  * to admit a single cell of
the desired type. At charac- tween fibril suspension points rather than
measur-   65  teristic interstitial dimensions of 120 microns and    5
EP 0192949 B1                     6 greater, substantial vascularization
accompanies       1. A twist in the strand bundle about its longitudi- 



tissue ingrowth and allows for a greatly increased      nal axis. depth of
penetration. We believe that this creates      2. A loose strand braid. an
increase in the relationship of interstitial dimen-  - Although the
ligament prosthesis embodiment sion and depth of tissue penetration.
5   preferably has a pair of opposing eyelets formed A major requirement
for a successful ligament or    from elongated loops, the present invention
also en- tendon prosthesis is that of adequate strength. In    compasses a
single eyelet 324 formed in the loops many situations prosthetic materials
used to replace  gathered for attachment to bone. The loops at the these
natural structures are subjected to very high   other end 316 remain
ungathered or splayed to pro- tensile loads. The strength of the prosthesis
must in   10   vide attachment to soft tissue such as muscle tis- some
cases be many times that of the peak load to     sue, as by suturing (see
Figure 4). In this latter which it will be exposed to compensate for the
me-    case, the closed loop ends provide additional resist- chanical
properties of the prosthesis which are       ance to possible strand
slippage past the sutures. time-dependent.
The single eyulet embodiment of this prosthesis 310, From a mechanical
strength standpoint, one of or-  15   could find use in the repair or
replacement of ten- diiiary sk.ill in the art would realize that the number
dons. individual strands needed for a particular appli- bfion will depend
on several factors. These in- clude: the individual strand cross-sectional
area;    EXAMPLE A the tensile strength of the individual strand; and the
20 tensile force iequirement for that particular applica-  This example
demonstrates a prosthetic device tion, including any safety factors for
creep strain   which did not achieve satisfactory system strength
limitations. The individual strands used in this inven-  because the strand
thickness was too large for the tion can be constructed using the processes
de-       interstitial dimension which characterized its micro- scribed in
U.S. Pat. No. 3 953 566. U.S. Pat. No. 3   25   structure. The strand
thickness (diameter) was 0.26 962 153 or following Example B. It is
desirable to use  inches (0.66 cms). porosity of the strand was ap- a high
matrix tensile strength material in order to min-  proximately 80%. and the
characteristic interstitial imize the overall physical dimensions of the
device   dimension was about 78 microns. This interstitial di- and thereby
minimize the size of drill holes placed in  mension was determined as shown
in Figure 1. The the bone to mount the device. Matrix tensile   30
prosthesis was used to replace the anterior cruci- strength refers to the
strength of the polymer in a   ate ligament of a dog by routing the
material through porous specimen and is used as defined in U.S. Pat.
drill holes in the tibia and femur. Four holes were No. 3 953 566.
drilled in the tibia 2 and femur 4 such that the pros- In the preferred
form of prosthesis made in ac-     thesis strand 6 formed a loop of
material wit. two cordance with this invention:                    35
strands in the position of the original ligament (Figure 5). Initial
fixation was provided by tying the - The strand material is porous PTFE
with a matrix  ends of the strand together in a knot 8 to form a I-nsile
strength greater than 20,000 psi (138 MPa).   continuous loop. Ingrowth and
formation of tissue <,porosity greater than 30%, and a microstructure
within the interstices of the microporous material characterized  by
intercommunicating  pathways   40   were expected to augment the  initial
fixation formed by the boundaries of nodes and fibrils.        strength and
to distribute stresses to the surround- - Strand dimensions and
characteristic intersti-   ing tissue. Each of the strands crossing the
knee tial dimensions of the microstructure are selected   joint possessed a
tensile strength of about 550 such that tissue ingrowth throughout the
strand       pounds (250 kg). The combined strength of these takes place in
a rapid fashion.                  45  two strands was then 1.100 pounds
(499 kg). After - Each strand and the finished construction pos-    having
been implanted for 260 days. the knee joint sess sufficient strength
necessary to meet the me-    was explanted. chanical requirements of the
particular application.    Drill holes were placed in the tibia and femur
for - The parallel strands result from multiple loops   mounting into
tensile test cla.raps. After removal of formed from a cont-iuous filament
of the strand   so   all supporting collateral structures about the knee.
material.                                             the femur was
distracted from the tibia a'o the ax- - The ends of the multiple loops are
gathered and  is of the prosthetic ligament at a constant rate of formed
into at least one eyelet for attaching the arti-  500 mm per minute utsui
failure. The length onnring cle to bone tissue.
the intra-articular space between bons Lnnais ra- - The uniformity of
strand loading of the prosthe-   55   presented that portion of the
prosthesis placed un- sis under tensile force is enhanced through:
der tensile load during the test, due to issue attach- 1. Minimizing
differences in loop length used to    ment to the prosthesis in the bone
tunnels. The fail- form the parallel strands.                          ure
mode of the system  wan4 rupture of the 2. Compression of the loop strands
in the ey '-t    prosthetic device at the level of exit from the bone
segments at an elevated temperature sufficient   60  tunnels. Surprisingly,
this rupture took place at a to coalesce the material and provide
strand-to-     value of only 200 lbs (91 kg). Through histological in-
strand adhesion.                                    spection. we discovered
that this reduction  in - The prosthesis also includes means for distrib-
strength was related to the restriction of bony in- uting the tensile load
among the strands as it passes   *    growth to generally less than 1mm
depth into the around a radius, said means including:           65
prosthesis. With a strand of this diameter and char-    7
EP 0 192 949 B1                  8 acteristiedinterstitial dimension,
attachment takes    Characteristics Interstitial Dimension = 74 mi- place
only at a circumferential ring of material on  crons 



the periphery of the device. This reduced area then becomes the only
load-bearing material of the pros-    As illustrated in Figure 6,
prosthesis 10 was con- thesis as a tensile force is initially applied.
Failure   5   structed on two steel spools 42, 44 which were occurs in this
circumferential ring of material first  mounted on a rack (not shown). The
spools were and then progresses through the central portion of   supported
on studs 46, 48 spaced 14 cm from cent- the prosthesis.
er line to center line. These steel spools were threaded to allow
demounting of one flange. The 10  strand of PTFE material was passed around
these EXAMPLE 8                                            two spools 80
times so that a total of 160 strands connected the two spools. The two free
ends of the The experience cited in Example A led to the dis-  fibre were
tied together with multiple square knots. covery that tissue ingrowth must
penetrate through-  One spo.l was demounted from the stud, rotated out the
cross-section of the strand in order to pro-   15  through 180 and
remounted on the stud, thus im- vide adequate long-term system strength.
Accord-     parting a one-half twist about the longitudinal axis of ingly.
a device was constructed using a strand of    the  construction. The
construction  was  then similar porosity and characteristic interstitial
dimen-  wrapped with a thin film of PTFE a total of 25 revolu- sion but
with a much smaller diameter. The strand    tions each at three locations.
This film was'manufac- material used to construct the anterior cruciate
liga-   20  tured according to the teachings of U.S. Pat. No. 3 ment
prnsthesis of this example was made as fol-     962 153 and had the
following characteristics: lows: Width - 0.375 inch (0.95 cm) PTFE
dispersion powder ('Fluon CD 123- resin         Thickness - 0.00025 inch
(0.000P4 cm) produced by ICI America) was blended with 130cc of  25
Longitudinal matrix tensile strength - 70.000 psi 'ISOPAR Ki odorless
solvent (produced by Exxon       (483 MPa) Corporation) per pound (0.45 kg)
of PTFE. corm-        Porosity - 84% pressed into a pellet, and extruded
into a 0.108 inch (0.274 cm) diameter rod in a ram extnude :iaving a
The bundle of strands was wrapped with this thin 96:1 reduction ratio in a
cross-section from the pel-  30  film at two points 28. 30 adjacent to the
spools 42. let to the extruded rod.                             44 thereby
forming eyelets 24. 26 at the ends of The extruded rod still containing
Isopar K was im-  the construction (Figure 7). A central portion 38 mersed
in a container of Isopar K at 60C and         was also wrapped with film.
The two spools were stretched to 8.7 times its original length between
then demounted from the studs and placed 3n a rack capstans with an output
velocity of about 86.4   35   constructed of thin metal wire designed -o
prevent ftlmin (26.3 mimin). These capstans were about 2.8   rotation and
longitudinal shrinkage. This rack was inches (7.1 cms) in diameter with a
center-to-center  then exposed to 375-C in an air oven for six min-
distance of about 4.5 inches (11.4 cms). The diame-  utes. After cooling,
the spools were demounted ter of the rod was reduced from about 0.108
inches   from the ends of the construction. The position oc- (0.274 cm) to
about 0.047 inches (0.119 cm) by this  40   cupied by the spools provided
eyelets through stretching. The Isopar K was then removed from       which
this ligament prosthesis construction can be this stretched material.
attached to bone with screws or other suitable The stretched rod was then
pulled through a cir-   means of fixation. All areas which had been cular
densification die heated to 300,C. The open-   wrapped with film had become
compressed during ing in the die tapered at a 10- angle from about 0.050
45  the heating treatment due to film shrinkage, thereby inches (0.127 cm)
to 0.025 inches (0.064 cm) and     providing strand-to-strand  cohesion.
During the then was constant for about 0.025 inch (0.064 cm)    previously
described heating cycle some fibre-to- length. The output velocity of the
material exiling the  fibre attachment in the unwrapped regions also took
die was 7.2 tt/min (2.19 rimin).                     place. These fibres
were then individually separat- The stretched rod was then heated to 3001C
50   ed using a metal pick. The construction then com- through contact with
heated driven capstans and      prsed 160 microporous PTFE strands
connecting stretched 4 h fold (3500%) with an output velocity of  two
eyelets of somewhat densified matenai. Pros- 6.5 ft/min (1.98mlmin). These
capstans had a diame-  thesis 10 included . 180, twist along the tensile
load ter of 2.75 inches (7 cms) and a center-to-center    direction to
better distribute the Ic-nses 'c-ad amen, distance of 4.5 inches (11.4
cms).              55   strands 20. PTFE  tape wrap  38  surrounding
Finally the rod was restrained from shrinking and  strands 20 and
positioned approximately midway be- exposed to about 3671C in an air oven
for 30 sec-    tween ends 14. 16 of prosthesis 10 serves to main- onds.
tain the twist by securing st-ands 20 Egainst un- twisting during
implantation. As with PTFE wraps 28. In the finished form the fibre made
with this proc-   60   30. wrap 38 is intended to be positioned outside of
ess possessed the following characteristics:         the bone contact area
so as not to inhibit tissue in- growth into strands 20. Diameter - 0.026
inch (0.066 cm)                     A device prepared in the manner just
described Matrix Tensile Strength - 74,000 psi (511 MPa)     was implanted
into the knee of a sheep to replace Porosity - 80.8%
65  the excised host anterior cruciate ligament (see Fig-    9
EP 0192 949 81                   10 ures 8A, B and C). This implantation
was accom-        gate area to form the eyelet, said gathering step plished
through the placement of one 'A (0.64 cm)      including the step of
securing the gathered locp drill hole in both the tibia and femur. The
placement  ends against ungathering. 



of the hole in the tibia was along the axis of the pre-  2. A method
according to claim 1 characterised by viously removed natural anterior
cruciate and exit-   5   the additional steps of imparting a twist to the
loop ed at the insertion site. The placement of the femo-  strands about
the longitudinal axis of the prosthesis ral drill hole began at the lateral
distal femoral sur-  to provide more even load distribution when the face
proximal to the femoral epicondyle. The tunnel  prosthesis is intended to
be passed over a radius. was angled such that the exit hole was created
just    3. A method according to claim 1 characterised in proximal to the
lateral femoral condyle on the pop-   10  that the loop strands are twisted
about 1 800. liteal surface of the femur. The prosthesis 10 was     4. A
method according to claim 1 characterised by routed from the femoral exit
site through the inter-  the further step of loosely braiding the loop-
condylar space, across the intra-articular space,    strands to provide
more even load distribution when and through the tibial tunnel. The eyelets
24. 26 and  the prosthesib s intended to be passed over a rad:- wrapped
segments 28, 30 at the end of the con-   15   us. struction were positioned
to be to the outside of the  5. A method according to claim 1 characterised
in c >@ bone tunnels. The placement of the wrapped      that the securing
against ungathering step inudes seygm~ent 32. 34 and 38 at the center
region of the  the step of compressing and heating the gathered
construction was in the intra-articular space. The   ends at a temperature
and for a time sufficient to prosthesis 10 was then anchored to bone with
self-  20   coalesce the loop ends. tapping orthopaecic screws placed
through the eye-     6. A method according to claim 1 or claim 5 charac-
lets 24, 26. The knee joint was determined to be sta-  terised in that the
securing against ungatherir.g ble immediately after the operation.
step also includes the preliminary step of wrapping After three months
implant time, the knee was re-  strands of a high strength material abcit
the gath- moved from the animal and drill holes placed in the   25   ered
ends in a direction tangential to the prosthesis tibia and femur into which
clamps were mounted to    axis at a position adjacent to the eyelet.
provide for tensile testing along the axis of the liga-  7. A method
according to claim 5 characterised in ment construction. After removal of
muscle tissue    that the high strength material is expanded PTFE and
severing of all supporting collateral structures  having a matrix tensile
strength of about 70.000 psi about the knee, the femur was distracted from
the   30  (483 MPa). tibia at a constant rate of 500 mm per minute until
8. A method according to claim 5 characterised in failure. System failure
took place at 642 lb (291 kg).  that the gathered ends are compressed and
heated The ta.lure took place in the ligament prosthesis at  in a die
having the desired eyelet shape and dimen- the eyelet secured to the femur.
Rupture took place  sions. as the load exceeded the fixation provided by
tissue   35 ingrowth into the intra-osseous segments and was transferred to
the fixation screw. Device failure    PatentansprOche v -s related to an
unwinding of the strand material YOh the eyelet segments after several
strands      1. Verfahren zum Herstellen einer eine Zugbela- hatfailed.
Histologic inspection of this sample   40   stung tragenden Gewebsprothese
mit einer Vielzahl showed tissue ingrowth among and into the strands.   von
parallelen longitudinal benachbarten Strangen. Tissue ingrowth had
proceeded completely through     die zwischen und in Verbindung mit
zurnindest einer tne diameter of some strands. We anticipate that    Oa zum
anfanglichen Befestigen der Prothese an with longer implant times the
majority of strands    dem eine Zugkraft ausubenden Knochengewebe an- would
have shown complete and thorough ingrowth.    45   geordnet sind. welches
Verfahren durch die Schrit- Atnention is directed to EP-A 0 106 501 which
con-  te ta:ns claims directed to matter disclosed in the       a des
Anordnens einer Vielzahl von Domen in present specification.
einem Abstand, urn eine lingliche FlAche entspre- chend der gewunschten
G.3Be der Prothese zu Claims                                          50
definieren. b. des Bildens einer Vielzahl vor 1aIicken 1. A method for
making a tensile load-bearing tis-   Schleifen rund um die Vietzahl der
Dome aus ei- sue prosthesis having a plurality of parallel longitu-  ner
kontinuierlichei, Faser des  gewunschteri dinally adjacent strands
positioned between and        Strangmaterials, bis die gewanschte A..:s
pzi, connected to at least one eyelet for initially attach-   55  rallelen
StrAngen erzieh ist. und ing the prosthesis to tensile force-applying bone
tis-  c. des Vereinigens der Schleifenenden an einern sue, the method
characterised by the steps of:         Ende der lAnglichen FlAche unter
Bildung der a. arranging and spacing a plurality of pin means    Ose, wobei
der genqnnte 'ereinigungsschrin to define an elongate area in acrordance
with the    das Sichem der vereinigten Schieifenenden ge- desired size of
the prosthesis;               60     gen Auftrennung einschlie8t, b.
forming a plurality of elongate loops around the  gekennzeichnet isi.
plurality of pin -means from a continuous filament   2. Verfahren each
Ansoruch 1. aekennzeichne? oF the desired strand material until the desired
durch die weiteren  SchritYe. dar3 den  Schlet- number of parallel strands
is obtained; and    *  fenstrdngen um die Langsachse de, Prothese eine c.
gathering the loop ends at one end of the elon-   85   Drehung erteill
wird. urn elne gleichtm-agere Bela-    * ~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~ 1,
11lllllY 11111 111161 111111                    X 9
EP019294911                      10 ures 8A, B and C). This implantation
was accom-       gate area to form the eyelet, said gathering step plished
through the placement of one ;" (0.64 cm)     including the step of
securing the gathered loop drill hole in both the tibia and femur. The
placement  ends against ungathering. 



of the hole in the tibia was along the axis of the pre-  2. A method
according to claim 1 characterised by viously removed natural anterior
cruciate and exit-   5   the additional steps of imparting a twist to the
loop ed at the insertion site. The placement of the femo-  strands about
the longitudinal axis of the prosthesis rat drill hole began at the lateral
distal femoral sur-  to provide more even load distribution when the face
proximal to the femoral epicondyle. The tunnel  prosthesis is intended to
be passed over a radius. was angled such that the exit hole was created
just   3. A method according to claim 1 characterised in proximal to the
lateral femoral condyle on the pop-   10  that the loop strands are twisted
about 1 80. liteal surface of the femur. The prosthesis 10 was    4. A
method according to claim 1 characterised by routed from the femoral exit
site through the inter-  the further step of loosely braiding the loop-
condylar space, across the intra-articular space,   strands to provide more
even load distribution when and through the tibial tunnel. The eyelets 24.
26 and  the prosthesis .s intended to be passed over a rad'- wrapped
segments 28. 30 at the end of the con-   15   us. struction were positioned
to be to the outside of the  5. A method according to claim 1 characterised
in (d bone tunnels. The placement of the wrapped       that the securing
against ungathering step incudes sbfnent 32. 34 and 38 at the center region
of the   the step of compressing and heating the gathered construction was
in the intra-articular space. The  ends at a temperature and for a time
sufficient to prosthesis 10 was then anchored to bone with self-  20
coalesce the loop ends. tapping orthopaedic screws placed through the eye-
6. A method according to claim 1 or claim 5 charac- lets 24, 26. The knee
joint was determined to be sta-  terised in that the securing against
ungathering ble immediately after the operation.                step also
includes the preliminary step of wrapping After three months implant time,
the knee was re-  strands of a high strength material aboit the gath- moved
from the animal and drill holes placed in the   25   ered ends in a
direction tangential to the prosthesis tibia and femur into which clamps
were mounted to   axis at a position adjacent to the eyelet. provide for
tensile testing along the axis of the liga-  7. A method according to claim
5 characterised in ment construction. After removal of muscle tissue   that
the high strength material is expanded PTFE and severing of all supporting
collateral structures  having a matrix tensile strength of about 70.000 psi
about the knee. the femur was distracted from the   30  (483 MPa). tibia at
a constant rate of 500 mm per minute until   8. A method according to claim
5 characterised in failure. System failure took place at 642 lb (291 kg).
that the gathered ends are compressed and heated The failure took place in
the ligament prosthesis at  in a die having the desired eyelet shape and
dimen- the eyelet secured to the femur. Rupture took place  sions. as the
load exceeded the fixation provided by tissue   35 ingrowth into the
intra-osseous segments and was transferred lo the fixation screw. Device
failure   PatentansprOche v-s related to an unwinding of the strand
material \~ugh the eyelet segments after several strands        1.
Verfahren zum Herstellen einer eine Zugbela- had failed. Histologic
inspection of this sample   40  stung tragenden Gewebsprothese mit einer
Vietzahl showed tissue ingrowth among and into the strands.  von parallelen
longitudinal benachbarten Strangen. Tissue ingrowth had proceeded
completely through    die zwischen und in Verbindung mit zumindest einer
tne diameter of some strands. We anticipate that    Ose zum anfanglichen
Befestigen der Prothese an with longer implant times the majority of
strands   dem eine Zugkraft ausubenden Knochengewebe an- would have shown
complete and thorough ingrowth.    45   geordnet sind. welches Verfahren
durch die Schrit- Atention is directed to EP-A 0 106 501 which con-  te
tains clairns directed to matter disclosed in the     a. des Anordnens
einer Vielzahl von Domen in preseni specification.
einem Abstand, um eine lAngliche FAche entspre- chend der gewanschten
G.5S1e der Prothese zu Claims                                         50
definieren. b. des Bildens einer Vielzahl von l~nalichen 1. A method for
making a tensile load-bearing tis-  Schleifen rund um die Vielzahl der Dome
aus ei- sue prosthesis having a plurality of parallel longitu-  ner
kontinuierdiche.s Faser des gewunschten dinally adjacent strands positioned
between and       Strangmaterials. bis die gewunschte Zaz: von pa-
connected to at least one eyelet for initially attach-   ss  rallelen
StrAngen erzieft ist. und ing the prosthesis to tensile force-applying bone
tis-  c. des Vereinigens der Schleifenenden an einem sue, the method
characterised by the steps of:        Ende der lAnglichen FlAche unter
Bildung der a. arranging and spacing a plurality of pin means   Ose, wobei
der gen-nnte 'ereinigungsschritt to define an elongate area in accordance
with the   das Sichem der vereinigten Schleitenenden ge- desired size of
the prosthesis;              60     gen Auftrennung einschlieBt, b. forming
a plurality of elongate loops around the  gekennzeichnet ist. plurality of
pin means from a continuous filament   2. Verfahren oach Anspruch 1.
gekennzeichnet of the desired strand material until the desired  durch die
weiteren Schritte. dal3 den  Schlei- number of parallel strands is
obtained; and   *  fenstrAngen um die Langsachse der Prothese eine c.
gathering the loop ends at one end of the elon-   65   Drehung erteilt
wird, um eine gleichmal3igere Bela-    r   11             EP 0 192 949 B1
12 stunga...;eilung vorzusehen, wenn die Prothese      se par i'tape
ulterieure qui consiste i tresser de Ober eino (r~mmung geleitet worden
soil.           fagon lache les fils de boucle pour obtenir une dis- 3.
Verfahren nach Anspruch 1, dadurch gekenn-    tribution d'effort plus
r6guliere lorsque loon utilise la zeichnet, daB die Schleifenstrange um
etwa 1800     prothbse pour la faire passer sur un arrondi. 



verdreht worden.                               5      5. Proced6 suivant la
revendication 1, caracteri- 4. Verfahren nach Anspruch 1, gekennzeichnet
se en ce que l'tape de fixation contre le desassem- durch den weiteren
Schritt des lockeren Verfiech-   blage comprend l'tape de compression et de
chauf- tons der Schleofenstrange, urn eine gleichmABigere  fage des
extremites assemblees a une temperature Belastungsverteilung vorzusehen,
wenn die Pro-      et pendant une peiiode de temps suffisante pour these
Ober eine KrOmmung geleotet werden soil.  1o  r6unir ios extr6mites de
boucle. 5. Verfahren nach Anspruch 1, dadurch gekenn-       6. Proced6
suivant l'une ou l'autre des revendi- zeichnet, daB der Schritt des Sichems
gegen Auf-    cations 1 et 5. caracterise en ce que l'etape de fixa-
trennung das Komprimieren und Erhitzen der vere:-  tion contre le
d6sassemblage comprend egalement nigten Enden auf eine ausreichende
Temperatur      l'etape preliminaire d'enveloppement de fils d'une und
wahrend eines ausreichenden Zeitraumes, um    15   matiere de resistance
lev~e autour des extr6mites die Schleifenenden zu verschmelzen,
einschlieBt.    assemblees dans une direction tangentielle a l'axe 6.
Verfahren nach Anspruch 1 oder 5. dadurch      de la prothese en une
position adjacente a r'eillet. gekennzeichnet. daB der Schritt des Sichems
ge-       7. Procede suivant la revendication 5. caract6ri- gen Auftrennung
auch das vorhergehende Urn-         se en ce que la matiere 3 r~sistance
elevee est du 4wickeln von Strangen aus Material mit hoher Festig-   20
PTFE expanse ayant une resistance A la traction keit um die vereinigten
Enden in einer Richtung tan-  matricielle d'environ 70.000 psi (483 MPa).
gential zur Pruthesenachse an einer der Ose           8. Proc6de suivant la
revendication 5, caracteri- benachbarten Stelle einschlieBt.
sA en ce que lbs extremit6s assemblees sont compri- 7. Verfahren nach
Anspruch 5. dadurch gekenn-     mees et chauff6es dans une matrice ayant la
forme zeichnet. daB das Material mit hoher Festigkeit ex-   25   et les
dimensions dceillet desir6es. pandiertes PTFE mit einer Matrixzugtestigkeit
von etwa 70 000 psi (483 MPa) ist. 8. Verfahren nach Anspruch 5. dadurch
gekenn- zeichnet, daB die vereinigten Enden in einer Form mit der
gew~nschten Osengestalt und -den ge-   30 wOnschten Dimensionen komprimieot
und erhitzt werden. Revendications 35 1. Procede de fabrication d'une
prothese en tissu supportant un effort de traction comportant une se- rie
de fils longitudinalement adjacents, parallbles po- sitionnes entre et
relies a au moins un ceillet pour fixer initialement la prothese a un tissu
osseux d'ap-   40 K  plication de force de traction, ce procede etant ca-
racterisd par les etapes suivantes: a. Iagencement et l'espacement d'une
serie de moyens de broche pour definir une zone allongde suivant la taille
desiree de la prothese-    45 b. Ia formation d'une serie de boucles
allongees autour de la serie de moyens do broche A partir d-un filament
continu de la matiere de fil desiree jusqu'A ce que le nombre desire de
fils paralleles soit obtenu: et                              so c. I
assemblage des extremit6s de boucle A une ex- tremite de la zone allongee
pour former lceillet. cette 6tape d-assemblage comprenant l-tape de
fixation des extremites de boucle assemblees con- tre tout desassemblage.
s5 2. Proced6 suivant la revendication 1. caract6ri- sd en ce que l'on
confere on outre une torsion aux fils de boucle autour de l axe
longitudinal de la pro- these de maniere A obtenir une distribution
d'ettort plus r6guliere lorsque l'on utilise la prothese pour la  60 taire
passer sur un arrondi. 3. Procede suivant la rever.Jication 1, caractiri-
se en ce que les fils de boucle sont tordus suivant un angle doenviron 1
80. 4. Procede suivant la revendication 1. caracteri-  65 *            *
~~~~~~C  L  PI  S*    


