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invention 5 The invention relates to a joining elenent, especially
especially for surgical purposes, but also relates to a
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In the event of 1ligaments or tendons rupturing, a
problem that still remains largely unresolved is that
of securing a tendon for example to a bone in such a
way that the connection does not come loose under the
effect of loading. One of the problems is that the
loads that are exerted on a joining element between
bone and tendon are very different. Over long periods
of time it is desirable for the Jjoining element to
contract, that is to say for the joining element
between bone and tendon to tension. It is also possible
to have a system with a high degree of damping.
Movements on the part of the patient may subject the
joining element to rapidly increasing high loads, under
which the connection must not fail, which means that,
in the event of short-lasting locads on the tissues
connected by the proposed joining element, the healing
is not impaired to a clinically significant extent.

The prior art achieves the connection of different
structures (for example tendon to bone) in the body
typically by means of suture material, which is rigid
and passively transmits the forces that arise. Larger
surfaces are bridged (for example in the case of a
fascial gap) by means of a two-dimensional load bearer,
for example a mesh that is connectable. Connectable is

i s connectable. Connectable is - 2 to be understood as covering a



exanpl e, but not exclusively, suturing, stapling or adhesion. 5 The use of
shape-nenory polyners is known, for exanple, fromEP 1 284 756, in order to
structure nuscle, cartilage or nerves in tissue engineering. In order to
bri dge nore conpl ex defects, planar or 10 t hr ee- di nensi onal structures are
al so of interest (for exanple a pouch Zaround an organ) An unresol ved
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object is achieved by a joining elenent according to claiml. A
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Moreover, in the context of securing goods, in
particular in the open air, a disadvantage is that
textile-based ropes 1loosen under the influence of
moisture, such as dew and rain, and therefore no longer

20 properly hold packages or contalners together.

Summary of the invention

Starting out from this prior art, the object of the
25 invention is to make available a joining element of the
type mentioned at the outset, which contracts over long
periods of time, but which on the other hand is rigid

under short-term rapidly increasing loads.

30 According to the invention, this object is achieved by
a joining element according to claim 1.

A short-lasting or fairly short-lasting tensile load is
considered to be one that builds up and/or reduces over
35 the course of less than 1 minute, in particular one
that is shorter than 10 seconds. In applications of the
invention as repair material for the apparatus of

locomotion in humans, this means for example the load



of the first material or a deconposition. Such a change in shape can also
be regarded as a deformation, but one that occurs w thout application of an
external force. Mdreover, the second naterial is able to swell and be 10
conpressed by the first material transverse to its [longitudinal direction,
such that a contraction takes pI ace | A particul ar, the svvel ling of a core

material in the rsty naterl enf r chanqe | exanpl e
by changi ng The' a%%ie oFlnﬁfersec Dn 8 %g tﬁ‘eO%pgh H res%%Fs in the

short eni ng ott:omhectgsothenlguetbﬁsnto frhe b@@@nd materi al |s aI so able to

di ffuse out of the first material, such that the el enent shortens, or the
20 second naterial can canprise threads that are initially stretched or
oriented par8PPEF2€biPRe IFoRfIANMRALTSHPPRcBPOR ofekaatbihi A§ &Penent, and

said rel @atm@aeriakﬁswl:aéﬁaﬁ@la &asuhta Qfandéf efnat ceangk Sal dHapeeads in
hi s cont ext | es and

the first matg hﬁ f gasdesc é Iec
mol ecul e st ratt BPEsE1FR p§3§§§ﬁﬁ3 °§n& 985?5?95% 1PBr 46 ®havi ng
t he featuresinf shhpei naantilepn b&nregsudedthatatﬂefommaka@mngbmanmmms

securel y hel gby Lhe i roHOgh00 o38150RESCA0RE0I4e LhEoEhEECls, ol veat her .
TR aPRAtHaG e

Thelnventlon permts t st1nmulating ealln ‘and for
stinul ating HPEE@@BEaIthﬂ%ﬁﬁ#Qﬁdﬁﬂ@iﬁﬁh@h 1§géhéﬁaﬂKbnS%¢b%e§§és soft 35

tissue payt Scbﬁbi‘é‘séﬁ@dt OpPNe: 1 Oliiel st SHﬁhei@aien@P&ﬁsveféQaWt St asci as,
organ cavities, general connective tissue, vessels, heart valves, cartilage

tissue, etc.iongityfingdt diragid Part guekl khpte & oCBBREACEYORhE2KES gent | e,
active, partpaht¥. dmr@é;r@pcﬁmraeﬁﬁl enet Raklgang g a@hbay@dn@meﬁlarlg t he

mat eri al descrl b%}dﬁ her e. %:[ll onfof the dr}?vvl ng @le i nvention
i s descri bed*Bel 1H%Fe 5F entorce chang iR 5 ape,
for example by changing the angle of intersection in
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joining element.

The second material is also able to diffuse out of the
first material, such that the element shortens, or the
20 second material can comprise threads that are initially
stretched or oriented parallel to the longitudinal
direction of the joining element, and said relaxation
takes place as a result of deformation of said threads
in the first material. Threads describe in this context

25 molecules and molecule structures.

In packagings and containers for goods, ropes having

the features of the invention can ensure that the

packaging remains securely held by the surrounding
30 ropes, despite the effects of weather.

The invention permits the use of a method for
stimulating healing and for stimulating bioclogical
transformation and regeneration processes of soft-
35 tissue parts relative to one another, such as tendons,
ligaments, fascias, organ cavities, general connective
tissue, vessels, heart valves, cartilage tissue, etc.,

or of soft-tissue parts relative to bone, by the



reference to the drawings, in which: Fig. 1 shows a schematic view of part
of ajoining 10 elenent shortly after a test use in vitro or in vivo, that
is to say after an inplantation, according to a first illustrative

enbodi nent of the invention, 15 Fig. 2 shows a schematic view of part of a
joining elenent after a | onger period 8f “time since the start of said use
according to_Fi 1, Fig. 3 shows schemati.c view of part joining 20
el enent shor???g%?te?cggFSSt3ﬂﬁ§ﬁ%1k¥t %?Qch|?PWE£&?£%%%t8ﬁ§gt8a§ay af ter
an i npl ant abe oachiaheved dbpgusbng skeomalteridlisdestyileednibede nent of the
invention, 25 Fig. 4 shows a schematic view of part of a joining elenent
after a Iong period of tinme since the start of said use according to Fig.
3, Fig. 5 shBiieh depshnPt&on| afy Bheadrawingg el ement 30 shortly after a
test usegn vitro or in vivo, that is to say after an inplantation,

according to_a third illustrative e of _the i

shows a sche'ﬁﬁ'?l &Weé\ﬁlé?n the 555 ng’ 51 gf?é']rﬁw aPt érfora? |§ﬁ§ grlw&ghof ti rre
since the staefereficeatd the deawidgng iow ¥hichb, - 5 Fig. 7 shows a
schematic view of a joining element shortly after a test use in vitro or in
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use according to Fig. enatlc view of a joining
el enment n v1vo, that is say after an

implantation, according to a first

illustrative embodiment of the invention,

15 Fig. 2 shows a schematic view of part of a joining
element after a longer period of time since

the start of said use according to Fig. 1,

Fig. 3 shows a schematic view of part of a joining

20 element shortly after a test use in vitro or
in vivo, that is to say after an

implantation, according to a second

itllustrative embodiment of the invention,

25 Fig. 4 shows a schematic view of part of a joining
element after a long period of time since the

start of saild use according to Fig. 3,

FPig. 5 shows a schematic view of a joining element
30 shortly after a test use in vitro or in vivo,
that 1is to say after an implantation,
according to a third illustrative embodimernt
of the invention,

35 Fig. 6 shows a schematic view of the joining element
after a long period of time since the start
of said use according to Fig. 5,



shortly after a test use in vitro or in vivo, that is to say after an
i nplantation, according to a fifth illustrative enbodinent 15 of the
invention, Fig. 10 shows a schematic view of the joining elenent after a
| ong period of time since the start of said use according to Fig. 9, 20
Fig. 11 shows a schematic diagram for ~an éxanple of an area of use of a

joining el engnt accordi tq the invention, 25 F| 12 _shows ) henatlc
di agr am of Pﬁ%gth?ead ggﬁ?léﬁ ?fhﬁ?%ﬁf‘ 951% CFIHE ?8ln1n?0|%%ﬁb%'elenent
in the formof a threadhattdydahgeroa theti naenunowltmaonresm ¥I&a.n vitro

or in vivo conpared tpparconent{gnalgy ?hr efthe 30 EhQ. l;,{%,lm\g&l%nschermtl c
view of a part of a joining_  elenent w a thread wth Solid core

according to an illustREEPFE1BELERI RedoUsth dHd usk¥asiiven eMPPMENL14 shows
a schematg ¢ view of a parthef iaveAtNbAg elenment with a thread with tubul ar
core according to an illustrative enbodi nent of the invention, - 6 Fig.
15 shows a schenmatic view of a cross section through a joining elenment with
a multicore Figread w shoas ausehemnmﬁcanéeacodrdhﬂgjbdndﬂgSdﬂdm&ﬁﬂeﬂive

enmbodi nent of the |nvegkkgg £b?&yfégg$ﬁ %Ffﬁggggtéf%rea§58f§ﬁ$ Gl0Ss

section through a joining elene in each
case its own menbrane ©6 aéédruﬁﬁgaﬂgoaﬂlngln@tFamrv%,enbodlnent of the
i nventi o

Fig. 9 shows a schematic view of a joining element
shortly after a test use in vitro or in vivo,
that 1is to say after an implantation,
according to a fifth illustrative embodiment

15 of the invention,

Fig. 10 shows a schematic view of the joining element
after a long period of time since the start
of said use according to Fig. 9,
20
Fig. 11 shows a schematic diagram for an example of

an area of use of a joining element according
to the invention,

25 Fig. 12 shows a schematic diagram of the thread
tension plotted against time for a joining
element in the form of a thread according to
the invention in a test use in vitro or in
vivo compared to a conventional thread,

30
Fig. 13 shows a schematic view of a part of a joining
element with a thread with =sclid core
according to an illustrative embodiment of
the invention,
35

Fig. 14 shows a schematic view of a part of a joining
element with a thread with tubular core

according to an illustrative embodiment of
the invention,



Fig. 17 shows a schematic view of a cross section
with a multicore

experinmental |y nmeasured curve in

t hrough a j oi ni ng el enent

15 thread, with an inner conmon core nenbrane, according
to an illustrative enbodi ment of the invention, Fig. 18 shows an

20 which the force taken up by the thread

is plotted against time, Fig. 19 shows®t®wo experinental |y neasured curves

in which the shortening obtained through the

pl otted agai nst the granulation for different silicone/salt ratios,

shows an oveFvgewr®f thkoesperi seheablkyc 3@iaet e aedreds oscottivaen

initial shortening

silicone to salt for

granu n croneters)

25 contracting thread is

Fig. 20

(1 rPEREANta PSb1ARKY, HORANCTEEH! e WehGhoreAt i o of

21 shows two

experinental |y determ hBBeRdr véshi an @HFER Wﬁ@b§ﬁ6?téﬁpﬁﬁgéﬁﬂaﬁﬁe@nthrough
the contgracting threagiigspratied emboikeNt oROGhSIntdéeidw) different

si |l i cone/ Nad

curves in

ratios, and 7 Fig. 22 shows two experinentally determ ned

whi ch the shortening obtained through the contracting thread is

plotted in peigenie5 aghowst 4i mehematdicl fefent ofPEANaGosat iseetidnet ai | ed
description of illust r9{1%@9%?%?3%3%}%52%%@f%ﬂ?ﬁ?tg sach%r{lxitei%ore

representation of a par
pr et ensi oned core

whi ch™conprises a
11 sbresdndedily anj ackdt d2seTHég acket meEbir&ineonposed

of 2. rigidl material, whbehrsngoTRS e3aed: WdBE rANyoldiila Blogherieal and

physi cal processes that_ take

ace over the course of tine and are

descri bed bel ow. 15 ThEPBedBVEPrR§Porce that triggers this conpression

15

20

25

30

35

Fig.

Fig.

Fig.

Fig.

Fig.

17

18

i3

20

21

shows a schematic view of a cross section
through a joining element with a multicore
thread, with an inner common core membrane,
according to an illustrative embodiment of
the invention,

shows an experimentally measured curve in
which the force taken up by the thread is
plotted against time,

shows two experimentally measured curves in
which the shortening obtained through the
contracting thread is plotted against the
granulation for different silicone/salt
ratios,

shows an overview of the experimentally
determined ratios between initial shortening
{(in percent per day), compared to the weight
ratio of silicone to salt for granulation (in
micrometers),

shows two experimentally determined curves in
which the shortening obtained through the
contracting thread is plotted in percent
against time for different silicone/NacCl
ratios, and



process is the force resulting fromthe pretensioning of the core mnus the
tensioning force acting on the thread fromthe environnent (for exanple the
tensioning force applied during stitching). As the tensioning 20 force
exerted on the thread by the enV|ronnent decreases, the resulting
conpressive force acting on the Jacket I’ hcreases. This favors the
conpression of the jacket, resulting in an accel erated contraction of the
thread or of the textile structure formed fromthe 25 latter. This results
in a tensiofigy &f2 t hshdweadtworexpérihentaldy | detteynined eCURves an
equilibriumis once agajd esigbl 's‘?ﬂﬁ%é?ﬁh‘@ee%i:ﬁ%nfeam@ﬁréﬁgﬁrlEBQ above,

or the jacket is able to support the conpréssive force acting on jt
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that it gpermts contrabd st @bhd Cf shef DI fmddeaits TP NaTldefdties . peri od of
time, i.e. the material has a distinct yield point and behaves
substantially elastically below the 35 yield point. This neans that the main
conponent ofDéthel 1 et desalishbomh dohalEl wsigtasisrd remisidinemtsenper ature above
body tenperature or should have a high <crystallinity and additionally has a
hi gh degree of fracture toughness. Typical representatives of this - 8
class of matBigalt ahewsfar sehamptéc bepnesentatiopob§ndrvast 30r @étural

pol ymer g gwi th a,JgdhStdiReddny, ahﬁ b@&ﬁ@fl%m@r@tﬁfetaﬁgleﬁéanebsewth a Tg
distinctly below 00 (bl end; polylactides wth 5 trinmethylene carbonates,
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have to be p?gg % :% ﬁPFWl& Hgy@ Xfﬁﬁi%ngro?%?sﬁ§aﬁﬁ? by % Sca
t hi nni ng of ph&cer035r5$ME(nnunsaxnﬁxnfmeomn®fare described below.

15 The resulting force that triggers this compression

process 1is the force resulting from the pretensioning
of the core minus the tensioning force acting on the
thread from the environment (for example the tensioning
force applied during stitching). As the tensioning
20 force exerted on the thread by the environment
decreases, the resulting compressive force acting on
the jacket increases. This favors the compression of
the jacket, resulting in an accelerated contraction of
the thread or of the textile structure formed from the
25 latter. This results in a tensioning of the thread or
of the textile structure until an equilibrium is once
again established between the forces described above,
or the jacket is able to support the compressive force
acting on it, without slow compression.
30
The material for the jacket is characterized in that it
permits controlled plastic deformations over a defined
period of time, i.e. the material has a distinct yield
peint and behaves substantially elastically below the
35 vyield point. This means that the main component of the
material should have a glass transition temperature
above body temperature or should have a high
crystallinity and additionally has a high degree of
fracture toughness. Typical representatives of this



rei nforcenents and kinks, or |ocal periodic variation of the nodul us of
elasticity by variation of the polyner orientation. At the ends of this
part 10 of the 15 joining elenent there is in each case a joining
construction 13, for exanple a nmesh, with which the jacket 12 is woven. The
core 11 is routed through this mesh I38nd, for exanple, knotted 14. The

11 i £ i d of a flexibl terial . f 20 materi al
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pressure. - $triuctiugealsh pdwsi bhvelopet ouddet barge oriongbeo meowisisd ed only
after t pr QGessi of ex§ggﬂ he it gbi LN C of the
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treatment, f&hisedmgl e @f sothewi qrased, SeahieR nABEOUPOSRtARRAY <ch parts
10 of ] oi ni ngegh¢RRement® M CRiHRE, ©XAD] ScdBNYerdbdi Ry Rl eI ar e
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band that caffbe tBPocBOAUSTHETS] oPhRAGLE EertE WAt Jeoddl
surrounded i pclkeier entileretatiln.amt the ends of this part 10 of the

15 joining element there is in each case a joining
construction 13, for example a mesh, with which the
jacket 12 is woven. The core 11 is routed through this
mesh 13 and, for example, knotted 14. The core 11
itself is composed of a flexible material. Examples of

20 materials for the core are preferably materials of an
elastomeric nature and with minimal tendency to creep,
typical representatives of which are crosslinked
polymers such as silicones or polyurethanes, which can
also be composed of degradable components if complete

25 degradation of the thread is sought. In the rest
position, the core 11 is shorter than the distance
between the joining constructions 13, such that the
inserted core 11 in the view in Fig. 1 is pretensioned.
This is indicated by the arrows 15. Since the jacket 12

30 is rigid, the joining constructions 13 are kept spaced
apart despite the effect of the spring tension of the
core 11.

The functions of the core and jacket as described here

35 can also be interchanged, i.e. before processing the
jacket is pretensioned and the core is acted on by
pressure.



envel ope with controlled kinking behavior. However, it may also be possible
for each individual elenent to be surrounded by such an envel ope,
particularly if the 15 whole construction is to be as flexible and formabl e
as possible. If a large force quickly bUI|dS up on such a band and abates
again after a certain time, for exanpte®a~force 20 that builds up in tenths
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15 whole construction is to be as flexible and formable as

possible.

If a large force quickly builds up on such a band and

abates again after a certain time, for example a force
20 that builds up in tenths of seconds, possibly lasts for

a few seconds and then returns to zero, the rigid

jacket 12 then holds the individual parts 10 in

position and thus also the band and, consequently, the

organs connected thereto, for example a tendon and a
25 bone.

Fig. 2 now shows the development o©of a part 10 of a
joining element over a long period of time, for example
over several weeks. After a 1long period of time,

30 possibly interrupted by forces of the short-lasting
type mentioned above, the jacket 12 deforms, here
designated as changed jacket by reference number 16. By
means of the pretensioning effect of the core 11, the
joining constructions 13 move toward one another, and

35 the band made up of the parts 10 of the joining
elements contracts. This results in a change in length
of up to 80 percent from the original length.



| oss of mass and physical breakdown. This is showm in Fig. 3 at the start
of use and in Fig. 4 after a long period of tine. Simlar features are in
each case 15 provided with the sanme reference nunbers in all of the

drawi ngs. The part 20 of a joining elenent is provided with a jacket 22,
which loses its structural integrity ovEt ~ 20 the course of tine. This can

be seen fromthe thinner jacket 26.in Fi.g..4. .Th egr adi j acket .26 thus

offers |ess E§F§?§n t% $ﬁ§°¥mﬁ§?%?e°toFgelﬂfc t%%’ gﬁ?téﬁ@%eﬁetmeen

t he j oi ni ng 22nst aucbirdnsgl3 beconmesiotékeor t eembbflimkonevercanr apiad sicensi | e or
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nacroscoplcafl

different (departing fromthe onl schemati ¢ . representati on
T e o ind p L ye T SR nB Y koM o Vo ¢ BLERELEFE BES Thi o

i nvol ves in thaeticw atdid ielyasddgaingtogeidkiasy ofag he jpasket ofattére al t hat
are of relevance,in ort-termstressing, .35 |lnpact. f c t aken up
I f planar orupﬁ?ﬂé - %’?rrgﬁlgieona?ﬁ%ogﬁlgs r%lg%?%d%&ldgr%ci@%g%j oﬁi lr%gle'
el enent s, whiiohobpdiraseHaviel edegmadalnie opokiynkiag lttabialti t yhelefsamed by
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Cross sectionog2 T aftadd | HAEN #Hyea canbodidmdowrol SN N shideém didW Ngs,
the joining elenent 10 or 20 cap a%so have a , rigjd corefand a %reten5|oned
jacket. The £adct i3t the start of use and in Fig. 4 after a 'long
period of ¢time. Similar features are in each case
15 provided with the same reference numbers in all of the

drawings.

The part 20 of a joining element is provided with a
jacket 22, which loses its structural integrity over
20 the course of time. This can be seen from the thinner
jacket 26 in Fig. 4. The degrading jacket 26 thus
offers less resistance to the flexible core 11, and the
distance between the joining constructions 13 becomes
shorter. If, however, rapid tensile or impact £forces
25 act on the joining element 20 during this process, then
it again reacts rigidly, because the stiffness
properties of the jacket 22 have not in principle been
changed by the deformation, particularly in relation to
its resistance against rapid stressing, they are not
30 macroscopically different (departing from the only
schematic representation in the Fig.), and have only
become weaker relative to the core 11. This involves in
particular the elastic properties of the jacket
material that are of relevance in short-term stressing.
35
Impact forces can be taken up if planar or three-
dimensional bodies are formed from the joining
elements, which bodies have a buckling or kinking
stability defined by their cross section. This can be



according to Figures 1 to 2 and 3 to 4 remains the 10 sane, however. The

I nportant point is that each part 10, 20 does not react to rapid | oad
changes, in other words renains rigid, while it contracts over the course
of time. 15 It is clear that such one-dinensional elenments can also be

gi ven a two-di mensi onal or three-di mehstbomal arrangenent such t hat
contracting textile_ structures

re optained, It is;als p035|bl for these
materials tocBESHFdvi (H:wﬁﬁﬁmpg§brb %I@'cﬁhg?ﬁtdgat ﬁ&t f@'such
t hat these mateatabsathp faymmidtridisl ntbgeade. dﬁgpyStﬂhnméaattmmmd
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made up of a mnul I Cl ent (core pol'yner) that
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pol ymeri g macronol ecul es of known bi oconpati bl e polyners The so-called

| ubricant, which acts, for exanple aSHE9B|aStICIZer n involve i

particul ar, BBt &t ekblegriat{vea & nieBp f@Ptthég pépyné?“br al so
subst ances mﬁthwanbsghthéegkﬁmmﬁgfﬁﬂeﬂﬁdﬂtgoldrtMQ ceneamebymawg tahi s

subst ance havin to be bi oc npatl |n.th reke i nvol ve
| ow nol ecul af* |gh?°§%lvéﬁ? sggﬁ 5588 nej%gg%gcoﬁﬂ? funcﬁ%ﬂﬁ

N-pyrroli donecoprGEngl ner hFigukkeenahi de (DVBGE, 3whteh 4ar eeRADIA ttdiche

t ol er at ati gh S dyal o] ] i ods of
weeks, t e Iu ﬁ%éag¥ﬁ%%f eavgg8 ?%gxﬁiregﬁ ﬁ%%ngs ?nalcateg gy aﬁ%{ence
nunber 33 foR0.t RO APeMSNOLNTEEREr tRorkkpitheloadr Fhangeps dif faidwr - 12

out. The ki ngbirag QEm'Ea'l%sd'rflE;lm Ofilzlﬁrl% QR Tc%t%%t*%a%exd%tk@ Adigddy the
nol ecul ar |nteraqt|ons betweén the core polyner and the lubricant, and on

the other haRd T&M&-diffusion behavior can be controlled by the 5
application of organic (for exanple another polymer of |ow solubility for

the Iubrigan&% Qs Eﬂ a%aw aéféﬂbh one-dimensional elements can also
be given a two-dimensional or three-dimensional
arrangement, such that contracting textile structures
are obtained. It is also possible for these materials
to be provided with resorbable constituent materials,

20 such that these materials can finally disintegrate.

Fig. 5 shows a third illustrative embodiment of a
joining element 30. The joining element 30 is made up
of a multiplicity of adjacent molecules 31 (core
25 polymer) that have an incorporated lubricant 32. The
molecuies can, for example, be polymeric macromclecules
of known  biocompatible polymers. The so-called
lubricant, which acts for example as a plasticizer, can
involve in particular, but not exclusively, a solvent
30 for the core polymer or also substances with a high
degree of solubility in the core polymer, this
substance having to be biocompatible in the released
doses. It can involve low-molecular-weight solvents
such as acetone or alcohols, or also N-pyrrolidone or
35 dimethylsulfonamide (DMSO), which are known to be
tolerated in relatively high doses. Gradually, for
example over periods of weeks, the lubricant 32 leaves
the thread, as is indicated by reference number 33 for
the arrows; in other words the lubricant is diffused



exanple CVD | ayers such as pl asma-pol yneri zed PMVA or Si Ox or anor phous

di anond-1i ke | ayers), bioconpatible barrier layers. In this way a force
acts in particular 10 along the arrows 34. The joining el enent 30 thus
converts to a contracted state accordi nquto Fig. 6, in which each nol ecul e
31 takes up | ess space. These joiningy ehents 30 can be simlar to

t hreads, but can | so .be conposed of several textile filanents. 15 Fig. 7
shows a fourPAti | TGS eﬁ&%ﬁ%ﬁﬁi%ﬂﬁuéﬁﬁgﬁfl?Qn?ﬁ%g°%|EhﬁnPnﬁoﬁ e j oi ning
el ement 40 cdepersised Ilowr éhél soleowlmied ibyeaacidckes A2etWdencdhe 41 is a
swel | abl e maggria xahp! S q d OV The. 20 jhacketa &2 1S
conposed in %gﬁ%ikﬁ?éﬁkﬁf a negﬁeI%gﬁgagggﬁbl%ﬁgfw%hrggﬁngS arranged
helical |y ar&bad Sidfussoa 4behavisg: tiean arbdr araebretledt ePVacith§ t hr eads

43, in pagt!aﬁb%c&%htbﬁ Wpihif  kivomne doas pelabh8thand paaRsedr agabl e
pol ynmer s whi have been, descri bed 25 and processed fpr suture erials and

whi ch typi catg[PV SR ERERHE Y n gFesl Tt ePral $CF £ anpli
stretched pokyespees,cym! yapedes suebl v eblsasma - pol yre vz eld s pMEzpanded or
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the rest staberrwker daeerst.hribadshit8 wae arfentedacter iexampttdcatlaan angl e
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el enment e"angle can inits initral state De between 5 and 35 50
degrees for ERANPILEES U par¢PRbrarted onvale t 8cqerd ey r Ee@sFigdnd Sirs Pref erabl y
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Fig. 7 shows a fourth illustrative embodiment of a
joining element 40. The joining element 40 comprises a
core 41 surrounded by a jacket 42. The core 41 is a
swellable material, for example as mentioned below. The
20 Jjacket 42 is composed in particular of a mesh, for
example of threads 43 arranged helically around the
core 41, in particular braided or interlacing threads
43, in particular from the group of known degradable
and nondegradable polymers which have been described
25 and processed for suture materials and which typically
are used in surgical suture materials, for example
stretched polyestersg, polyamides, polyolefins,
polyaramides, expanded or densely halogenated polymers
or high-strength ladder polymers such as polyetherether
30 ketone, captones. Fig. 7 shows the joining element 40
in the rest state, where the threade 43 are oriented
for example at an angle 44 of 30 degrees with respect
to the longitudinal direction of the joining element
40. The angle can in its initial state be between 5 and
35 50 degrees for example, in particular from 10 to 40
degrees, and is preferably 20 to 35 degrees. Thus, the
illustrative embodiment depicted here falls midway in
this interval.



t hi ckening of the core 42 surrounded by the thread 43. 5 In this way, the
angle 44 with respect to the longitudinal direction of the joining el enent
40 changes to a new angle 45, for exanple of 48 degrees. The nesh 46 is
thus inparted a greater dianeter and shortens, as does the entire joining
el ement. Wien made 10 up of braided thrkhds, the mesh is designated as a

braid. This gerglcan acpording!y replagg the word, nesh ghroughout he
appl i cati on. S#hB shel1GHY 1 o &SI ey ERY of SBRAMpTR BPEAT 15
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particle size distribution and state of _aggl oneration. en nanoscopi c
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concentr ati oRsrfudtess kik@n apbiidia® idh eady effective. The pol yner thread
can be extruded fromthe nmelt or fromthe solution, and the particles are

co-extruded or adm xed to the polyner mass before extrusion. They can al so
have a - 14 Tencardllditinpoic@sds t GahObperchibbvedi fioe iexdimpléudly an

15 osmotic core 42, that is to say a core 42 which with an
osmotically active  substance (for example salt,
particulate form of a water-soluble substance (for
example saccharides) or highly concentrated solution of
these substances in an elastic tube), which accordingly

20 takes up water.

For example, as 1is represented very schematically in
Figure 7A, the core 42 can comprise a filamentary
polymer material (not degradable, or alsc completely or
25 partially degradable}, for example a thermoplastic
elastomer (polyurethane, polyester), a c¢rosslinked
elastomer (silicone, polyurethane, elastin, collagen)
or a gel (polyethylene glycol, alginate, chitosan) in
which salt crystals 47 are incorporated, wherein the
30 particulate substance can advantageously have a
concentration of between 5 percent and 75 percent by
volume in the polymer depending on the particle size,
particle size distribution and state of agglomeration.
When nanoscopic particles are used, however, the high
35 particle count means that concentrations of less than
1% are already effective. The polymer thread can be
extruded from the melt or from the soclution, and the
particles are co-extruded or admixed to the polymer
mass before extrusion. They can alsc have a



al veoli formaround the particles as the surrounding liquid is taken up,
the strength of the core (the thread strength is determ ned by the
properties of the 5 surrounding filanents) is directly dependent on the
concentration of the particles. In another illustrative enbodi nent, a tube
can be provided with a menbrane, for™ e¥anple a PU menbrane, of 10 10 to

200 mcroneters into which t pandi mat er i the as LIy active
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or other permeable, in particular semipermeable

products in the from of osmotic, elastic or plastic and

geometrically extendible membranes (e.g. stretching of

axial folds, pleats or undulations). In particular, the

20 tube can be narrowed at regular intervals in order to

form segmented chambers. This means that the overall

thread can be cut to any desired 1length, without

substantially influencing the described effect.

25 The osmotically active substances can include
biocompatible inorganic salts and aqueous solutions
thereof, for example sodium chloride {(NaCl) or calcium
chloride, calcium carbonate, tricalcium phosphate, or
organic, osmotically active molecules can be used, for

30 example low-molecular-weight polysaccharides such as
dextran. To improve handling and to further influence
the kinetics of osmosis, the osmotically active
substances can also be embedded in a biocompatible gel
or hydrogel (for example from the group of alginateg,

35 chitosans or copolymers thereof, polyacrylates,
polyethylene glycol, etc.) or, as explained above, in
an elastomer. An effect whose action is comparable in
principle to the osmotically active substances can also
be achieved by sole use of hydrogels. According to



- 15 Fick's laws, particular inportance is attached to the nenbrane
surroundi ng the swelling system which nenbrane critically influences the
kinetics of osnmobsis by virtue of its pernmeation and diffusion properties 5
for H20, and also by virtue of its thickness. The nenbrane can of course be
made up of several |ayers or can also be provided with stable or soluble
di ffusion- inhibpiti | ayers. |f drogel s are used, such a rane-|i ke
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The braided arrangement of the threads 43 can be
obtained using textile threads, as are typically used
for degradable or nondegradable monofilament or
multifilament suture materials, for example stretched
20 or textured polyesters, polyamides, polyolefins,

polydioxanones. The suture material can be constructed
from a swell core surrcunded by the braided threads and
also from several interwoven swellable threads each in
turn surrounded by a threaded braid. The filament

25 diameters are in line with the prior art in terms of
the fineness of the core that is to be surrounded and
in terms of the choice of a monofilament or
multifilament covering yarn (0.2-200 micrometerg). This
shortening mechanism, acting like a sliding lattice,

30 can also be achieved analogously with a thread equipped
with a swell core, with a swelling coating of the
structural filaments, in particular of the structural
filaments forming the braid or additionally axially
extending structural filaments. As has already been

35 stated concerning the other illustrative embodiments,
contracting two-dimensional or three-dimensional
textile structures can also be created using said
thread materials.



contracting two-di nensional or three-dinensional textile structures can

al so be created using said thread materials. - 16 In other words, the
joining elenent 40 is given long- termdegrees of freedom wth the result
that the material slowy relaxes or contracts wi thout application of
force. At a peak |oad, by contrast, thel® joining elenent 40 reacts rigidly.
O course, in accordance with the prior art, all materials or _ materi al
surfaces conftRgathed dsidet GhenhJeA8ing Glegieadl 49 siBeJd¥RTbe Wkni cal |y,
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chemi cal cytostatic, bactericidal or bacteriostatic effect.
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Figure 7A shows a further functionalization, according
to the invention, of the joining element. The swelling
core 41 comprises vesicles 48 charged with active
substance, or comprises interstitially dissolved active

20 substances 49, which are thus incorporated between
polymer chains. By means of the swelling, the pressure
on the vesicles and on the dissolved active substances
increases. Therefore, active substance can be actively
driven out of the core. By varying the radial

25 distribution density of the vesicles, it is possible to
obtain a time-controlled release profile, which is of
course also influenced by the swelling pressure that
builds up. If the core is provided with, as described
above, a diffusion-controlling membrane, the flow of

30 substance out of the «core can additionally be
influenced by the transport properties of the membrane
that are dependent on concentration and on chemical
activity. The reference numbers 47, 48 and 49 have, for
sake of clarity, been indicated at different locations

35 of the core 42. In principle, the salt particles 47 can
be distributed isotropically in the core. The active
substances c¢an advantageously be provided either in
vesicles 48 or be interstitially dissolved, but in both

configurations, and in contrast to the simplified



activity. The reference nunbers 47, 48 and 49 have, for sake of clarity,
been indicated at different |ocations 35 of the core 42. In principle, the
salt particles 47 can be distributed isotropically in the core. The active
subst ances can advant ageously be provided either in vesicles 48 or be
interstitially dissolved, but in both- £bnfigurations, and in contrast to

the sinplified - 17 representation, ;there is an _isaqtropi.c distribution
across the cOFBFEPRNGRHEP™or d&STE s | iFfy é‘fspg"crto%q I ‘Jo’és%c’%i“brv"eodl by 5

hydrati on of asrnaer thel ecuke structure. A tubular elastic nenbrane is
fitted in a mesh sl eeve made up of rigid threads that wind in a helical

formation around the tube. Tensile forces are transntted via this nmesh
sl eeve. In tBA& iqitheay orovisthe tewed limer efifect 1oikht beapsdieyed 9 ution.

Mesh sl eeye apd aRABLANSY arf RlAHRbIAR | SHQRIGEO! Utd Ontudi Jeans of a
chem cal / physical process, a concentration bal ance _takes place until a

state of equftPBLLGMMEERYENS et E1ted sl Pegh FRESYS FENe B WRf t aken
up, a 15 congiidgdabdtergudssuhat buwiikhds iup 4 nhébhecabt Eordatdiont herowldsti c

t ubul ar sl ee and.results in a_swelling of the .tube. A _fqrce equilibrium
is establi sh&gleber}t e‘n%eﬁ%mf%t EPhars p?ggsEanﬁﬂaggege%ﬁ g‘hrl ré‘geﬁkhat i's
applied to teeavesh dreewder drtzmed slodevehen tthibeaxitdler® dis ecti on. The

mesh sl egye aGlhBlcay dld dhOfut Ald! OleshOBLLACLS anf SRk difs been
conducted in or t he | orce a

er to calculate > | ongi tudinal contraction nd the
changes in 29agiefensidn 8Rusé@EBprilfe ESHBHIEr esBYir emgang giofen &

concentrat i oehdinfifcRNeMIE (iR [ NPrédds®dn bat h Pndentehtithe w@ne for 310
degrees Kel vin: Threa ianeter at start do 7xl g-igrm 30 St rtlﬂgeémgl e a 60

Thread angl e BESFerRIFE dERELL 6n YREE of equl !

ium 1s obta

As a result of the solvent being taken up, a
15 considerable pressure builds up in the interior of the

elastic tubular sleeve and results in a swelling of the

tube. A force equilibrium is established between the

internal pressure and a tensile force that is applied

to the mesh sleeve or braided sleeve in the axial
20 direction. The mesh sleeve acting as a sliding lattice

contracts.

A sgimulation has been conducted in order to calculate
the longitudinal contraction force and the changes in
25 dimension caused by the osmotic pressure at a given
concentration difference (Ac) [mol/l] on both sides of

the membrane for 310 degrees Kelvin:

Thread diameter at start d, 7x107% m

30 Starting angle o 60°
Thread angle to tension direction J 90-a°
Concentration body Cpicoa 0.296 mol/l

Saturation concentration (NaCl) Csaturation®.15 mol/1l

35 The osmotic pressure Il [Pa] for ideally diluted
solutions can be set out in a simplified manner as
follows:



Concentration body Cblooa 0.296 nol/l Saturation concentration (Nad)

Csaturation6.15 nol/l 35 The osnotic pressure fl [Pa] for ideally diluted

solutions can be set out in a sinplified manner as follows: 18 - fl-Ac R
= (Csaturation - Cblood)' R T Radial tension oradial [NNm wth boiler

formula : 6ratlial Il dhread 2 s Radtal8force (fadlal)[Nnm fromtension
(Qadial): 6 -radial Il ' dthread - f ( Radial / - radial P circum 2
Thread di aneter ( drhread (d threed~ =d O cos a cos ao |l Ratio of radial
force (Fradl ) t udi nal Fung. 10 F =F tang=f tan aP H

dr nr eadt anad |1AE— ra g‘llsa‘?r%{eﬂ an:qupgfﬁn"f -2 thr ead lld2thread (C
saturation ) ?Qﬁéroﬂ with B8ile? fofm@lasat uration - blood do /I tan a
n 2 2 cos ao re]ssure im?“]pressure : d z thread Fpressure = n' A

=H' 415 Relatlmedlength (1) [99: sin a P= Sin a0 Rel ative volune (v)
[A4: V=P %de|WRESU|tIng | ength - contractlon force (F,aa [N: 2o

Fres. = Fong. - Fpréssure At a difference of Ac 5.8 nol/1l, it has been
found that m.mefg,tdet(rr )[Wﬁdtfd‘aymmﬁsﬁcﬁc@dmg )force i's maxi mum
Fra gl IT-d rea
(O-Redfa.')z 7 e = ; © = F e

circum.

Thread diameter ( dy,eqq ):

cosa

(dthread)= dO ’ oS 01

Ratio of radial force (F_,,, ) to longitudinal force (F,mg_):

In-d

— — thread
10 Fiong- = Fradr‘a.' -tana = fradia! tana - gcircum. - 2 #- tana - d!hread 11
2
I-d? C sauration — C R.T cosa.
Flong — thread  «an o= ( saturation b!ood) | dy - tanao-m
' 2 2 cosa

Pressure force (F ) INJ:

pressure

2
d thread

Fpressure =I-A=11-

15  Relative length (1) [%)]:
sina
Sin Gg

{=

Relative volume (V) [%]:
V=r.d?

refative

Resulting length - contraction force (F,. ) [N]:
_F, -F

fong. ~ ' pressure

20 F

Tes.

At a difference of Ac = 5.8 mol/l, it has been found
that the resulting length-contraction force is maximum
at a defined thread angle of approximately 30° and at
25 the starting dimensions. As the wvolume increases, the

surface area and thus the pressure force (Fpressurel



at a defined thread angle of approximately 30 and at 25 the starting

di nensi ons. As the volune increases, the surface area and thus the pressure
force (Fpressure) 19 becones greater, such that the resulting | ength-
contraction force decreases. The proportion of the radial force becones
greater than the longitudinal conporedt® starting froman angle of 45. The
desired 5 mninmum of the longitudinal force is achieved in this exanple at
a thread angrecefes|g. gaeathrs poush tohat t Hread KasushbR¥end8n8FRs1ightly

nore than 20%n#ra&OiseSPenetdy depFasail at iteR | wit iiom Fiog. the 10 Fig.

9 shows a schepptjc view of _a joining elenent 50 ort after..a_test use
invitro or ?ﬂgséto,¥é¥ﬁﬁ i%@céTF%a. & a W%ﬁp|§ ath§H91§8§8P8ﬁng to a
fifth illustompdvenenstdirmemy of romeannamliconof THS °j.0i Thagdeslierdnt 50 i s
a thread .nade. b | al 1 a Sposgd gt st he
custonarf dgﬁ%ﬁﬁﬁﬁ%eggrQ§ﬁ%2§%§$%§%%$%?%u?ﬁ%géngée??% S, |n.m§ighafhread

nol ecul es 52examplaecetpct atbdeadthangdleetfi e48%2 &&n Hrs BRHAPI e tHE pol yner s

with a glasseht@ngi thod tamearaidd ebyVVe'shiEEEQ hadye t efmel atwse, ar

pol ymers can be chosen 20 which have a marked tendency, to take up water and
swel | (for ERBERPPROPBLYSaEEREPFEREALHOT yiFi R IR I ED- bbi yners, or

pol ynmers whose previous crosslinking is reduced by the hydrolytic

degradatjon of th r ossl i nki sites, .such that.the, contractili of the

25 nnleéﬁiesg?g‘i cﬁ%ﬁ?@ﬁ,aaﬁﬁﬂgﬂﬁtﬁ? P&FWefﬁhﬁTe3%§nﬁ%%n§iegfnkr§§essing

and their |ishoedlgokfiiieli tay test hesbase vidtericad ,ircanidor mchekeds ar

strands or also o] ' tr f e le s IC str, res. 30
LS éé‘%f %%%FGB&C daﬁ %rgﬁa&l&{ a2y 13‘%? 2 UFUGEY

The threads are etc aring on, such t e contractile
t hread nol echiléysbraphusesrgpdimentorpentlg parentaion.o The [JOHFLddi na

direction of ¢f BRenk Oisi Ngs €4 eERPEaaOmaMBeipa JOrL£ephseapBkeedanapdl y, that
Is to say a traction or inpact, the |oining
5 for example composed of the “customary degradable or
nondegradable suture materials, in which thread
molecules 52 are incorporated. The molecules 52 can for
example be polymers with a glass-transition temperature
well below body temperature, or polymers can be chosen
20 which have a marked tendency to take up water and swell
(for example ©polysaccharides, polyamides) or also
polymers, or polymers whose previous crosslinking is
reduced by the hydrolytic degradation of the
crosslinking sites, such that the contractility of the
25 molecules is increased, and which, for example by means
of processing and their limited solubility in the base
material, can form molecular strands or also mesoscopic
structures, for example nematic structures.

30 The threads are stretched during production, such that
the contractile thread molecules or phases 52 are
oriented parallel to the longitudinal direction of the
joining element 50. When a force is applied rapidly,
that is to say a traction or impact, the Jjoining

35 element 50 reacts rigidly via the threads 52. Over a
long period of time, for example several days and in
particular several weeks, the thread molecules or
phases 52 deform, in particular they contract and coil

up or expand transverse to the original direction of



35 elenent 50 reacts rigidly via the threads 52. Over a |ong period of
time, for exanple several days and in particular several weeks, the thread
nol ecul es or phases 52 deform in particular they contract and coil up or
expand transverse to the original direction of - 20 stretching. In doing
so, they leave the longitudinal orientda®ion and t hus becone shorter
relative to this |ongitudinal orientation. A conparable thread. section

thus becomes S§KEECEANT|f IuACHGS R pLBE¥ssleahi P8 thRai B B1EL npact
forces act O@rh.hﬁtjaﬂlllﬁahnga@cﬁ emdnis bégomd 8farbeactrseldtgivl yEositices t he

Stiffness  PAgRSNLLES ah thes Ly sads, S3hauGnaloibas! eaLLYaDeRn changed by

t he def or nat i on: us’ o a coi ructure S
si gni ficantl jlhluﬁssbfi@Omﬂan shicatteaf. ahf or domisg, td'elrﬁat prosessact m@ld hi s

structureg frg@cttg%nne&pag;n%glctp%&cég #errentaégﬁé EllBln‘?LB by & si@mld part of

the short-lasting | oads on olning e he strffness is
t her ef or e not50rapp¥‘éC| agRynaf faé‘cfctsed Bigxleh ansiRpact thgpe Sobffrass Fig. 11

flmr;aldl y 8[10 drt%l%.(‘she?ﬁt it®er eﬂﬁﬁé@iﬁt aBBOIh,av% l%agba@l@hlasvl lﬁéeftstratlve
enbodi nent accor 0 ent i r ar_.an ex e of.a range
of use of a9 %&rﬁ‘«?e% éYen@h‘? é’cr‘]?c:f&rﬂ‘ia%d o Zﬁ@t (l)l'\lﬂtvill‘ltlé.'ﬁ ‘f‘ﬁangﬁst tfead angl e
W th respect d]xaﬁthezlttqznsoﬁn adi cetli grrustuplkeotied sllgndéglcaaslgm Im X-axi s,
whi ch angje prowi d | et in | ae. On
t he Y- amé Qﬁl% o?(ﬁ:lleatFr g’\g :3?]1 new?ghggldé ]lrjgrp?t(égcon %’E& QPP%(’t hand™ si de,
whil e the ri GRCUSENT s diarcgmometmechgnl@ﬁlht poenti afevdey  (tétkaense nunber
61), lengths o {nefgrenea NUERLE €% E‘HQ ‘é?lb'f‘t?ﬁia%'ﬁh renggadupherci3) in

percent. The thread aggl e range defined by t 4 covers a change in
vol une of ovérisgnger ﬁ!“en‘FheSOCor?}é%pcﬁ%ﬁ'f@elsﬁr céschb§r6§°§ﬁov%°% not all
too 30 asymmeigpredidane e fiedtdd By Ghchand §hpscrotypbeolgraat

15
Fig. 11 finally shows, in a schematic representation, a
diagram of an illustrative embodiment according to the
invention, in particular an example of a range of use
of a joining element according to the invention. The
20 thread angle with respect to the tension direction is
plotted in degrees on the X-axis, which angle has been
provided with the letter [ in the above formulae. On
the Y-axis, the force F.;. in newtons is plotted on the
left-hand side, while the right-hand side shows the
25 relative diameters (reference number 61), lengths
(reference number 62) and velumes (reference number 63)
in percent. The thread angle range defined by the box
64 covers a change in volume of over 50 percent. The
corresponding force curve 65 shows a not all too
30 asymmetrical force distribution, and thus not too great

a drop, around the maximum load of the thread element.

A method for treating tissue and prosthetic material
comprises the method step of connecting tissue and/or
35 prosthetic material with a joining element according to
the invention. Prosthetic material can include thread
or mesh material without needle, which is secured as a
prefabricated thread loop on one or more suture anchors
or similar implants. The prosthetic material can also



a drop, around the maxi num | oad of the thread elenment. A nethod for

treating tissue and prosthetic material conprises the nethod step of

connecting tissue and/or 35 prosthetic material with a joining el ement

according to the invention. Prosthetic material can include thread or nesh

materi al without needle, which is secaréd as a prefabricated thread | oop on

one or nore sut uarfg anchors. or sim./lar, i nplants, The _rq}st,hetic matéari al can
a

also - 21 i APrdyee: Mgt Taa lnti iy an dsRdd e i St EFY as a
pref abri cat edsneedpeefabhithredd demajieonwiiie ohreadr i uve amnehass or

simlar inpl @%tr%- S Rar U eyl arg Ia%)%mba@r% Cfa%{s[.oniﬁ gﬁafﬂaﬁﬁaﬁﬁte” al
can al so be connecte cﬂ rec ycfo € ‘bone adr so ti'ssue, for ‘exanple,
by nmeans of & shapl epspdperdorfyam | thahéhjrepdi mptaident canhigdi#osee t ens

over the gourgneltedd ”Eiréétﬂﬁedl_:&_”tffﬂée bbration elosendgnayer |fganments
10 to bone. A further use of the joini n% el enent, which_shortens over the
course of ti FEAMPdSoofy FEENGh Qfi Bh SteRlGr 8TaRdRoPE, M8ddured fi xedly or
sliding, is as a |oop or a connection between anchor retention pl ates

(par achut es) gﬁﬂre a. connect i gn bet vveeg. sgvekal anchors, The j.oi nin
el ement, whi CRSHSHTERYE over™the: cBOFER BROTEFRE, “¥&R 4o TR LT n
manmal s and dtilver, aid mabed iim tgee t £ txdiaron nohutenslonkn qarligamentst he

joining shemey puflohashackas, okge A0 4he, §0YRSRqOlelchilre OAP by b ovi ded

for surgical use in connection w [l oW ng i catidns: tendon
reconst ruct i GiontenFareyYexl heAcsiunses alendibne . r dBommicEatEPorvi et at or

cuf f reconst rgighir@n, afbRBkEer sadakid | £akbQDyORS akl9ASngN tHe gkendid,
tendon 25 transfers, for connecting . tendons, fascias, |iganments, or other

soft-tissue B, OF oitht CSPRBFFL Pt IS WesPer RRFRNE, &S IRL3H% he j oi nt
capsul e, | oi nfparsdthiddzat bon 0pesiiieOtson | BepRebhC WedferaQr oahehoesd avi cul ar

or Stern9g|w@ﬁé“fgiﬂfﬁgteféggﬁtlZ%hagﬂ’shortens over the course of
time, can also be used in mammals and other animals, in

particular in humans.

In particular, the joining element, which shortens over
20 the course of time, can be provided for surgical use in
connection with the following applications: tendon
reconstruction, in particular Achilles tendon
reconstruction or rotator cuff reconstruction, shoulder
stabilization operations on the glenoid, tendon
25 transfers, for connecting tendons, fascias, ligaments
or other =soft-tissue parts, joint stabilization
operations, for example on the joint capsule, Jjoint
stabilization  operations, in particular acromio-
clavicular or sternoclavicular joint stabilization,
30 collateral ligament reconstructions, for example on the
knee, elbow or ankle, cruciate ligament reconstruction,
closure of fascial gaps, hernia operations, wound
closure 1in open-wound treatment, for example after
fasciotomy, skin sutures, reconstruction of tendons,
35 Dbones or soft-tissue parts on implants of all types,
resorbable or nonresorbable, for example on prostheses
or suture anchors, ligatures, fixation/suspension of

uterus or Dbladder, suturing of intestine, stomach,



30 collateral |igament reconstructions, for exanple on the knee, el bow or
ankle, cruciate |iganent reconstruction, closure of fascial gaps, hernia
operations, wound closure in open-wound treatnment, for exanple after

fasci otony, skin sutures, reconstruction of tendons, 35 bones or soft-tissue
parts on inplants of all types, resorbable or nonresorbable, for exanple on

th t h , | f t / ' f t
Dl aader . sut BPRBSBr | RRRSEIAe, ‘wiaar. Lroion DbricERoEbagser o 21 achea,

bronchi or esophagnyg, odndassutw.i ng of fasm as. The joining el enent, which
shortens over the course of 5 tinme, can be used as tissue. It can also be
used as a pouch for enclosure of organs, for exanple the heart. The tissue
can al so be T¥ed fumirgscekemealps . WIF eht Fgykeranoyerusde e(@lb-‘rﬁedg?ﬁlg graft

for tendofs @fimelO cfa?iﬁ%@ Q@E&Cb% tlltss%%” A e aBed har u%kaQSLHse Hf skin
defects, for exanpl j;(?%lfn copbination with artificial or_ cultivated skin or

ot her ski n- cPOGHe ePRGLeSUpE Ofe/QREANSy AL 4f PXAPBHRd BEs AT £ or

exanpl e i n aTheandwsysmcaar elxd bd esddcEdrofacbéalagbpkadder, around 15
parts of the intestine, for exanple the stomach. Finally, the tissue can
al so be provided for external application, for exanple as support

st ocki ngs, bdihes ticere igays Yorusgdras dorislginm arafithef oy keenddnzover, the

tissue cap alSQ el W fAstd bridaid #}1@3%‘ UserP 1Y fésdf@d&.rfﬁ sgidin t he same
ftrerent np,

time, if these are connected to di secti ons, or exa e on the
rotator cuff dafeGhey beOBHarxrBRIar i) SOURAPa§EODs Wish 31 kit@dlalok o 25 be

provided in phafakidreat e@kflﬁr Mprt f’@tihéﬁ sk imay-1oBurkhembfepi i st hepPrgans or
organ parts that are to be | aced a r’rﬁnted for exanple.,as cruciate
| i ganents, t &fTdolfs Fﬁtl‘?‘la&’ﬂ fESER s eé%@ Svbr £8% ere XM ¢ Afe P mat er i al

can be provi daaﬂaumﬁdmfmmmablle ducts or the gallbladder, around
15 parts of the intestine, for example the stomach.
Finally, the tissue can also be provided for external
application, for example as support stockings, burns
coverings for scar correction or the like. Moreover,
the tissue can also serve as a bridging graft for
20 several tendons at the game time, 1f these are
connected to different sections, for example on the

rotator cuff.

It may be particularly advantageous for the material to

25 Dbe provided in prefabricated form, that is to say in
the form of the organs or organ parts that are to be
replaced or augmented, for example as cruciate
ligaments, tendons, retinacula, fascias, etc. Moreover,
the thread material can be provided with functional

30 surface structures, for example with barbs for fixation
of soft-tissue parts. Finally, there is the connection
of the thread material to bone suture anchors, sliding
in the anchor or not sliding, for knotting or in a
knotless configuration. It can be produced £from non-

35 resorbable, partially resorbable or completely
resorbable materials. In order to distinguish between
different properties, joining elements can be produced
and used in different colors.



30 surface structures, for exanple wth barbs for fixation of soft-tissue
parts. Finally, there is the connection of the thread naterial to bone
suture anchors, sliding in the anchor or not sliding, for knotting or in a
knot| ess configuration. It can be produced fromnon 35 resorbable, partially
resorbabl e or conpletely resorbable med®rials. In order to distinguish
between different properties oining elenents can be produced and used in

],
different cofBr2AIEEiQH ARii PEERY UBRENF RN atbRy, FRBy 2k al%o be

provided in gesbifali amh Webhbihgt bo@N@ipASr trigyid brié -piet t onphardis, for

exanple with_an_inherentl di spl aceabl e ionpresg'on £Iat§dﬁpat6ﬁ:ntracts in

a 5 desiredPfihner? ?ﬂéstontcﬁitigﬁagp fhe YhiBad.#tn T 20 t hese

uses, the joinspyackehidat campakssiche pkate f arhathe cwrmessttion iof techni ca

obj ects, for I t n ' exti S L9As or 10 fastening
| dea)lf?ga @ﬁéﬂggsﬁﬁrﬁﬁg 88}11;9{9%2{0}1 SE ﬁel F{E}é&ﬁ!.

el ements gener criptron o use of | strative enbodi nents
in medicine does not inply any limtation to this use. Fig. 12 shows a

schemati c d: agr atHHQi:ibEiﬁ tE)PrtQﬁ%etf %%itsﬁn thc%Séi}anah@t fg@.@n@m {tﬁin tHd1 t7_1, for
a jolning e nmen | e rtormor a rea accor di_ng 0 e lnvention I n
o Lect use PR HSD GPTi (PR vBOMRSREAPEAOfo CECRBMRRNC PBARE Ehr T 74, 20

The broken | erampdel ndogat eReancanhett oy tdf estedidi leabassrtilvreh ant hr ead

woul d b esi.gnated_as taut igh _thread tensio and _bel ow whi a thread

woul d betd o ERERERIa0S- Pilwart Posns aay « nitd Sesne g ot Al v 74

rel ates to ausenvenht iddalstwateae, emeodiwaniss 8dnt anegd tdimeaddaesontditng to t he

invention. Cig th 6400 . f i npl antation for securing a
1&3%%%}; t%mi‘t% IR9 b ??%gt H@Q.

| i ganent for e tensions o threads are conparable. The
conventional thread gradually |loses 30 tension, as is represented by the

nmonot oni ¢ dowiwardz shows a schematic diagram of the thread tension

15 72 plotted against time 71, for a joining element in

the form of a thread 84 according to the invention in a

test wuse in wvitro or in wvivo, compared to a
conventional thread 74.

20 The broken line 73 indicates an arbitrary threshold
above which a thread would be designated as taut (high
thread tension) and below which a thread would be

designated as rather loose (low thread tension).

25 The curve 74 relates to a conventional thread, the
curve 84 to a thread according to the invention. Close
to the starting time of an implantation for securing a
ligament for example, the tensions of both threads are
comparable. The conventional thread gradually loses

30 tension, as 1is represented by the monotonic downward
line 75. In the event of a fall 76, which can also be
any inappropriate movement on the part of the person
with the sutured ligament, there is a sudden increase
in tension, whereupon the subsequent monotonic downward

35 line 77 drops further to a still lower level.

By contrast, in the case of a thread 84 according to
the invention, there is a monotonic increase 85 in the
thread tension over the course of time. This is
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line 75. In the event of a fall 76, which can also be any inappropriate
novenment on the part of the person wth the sutured |iganent, there is a
sudden i ncrease in tension, whereupon the subsequent nonotonic dowward 35
line 77 drops further to a still lower level. By contrast, in the case of a
thread 84 according to the invention; ¥here is a nonotonic increase 85 in
the thread tension over the course of tine. This is - 24 inportant,
because a falmpgstanty heoaecawsanp | fabe, 86he?k &deur Ry aAnalHEudere tine as

the fall 76, hak80 odRadsirP ac! edsenid@ of ideakhrerd gdter 7khe Shayt -
| asti ng mcrgg% in tension is rermvgd. Howeyer, .t he not so great
S

5 dr S
that the ten Safter & MPRRAMNT | PEs ifbsFaRERdI 13F 453 ogﬁ?heg}ﬁrgr”ti ng
tensi on. Theflastingt hetlcreasnedwad temdieni bg Femfvddie Hbweadr, aftther whi ch

hi gh ' .3 in.b hi d. . Thi [ | f
Several 11 moS PR GHIGIOT 090 R sRbontae Y it oy FERSE AR, RER 1 o

ti ssue partsligst subetapitdrildy dfeliowe thealsitag tinge éesisiwm .ciThere dénpl et ed
after severa eks ntdiasid i fo t IS téhicke Fig. 13
shows a sche%%’?g%vF#S%ga,%gﬁ%ﬂééﬁl{ge}égi %}nﬁeelégﬁ:eetrl#ﬁl%gf% h al,t hr ead
with solid cérehbgle¥diRpadrn avalueustaat iadidhb58i nefRigred he Thivient i on.

This represeRicsed sRACI Abp&RRT | Dl f OevERQ 1l hEeads160ni Sord@rpased of a
core 161 and of a nesh eeve 162. The 20fmazjh %Ie ve 162 is in this case
made up bY t REFPERSRES d&F 4 L3 OPg3 Oy % TrRFYRIRASSS anent s

that take upuamidvakocmpdeeiohn olii sthay, healisgpossoddes, f arhidte hirsai ding to
COMP! ot o1y CORpILieCOLE dDL serkist eab Al [MELVELATRRLS Lidtipidy 1 also
possible to rovi de nofe (for éexanple 14, or more) or fewer or
exanpl e 3, 4cfeothe tdpsgle pards.ilanents 163. with a higher nunmber, it is
al so possible for the filanments to be nonofilanments. The core 161 here is
delimted by an , , L.
15 " Fig. 13 shows a schematic view of a part of a joining
element 160 with a thread with solid core according to
an 1llustrative embodiment of the invention. This
represents a special configuration. The thread 160 is
composed of a core 161 and of a mesh sleeve 162. The
20 mesh sleeve 162 1s in this case made up of twelve
braided filaments 163. The filaments are multifilaments
that take up an oval space. In this way, it is possible
for the braiding to completely cover the core 161.
Instead of twelve filaments 163, it is also possible to
25 provide more (for example 14, 18 or more) or fewer (for
example 3, 4, 6 or 10) of said filaments 163. With a
higher number, it is also possible for the filaments to
be monofilaments. The core 161 here is delimited by an
elastically, plastically or geometrically radially
30 extensible membrane and contains no, one or geveral
(here three) stitch threads 164 for taking up strong
tensile loads, for example in the event of falls 86. In
the core 161, there is also a gel or a matrix 165, in
which it is possible to incorporate osmotically active,
35 particulate substances 166, or substances enclosed in
vesicles, for example salt crystals. The salt crystals
can also be replaced by other osmotically active
substances. These inclusions 166 can then take up

ligquid by osmosis, in the manner described above, and,



el astically, plastically or geonetrically radially 30 extensible nenbrane
and contains no, one or several (here three) stitch threads 164 for taking
up strong tensile loads, for exanple in the event of falls 86. In the core
161, there is also a gel or a matrix 165, in which it is possible to

i ncorporate osnotically active, 35 part?2Tut ate substances 166, or substances
enclosed in vesicles, for exanple salt crystals. The salt crystals can

al so be repl h¥egxppngiwsr Psridts caP¥§. aean viead ypst anEdertrmdsd i usi ons

166 can thenthakerdpe khighirdnBhg0eI0Ehe thitehle 1B@NNahidesHdMRGiakove, and,
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of a joini ngthel eamst time Wimdtather equprwpeaienbafakheoreres1610 accordi ng
to an illustrative enbodi mrent of the invention. The thread 170 i s conposed
of a core 161 and of a nmesh sl eeve 162. The sane reference nunbers have
the same neafiifig drt sPRRYWEr 2nESRERGtER Mievorrh e PRYFuSEr & MR EMShdi nent s.
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15 tubular membrane 177, which can be provided with a
coating 171. As has been described in the earlier
embodiments, the coating can influence the diffusion
properties or also reduce the friction between the core
and the shearing filaments, for example, and thus

20 increase the efficlency of the osmotic process, or it
can be designed as an axially folded, pleated rigid
membrane (in contrast to the smooth elastomeric
membrane 177) and limit the swelling process and
obstruct swelling of the core out of the braid.

25 Examples of materials for substance transport: PVD
coating or CVD coating or polymer coating; for limiting
the expansion: stiff structural polymer such as
polyamide or polyolefin.

30 The three stitch threads 164 are surrounded by a
saturated salt solution 175 or by another osmotically
active substance, in which further particulate salt
crystals 176 can be present for taking up further
liquid for maintaining the saturated solution. The mesh

35 sleeve 162 with the filaments 163 is designed in the
same way as in the previous illustrative embodiment.
The ligquid can be, for example, an aqueous solution, a
hydrophilic liquid (for example higher alcohols, DMSO),
or a hygroscopic, biocompatible liquid or a hydrophobic



coating or CVD coating or polyner coating; for limting the expansion:
stiff structural polyner such as polyam de or polyolefin. 30 The three
stitch threads 164 are surrounded by a saturated salt solution 175 or by
anot her osnotically active substance, in which further particul ate salt
crystals 176 can be present for taking &p further I|qU|d for maintaining

t he saturated solution. nmesh 35 sl eeve 162 wi anents 31is
desi gned in QHHUlgamﬁxﬁQP |9+%%3 i;ﬁ¥qql gﬁﬁ? Qﬁﬂﬁi% . The
liquid can behefonlqmaﬂpleananbequﬁﬁus smiuhnﬁmueacehydhephspeedl|Qﬁnd (for
exapl e hi ghey; 3l,Gahgl s ofrd, BT OPERELECo Do oAl Bt Jaut d o

hydr ophobi ¢ - I|qU|an exanﬁ?es oils € degree of |C|ty of
the liquid c&ﬁfEQtuse6n5609@ﬂ5&5n060tHéESpGQQO@ﬂmeﬁtﬁfuéﬁéﬁra gdt higk ef or e

the kinetics qu Lthe, OgRRL ik i &IH eeﬁrefa@l QQHU%JDéot Ooé hemgabadiamant s
described in Flg 7, the stitch threads can al so enbedded, in a

gel -1i ke or éle&s'tld-r]ﬁ,ﬁrl ermet ¥astoner ithi BRLEHot i KAl WPlcgct‘P%o'éh‘E%JcJa)hces in

solid or |iquidtifer m aiBsthneesporiaf edsoéDi@r defr tom@rli@vefblm osdpé i C
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The cace of AMGERTARST cRaPFiRt FP PENIENE, CRSLAIBIE 1% UFShbE w L t he

menbr ane 171 IfTheheoatatgixcotilsd ashﬁbldmeeruﬂﬂPEﬂtanLet cint hrteadsf;?,, | for anal ogy
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in a dif or can on thHe outsi he core. As a
variation to &lso @ﬂﬁﬁﬁhﬂ@ntt@mﬁmnﬁq:wgthmhe megw@mé@elsﬂﬂ illustrate
different designs of the 20 thread structuring. Fig. 15 shows a schematic

cross sectional view of a joining elenment 180 with a nulticore thread 161
with an out erMHensPahendg Foudc A PgPeo odn TRV usfratrie WHEGASent™of t he
invention. Threal &pf asi b lviede paoVbeled deserivdd db&F€, can also be

15 omitted, can be present in a different number, or can
be applied on the outside of the core.

As a variation to the embodiment shown in Fig. 14,
Figures 15-17 1illustrate different designs of the
20 thread structuring. Fig. 15 shows a schematic cross-
sectional view of a joining element 180 with a
multicore thread 161 with an outer membrane 181
according to an illustrative embodiment of the
invention. Three cores 161 are provided here, which are
25 surrounded by an osmosis membrane and which, for
example, each have a gel filling 165 in which salt
crystals 186 are embedded. Depending on the strength of
the thread that is to be produced, it is also possible
to provide four, five, six or more cores 161 which are
30 surrounded for example, but not necessarily, by a
membrane on which the filaments 163 of the sleeve 162
are arranged. The (multi)filaments 163 of the sleeve
162 each comprise a multiplicity of individual
filaments 183 which are present in the depicted form as
35 a result of the tensile stress that is exerted. The
thread 180 as a whole is surrounded by a sleeve 181,
which seals the thread off from the outgide. 1In
contrast to the threads in Figures 13 and 14, the
braided filaments 163 here are inside the osmotic



25 surrounded by an osnosis nmenbrane and which, for exanple, each have a
gel filling 165 in which salt <crystals 186 are enbedded. Dependi ng on the
strength of the thread that is to be produced, it is also possible to
provi de four, five, six or nore cores 161 which are 30 surrounded for
exanpl e, but not necessarily, by a nemd?ane on which the filanments 163 of
the sleeve 162 are arranged. The (nulti) filanments 163 of the sleeve 162
each conpri s€RaTREFt| pIRciPFFBECHIRR vi FHE  SPPCSnehfs 1882 W TP a®€ present
i R t hehdepLCEggléar Wﬁﬁ‘h?“s sInes P m%dgh%o&ﬁmidr%tibhgsﬁdﬂwsd? a&xler t eﬁ.
The thread 1 as I S surroun a.s ve 181 Lch seals the
thread off f?oﬁ%ﬁﬁiﬁnﬁgig ?|9$£%§ﬁu?§591§819he %%ﬁggc?n%gkgufg§?13 and
14, the brakded ftheargriced Sntkbreedirieyi e deenheansaoiled amd/ 1&hanber. In
parti cul af, .18 riql Dyt ; |
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Fig. 16 shows a cross section through a joining element
190 with a multicore thread 190 with in each case a
core membrane 191 according to an illustrative
embodiment of the invention. The three cores 164 here
20 are each surrounded by the osmotic liquid or gel or
elastomeric polymer 165 with incorporated salt crystals
186, which as a whole, and per core 164, is closed of
by an osmotically acting membrane 1591 (or in the case
of the elastomer also only a core without membrane,
25 otherwise possibly alsoc a core without stitch thread if
this structure is inherently stable with or without
membrane). The braided mesh sleeve 162 is provided
around these closed cores 164, which can be twisted or
are advantageously arranged in parallel alongside one
30 another. The space 195 between the core membranes 191
and the inner filaments of the mesh sleeve 162 can be
filled injtially upon expansion of the membrane 191,
before the desired shortening of the thread. An onset
time is thus provided in the thread which, referring
35 Dback to Fig. 12, can lead at the start to a monotonic
increase in tension.

Fig. 17 shows a schematic cross-sectional view of a
joining element 200 with a multicore thread 164 with an



el astoneric polynmer 165 with incorporated salt crystals 186, which as a
whol e, and per core 164, is closed of by an osnotically acting nmenbrane 191
(or in the case of the elastonmer also only a core w thout menbrane, 25

ot herwi se possibly also a core without stitch thread if this structure is

i nherently stable with or without nefbP&né). The braided nesh sleeve 162 is
provi ded araqund_these closed cores 164 mhlc an_be tw.sted or are

advant ageous Y™ ang®H"PH p&PEFIeW@ﬁEﬁﬁﬁﬁ % e §6c85§%ng *fhe ¥pace 195
bet ween t he ddrlegterdiriareesetbddimadtt el ihher ifnvieardimins oThibe imesans| eeve
162 can be f on; exXpansion o t 91, fore the
desired shortéjrﬁoggrﬂe{‘}{thgm%rlgg E n onsesg ti nefﬁ tﬂ%s@%‘f%%l de%:ll‘?ﬁ t he
thread whi chPaterasn i Bje3smhrdineits gin1 Figanlf eadht Fitie t6artTE® a
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view of a jaining ment Z%a with a pulticore #hread 164 with an -
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illustrated in Fig. 15, or the inclusion of systens that rel ease active
subst ance. ThEREHIGE ee%e 1reezsfﬂ hekeeR i dhamhsdg roundsmtihasee
illustrative enbodlnents it wwll be clear that the invention is not

i ntended to ed tQ ne 15 of these | ustrative e S. Instead
every conbi ?th ‘*Sgéﬁ]:ﬁé’? %ﬁé‘?ctdneéﬂ:vge'r et® b)‘?’lﬂﬁ dbc? nefRtf

Thus, the i ndtwatduehettmeeﬂsmnthsthetsinteﬂnded hteads 16#itcad be anél qU| d,
gel-llkelgr ngyngﬁese illustrative embodiments. Instead, every

combination of these features is also covered by the
invention. Thus, the individual threads with the stitch
threads 164 can be a 1liquid, gel-like or polymer
substance. However, it could also have no stitch thread
20 as such, but only the matrix; several matrix threads in
the core could be of advantage in the case of threads
of relatively large calibre, because they make the
thread softer, and, in addition, the diffusion kinetics
with several small-calibre threads are accelerated
25 compared to those with a large-calibre thread.

The number of stitch threads (here three) can be varied
between none and several dozen. The mesh sleeve 162 is
here composed of a multifilament 163 with in each case
30 nineteen monofilaments 183. It is clear that both the
nature of the multifilaments 163 and alsoc the number of
the monofilaments 183 can be varied. The former number
can be chosen in particular between three and ten, and
the latter number between ten and over one hundred. In
35 the case of a relatively rigid inner membrane, it is
possible in some cases to do without a complete
covering of the mesh sleeve, since the membrane cannot
then protrude between the defects in the cover. It is
important to have a membrane sleeve which permits the



substance. However, it could also have no stitch thread 20 as such, but only
the matrix; several matrix threads in the core could be of advantage in the
case of threads of relatively large calibre, because they nmake the thread
softer, and, in addition, the diffusion kinetics wth several small-calibre
threads are accelerated 25 conpared to2fhose with a |large-calibre thread.
The nunber of stitch threads (here three) can be varied between none and
several dozeAiffHeipBshbyfedte toe | samfertdingmpédédsof the mpE§IsYtshent 163

with in eachdgaseréacal neteen pRaef idanRes éBBthlet ménjsfaa@é that Hwth the
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the sane ti Limts the pressure difference, such that failure of_ the
menbrane can iBdUstaEtifley ARRFERentf s dARGIdSed s GATso Rer veRibinahe

stitch threadsrbet1ywhiich Tcﬁl@.ealﬂbtﬁiédd%ﬂdt eAskl-ehkagda.5 and reliably avoid
excesswg conpression of the core of the thread in the event of falls. It
is thus tPear to a person skilled in the art that features of all the
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303 in of a weight. This is shown in Fig. 18 by a curve 303 in
which the lifted force 302 is plotted against time 301.
The tested thread is a thread according to Fig. 13 (but
without stitch threads 164 and membrane 161) with a
weight ratio of silicone matrix to salt of 1:1, where
20 the particle size of the crystals 166 is smaller than
70 micrometers and where the thread is securely fixed
in distilled water at a temperature of 37 degrees
Celsius. The thread tension is measured continuously.
The tensile force (thread tension) increases in less
25 than one day to over 12 newtons, in order then toc move
to a state of equilibrium limited by the sleeve. The
thread has become deliberately loose after two days,
which corresponds for example to a fall by the patient
with a ligament sutured by such a thread. The loosening
30 can be achieved simply by a lengthening. The thread
tension build-up thus begins anew, but this time to a
lesser extent, the Dbuilt-up spring tension only
reaching a tensile force of ca. 8 newtons. The state of
equilibrium was maintained here for just under three
35 days in order to carry out a renewed loosening. In this
third area, after 5 days and more, tension can be built
up over 4 newtong, the flat curve 303 now showing that

the maximal tension in the thread has been built up.



which the lifted force 302 is plotted against tine 301. The tested thread
Is a thread according to Fig. 13 (but wthout stitch threads 164 and
menbrane 161) with a weight ratio of silicone matrix to salt of 1:1, where
20 the particle size of the crystals 166 is snmaller than 70 mcroneters and
where the thread is securely fixed in dPstilled water at a terrperature of

37 degrees Celsius. The thread tensjipn is rreagured conti nuo%g)gy
tensile forcglﬂ ‘hrEAdSPeHSi 6h) SFREPRELSs VR &s Y t RYAVERe ?125 over 12
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extent, the built-up spring tension onl reaching a tensile force, of ca. 8
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after 5 days and re, tensiaqn_can_be_built ove the fl at
curve 303 noﬁats vrrn%ﬁ]& t FREAtAR2 nHRi nb? ttér?s xrlﬁ‘uf“he Plﬁwtgﬁlﬂgs B2en built
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short eni ng thread is ranul-ation 40 er ent
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means that thg,fdlsing i§5c@?1%agﬁ%fi 9 ThesStRre 166 idhod d alBéOth’e&/el ght of
1:1. The two curves 403 and 404 show the duration up to the maxi num
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example the local distribution of the salt crystals,
the agglomerate formation and the structure of the
polymer. In the small granulation range of below 50 to
ca. 150 micrometers, hardly any differences arise,
20 whereas at greater granulation the duration until the

maximum shortening increases rapidly.

The three-dimensional curve 504 in Fig. 20 provides an
overview of the ratios between initial shortening 501
25 {in percent per day) relative to the ratio by weight of
silicone to salt 502 for the granulation 503 (in
micrometers). A lot of silicone relative to the salt
and small granulations provide a rapid shortening in
time, whereas both large granulations and also a higher
30 salt content lead to a smaller shortening per day. By
suitable choice of the individual components, a person
gkilled in the art can therefore define the behavior of

the thread to a large extent.

35 The following should be noted in particular. Joining
elements in the form of a thread can be produced in
diameters of as little as 50 micrometers (and less), if
it is surgical applications that are are concerned. For
thicker threads, a twisted or drilled structure can be



that these are not general rules but experinental results, the
characteristics of which can change 15 significantly as a function of
further paraneters, for exanple the local distribution of the salt
crystals, the agglonmerate formation and the structure of the polyner. In
the small granulation range of below 503to- ca. 150 microneters, hardly any
differences arise, 20 whereas at greater granulation the duratlon until the
WBX|nun1shortﬁﬂﬁmﬁ§d ncagasallapi diexpressedhr easdi nensi BRaFiELtsmenbs in
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of the thread {pedarge extent. 35 The follow ng should be noted in
particular. Joining elements in the formof a thread can be produced in
dianeters of as little as 50 mcroneters (and less), if it is surgical
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produced, thengndhetngroftdhe miémbm@thmﬂ threads affords greater strength,
while on 5 the other hand, for the sanme reason, the |arge nunber of tw sted
or drilled threads provides a reduced stiffness. In a thread of 50
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crystals of lgssidPep 100 NAnARES er Siif 0 ph TiC@%BL € these centers,

15 which involve vesicles formed around such salt cores,
should be smaller by a factor of approximately 10 than
the diameter of the swelling core. A small number of
centers provides a more reliable osmotic activity than
with a few large crystals. The speed of the shortening

20 of such threads, corresponding to the teaching of their
construction, is advantageously set by the properties

of the polymer material used for the swelling core.

Figures 21 and 22 each show a view of two measured

25 curves, in which the shortening 602 afforded by the
contracting thread is plotted in percent against time
601 for different silicone/NaCl (salt) ratios 603/604
and for different TPE/NaCl (salt) ratios 605/606.

30 It will be noted that, in a silicone thread with a mass
ratio of silicone to NaCl of 2:1 at an average particle
size of the salt crystals of less than 70 micrometers
and a constant thread tension of 1 newton, a state of
equilibrium of the curve 603 is obtained after about

35 one day at high shortening level. By contrast, a four-
times smaller shortening is seen at a mass ratio of
silicone to NaCl of 5:7 at an average particle size of
the salt crystals of less than 200 to 250 micrometers
and a substantially constant thread tension of 1 newton

POV + i e e



From each of these crystals, small centers of osnotic activity are fornmed.
In particular, these centers, 15 which involve vesicles forned around such
salt cores, should be snaller by a factor of approximtely 10 than the

di aneter of the swelling core. A small nunber of <centers provides a nore
reliable osnotic activity than wth a 2w large crystals. The speed of the
shortening 20 of such threads, corresponding to the teaching of their

const ructi onini $hedvamvagedds| whsieth by tavhipvedertfites ajfouthet plEyaver

mat eri al useqhgogoggehgweglHqgmgggﬁ ofFboYr 81 24imdpd22 each show a vi ew of
two measured 25 curves, 1n which e shortening 602 afforded by the

contracting thread is plotted in percent against time 601 for different
si i cone/ NaCrhesaldsk o akitls TOS/ 6Rdeadsdwboe datteeanoutPENafottsat t)

rati os 605/ 606 [t, will no d .t hat S|I|conet W th a mass
ratio of tgl I ?():&B‘ﬁe F I EEZ:W R4 ﬁeﬁ?ﬁggh Srtitdt e g{ngdt& 3% sal t
crystals of kesh tahanas?sﬁ) n"atiorrelferI?E drd Na@lonst aht 1t hteach taerestage of 1

nevton, 2 Stakecglrcediild hid umerLie cprve, PO% kS gRLAARY Alderegbout 35

one day at h shortenlng
shorteni ng |§0§eemlaromehﬁ§§ r@mdoaof cosstanbne:hnﬁavhdte@fslsm af aZln aver age

particle sizgegkont hft}?'a?é tigryst %la@ C&‘s |J?r§5t}§é‘38tﬁ@9 Tt%s%50 H gdmters and
a substanti al Ié;‘y const ant thread tension of 1 wton - in the curve 604,

whi ch i st@chicdvetdat t BPTEBBuCts Bags CUTYRe ‘?;QJ'? eaﬁ§8‘—'a ‘Eﬁarr%f”@?‘tb’f % 7

mllimet er Eh@:nttq»stfivw tdayEPE 4 mmwimeaera& Garvd8d small sleeidieing 5 tinme
hori zon. ot ed t hat gEthread with a nas t_[al%io of TPE to

NaCl of 1 1 m 5& a ra&ge pgﬁr E’PE Si of PP HERRY ¢ %rr‘ys‘?lac-f 0 irli"?(asss t han
160 to 200 mreadesst sslsowrnehingonsbabe toeeaactt emsmaasofral::.onemﬁt arPEthat is

to say as indng.phe ftfsi)?t QnSta%’eQaéQ far‘E@!H'(JjL. LM dhe gale © 605

after ca. twenty to vventi/ 've da tal ned-at ‘a very smal ortening
15 crystals ess than 70 to 150 micrometers and a

similarly constant thread tension of 1 newton in the
curve 604, which even after more than twenty days has
not yet reached a state of egquilibrium.

20 It is thus evident to a person skilled in the art that,
when using TPE and silicone thread cores with different
salt content and granulation, a suitable shortening can
be set between 40 percent in one day and one percent in
five days, which corresponds to a difference in the

25 speed by a factor 200. These values can additionally be
modulated by suitable use of membranes (more or less
permeable; more or less flexible in extension). The
results presented here with threads having a core can
accordingly be transposed to the other illustrative

30 embodiments.

In addition to silicone, which can be used in different
qualities, this applies to an even greater extent for
threads with TPE filling, that is to say for
35 thermoplastic threads. These thermoplastic elastomers
can be very easily shaped, because they pass through
the plastic state during processing. They can be
produced in particular in hardnesses of 5 Shore A to 90
Shore D. Their flowability and their density and other



| evel of one percent. By contrast, an eight-tines greater shortening can be
seen at a nmass ratio of TPE to NaCl of 2:1 at an average particle size of
the salt 15 crystals of less than 70 to 150 micronmeters and a simlarly
constant thread tension of 1 newton in the curve 604, which even after nore
than twenty days has not yet reached -a3state of equilibrium 20 It is thus
evident to a person skilled in the art that, when ysing TPE and silicone
thread cores REQRF¥G%r 6AR b§alE%dlf’cﬁﬁeéjntb%nﬂoﬁlaaﬂﬁﬂé’flgoﬁltél Qi YaBfe

short eni ng Cafhrjhﬁ:}SEtof)etﬂ\BEI\eﬁQ p@ﬁ@en&ddﬂtmdayramdvonhaserge@eﬂ in

five days, corr s opds to a _difference | factor
200. These véf&%s ddP??BﬁgFﬁﬁg fe diW%F% gtﬁg §§§?§r§§gf%?8

menbr anes (rnﬂ&rmﬂlyMEmJPKEQY&ﬁmﬁe ¢mw&slwnH@¢s ¢¢exm®t@rah extubhetron) The
results pges ;§$E§§¥§§¥ % t hreads having a core can accordingly be
transposed to ot he ustrative 30 enbodinents. In addition to
silicone, which can be used in different qualities, this applies to an even
greater extenthd ofecdhd cadsewihl ThEsf tbhbhgsed hat sws1l Ongamaterigdd,

t her mopl asti c, threads. These thernopl astic el asto n be v eaS|Iy
shaped, becaus® ®Ff rth?o&b‘(ﬂ FROM Qs PR e§t1g$[e d%?ﬁ?}hgaﬁroﬁﬁérng They
can be prodwmmhmnhaartheuhmvantwyﬂdﬁb%mﬂikj Estiiiol Esifing HO0stShere D.
T e G L andikbeiy dRNShEYnaad OhDEhon: 21201 R8CEhbEg AP Be

adj ust ed "by corrpo ndrn eérsZan rves. TPE-V
has good rub@@raimk@nptbpepatesntfarbed}an@‘p‘eaerh§Uéhep§rbbyl emmotic

terpol ynmer/ pré’:?&/i\?i‘@y crogs! i Bedi oh na&f'raﬁhé”bgééoné ”&Ql:&?iQEy' QQe The

second material thus conprises a swefling nateri al r‘Fi)artlcu ar
hygr oscopi ¢ nd¢ete¥sd Wch‘-"ﬁ@oﬁ&%} thalki ok h&S tIRY aBVa Ja%@l%lforéagifl y

est abl i shing Raséat exrdf theeqé#aldé)rctéﬁlﬁaihirfg? Poglyid Wethpbtin@i A§1 BEet 00
great a 15 joining element (in wvitro, for example, water or
physiological saline solution in a beaker; and in vivo
by the bedy fluids surrounding the implant site of a
thread) through a semipermeable or selectively
permerable membrane, which the person skilled in the

20 art chooses as appropriate.

The illustrative embodiments in Figures 12 to 22 are in
direct relation to the disclosure of Figures 1 to 11.
The first material can thus be regarded as the stitch
25 thread or stitch threads and/or axial threads in the
mesh sleeve and the membrane or axial thread
reinforcements in the membrabne or membranes. The
second material, which slowly contracts over a longer
period of time, is the one or more chambers 165, 185 in
30 which the crystals contributing to the swelling are
incorporated. A shearing of the first material
surrounding the second material is afforded in
particular by provision of braided mesh sleeve. The
slow contraction of the second material over a second
35 period of time longer than the first period of time is
understood alsc as the combination of the effect with
the first material, as arises with the braided thread.
The important factor is simply that, for in each case

two corresponding local reference points in the



strain on the patient's body as a result of the osnotic activity. The
swelling of the second material is achieved by osnosis, that is to say by
diffusion of water fromthe space containing liquid surrounding the 15
joining elenent (in vitro, for exanple, water or physiological saline
solution in a beaker; and in vivo by-ti& body fluids surrounding the
inplant site of a thread) t hrough a sem perneabl e or selectively

per ner abl e megdRTegTe; , whheh dilsd gperes oshasididrisedover t e peadicsl toEhbdBes as

appropriate. ;Jibeothlagst“rcﬁtdé/eaerﬁ%%ﬁ%%nt&llraﬁ #r%%tla%eho 2edd eciy direct
relation to the, disclosure of Figures 1 to 11 first material can t hus

be regarded &RCIMES stitlh Beaehr PRdnss si"??crp‘?'hré%i'd%“]éhd/f&ﬁegxl aF€nr eads

in the nesh @i@@aec@nﬂetheeﬁemmnn@mmt@ﬂsal WHirdadcor e sfaidemeata in the
menbr abne Or menbr anes second terl al,_which slowy contracts over a

| onger perl O%O%J?r?c%onlg t%%eo%%c% n%el"tee]a?alh‘bers 165, 185 in 30 which the

crystals contributing to the swelling are incorporated. A shearing of the

first materiaj ralag_légplrggﬁéhﬁ,\léecigggﬁggger lfglr Ol:ﬁ-té”‘frﬁ&ﬁﬂfgnl?nltgéi?ﬁ' cul ar

by provi sion o? ele §1 ow contraction of fhe Second
mat eri al overt@a becwrddsd pedesdeat ati mhawhgetiahadistrnees sefpdrited of

time is undef§t gofled| $0eaS dritf 1e UM v | Qi1 tEaREdSET o hhthirBagl | 1 st
mat eri al , as arises with the braided thread. The i nportant fa,.ctor |s si mply

that, fort% n &chSEEYES t RBBERr espBndPRESFoc &P r@F@FlBHEe g8AvLdMALt he 34
el errent t he skxsahbgedelidhkanshewdiera, pemmlh ashdrten in nlehgerl wpbels a

t ensi on bui | d&s, betvve%t se two n%m %l V\}lﬁ%%%h &rreé)hntg rslce)td firmy

fixed, the drs ancegbetween %%er%x orte to ©5=%g
contraction ofrosehsetondmakeariicdl . are | aldso puesidd e, fhnwe\z@rlpmgr t he

menbrane itselienbfrBequelidedal QIR N Wtle XEAn LGt BRCET oBled (O

15 12 to 22.

During the shorter-lasting load, a cramping or a spasm
can also build up the tissue dislocation, a peak load
and a slightly slower build-up.



10 tinmes the length of the normal dianeter of a thread 10 at suture points,
in order to produce individual axially defined chanbers, which shorten in
| ength upon swelling. To this extent, all uses for the disclosed
prosthetic material are also covered for joining elenents designed
according to the teaching of Figures -15512 to 22. During the
shorter-lasting load, a cranping or a spasm can also build up the tissue
di sl ocation, a peak load and a slightly slower build-up. - 35 - List of
ref erence nurbedts . ofl kepsternde snymbberang el emrent 5 11 core 12 jacket
(originally) 13 joining construction (nesh) 14 knot 15 arrow 10 16 jacket
(deformed) 20 part of a joining elenment 22 jacket (originally) 26 jacket
(def orned, inl@egradardawn)of 30 joiming elemerit 15 31 nol ecul e 33 direction
of rel easg 3ﬂ%arroleQ4(ﬂrnng el ement 11 core 20 42 jacket (originally)
43 mesh 44 angle (to %e Inwth) 45 angle (later) 46 nesh 25 47 salt
crystals 48 vesicles I%é%%ﬁuﬂ@ﬁ%gﬂ%é&WWb substance 49 active substances

13 joining construction (mesh)
14 knot
15 arrow
10 16 jacket (deformed)
20 part of a joining element
22 jacket {originally}
26 jacket (deformed, in degradation)
30 joining element
15 31 molecule
33 direction of release
34 arrow
40 joining element
11 core
20 42 jacket (originally)
43 mesh
44 angle (to begin with)
45 angle (later)
46 mesh
25 47 salt crystals
48 vesicles charged with active substance
49 active substances
50 joining element
51 base material
30 52 thread molecules (to begin with)
53 thread molecules (later)
61 resulting change in diameter
62 resulting change in length
63 resulting change in volume
35 64 thread angle range
65 resulting change in force
71 time
72 thread tension

73 change-over taut < loose



50 joining element 51 base material 30 52 thread nol ecules (to begin wth)
53 thread nolecules (later) 61 resulting change in dianmeter 62 resulting
change in length 63 resulting change in volune 35 64 thread angl e range 65
resulting change in force 71 tinme 72 thread tension 73 change-over taut q

| oose - 36 - 74 conventional thread 75 Pél axation 76 fall 77 further
relaxation 5 84 thread according tqQ the invention 85 tightening 86 fall 87
further tight®ing RNVEHERPHD BEEADre 162 nesh envel ope 163 envel ope
filaments 164 stitchdlaeadsornl65 matrix 15 166 salt crystal 170 thread

171 coating 5 saltéﬁﬁtnion 176 salt crystals 20 177 tube nenbrane 180
thread 181 outer nernbrdahe 183 nonofil anent

77 further relaxation
5 84 thread according to the invention
85 tightening
86 fall
87 further tightening
160 thread
10 lel core
162 mesh envelope
163 envelope filaments
164 stitch threads
165 matrix
15 166 salt crystal
170 thread
171 coating
175 salt solution
176 salt crystals
20 177 tube membrane
180 thread
181 outer membrane
183 monofilament
185 space with osmotic liquid
25 186 salt crystals
187 vesicles with active substance
188 active substance solutions
150 thread
191 core membrane
30 185 space between cores and envelope
200 thread
201 multicore membrane
301 time
302 force lifted
35 303 curve
401 granulation
402 shortening
403 curve for high salt content in silicone

404 curve for low salt content in silicone



185 space with osnotic liquid 25 186 salt crystals 187 vesicles with active
substance 188 active substance solutions 190 thread 191 core nenbrane 30
195 space between cores and envel ope 200 thread 201 nulticore nmenbrane 301
time 302 force lifted 35 303 curve 401 granulation 402 shortening 403
curve for high salt content in silicome 37404 curve for low salt content in
silicone - 37 501 injtjal shortening 501 (ipn percent per d%¥) 502 ratio by
wei ght of sil?%bne totRuFiabosharberdngi ot (1P RSt #Y 93504

t hree-di nensi®o@al curyv£tbo OO} Hwéi@h€ i O Osyls)cdfl? tshasdlani ng (in percent)
603- 606 curves.for different threads -.38 - Patent clains 1. A joining

el emrent (10, %%% 30, %ﬁ?ngg?tﬁ%ﬂ,?inglcﬁPﬂ_ ,}%lxx 200), especially a
suture materi204for sthrgécdimeseiosahposed of a first material (12, 22,

31, 42, 162, 43, 164ti%§1(i&8§g Lhat is substantially rigid when inpinged
by a relativel short-lasting t%nsile | oad on opposite sides, and 10 of a
second materi@P2 (11, sborhgningsfigeperasmih 76, 165/ 186) connected to the

first materi agn3(d8¢ 22cudtesdBor 182frdbent 18dreddd, 183), which second
material (11, 32, 41, 165/166, 175/176,



165/ 186) contracts slowy during a second period 15 of time that is |onger
than the first period of time. 2. The joining elenent (40) as clained in
claim1l1, characterized in that said contraction is obtained 20 by a

swel ling of the second material (41) and a shearing of the first material
(42) surrounding the second material (4B .- 3. The joining el enent (30) as
claimed in claim1l1, 25 characterized in that said contraction is obtained
by diffusion of the first material (31) fromthe second material (32). 4.
The joining elenment (50) as cl ai negakenel alaids 30 characterized in that
the second material (52) conprises threads that initially extend parall el
to the longitudinal direction of the joining elenent (50), and in that said
contraction i%. obkajjrédibyg cefesramdt i GF0 of 28ai A0t hridads>0n Lhe. 3F0first
mterial 1) > J88,] Aol n% ¢ LTEALpEdDa1 7)) aa%LFdLﬁ}éTeﬂat@r§£f' Forl,
characterized in that the i r'st naterF orns_plastically élZ) or at
least partially - 89rdéeebnpdifos foBPOBRer ofaid §éé§ﬁd mieeERbl H2me, such

that said contractjen |§1 obtg nedgby sb9rtaniag ebit helégystt}{mi er‘llsal (51).
5 6. The joining ele clalne in

characterized in t&4pPS Egéﬁéﬁﬁdrlﬁégeﬁi %ﬁplﬁﬁgd|§Ysﬁb§P&ﬁFﬁ§Fﬂy,r|gld
when i npi nged by shodttEasthﬁgla&dsdneommmﬂt&nsoﬂ9651ﬂ@ #idébe jamidni ng

el enent $ cl ai mred ]Lfn Qne. of t!{He TE a{lng ﬁicﬁa char ilcterlszszq]ﬁl N t hat
a

the shor er-Iastlng t énsi € Toad u 3Zbat 65’ over i'rst
period of tine of Ré§é1ﬂﬁan1§5Aﬁ&ﬂn<£0nnﬁcted to the first material

(12, 22, 31, 42, 162, 163, 164, 181, 183), which
second material (11, 32, 41, 165/166, 175/176,
165/186) contracts slowly during a second periocd

15 of time that is longer than the first period of
time.
2. The joining element (40) as claimed in claim 1,

characterized in that said contraction is obtained

20 by a swelling of the second material (41) and a
shearing of the first material (42) surrounding
the second material (41).

3. The joining element (30) as claimed in claim 1,
25 characterized in that said contraction is obtained
by diffusion of the first material (31} from the

second material (32).

4, The joining element (50} as claimed in claim 1,
30 characterized in that the second material (52)
comprises threads that initially extend parallel

to the 1longitudinal direction of the Jjoining

element (50), and in that said contraction is
obtained by deformation of said threads in the
is first material (51).
5. The joining element {10, 20} as claimed in claim
1, characterized in that the first material

deforms plastically (12) or at 1least partially



8. The joining elenent as clainmed in one of the preceding clains,
characterized in that the first period of tinme is shorter than the second
period of time by at |east two orders of magnitude. 20 9. The joining

el enent as clainmed in one of the preceding clainms, characterized in that
the joining element slowy contracts -oP> ensions when inpinged bel ow a
threshold tension, but is 25 substantiall i d when suggec d to a short-
| asting tensile | &&F Qﬂﬂﬂﬁﬁﬁhzzg r@ﬂ%ﬂ<ﬁ%¥%sg%ﬂon d)gera Hrdgfth?%'naterlm
conposed of a textduch st thaturessigh a®narbltéad, nbewovditaiwaden, by 30
braid, knitted fabrj r f , r e li ke, made up of a
mul ti pI icity of j osri ni ng%ﬁn‘gﬁt%geasﬂc éz;'l rIrnegE%ﬁ‘Jnlagne(sgp ‘clains 1 through 9.
11. A prosthetic material conprising thread material 35 wthout needl e,

prefabricateg as tﬁJ‘H@ag '1919.&9 é?&Héﬁ’Q QAoONe @I BRHE YT W1Q gRE0{s or
simlar TInplants. - prost hetic material conprising thread

material with a ey, 1préf é’5r |50atqgkﬁré§tﬁ§é(¥le@ il hEha e'alae F86pndsecur ed
on one or nore sutpdiwesiwhors1 oy =) iy istPlsdBhsiad133. rAghat heHehor

treating tissue and ost tic terial th the net st ep. of suturing
ti ssue and/or prost ﬁ@t’e’?"?h Wrﬁlﬂfﬂcﬁ é:lpéjr?egrﬁ% &% %i med in one

of clainms 1 through 9. 10 14. The use of the 10| ni ng el errent whi ch shortens

over the fcoour§e of ﬁégej,e r?fnc;{' >gv]\7n ndggs giall{lé@anﬁ:e co (]a_ne 5 15.

The use of the joinin shortens over rse o ime, in
conbi nation with preceding clalms, characterized in that the

shorter-lasting tensile locad build up and/or

abates over a first period of time of less than 1

minute.
15
8. The joining element as claimed in one of the
preceding c¢laims, characterized in that the first
period of time 1s shorter than the second period
of time by at least two orders of magnitude.
20
9. The joining element as c¢laimed in one of the
preceding claims, characterized in that the
joining element slowly contracts or tensions when
impinged below a threshold tension, but is
25 substantially rigid when subjected to a short-

lasting tensile Jload above the threshold tension.

10. A prosthetic material composed of a textile
structure such as a thread, nonwoven, woven,

30 braid, knitted fabric, embroidered fabric, mesh or
the like, made up of a multiplicity of joining

elements as claimed in one of claims 1 through 9.

11. A prosthetic material comprising thread material
35 without needle, prefabricated as thread 1loop,

secured on ocne or more suture anchors or similar
implants.



suture anchors, secured fixedly or sliding, as |oop or as connection

bet ween anchor retention plates (parachutes) or connection between several
20 anchors. 16. The use of the joining el enent, which shortens over the
course of time, on mammals and other animals. 25 17. The use of the joining

el enent, which shortens over the courséOof t
connection with: - tendon_reconstruction, in

ime, for surgical use in
particular Achilles 30 tendon

reconst ructi orf or & oPAPSERELAF TNt uEPTBAISINGhdiHfd<d sFabEFL24t i on
operations on the widlen®i fleedl & engparfibancdedsd, asbneedbe wbthethtragdt endons,

fascias, Iiganentsugg ,OEQ%E
operations, for exanpl'e on
operations, in pargircilary iregramtscl avicul ar

A2 (ol 930 BAS e LOLRE StARidd ARt Lon

j 6i nt""capsul e

jornt sta i zation
or sternocl avicul ar joint

stabilizagion, collateral |iganent reconstructions, for 5 exanple on the
knee, el bow or_ ankle, cruciate |iganent reconstruction, closure of fascial
gaps, herni a bber & i oR8th@Bund sl oA GiRdDpari aMithd Rdat RERELLEELC 10

exanpl e after faschdi@al; ®ktA SukUmRThod RGP

s$f Usht@Ping tepdaas, bones

or soft-tissue parts,on inplapts,of all types, resorbable or
nonresorbable,fcwa%é%ﬁﬁlBEEHgB?géFh5§§§r6¥ With 3 joining' element

ag claimed in one of claims
10

1 through 9.

14. The use of the Jjoining element, which shortens

over the course of time,

ligaments to bone.

for fixing tendons or

15 15. The use of the Jjoining element, which shortens

over the course of time,

in combination with

suture anchors, secured fixedly or sliding, as

loop or as connection between anchor retention

plates (parachutes) or connection between several

20 anchors.

16. The use of the Jjoining element, which shortens

over the course of time,
animals.
25

on mammals and other

17. The use of the 3joining element, which shortens

over the course of time,
connection with:
- tendon reconstruction,
30 tendon reconstruction
reconstruction,
- shoulder stabilization
glenoid,
- tendon transfers,
35 - for connecting tendons,

other soft-tissue parts,

for surgical use in

in particular Achilles
or rotator cuff

operations on the

fascias, 1ligaments or

- Jjoint stabilization operations, for example on

the joint capsule,



15 suture anchors, - ligatures, - fixation/suspension of uterus or bl adder,
- suturing of intestine, stomach, bladder, vessels, trachea, bronchi or
esophagus, and 20 - suturing of fascias. 18. The use of the joining el enent,
whi ch shortens over the course of tinme, as tissue. 25 19. The use of the
tissue as clainmed in claim18, in whircAlthe tissue is used as a pouch for
encl osure of organs,, for exanple the heart. 20. The use of the tjssue as
clainmed in claim1I8 g1y P&;EF&FZ@EE)QF PPEFRE ML of N AT FLSUERSs
clained in claiml18 axrduidigiavg qgriaft for tetdemscluviiasdiaa dejeths. 35 22.
The use of the tissue %}%ig.lniazi d.in claim118 for closure of skin defects,
AR

for exanple in combi& Y™rtificial or cultivated skin or other

skin-cl osure materi almllatxal23. Thgawsetof tescnistguetdond,ai nefiorn claim
18 as a guff around g |l ord oghee?a.{%’e_él%oq@n_oq.n%% yem around bile ducts
e

or the gall bl adder, arourid parts o intestine, for ‘exanple the stomach.
5 24. The use of the GyuskatesliJanahtd 1ar@Is4iMCcteOFer  ext er nal

application, for examldsase PP dcist @@lgsgs, burns coverings for scar
correction or the like. 10 25. The joining el enent (40, 160, 170, 180, 190,
200) as clained in CISiHa GeLat racterized in that the first materi al
is conposed of substamurad | wlairad | Virnor icpehedwbhndadsrédtdenand/ Hbort he

second 15,nateri al ise)gé}ig{)esggfn%rafg Jlléﬁowl osi ng surface conponents

(161), and in that the secon eria
- gkin sutures,

- reconstruction of tendons, bones or soft-tissue
parts on implants of all types, resorbable or
nonresorbable, for example on prostheses or

15 suture anchors,

- ligatures,

- fixation/suspension of uterus or bladder,

- suturing of intestine, stomach, bladder,
vessels, trachea, bronchi or esophagus, and

20 - suturing of fascilas.

18. The use of the joining element, which shortens

over the course of time, as tissue.

25 19. The use of the tissue as claimed in claim 18, in
which the tissue is used as a pouch for enclosure

of organs, for example the heart.

20. The use of the tissue as claimed in claim 18 of
30 fascial gaps.

21. The use of the tissue as claimed in claim 18 as

bridging graft for tendons or fascia defects.

35 22. The use of the tissue as claimed in c¢laim 18 for
closure of skin defects, for example in
combination with artificial or cultivated skin or

other skin-closure materials.



conprises a swelling material, in particular a hygroscopic material, or a

hydr ophobi ¢ material wth a hygroscopic inclusion.
elenent as clainmed in claim?25, characterized in't

20 26. The joi ning
hat the second materi al

is surrounded by a sem perneabl e nmenbrane. 25 27. The joining el enent as

claimed in claim25 or 26, characterizéd rn that t
conpri ses a braided shearable ltifilament threa

and encl oses e Qﬁﬁﬁﬂﬁﬁb O%BfggiEFssgﬁ ?g.c#ﬁémfgi
in one of clains Zmffi hapoghd 2V eseledsactfen zedampl é

he second materi al
.struct.ure that surrounds
AnG @ Eherft 3% 21 ai ned
hath tdre adnestysmnateri al

conprises a multi %gogjg;%fb%{%ecoci&cwg@?md%er} 2! Safach Q%&I?&'E}Sg%f%y 2

swel | abl e conpone e secon

ere a sem per

menbr ane either sl dlidsindssgtiow e idnr ex@mpiledithied gdlomachor surrounds al |
of the coge threads, or surrounds all of the core threads with - 43 a
brai ded shearable nultifilanment thread structure optionally enclgging t hese

threads. 29. 2fhe %5 WeE ePendde d<igdus md FhevRed of eI iatd 258

¥ hr ough

28, characterized dxtdiail t hepgeceationnt ecbal ealples ae osuppoetactive

substances that cgn el{%geaﬁed by osnpsi s
that the second mat ettt S%ont AFHg
10 subst ance vesi diles ik . can be driven out of the
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that actsyon them and that increases under the swelling of the second
material. 15 30. Use of the joining elenent as clainmed in one of clainms 1
through 9 or 35 t Whrighodwing eépwesh (40, 160, 170, 180, 190, 200)

as claimed in claim 1 or 2, characterized in that

the first material is composed

of substantially

axially oriented threads (164} and/or the second

15 material is composed of axially enclosing surface

components (161), and in that the second material

comprises a swelling material,

in particular a

hygroscopic material, or a hydrophobic material

with a hygroscopic inclusion.
20

26. The Jjoining element as claimed in claim 25,

characterized in that the second material 1is

surrounded by a semipermeable membrane.

25 27. The joining element as claimed in claim 25 or 26,

30

35

28.

characterized in that the second material
comprises a braided shearable multifilament thread
structure that surrounds and encloses the swelling

material.

The joining element as claimed in one of claims 25
through 27, characterized in that the £first
material comprises a multiplicity of core threads
that are each surrounded by a swellable component
of the second material, where a semipermeable
membrane either surrounds each core thread
individually, or surrounds all of the core

threads, or surrounds all of the core threads with



thread, for producing a tension nmesh or a textile
securing of goods.

20 31. A method for stinulating healing and/or

stinmulating biological transformati on and regeneration processes of

soft-tissue parts

relative to one another or of soft-tissue parts

menbr ane for packagi ng or

rel ative

to bone, by using joining elenents and/ %t 25 tissue as clainmed in one of the

preceding clains

cre ve SONE ,CAaSes conpr essi ve
connect i ons bet vve@n% lﬁle saé)t}ee “BQTCLt sﬂ&ﬁglelnft q%B’ﬂroprl g‘iru tonxgémum ng

elemgmusnaﬂdyoentﬂgsueg these threads.
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29.

30.

31.

The joining element as claimed in one of claims 25
through 28, characterized in that the second
material contains one or more active substances
that can be released by osmosis into the
environment, or 1in that the second material
contains one or more active substances in active
substance vesicles that can be driven out of the
core by the pressure that acts on them and that

increases under the swelling of the second
material.

Use of the joining element as claimed in one of
claims 1 through 9 or 25 through 29 as tension
thread, for producing a tension mesh or a textile

rembrane for packaging or securing of goods.

A method for stimulating healing and/or
stimulating biclogical transformation and
regeneration processes of soft-tissue parts
relative to one another or of soft-tissue parts
relative to bone, by using joining elements and/or
tissue as claimed in one of the preceding claims,
by c¢reating active and in some cases dynamic
compressive connections between said soft-tissue
parts and if appropriate bone, using said joining
elements and/or tissues.



