Device for externally fixing bone fractures Technical field The invention relates to a device for the
external fixation of bone fractures, to joint de- sments for such a device, and to a method for the
fixation of bone fractures, in accor- dance with the preambles of the independent claims. Prior art An
external fixator is a device which is mounted outside thejbody and which is fixed to the bone via
threaded metal rods called pins, for the purpose of external fixation of bone to fractures of a patient,
and is generally used on open fractures with soft-tissue damage or in cases of multiple injuries. In
emergency operations on patients with multiple injuries, it is often necessary to defer the definitive
treatment of bone fractures of the extremities, for example of the upper leg or lower leg, until other
life-threateningltguirs foavexiern aldyBxing honstiisanturesiife of the patient at risk. After a first
reduction of the &ac- 15 ture, the latter is provisionally stabilized using an outer frame, the external
fixator. In the case of open fractures, it may also be necessary to stabilize the fracture with an external
fixator, since d;f%j/ itive P?nlgry treatment of the fracture by means of a plate, screw or nail would
increase the d ﬁ '6fa ’6 t-operative infection. The subsequent removal of the external fixator and
the definitive stabilization of the bone by means of a 20 plate and screws or with nails take place, in

the case of open fractures, after a clean wound has been obtained or, in the case of patients with
multiple injuried PafBY S Epiblelaietdonm e péeniat Higvadersel fixation of bone fractures, to joint ele-

5 ments for such a device, and to a method for the fixation of bone fractures, in accor-

dance with the preambles of the independent claims.

Prior art

An external fixator is a device which is mounted outside the body and which is fixed to
the bone via threaded metal rods called pins, for the purpose of external fixation of bone
10 fractures of a patient, and is generally used on open fractures with soft-tissue damage or
in cases of multiple injuries. In emergency operations on patienfs with multiple injuries,
it is often necessary to defer the definitive treatment of bone fractures of the extremities,
for example of the upper leg or lower leg, until other life-threatening injuries have been
treated, so as not to put the life of the patient at risk. After a first reduction of the frac-
15 ture, the latter is provisionally stabilized using an outer frame, the external fixator. In
the case of open fractures, it may also be necessary to stabilize the fracture with an ex-
ternal fixator, since definitive primary treatment of the fracture by means of a plate,
screw or nail would increase the danger of a post-operative infection. The subsequent
removal of the external fixator and the definitive stabilization of the bone by means of a
20 plate and screws or with nails take place, in the case of open fractures, after a clean

wound has been obtained or, in the case of patients with multiple injuries, after a stable

state has been achieved.



In what is called a pin fixator, pins, for example Schanz screws or Steinmann nails, are anchored in
the bone tissue. Such pins are generally steel pins with standardized dimensions. After the bone
fracture has been reduced, the pins are securely connected to one another using a rigid outer frame,
which is often composed of interconnected bars or tubes. Alternative forms are the pinless fixator, the
ring or halo fixator, and combined devices referred to asgnybrid fixators. When a patient who has
suffered a high-degree open fracture (3b or 3c) is admitted to an accident and emergency unit, this
fracture must not be stabilized directly with a plate or nail. Instead, an external fixator is initially fitted in
these cases, and the method of io treatment is then changed after a few days. The external fixator is
dismantled and#8ftilecaBesos MBSOk BBolPR & 2BPIEXLRMIE B DI EToP [SHIN TR FRHGET an
external fixator is gfteravert\{lti Oe-cgrs'ls#emgwu%ﬂn }QE kgown mﬁdeslts,efince many, screws ggréerally have
to be tightenedagﬁecr)rﬁwel?rac?urenﬁalsSbeén red ceola,I ar‘ﬁf,n if th pc?5| N is Unsafsfac 6%y, t 1éqg/eﬁave to
be undone again,iq alaw: GREBGHONANd DB iclienat dRianR vkt SRV corectipRs:el Rosition are
needed, this procedure can take a very long time. Since patients admitted in emergency situations with
high-degree opentiactwiag arei gilesusarivasly, injbidd idosfexanopip it aflditoahirauiedabtostioe chest
or abdomen, the initial treatment of the bone fracture should be completed as quickly as possible in
order to erfsurdubest theBaaBre ammseradhe piadesd Sk aopsainneterthalinférne eateontingd For
the reasons seéout above, this is otgpo ible with the previous fixator systems. Some designs of
external fixator e§}§85rﬁeg[[ﬁge t&t%?%fé’ nga?ﬁ}g?ﬂ{é'nt of the bone fracture fragments difficult, since four or
more bone pins have to be oriented on a straight line, which can be made difficult or impossible on
account of the pin position. Moreover, the structure of the known fixator systems with bars and tubes is
often large and"ORARy2 rRReHuFHISchast RISy bighdEve B @etBntl tiat srduediyHed ® permit
better adaptation of EIHE gxte({nal fixator to tlgetﬁp%c_ifig circumtsta%es to{)a}.fradcgue. E 1012 7%12 Cl
discloses an extefid BRI @ selles of different haviguar mddures pr%%? ed Wit &
through-opening are drawn MR BAeASIPRRL GaRlen TRy HHRHSAYRESOLIBAVidralpodulics have
different lengths and/or contact angles. In addition, special connector elements for bone pins and
retaining hars atatpienidedh&rchegothatitace fatvodeysidEhdha iatulidiakeldmeénis eakld havyeifour
studs, and, on the opposite side, they have four depressions, such that two successive individual
modules can bénafireneidosntilesisrin Redpansthifoursamale yrolaikorr asgleEhwifittiagpdanteeach
other. 10 After the fixator has gﬁen adjusted, the tensionjnq caple is tensioned. The individual modules

are now also c@ﬁﬁ’écﬁé‘&t&f & @Th\%‘?r%itﬂ?’g'm%lﬁ?ﬂftﬂé af Wm{%@ﬁﬁﬁﬁa@éfb?g@ﬁid |
external fixator, permts Ré'\lz)é A reatva U e?ﬂ@%&?ﬁ}é‘?ﬁ%@%géﬁt@ iy gy E‘??B%’E%?ﬁ%%eover’
s g Ja di ftot

after the eleménts have been strung onto t e tensioning cable, a fine adjustmen position of the
pins is no longgfaassible~revk hasionisalsadpadethal tieanene RFIWRATaRCIaWed tenhie bone

only after the fixator

15 anew. If several corrections of position are needed, this procedure can take a very long

~ time. Since patients admitted in emergency situations with high-degree open fractures

are often seriously injured, for example with additional trauma to the chest or abdomen,

the initial treatment of the bone fracture should be completed as quickly as possible in

‘order to ensure that the patient can be moved as soon as possible to the intensive care

20  unit. For the reasons set out above, this is not possible with the previous fixator systems.

Some designs of external fixators also make anatomical adjustment of the bone fracture

fragments difficult, since four or more bone pins have to be oriented on a straight line,

which can be made difficult or impossible on account of the pin position. Moreover, the

structure of the known fixator systems with bars and tubes is often large and bulky.



has been set up. US 5944719 discloses an external fixator in which a chain of ball joints and sleeves
are tensioned with a tensioning cable and stiffened. A plurality of sleeve elements have pivotable
pin-holding devices, with which pins mounted in the bone tissue can be se- 20 cured on the external
fixator. For this purpose, the distal end of the pin has to be connected to the pin-holding devices via a
nut. The distance of the fixator from the bone is therefote predefined by the length of the pins, which
for this reason can only be short. By virtue of the ball joints, the fixator is movable and its shape can be
adapted exactly to the anatomical situation. However, since the position of the holding devices on the
25fixator is predefined, or the fixator has to be correspondingly prepared when being as- 4 sembled,

said device is ShitaEbeh PRRTAPASIEERITEE Speradpisionsd: 1BYs3s fiseigned wertmhbeider time

constraints. WO 99/20194. Al discloses. a similar device.with a chain of ball joints that can be stiff- ened
by means of a ?gﬁgl%th?ﬁlé)%%hﬁlgnlenmoaggl )éar)?l rrTcl)%lai}r[ﬁees t?(fg%%é:gé%rfl%ﬁlél ea?lIojiifilnﬂ%%egl][e\fr é5 ments equipped

with the pin-holding devices, sleeves are used that can be mounted subsequently on the fixator chain

and that have pin-holding devices, such that the pasition of the. holding devjces.can be adapted more
quickly to the a@%épb%%?ﬁgnc\gf‘?ﬁ@lﬁfﬁg.aﬁ/@(ﬁg}ggﬁ@?ﬂ avr.]%’é%saeéegi ?/%\ﬁgﬁﬁ?cf) rgnﬁi% 8?1%&: ball joint

elements analqgg&{ﬁet?provided with a through-opening are drawn onto a tensioning cable. The vari-
5 ous types of individual modules have different lengths and/or contact angles. In addition,
special connector elements for bone pins and retaining bars are provided. On a contact

face at one side, the individual elements each have four studs, and, on the opposite side,

they have four depressions, such that two successive individual modules can be ar-
ranged with a form fit and with four different rotation angles with respect to each other.

10 After the fixator has been adjusted, the tensioning cable is tensioned. The individual
modules are now also connected to each other with a force fit in the direction of the
tensioning cable. Said external fixator permits only a relatively rough adaptation to the
anatomical circumstances. Moreover, after the elements have been strung onto the ten-
sioning cable, a fine adjustment to the position of the pins is no longer possible. Provi-

15 sion is also made that the bone screws are screwed into the bone only after the fixator

has been set up.

US 5944719 discloses an external fixator in which a chain of ball joints and sleeves are
tensioned with a tensioning cable and stiffened. A plurality of sleeve elements have
pivotable pin-holding devices, with which pins mounted in the bone tissue can be se-
20  cured on the external fixator. For this purpose, the distal end of the pin has to be con-
nected to the pin-holding devices via a nut. The distance of the fixator from the bone is
therefore predefined by the length of the pins, which for this reason can only be short.
By virtue of the ball joints, the fixator is movable and its shape can be adapted exactly
to the anatomical situation. However, since the position of the holding devices on the

25 fixator is predefined, or the fixator has to be correspondingly prepared when being as-



the abovementioned device, in which fixator the connections between the individual 10 ball joints are
fixed and released by means of a quick-clamping lever. This allows the fixator to be constructed in
sequence from individual parts on site. However, in this embodiment, the overall shape cannot be
adapted so quickly, because a large number of locks first have to be released. Disclosure of the
invention islt is an object of the invention to make availéble a device that is of the kind mentioned at
the outset and that does not have the abovementioned disadvantages or other disadvantages. In
particular, such a device for the external fixation of bone fractures should permit simple reduction of a
bone fracture by pins introduced into the bones, or the bone fragments, and a subsequent rapid and
dimensionally stebbdedtiffadidgvafe e stgabXOivipertioudevioe recordinpetotibes iy nesrssHouldi-
preferably be able to be handled easily and with few maneuvers, even under stressful conditions. If the

reduction is unSAlERUIA THEGERESIRTGHRRY to the invention should also be easy to unlock again
in order to permit correction of the reduction and then renewed stiffening. A device according to 5 the

invention should aligz?ﬁreferably be radioparent for the most part, in grder to allow the reduction to be

monitored. In alididH 2R SHodidfreleiehsiuibbieusrteba than ff hatuons hrigrede fdbnance
scanner. A furthel OpeGL oL IYigns (asmale ghelale ansihad os e el afpope
rapi SO

fractures that permit and simple iniffal treatment of fractures but can a e used for definitive

osteosynthesisyEhgseapgeathahahissis keriaghieviedshy e davice aedardingid thadoreatian for the
ex- ternal fixation of bone fractures, by joint elements for such a device, and by a method lofor the
fixation of bones$eaienibe spithadesrgasbainihdiuiphergibiebdf e dedisporigehtthat the position

of the holding devices can be adapted more quickly to the actual position of the pins.

WO 03/068085 Al discloses a variant of a fixator with ball joint elements analogous to
the abovementioned device, in which fixator the connections between the individual
10 ball joints are fixed and released by means of a quick-clamping lever. This allows the
fixator to be constructed in sequence from individual parts on site. However, in this em-
bodiment, the overall shape cannot be adapted so quickly, because a large number of

locks first have to be released.
Disclosure of the invention

15 It is an object of the invention to make available a device that is of the kind mentioned
at the outset and that does not have the abovementioned disadvantages or other disad-
vantages. In particular, such a device for the external fixation of bone fractures should
permit simple reduction of a bone fracture by pins introduced into the bones, or the
bone fragments, and a subsequent rapid and dimensionally stable stiffening of the de-

20  vice. A device according to the invention should preferably be able to be handled easily
and with few maneuvers, even under stressful conditions. If the reduction is unsatisfac-
tory, the device according to the invention should also be easy to unlock again in order

to permit correction of the reduction and then renewed stiffening. A device according to



claims. Other preferred embodiments are set forth in the dependent claims. A device according to the
invention for the fixation of bone fractures is composed of a stiffenable support made up of individual
joint elements which are arranged in series on a central flexible tensile force element. Two adjacent
joint elements in each case form a 15 ball joint. Conventional pins, which are anchored beforehand in
the individual bone fragments to be fixed, are held claniped by the joint elements, and the bone
fragments are in this way spatially stabilized in relation to each other. The secure clamping of the pins
and the stiffening of the device take place simultaneously, by means of a sufficiently high tensile force
being applied to the tensile force element. The contact faces of 20 the ball joints are thus pressed
against each othernvestitiinghir: bl stiablerfietibhabe oadieptiomibiembe mitbre jradiyiduatifoint elewents of
the device, and the device is fully stiffened, The Fins are securely clamped at the same time, either

between two adi5EEHIBM'RIRE BREM M AHTHNG: pathsit R FaMSs 2D BR FRle tskedtsttetensile
force, the devicdenl&}ég}qﬁg&geag%@O%ggcg'usecmgection to the pins released. In a preferred variant of a

device according to the invention, the tensile force element is already pretensioned with a certain
tensile force in the unlocked state, with the result 5 that, when the device is fitted in place, it holds
provisionally or\ e s, and yefbe aiar devics san il easily b ipughLodhs desiiad shape by
the operator when Ifhe fracture Is reduced. After being let go, hé device according to the invention
maintains the shapaRravsierais igNd switableisaiadpiediearigutarmetalaand fikemeaistarced
plastics, can be used

for definitive osteosynthesis.

These and other objects are achieved by a device according to the invention for the ex-
ternal fixation of bone fractures, by joint elements for such a device, and by a method
10 for the fixation of bone fractures, in accordance with the preambles of the independent

claims. Other preferred embodiments are set forth in the dependent claims.

A device according to the invention for the fixation of bone fractures is composed of a
stiffenable support made up of individual joint elements which are arranged in series on
a central flexible tensile force element. Two adjacent joint elements in each case form a
15 ball joint. Conventional pins, which are anchored beforehand in the individual bone
fragments to be fixed, are held clamped by the joint elements, and the bone fragments
are in this way spatially stabilized in relation to each other. The secure clamping of the
pins and the stiffening of the device take place simultaneously, by means of a suffi-
ciently high tensile force being applied to the tensile force element. The contact faces of
20  the ball joints are thus pressed against each other, resulting in a stable frictional connec-
tion between the individual joint elements of the device, and the device is fully stiffened.

The pins are securely clamped at the same time, either between two adjacent joint ele-



both for the tensile force element and also for the joint elements. However, for the tensile force
elements, it is preferable to use wires, cords, cables or particularly preferably fiber bundles (also
referred to below simply as bundles) made of metal, carbon fiber, or of other suitable plastics or
combinations of the aforementioned materials which, with a 15 low weight, are able to take up very
high tensile forces, without deforming even over a periéd of months. For the ball joint elements,
fiber-reinforced polymer materials are preferably used in order to ensure a high degree of mechanical
stability with at the same time a low weight. Such a choice of the materials also has the advantage that
the device according to the invention is radioparent and also has no metal parts that would cause
20artefacts in aaBElOarTHAGHEIRE $oRERIESEENhE1BY 1RiSan pfohmiensladentetiberdaycnétic field of
the nuclear r_nal?nr]ggge(rieasgonggc geanner, tiZmbt%n% efrai%gnl%petﬁ%tgft is to say a totql of at least four pins.
For mechanical féasonésthe distance between tﬁe INS on theé same fragment is chosen to be as great
as possible. The pins are then latched onto a fixator device according to the invention. The individual

elements of the device are pivotable relative to ong another in the unlqocked state and follow the
movements of 1é BIRETFIHEABb iy b1 o BEME B IR UBYATLI By Hh RIS A e Rdhura

tensile force elgmeny, thedoinf IeWRAts ARACRKRAJ VeI HRNG RNk aRd JlFP irmaimin the

previously adjusted position under a load. In this way, the fractured bone is held fixed in the adjusted
position, whichiiatas/frenasepdsaidd dsthitatidginglhagdtohoidal jpositimnaldy the thammiinaad the pias are
securely clamped and ostable in the desired position on the device. In principle, the fixator device

according to tHeXHoBABIEIS Bl sastbr berhpviel e dhtrderitgshighons thie Gemneatonadindht of a
fracture with nails or plates, but, hecause of, its adyantages in terms of handling and weight, it is
intended espo B ol Loa e ArOIgD (e GUn o AR R BEoiSh Bl L e IHEAS be i
disaster situatigpsy, JSforR¥ampleearthquakes, or war situations, where seriously injured patients
have to be made ready for transportation in the shortest possible time by emergency means. However,
a fixator device according to the invention is also just as suitable for the definitive treatment of a
fracture. Brief description of the drawings 20The device according to the invention is explained below
with reference to the drawings.
10 All suitable materials, in particular metals and fiber-reinforced plastics, can be used
both for the tensile force element and also for the joint elements. However, for the ten-
sile force elements, it is preferable to use wires, cords, cables or particularly preferably
fiber bundles (also referred to below simply as bundles) made of metal, carbon fiber, or
of other suitable plastics or combinations of the aforementioned materials which, with a
15 low weight, are able to take up very high tensile forces, without deforming even over a
period of months. For the ball joint elements, fiber-reinforced polymer materials are
preferably used in order to ensure a high degree of mechanical stability with at the same
time a low weight. Such a choice of the materials also has the advantage that the device
according to the invention is radioparent and also has no metal parts that would cause

20  artefacts in a nuclear magnetic resonance scanner or would prohibit its use in the mag-

netic field of the nuclear magnetic resonance scanner.

In a method according to the invention for the fixation of bone fractures, conventional

pins are anchored in the patient's bone tissue. Normally, two pins are used for each large



8 Figure 2 shows a longitudinal section through a part of a device according to the invention analogous
to Figure 1, with another embodiment of the joint elements. Figure 3 shows a longitudinal section
through a part of a device according to the invention analogous to Figure 2, at the maximum bending
angle. 5Figure 4 shows schematically (a) a bone fracture stabilized with a device according to the
invention, and (b) an embodiment with two supports and with an intermediate element arranged
between them. Figure 5 shows a possible embodiment of an individual joint element of a device
according to the invention, analogous to Figure 1. toFigure 6 shows another possible embodiment of
an individual joint element of a de- vice according to the invention, analogous to Figures 2 and 3.
Figure 7 showsansviasarernibaidisnientat & joit dianteastdeer devicEacosrdirgom thesimseftion.

15Figure 8shows another vetiapt of 4 device according o ineloventan vt e partjoin glement

pins are then latched onto a fixator device according to the invention. The individual
elements of the device are pivotable relative to one another in the unlocked state and
5  follow the movements of the pins in the resetting of the bone by the operator. By the
tensioning of a central tensile force element, the joint elements are blocked relative to
one another and also remain in the previously adjusted position under a load. In this
way, the fractured bone is held fixed in the adjusted position, which is as far as possible
the original anatomical position. At the same time, the pins are Securely clamped and

10 stable in the desired position on the device.

In principle, the fixator device according to the invention is provided for temporary
treatment prior to the definitive treatment of a fracture with nails or plates, but, because
of its advantages in terms of handling and weight, it is intended especially for use in
emergency situations. Another field of application is destined to be in disaster situations,
15 for example earthquakes, or war situations, where seriously injured patients have to be
made ready for transportation in the shortest possible time by emergency means. How-

ever, a fixator device according to the invention is also just as suitable for the definitive

treatment of a fracture.
Brief description of the drawings
20 The device according to the invention is explained below with reference to the drawings.

Figure I  shows an example of the rear end of a device according to the invention, (a)

in side view, and (b) in a longitudinal section.



9 The rear end of the support 11 of the device | is shown, comprising the six rearmost Joint elements 2
and, at the end, a tensioning device 5 for generating the tensile force needed for stiffening the device
1. The tensile force element 3 running along the entire length of the support 11 extends from the
tensioning element 5 through the longitudinal 5 passages 24 of the joint elements 2 and finishes, at a
front end (not shown) of the support, in an abutment wlich takes up an applied tensile force and
transmits this to the joint elements 2. The tensile force element is preferably designed as a fiber
bundle which, with the least possible thickness, has the greatest possible tensile strength. Suitable
bundles for this purpose are, for example, wire bundles, carbon fiber bundles, or tobundles made of

other suitable gigtied THEHeF leasduAndderiTaihaeneth et 0 oe IRV Paficdreatati dinot being
sensitive to magnetic fields. The individual jojnt element Zﬁ?ave a er a:li-'oin surface in the form
of a spheri- cal%g%%?nﬁﬂ%% 0%925? %Igﬁ:%i%'t&guar 3%%% Sbé) grnrﬁnct) ng%glﬁ?lsnog eé?i‘é,s'wherein the
spherical cap 21 of one joint element 2 lies in each case in the joint socket 22 of the next 15 joint

' g,of the fixatf%r device 1, the

element 2, thus resulting in a sequence of hall joints, During the fittin
tensile force elSHBH 3 is HOFSUb{QREH4A ﬁ!@%r@éo Eg"s%i&? & BT RATKREREITE OFCE; such

that the frictiongl engagemendetwesn hiepal-iniRisuiAcG Itk ARS two adjacent joint elements 22

is low, and the individual ball joints ¢an bé oriented and arranged as desired by the operator. When the
tensile force is increased, 20 the static friction between the ball-joint surfaces 21, 22 becomes so high

o renond eaReconSEIO BORIAGAACINERD S MANINR I BIPRANIR 281G Cevice 1

is stiffened in such a way that it can no eforme Ing destroyed. The joint

elements can g madgvehtbataler o) aswhakidihigh-siengid plasistSindevhpnararxpesact to quite
high compressive forces at the contact surfaces 21, 22 over a 25long period of time, the material
should have a bigheaieerreeishanvecnrtibap-reinforced 10

Figure 5 shows a possible embodiment of an individual joint element of a device

according to the invention, analogous to Figure 1.

10  Figure 6 shows another possible embodiment of an individual joint element of a de-

vice according to the invention, analogous to Figures 2 and 3.

Figure 7 shows a two-part embodiment of a joint element for a device according to

the invention.

15 Figure 8 shows another variant of a device according to the invention with a two-part

joint element.
Embodiments of the invention

A possible embodiment of a device 1 according to the invention for the external fixation

of bone fractures is shown in Figure 1, (a) in side view, and (b) in a longitudinal section.



plastics, for example, are especially suitable. The surfaces intended to engage on each other with
static friction can be suitably treated in order to increase the coefficient of friction. For example, they
can be roughened or coated. The contact faces can also be provided with a toothing. 51t is possible for
the orientation of the ball-joint elements to be chosen the other way round, such that the spherical
caps are directed toward the tensioning device. A configuration is likewise possible in which two
different types of joint elements are alternating stringed together with each other, of which a first type
has two spherical caps, and a second type has two joint surfaces. 10The tensioning device 5 is used
to tension the tensile force element 3. A tensioning de- vice 5 can be configured in different ways,
preferably with BidyreetendarCehaeedmgttd lbefdppliedins draesiovachievepttingethtivetyrbighdensile
force during stiffenin%, and without any substantial lever forces haying to be applied, which could be

transmitted to tHENr SEHEN rf thdeh IS‘%‘h&v@?ﬁséPﬂﬁ?@éiFg&CB(ﬁth’i geneREE BhentsHe fsCsuitable
15 rotary tool, %&@@&‘ﬁﬂ%ﬁ&@%n%%%%Svi%‘éV?V‘ﬁq{é‘&%{l’sﬁ%%%c%aag&%&{’é%mg%?&é&éé&é}é't of

which a compression spring 52 anunged In a housing 53 is compressed via a plate 54 with an opposite

thread. hi ordernéagiakse te tipshieaning foreefainhaa etasiotond dhenensanioggauicefehasitalbe fixed,
for example by hand or with tongs, particularly so the abutment 55 directly in contact with the first joint

element 2. Thensetasesratigiz0 eiptinipreres Sfarbiuyeirg clbmBanbob &y thafored teifgpapplied to

the bolt 51. The bolt. 51 is connected to, the tensile force.element 3 by a freely rotating coupling and
thus transmits t‘Pf’eﬂsH}iﬁ’& %}légl?gttﬁv i%lﬁéﬁée?o?gea%la eléﬁf%%ﬂ%e#%%&é % fﬁaél ?8%? gi\ésmten{bsez.
However, the individyaigint elepienishg dornet rBR¥RAeIe pEehagt 4be pRAIANOf e pindiin the final
stabilization is not changed. As is described in greater detail below, 25the spring 52 applies a force
that tensions thelintweigmenisaagamsivdn éahotherhddpba gldafestipesdightemsity cfrthetthréaded bolt
51, the spring element is completely compressed and the housing 53 comes to lie with an end face 53

on an opposite ZEpPEadbFiie ABsRIERPES &L SHAGRIGVETTE Revtseuzathe dtbcaiundissrcfurther
tensioning of thge(lﬁmentds taking up the fensile force, the respectively.adiacent joinf elements are
10 UNaics maac o 0“3?1‘ U1tal ﬁé}h‘%s 1CS. L a Cl'h OYﬁ € (%%1 onai a Niage o t%e

- a
accord- 5ingly pressed increasingly more y against eac er. In the example shown,

tensioning deviﬁ% @@@Mgﬁ{@lmggg@@[ﬁ@g thendpvier fiqageording to the invention.
Alternatively, however, it is also possible for the tensioning device 5 to be designed in two parts, with

an abutment which is arranged on the rear end of the device and which serves to maintain the tensile
force, and with 3 Adual joint elements 2 have an upper ball-joint surface in the form of a spheri-

cal cap 21, and a lower ball-joint surface in the form of a joint socket 22, wherein the
spherical cap 21 of one joint element 2 lies in each case in the joint socket 22 of the next
15 joint element 2, thus resulting in a sequence of ball joints. During the fitting of the fixa-
tor device 1, the tensile force element 3. is not subject to a tensile force or is subject to
only a low tensile force, such that the frictional engagement between the ball-joint sur-
faces 21, 22 of two adjacent joint elements 22 is low, and the individual ball joints can
be oriented and arranged as desired by the operator. When the tensile force is increased,
20 the static friction between the ball-joint surfaces 21, 22 becomes so high that a strong
frictional connection is obtained between the individual joint elements 2, and the device

1 is stiffened in such a way that it can no longer be deformed without being destroyed.

The joint elements can be made of metal or of a suitable high-strength plastic. Since
they are exposed to quite high compressive forces at the contact surfaces 21, 22 over a

25 long period of time, the material should have a high creep resistance. Fiber-reinforced



| tor device which serves to generate the tensile force and, for this purpose, is mounted temporarily on
the device according to the invention. Many devices for generating a tensile force are known from
machine engineering. However, permanently mounted, one-part clamping devices should have a
space-saving and light-weight design, so as not to cause problems on account of their volume or
weight. This limits the technical design 15 possibilities8ut allows the device to be fitted without
complicated aids. By contrast, in two-part designs of the tensioning device 5, it is possible to generate
higher tensile forces without a human operator having to exert considerable strength when generating
these tensile forces, or without the device according to the invention being exposed to substantial
shearing forcespthsting fperadiople? 0¥l texpeainiEhysatapkng el sméresfantender ple cugrgbenesasioned
using a suitable pneu- matic, hydraulic or electric actuator device and can then be locked with the

tensile force eldeht b SXArBIEARRIPE I BEKTHPRL ERRCHHACHHE dennbPtfelic ealitath Bl
removed 202N g6 SEIRIESHERS KLY YDA AR AG URIAL ARV SRCAORIEC AE.S pReHTANcaly of

electrically operated rotary key. 12 In another possible embodiment, a spring force element can also
be mounted onpevakudtmgnbasanged at the front end of the device. Instead of separate spring
elements, the elastic extension of a steel bolt or of the tensile force element itself can also be used as
spring force element. For example, a threaded bolt connected to the tensile force element can be
hydraulically pretensiaetwithadsfinadiensiatensa aéiar wbisthibedpd indbedmdthilogking nut
without force being applied, and the hydraulic tensile force is then removed again. It is also possible to
use a tensioningaslisecntivhidie, spiteri¢hlecdes/ive hizgstsddnviiatddha trigiyering devirstet oenithuhas the
effect that the tensile force element and the spring element are instantaneously subjected to the

tensile force, aftfiRStri NS 2SR B8 NGB HERS B4 SRHENBEIR AERLTEN "Pgure 2
shows, likewise, tuginal asction amaraaipierdevise bacegrdingdadiednention
analogous to F%ﬁ?%é?qv%ﬁ two g}ns 4 shown’ir? Cross sectllon, ﬁi]c}h are eg?éﬁéﬁec% cC:lf%rﬁped between
two joint elemegdgonkhgp¥RapiRko4onicherastdn the bone tissue are connected to the support 11 of the
device 1 with a form fit and a force fit, by Is means of being fixed by clamping between the spherical
cap 21 of a first joint element 2 and a receiving groove 23 of an adjacent joint element 2. To mount the

pins 4 on the deyice.lRreRsdiBG e g (RvantadsI elalthesddntadhe dan RaMeRRiHRcRIVIng

groove 23 and spherical cap 21, with the second joint element 2' being temporarily lifted slightly from
the first joint eletoeit Anlbiscalsbgpossill differthisvorpyisiefahsbourihgtdy20 beveffectettadang tind of
snap-fit mechanism that holds the pin rovisionalléin place. According to another embodiment not

shown in the fidiir@BPisd Fosiiflsh Bt a8l FYEERANT GHoste efefangiriieme tensint ERRen s the
other way round from what hias been deseribed phave, 1 IS Gase JHRKeceiing IOy s,anged
on a spherical cap ofa first Jomat c1ementr, and the ad cent, Secondl joint element has a joint socket
without re- 25cejving @rRovE- tRPbesiaplCan anddaint sackes Reain teesibeyyfarmm balk jqintwsd,
15 rotary tool, e.g. hexagon key, cordless screwdriver, crank handle, torque wrench, as a

result of which a compression spring 52 arranged in a housing 53 is compressed via a

plate 54 with an opposite thread. In order to take up the shearing force of the rotary tool,

the tensioning device 5 has to be fixed, for example by hand or with tongs, particularly

so the abutment 55 directly in contact with the first joint element 2. The counteracting
20  spring force of the spring element 52 leads to a force being applied to the bolt 51. The

bolt 51 is connected to the tensile force element 3 by a freely rotating coupling and thus

transmits the spring force to the tensile force element and therefore to the joint elements

2. However, the individual joint elements 2 do not move here, such that the position of

the pins in the final stabilization is not changed. As is described in greater detail below,

25 the spring 52 applies a force that tensions the joint elements against one another. Upon



13 when a tensile force is applied to the central tensile force element, a pin can be fixed with a form fit
and force fit between receiving groove and joint socket. On the basis of the present disclosure, it is
obvious to a person skilled in the art that the geometry of the receiving groove is adapted to the outer
contour of the pins. If an addi- 5 tional means of securing the pins against rotation in the fixed position
is to be achieved, the cooperating surfaces can either bk suitably roughened and structured or, for
example, can be polygonal in cross section. The joint elements 2 all have a longitudinal passage 24
which, independently of the shape of the support 11 of the device 1, forms a continuous channel
extending from the 10 tensioning device at the rear end to the abutment at the front end of the device,

in which channirthe fesldieinsreé reieat 3iroels Sth the e slssasyin coerisiedtgamaiopessage 24

is composed of a cylindrical cayity 244 wgichi 0 en% 1 toward the spherical cap 21 and in the
oo of whicht S AT B SPRetlg B IGLah S o, SoEROPoN s Samie! e hibtorble

that the tensile,glamentiad outegd thrrugh ibe egiieihthe haragivs AHine RRRYICA GRRNC Q18-

longitudinal passage can of course also be conical, although a cylindrical design is advantageous in
production metheuts3riviivingprémdesisf forate iz, rRspretiards e desipmottbedongitadicairpassage, it
should be ensured in principle that the contact face between the spherical cap and the joint socket of

the ball joirt is SEHAEET DFSAREY REHSHYASHEN AR YAt toward all sides, to ensure a stable

support of the joint under tension and to avoid buckling of the support.
In the example shown, the tensioning device 5 is an integral component part of the de-
vice 1 according to the invention. Alternatively, however, it is also possible for the ten-
sioning device 5 to be designed in two parts, with an abutment which is arranged on the
rear end of the device and which serves to maintain the tensile force, and with an actua-
10 tor device which serves to generate the tensile force and, for this purpose, is mounted
temporarily on the device according to the invention. Many devices for generating a
tensile force are known from machine engineering. However, permanently mounted,
one-part clamping devices should have a space-saving and light-weight design, so as not
to cause problems on account of their volume or weight. This limits the technical design
15 possibilities but allows the device to be fitted without complicated aids. By contrast, in
two-part designs of the tensioning device 5, it is possible to generate higher tensile
forces without a human operator having to exert considerable strength when generating
these tensile forces, or without the device according to the invention being exposed to

substantial shearing forces during operation.

20  Alternatively, a spring element, for example, can be tensioned using a suitable pneu-
matic, hydraulic or electric actuator device and can then be locked with the tensile force
element, for example with a locking nut, such that the actuator device can then be re-

moved again. In the simplest case, for example, an actuator device can also be a pneu-

matically or electrically operated rotary key.



14 angle o of two joint elements 2, 2' relative to each other is determined by the edge 243 of the upper
opening 241 of the longitudinal passage 24, on which edge 243 the tensile force element 3 abuts at
the maximum pivoting. In the example shown, the pivot angle can be up to 15. However, the abutting
action of the tensile force element 3 can have the effect that shearing forces act on the tensile force
element 3 at the edge 243 and can lead to signs of wek#. Moreover, despite having extremely high
tensile strength, the carbon fiber materials particularly advantageous for the tensile force element 3
are very sensitive to such shearing forces. In the illustrative embodiment of the joint element 2 shown
here, a deflection element 25 is therefore arranged on the lower opening 242 of 10 the longitudinal
passage 24, whicAr@8frsceesible raho Sanspbtacting tonetciBrcatetémelobronP e e ¥f the
lower opening 42t and limits tt%ie m'ﬁén%%rg t%e dig%ragi%,cgf quecEnt%al ter}sye for.%e gigr@e%\t 3 at the
bottom. The delaCHSA etement 25 has & stid 251 Which Sxtends T r8u§??ﬁ1ae?os\}\)/lélr%penmg 242 and
protrudes beyond thajeintsackat A% e stucb2et thugdarmpar akuimensthatdiniis theymaximum
pivoting of the joint 15elements 2, 2' relative to each other, and said stud 251 also protects the tensile
force element faomptive ddye 243nshth&uppemgpeninthz4dedf thl adiastaddintiedetersne ZXomeorder
also to protect the tensile force element 3 from potentially damaging shearing forces caused by the

rotation of the BIFERIEAIEARE BYDanlistile REFELRIOUH &Y Tha e 18Rsdment2 S sKBI Rave the
lowest possib'%&f??@ﬁ&?éat \%Hiﬁtngi%%%m%ﬂa‘ﬁtzﬂﬁ?@ﬁgﬁléoégﬁlf’é&”&ﬁ@t_tﬁe hgiohgigments 2,

2' are substantially mechanically uncoupled in terms of rotation. The material of the deflection element
is chosen suchrghas hentansile etamenh doesaiat selsible waidedeftestaning dsvend iandisuchftbat the
deflection element does not deform when the tensile element bears on it and is tensioned. The joint

element 2 and tedgeitedtisrbetaritied. Z6ieagchls aBatefrdicth ies dhsieBec Whi rhedpnpide force

25cost-efficient particularly in praductjon oldin

in by injection . 15. :
element and the spring eiemer% aIJe 1ns?an{2neousg/ sugjected to the tensile force, and

10 the device according to the invention is therefore stiffened immediately.

Figure 2 shows, likewise in a longitudinal section, a part of a fixator device 1 according
to the invention analogous to Figure 1, with two pins 4 shown in cross section, which
are each held clamped between two joint elements. The two pins 4 anchored in the bone
tissue are conmected to the support 11 of the device 1 with a form fit and a force fit, by

15 means of being fixed by clamping between the spherical cap 21 of a first joint element 2

[t

and a receiving groove 23 of an adjacent joint element 2'. To mount the pins 4 on the
device 1 according to the invention, they are latched into the gap between receiving
groove 23 and spherical cap 21, with the second joint element 2' being temporarily lifted

slightly from the first joint element 2. It is also possible for this provisional securing to

20  be effected via a kind of snap-fit mechanism that holds the pin provisionally in place.

According to another embodiment not shown in the figures, the position of the receiving
groove in relation to the two joint elements is the other way round from what has been
described above. In this case, the receiving groove is arranged on a spherical cap of a
first joint element, and the adjacent, second joint element has a joint socket without re-

25 ceiving groove. Spherical cap and joint socket again together form a ball joint and,



The use of a device according to the invention is shown in a highly schematic foijn in Figure 4. The
position of the pins in and relative to the individual bone fragments is indicated only roughly in the
drawing and, when in actual use, the pins are positioned not only through one cortical layer but
through two cortical layers. After the fracture has 5 been reduced, a plurality of pins 4 are anchored by
known methods in the bone tissue 61 of the individuallBone fragments 62, 62' of a patient. Four to six
pins are generally fitted. For use with the device 1 according to the invention, the pins 4 can be
positioned without great consideration being paid to the external fixator that is still to be applied. In the

reduction of open fractures in an emergency situation, where a definitive osteosynthesis 10 by plate or
nail subsequernitietakéanpiladerenircttiiets indhy erriral RIS ERE AI§ 6 thet M &2 WifiNtdter: here

the fragments are sometimes still dis %a%%d bry up.to 5to 10 mm., In.li hga{ tthe accompanying injuries,
. . . Ot S cl. . . oo

it is rapid treatMent tOAT |§%|r%np§§)%?5%et,%§ote heeeperr ect reddction S?Ctlﬂe Frgacture. It is primarily important
that no fragments press against the skin, nerves, muscles or blood vessels. By contrast, in reduction

by defini- 15tive osteosynthesis, it is sought to achieve less than 5 mm is{ atio arllfg ial de-
viation. After tﬁ?é‘&ﬁsbﬁsﬁa‘?fet%e%ﬁ‘fsfﬁ%é?% %t & ?’s‘flcﬁlrl(s)v?sﬁ)%%rls%lds Ue g tﬁ?ea i G

1on of agments, the

pins 4 are simply \atehedt pio e | %%&eewg%g?&r%nm&m& iRpioBr Hae Ry atekiligef ca. 15

between adjacent joirit elements and the free rotatability of the 20 latter mean that pins 4 lying

obliquely with rRspeesictmeatieoinag cha @ilsoapafitedtatithautthedibtedpddneodistambesiieewekn the pins

can also be chosen largely without measuring. The flexibly shapeable support 11 of the devjce

according to tHBCiAvRRMIBNEA &S CAETIRRICS fhdablirrayehsiidend B Rt s (ol e hat

frictional engag%r%%g)t?ils algg?fdr}/c%gsent between the individual joint elements 2. This pretensioning is
a

0 S secno?. . . ;
chosen such t lonal’engagement can be easily overcome during manual- alignment, and

there is enough play to ensure that that the pins can be latched into the receiving grooves 23 of the

joint elements 2, and the 5 force fit and frictional engagement between pins and joint elements
prevent spont€§1'¥?§dﬂ§1§Iﬁ!)?ﬂ’f‘?&th)f?thaéfjl €% An ﬂ%@ﬁ&?‘fﬁ%ﬁ%ﬁg}‘eﬁ‘ééﬁg RiSHSW %rrléf/eﬁgiloﬁﬁing is that

the chain-like sypport {ﬁ§%§%§h§kyf?ﬂ9&9ﬁ% ROksaa Jwingtheuedushion . Tbsiaioash the _
pretensioning Is only so great that the joint elements can still be easily moved relative to each other in
order to reducgibiediaciracd hethewepreighsiahingismaaanding fyceicetaio f the device, in which

channel the tensile force element 3 runs. In the example shown, the longitudina‘l passage

24 is composed of a cylindrical cavity 244 which is open 241 toward the spherical cap

21 and in the bottom of which a smaller lower opening 242 leads to the joint socket 22.

In principle, it is preferable that the tensile element is routed through the center of the

15 radius of the spherical cap.

The longitudinal passage can of course also be conical, although a cylindrical design is
advantageous in production methods involving removal of material. As regards the de-
sign of the longitudinal passage, it should be ensured in principle that the contact face
between the spherical cap and the joint socket of the ball joint is sufficient in all orienta-

20 tions of the ball joint, and toward all sides, to ensure a stable support of the joint under

tension and to avoid buckling of the support.

Figure 3 shows, in longitudinal section, a part of the support 11 of the same device 1 as

in Figure 2, at the maximum bending of the device. In principle, the maximum pivot



ioto keep the fracture reduced. In order to generate the pretensioning, it is possible, as is shown in
Figure Ib for example, to use a spring element 52, which not only provides the force for the
pretensioning but also the spring travel for the latching-in of the pins. In the pretensioned state, the
device according to the invention can also still be moved by hand after the pins 4 have 15 been
latched in, such that the fracture can be correctly alignEt. This can be monitored by means of
radioscopy. If the position of the bone fragments is satisfactory, the tensioning device (not shown in
Figure 4) is actuated, as a result of which the joint elements 2 are drawn against each other by the
tensile force element and are blocked by means of static friction. The fixator device according to the
invention is nowngtiffeneitwa( dihiccprosititn2o Lthel atine @ knelo8isant efaynings! Sffénisdgprscedure. In
order to keep the fracture reduced, a greater tensile force of 500 to 2000 N has to be applied. This is

preferably possibieepiprsaRnerBseration hioHEHERN RsirRfsIh Al Letdred T HurddHEF, the
tensile force is incregsed t inal value of 5000 to.1500 ref ith t ice. 17 In
other embodimtlé)ﬁ%% %8 S gvﬁﬁfblﬁ%haf |geurpéi§,1rg%nv _15%%11 mlﬂlotglr?zeg{(rﬁg rqe\llj\étgi %@n@%%%%e%? %th which

a first, lighter stageofpretessianngcan e Mittiup Atseconthiansioning clagansithigieaterne
pretensioning is built up only when the spring is completely compressed. For the definitive fixing of the
fixator, thessectmd;fighlstageaithdomves seige thedersitedprss andiiet 8¢ Tlge ¢6%ANSroABId must

in this case be provided using a tool, for example tongs or a fork wrench. Alternatively, this definitive
fixing can he e%f‘@et@os%ﬁ@fé’vﬁ?énh%r{:@rvcfﬁ’e%ﬁ%ﬁe&a}%m% %W%Yéc%g%dﬁ%%% fﬁrgr}ﬁé\{éﬁ TSRS
preferably deS@Jhe%@r%ﬁ&@aﬂ%}ﬂ@&ﬁ@t9@@&4&@&%@%&0{@%@% QYR SVRIAMOMDSer
subsides only to an inappreciable extent. 10 It is also possible for a device according to the invention
to be equippedsyyithias toptical sheicaio fovtachinfolicelasyplay shavbe difiene of ¢cidgisphelerberns 2and/or
letters depending on tensile force and/or mode (fitting mode, tensioning mode, first and second stage,

etc.). PregsureshéW§d?§f@f4/§ﬁ6@f§iﬂfb@]§1§5ﬁt %%ésﬁéeﬂ%@ﬂetér%%% wmeshine 24l tensile
force applied. ol TR Aecessay e Taleipins subsedueny Jn auehA qase s el eady

stiffened d@vic€'h in’o e new pins onto the support. For subsequent

fiting, however, GapigIREISS Al R oL bbelsthP ISR BB OAIRM eV Srainl wsa form fi

and/or force fit on the stiffened device according to the invention and which have a suitable holding
device for the additiarairpinersie dxmeplenWC 202600001945l aflsclvses anciatrdping detide suitable
for this purpose. Such adapter . ..
251 which extends through the lower opening 242 and protrudes beyond the joint socket
22. The stud 251 thus forms an abutment that limits the maximum pivoting of the joint
15 elements 2, 2' relative to each other, and said stud 251 also protects the tensile force

element from the edge 243 of the upper opening 241 of the adjacent joint element 2.

In order also to protect the tensile force element 3 from potentially damaging shearing
forces caused by the rotation of the joint elements 2, 2' relative to each other, the deflec-
tion element 25 should have the lowest possible coefficient of friction, such that the
20 tensile force element 3 and the joint elements 2, 2' are substantially mechanically un-
coupled in terms of rotation. The material of the deflection element is chosen such that
the tensile element does not cut into said deflection element, and such that the deflection
clement does not deform when the tensile element bears on it and is tensioned. The joint
element 2 and the deflection element 25 can also be formed in one piece, which can be

25 cost-efficient particularly in production by injection molding.



elements can also be used for mechanical coupling to other fixator devices. An individual joint element
2 of the device according to the invention from Figure 1 is shown in Figure 5, in a view directed
obliguely to the joint socket 22. The joint element 2 has substantially the outer shape of a short
cylinder, with a spherical cap 21 on an up- 18 per end, and with a joint socket 22 on the opposite
lower end, from which joint socket 22 the stud 251 of thé deflection element 25 protrudes. Four teeth
28 are formed integrally on the peripheral surface of the cylinder, with a groove 23 for receiving a pin
being present in each case between a tooth 28 and the joint socket 22. At a tensile stress 5 of 5000
N, a clamping torque of | to 5 Nm can be achieved for this pin holder. M principle, the distance
between receivihg gseafe 28dnd densimfoicthelemeni@ shebidvberas biahlty sastpmsaiis|éotm srder to
achieve the best possible clamping effect. The surface of the receiv{?&%groov% 23 can be suitably

configured in ofd8H o chISRPIHCRIGHELT BUSSIBIEKDEHRIR At B RTCTSAY FB1RL R 5B FREals of a
suitable profile.or. by. me ' | ] ses,fricti | eripessible
embodiment of %%%tgla\/éggl %l %ll %ﬁgﬁtﬁ% %r@l%%%?cg%gg}rlg%éﬁ fl:g %%%%ﬂ%%gn%%??s lEslhown in
Figures 2 and 3oThedefiectipnrlenianivdtristudthas Peencitiesl inyerden fentaké dbiere has
through-opening 24, 241 visible. This variant is particularly suitable for a method of production that

involves removedenfmsaicedte mir Aite pEisttisieaRFRrat R raerA Mstheds IR dkeRas tised and the
oniudnal pssoge 4 PSSR et el MR T oRues R AR Pl b et o
For use with the device 1 according to the invention, the pins 4 can be positioned with-
out great consideration being paid to the external fixator that is still to be applied. In the
reduction of open fractures in an emergency situation, where a definitive osteosynthesis
10 by plate or nail subsequently takes place, correction is not generally made exactly to the
nearest millimeter; here the fragments are sometimes still dislocated by up to 5 to 10
mm. In light of the accompanying injuries, it is rapid treatment that is important, not the
perfect reduction of the fracture. It is primarily important that no fragments press
against the skin, nerves, muscles or blood vessels. By contrast, in reduction by defini-

15 tive osteosynthesis, it is sought to achieve less than 5 mm dislocation and 5° axial de-

viation.

After the pins 4 have been fitted, and after a first provisional reduction of the fragments,
the pins 4 are simply latched onto the fixator device according to the invention. The
pivotability of ca. 15° between adjacent joint elements and the free rotatability of the
20 latter mean that pins 4 lying obliquely with respect to each other can also be fixed with-
out problem. The distances between the pins can also be chosen largely without measur-
ing. The flexibly shapeable support 11 of the device according to the invention can eas-

ily reproduce these irregularities.

In a preferred version of the device according to the invention, a first and relatively low

s tensile force of between 100 and 200 N is already applied to the tensile force element in



tween 30 and 40 mm, with a compromise having to be made between mechanical stabil- ity and the
space taken up. For example, in the variant of the device according to the 20 invention from Figure 1,
the diameter of the joint elements 2 is preferably 40 mm, the height 23 mm, and the sphere radius of
the spherical cap 20 mm. In the stretched state, this results in a distance of 20 mm between two
individual joint elements. The shape and position of thE6receiving grooves 23 is adapted to the
diameter of the pins that are to be clamped, which diameter is a standard 5 mm, although the
customary pins can also 25have a diameter of 4 mm or 6 mm. Joint elements with different grooves for
different 19 pin diameters are also conceivable. In principle, only one receiving groove would be

necessary, sinté lfliféejbﬁtﬁ%léPﬁEﬁ’@%‘ﬁ@é’@k@&%&?&ﬁdstﬁhfﬁ%i?’n%ﬁ??&trpgtr‘@eﬁgéw BB about
their longitudinal gxis. | they . ' -gm&p [ f ' | | tiop, a groove
can 5 also be f8}m§§e§%’&9e%gp ﬁé%%ﬁ%% 21, sgcg}%%? aS %ﬁ%ﬁ%ﬁ%ﬁgﬁﬁ%gggg%%%{ ggl?toove 23 and
also in the grogye & ihe spheticaiaap 2inAdiemaiively, the ghemya canaspbs designed tastan
annular groove extending around the spherical cap 21. This variant affords the advantage of a greater

contact surfacépetheadpssizn dedasphrerintg BiggepeivingIseaveansd shabsiehelsairtsirthtisnvolved

have to be flush along thejr.longitudinal toaxis, and oriented with. the, correct rotation angle, which
reduces the fl Qﬂgﬁifn %ﬁﬁ%“gﬁ(ﬁégﬁngf‘ %%egéﬁﬁ.wg%%aso@b\géﬂat é%%er%%pégvgngﬁ%%%ﬁ Oggy, the

i
y
joint elements gan Alse e SSIgNRAJMEVaRaRssddudSfRigUEE ThERWSplokrKamRies atiyareart
embodiment of a joint element
chain-like support is not so shaky and does not sag during the reduction. The chosen
pretensioning is only so great that the joint elements can still be easily moved relative to

each other in order to reduce the fracture. The low pretensioning is accordingly too low

10 to keep the fracture reduced.

In order to generate the pretensioning, it is possible, as is shown in Figure 1b for exam-
ple, to use a spring element 52, which not only provides the force for the pretensioning
but also the spring travel for the latching-in of the pins. In the pretensioned state, the
device according to the invention can also still be moved by hand after the pins 4 have
15 been latched in, such that the fracture can be correctly aligned. This can be monitored
by means of radioscopy. If the position of the bone fragments is satisfactory, the ten-
sioning device (not shown in Figure 4) is actuated, as a result of which the joint ele-
ments 2 are drawn against each other by the tensile force element and are blocked by
means of static friction. The fixator device according to the invention is now stiffened.
20  The position of the pins 4 is not changed by this stiffening procedure. In order to keep
the fracture reduced, a greater tensile force of 500 to 2000 N has to be applied. This is
preferably possible by manual operation. The device is now provisionally secured.
Thereafter, the tensile force is increased to a final value of 5000 to 15000 N, preferably

with an actuator device.



2 with an upper part 2a, which has a spherical cap 21, and with a lower part 2b which is 15 pivotably
connected to the upper part 2a via a hinge 27 and which has a joint socket 22, (a) in a side view
looking toward the hinge axis, (b) in a plan view looking along the longitudinal axis, (c) in a side view
perpendicular to the hinge axis, and (d) in a part of a support 11 corresponding to the device 1
according to the invention. Arranged on the mutually faing inner sides of the two parts 2a, 2b there
are two parallel receiving 20 grooves 23, 23a, between which a pin can be securely clamped. Since
the tensile force of the tensile force element 3 extends substantially perpendicular to the axis of the
hinge 27, the joint 27 can be relatively light. Said embodiment is especially robust and allows the
receiving groovis@r28zbtdipeepinvetsbioseritdhhdi gorsie fovesieamerivGzedusraasuitineeinia higher

clamping torque. 20 As was alsg the case in the gne-part embodiments of the joint elements
discussed abovescth& Haihihg fordelighiaksinsh Bﬁ?tgjﬁf%’bgeﬁaé}ngfela t?ﬁe‘%éﬁ??&ﬁt&?’i}gff&lfcrce

element 3 in the, wg;part YaLAN.T DREXSTRIG TORifIgNshE AlseDaR @%@tﬂa@grc%%mgtagegeﬁm 271, for

example in the form of a tensSion spring, which additionally applies a slight spring force to the two parts
2a, 2b, such thatthepirocare defrowisiarally Habeechwhehdlecdayjdegh acperdingetosbiatipgention is
fitted. These integrated spring elements 271 can also be omitted, in which case a spring force for the

provisional SeciRageiverRshtedsan b oIy s thaBisEdf BB dRifENt25nRREP VdRANE DR device 1

according to the invention with joint elements, 2 in twp parts 2a, 2b and without. a spring toelement is
shown in Figurgoé’.& ’Iﬁgéﬁgﬁwme‘?%r%)%?e%f ean?B%c:)kdiWn{g% ?’a é%%%%fgg%drgﬁgdt%}? 1eWi%V(laXr%]f]f%n(:"ﬁla%e(:oupling

means for couplingthedaricatgathestixatatdruices or to additional devices. For example, a screw
coupling can be mounted on a front end of the device according to the invention and allows the latter

to be connected to a front end of another device accord- 15ing to the invention or to a coupling

element. A Coum%&lﬁpgwdfaﬂig%%%b@msn foneeRRiRNadli AbLhARIAS WilhBsvealsuitably

arranged pins which can be
sion does not subside over several months, or subsides only to an inappreciable extent.

10 It is also possible for a device according to the invention to be equipped with an optical
indicator which, for example, shows different colors, numbers and/or letters depending
on tensile force and/or mode (fitting mode, tensioning mode, first and second stage,
etc.). Pressure sensors of various types can also be used to determine and monitor the

actual tensile force applied.

15 It may be necessary to fit other pins subsequently. In such a case, the already stiffened
device has to be unblocked in order to latch the new pins onto the support. For subse-
quent fitting, however, adapter elements are preferably used which can be mounted re-
versibly with a form fit and/or force fit on the stiffened device according to the inven-
tion and which have a suitable holding device for the additional pin. For example, WO

20 2007/001945 A1 discloses a clamping device suitable for this purpose. Such adapter

elements can also be used for mechanical coupling to other fixator devices.

An individual joint element 2 of the device according to the invention from Figure 1 is
shown in Figure 5, in a view directed obliquely to the joint socket 22. The joint element

2 has substantially the outer shape of a short cylinder, with a spherical cap 21 on an up-



latched into two devices that are to be connected and in this way connect them. Inter- mediate
segments can also be introduced in this way, for example to bridge larger dis- tances. Longer external
fixators, for example from the hip to the ankle, are preferably 70 composed of two or more individual
devices according to the invention, since the necessary tensile forces increase in proportion to the
length of the fixator device. If necessary, other compoh&nts can be integrated into the fixator device
according to the invention, for example components which permit distraction, correction of the axis or
lengthening, and via which it is thus possible to influence the healing of the fracture. Exam- 25pies are
distraction elements and shock-absorbing spring elements. It is also possible for 21 individual joint

elements or fo_pGﬂImﬂtl@@_@dﬁt@?ei@ﬁ@hf@%%@@jé§i§r?e@PiP9§iﬁ@HOaVWa§nﬁa£ﬂ’cWey@éh iﬁ%ﬂb‘fﬁj&?;éned. A
cevi sccordng (o e [Snt e Al be conngcied 2 s shape iy ot ote aconal

devices accordi a suitable coupling element. Tn this “5'way, for exampfé, a hybrid
fixator can be @%Qﬂ&’%%dd%)B&?f{ﬂyﬁ&glasgﬁ‘a{&eo@%é’r@ﬁﬂ&@r}h@iﬂﬂ‘@@%@%"@:@c?oisr‘égéiwﬁ PRiRins and

which merges on a coupling element into two to four arms, which are likewise designed as a device
according to thesinyertient amedeahecesnbeetech to taatin g §iradathd pomntrsetiket 22c obrdireg didetbtecasvention,
groups of pins on two sides of a fracture can_to also be connected in each case wjth a device

according fo tHe FA oA FrERInEASHUCLO N thichfie cratReASHRRIASS RSP 458 NEB hem and,
for example, permits, a subsequent distract r corrects f IS, fo ' ollow-up
correation on 10 A B e e
shown schematigallysipdsigniee wh(B)ddhe indeisne diatbRlefossibié i copmgrieddoy Tadikurface of

the receiving groove 23 can be suitably configured in order to achieve the highest pos-

sible coefficient of friction, for example by means of a suitable profile or by means of a

10 coating that increases friction.

Figure 6 shows another possible embodiment of an individual joint element 2 of a de-
vice according to the invention, as is shown in Figures 2 and 3. The deflection element
with stud has been omitted in order to make the through-opening 24, 241 visible. This
variant is particularly suitable for a method of production that involves removal of ma-
15 terial. After a rotationally symmetrical main body has been turned and the longitudinal

passage 24 has been drilled, the four receiving grooves 23 are milled out.

The diameter of a joint element of a device according to the invention is typically be-
tween 30 and 40 mm, with a compromise having to be made between mechanical stabil-
ity and the space taken up. For example, in the variant of the device according to the
20  invention from Figure 1, the diameter of the joint elements 2 is preferably 40 mm, the
height 23 mm, and the sphere radius of the spherical cap 20 mm. In the stretched state,
this results in a distance of 20 mm between two individual joint elements. The shape
and position of the receiving grooves 23 is adapted to the diameter of the pins that are to
be clamped, which diameter is a standard 5 mm, although the customary pins can also

25 have a diameter of 4 mm or 6 mm. Joint elements with different grooves for different



15 pins 71 to the two supports 11 of the devices 1. Damper elements that permit adjustment of the
hardness of the overall construction can also be integrated in such an intermediate element 7. Such
elastic fixing of fractures may be desirable, for example, in order to achieve better healing in certain
cases. According to other embodiments of the invention that are not shown in the figures, two 20 or
more short support elements or partial elements are cdfinected to give a support having a desired
length. The individual partial elements are latched together in order, on the one hand, to achieve the
definitive length of the required support and, on the other hand, to make available the required type of
fixator. Thus, a fixator in the sense of a single coil (for the multiply injured trauma patient during the
night) or a fixaton Wigmgtersilazakierperteiabith larRIsnsiica oRlinpBf EFERERECH AYEIEREEN Element in
the middle (for the definitive treatment of a fracture) can be assembled. The elements.are connected
by couplings, tREEEEHH pﬁ]ilﬁ(’ges%% AR &I egt%r?g gﬁ‘él,c&aécg%rnﬁr&?%ﬁ% tvgnéﬁ%rrlnagﬁfg?n% ,r%dn the
other hand, the ansmissioneaftheeential dension (from tensile element of ele- 5 ment 1 to the tensile
element of element 2 to the tensile element of element 3). In other words, despite several elements
being coupled, only one tensioning device is still needed at one side. According to other advantageous

embodiments, fensigning devise s ARRRIRAPS Aoranded albpihsidesefife descasassnrding to the
invention. 10 List of reference signs external fixator, device for external fixation 11support 2, 2'joint
element s  also be formed on the spherical cap 21, such that a pin lies both in the receiving groove

23 and also in the groove on the spherical cap 21. Alternatively, the groove can also be

designed as an annular groove extending around the spherical cap 21. This variant af-

fords the advantage of a greater contact surface between pin and spherical cap, but it

also means that the two joint elements involved have to be flush along their longitudinal

10 axis and oriented with the correct rotation angle, which reduces the flexibility of the

support at this point.

Instead of being designed as a one-part body, the joint elements can also be designed in
two parts. Thus, Figure 7 shows, for example, a two-part embodiment of a joint element
2 with an upper part 2a, which has a spherical cap 21, and with a lower part 2b which is
15 pivotably connected to the upper part 2a via a hinge 27 and which has a joint socket 22,
(a) in a side view looking toward the hinge axis, (b) in a plan view looking along the
longitudinal axis, (c) in a side view perpendicular to the hinge axis, and (d) in a part ofa
support 11 corresponding to the device 1 according to the invention. Arranged on the
mutually facing inner sides of the two parts 2a, 2b there are two parallel receiving
20  grooves 23, 23a, between which a pin can be securely clamped. Since the tensile force
of the tensile force element 3 extends substantially perpendicular to the axis of the hinge
27, the joint 27 can be relatively light. Said embodiment is especially robust and allows
the receiving grooves 23, 23a to be placed closer to the tensile force element 3, thus

resulting in a higher clamping torque.



152a, 2bpart of a joint element 21spherical cap 22, 22'joint socket 23, 23agroove for receiving the pin
24longitudinal passage 241upper opening 242lower opening 243edge 5244cavity 25deflection
element 251stud 27hinge

20

As was also the case in the one-part embodiments of the joint elements discussed above,
the clamping force for fixing the pin is also generated by the central tensile force ele-
ment 3 in the two-part variant. The example from Figure 7 also has a further spring
element 271, for example in the form of a tension spring, which additionally applies a
5 slight spring force to the two parts 2a, 2b, such that the pins can be provisionally se-
cured when the device 1 according to the invention is fitted. These integrated spring
elements 271 can also be omitted, in which case a spring force for the provisional secur-
ing is effected analogously to the one-part embodiment. Another variant of a device 1
according to the invention with joint elements 2 in two parts 2a, 2b and without a spring

10  element is shown in Figure 8.

In another preferred embodiment, a device according to the invention has coupling
means for coupling the device to other fixator devices or to additional devices. For ex-
ample, a screw coupling can be mounted on a front end of the device according to the
invention and allows the latter to be connected to a front end of another device accord-
15 ing to the invention or to a coupling element. A coupling element is also conceivable,
for example, in the form of a plate with several suitably arranged pins which can be
latched into two devices that are to be connected and in this way connect them. Inter-
mediate segments can also be introduced in this way, for example to bridge larger dis-
tances. Longer external fixators, for example from the hip to the ankle, are preferably
20  composed of two or more individual devices according to the invention, since the nec-
essary tensile forces increase in proportion‘to the length of the fixator device. If neces-
sary, other components can be integrated into the fixator device according to the inven-
tion, for example components which permit distraction, correction of the axis or length-
ening, and via which it is thus possible to influence the healing of the fracture. Exam-

25 ples are distraction elements and shock-absorbing spring elements. It is also possible for



271spring element n)28tooth 3central tensile force element 4pin 41proximal end 42distal end 51 bolt

21

individual joint elements or for all of the joint elements to be designed in such a way

that they can be lengthened.

A device according to the invention can also be connected in a star shape to two or more
additional devices according to the invention via a suitable coupling element. In this
s way, for example, a hybrid fixator can be produced comprising a device according to
the invention which is secured on pins and which merges on a coupling element into
two to four arms, which are likewise designed as a device according to the invention

and are connected to a ring fixator.

In a method according to the invention, groups of pins on two sides of a fracture can
10 also be connected in each case with a device according to the invention or a support 11.
An intermediate element 7 is then fitted between them and, for example, permits a sub-
sequent distraction or correction of the axis, for example during a follow-up correction
on the ward or at a consultation. Such an embodiment with an intermediate element is
shown schematically in Figure 4(b). The intermediate element 7 is connected by four
15 pins 71 to the two supports 11 of the devices 1. Damper elements that permit adjustment
of the hardness of the overall construction can also be integrated in such an intermediate
element 7. Such elastic fixing of fractures may be desirable, for example, in order to

achieve better healing in certain cases.

According to other embodiments of the invention that are not shown in the figures, two
20  or more short support elements or partial elements are connected to give a support hav-
ing a desired length. The individual partial elements are latched together in order, on the
one hand, to achieve the definitive length of the required support and, on the other hand,
to make available the required type of fixator. Thus, a fixator in the sense of a single

coil (for the multiply injured trauma patient during the night) or a fixator with a coil



52 spring element 53 housing 54 plate 555

10

22

element at both ends and a damper element or a correction element in the middle (for
the definitive treatment of a fracture) can be assembled. The elements are connected by
couplings, these couplings permit, on the one hand, the connection of the elements and,
on the other hand, the transmission of the central tension (from tensile element of ele-
ment 1 to the tensile element of element 2 to the tensile element of element 3). In other
words, despite several elements being coupled, only one tensioning device is still

needed at one side.

According to other advantageous embodiments, tensioning devices can also be arranged

at both sides of the devices according to the invention.

List of reference signs

1 external fixator, device for external fixation
11 support

2,2 joint element

2a, 2b part of a joint element

21 spheri’cal cap

22,22 joint socket

23,23a groove for receiving the pin



abutment 61 bone tissue 62, 62' bone fragment 63
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15
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25 Claims 1. A device (1) for the external fixation of bone fragments (62, 62) of a patient, particularly
of the extremities, with a support (11) which can be arranged outside the body 7of the patient and is
composed of a plurality of stringed together joint elements (2, 2'), on which support (,%,  at least two
percutaneously arranged pins (4), anchored with thei Qroximal end (41) in the bone'ti Sﬁé%l) of the
patient, can be secured by their distal cad (42) and can be fixed in their spatial position relative to each
other, which joint elements (2) are stringed together on a central tensile force element (3), and two
adja- iojoint elgga Is (2, 2") in each case together form a ball joint with a spherical cap (21) and a joint
socket (22), and the individual ball joints, and therefore the support (11), can be reversibly fixed with a
force fit, preferably by frictional engagement, when a tensile force is applied to the central tensile force
element (3), characterized by joint elements (2, 2") which are designed in such a way that a pin (4) can

be secured onhe sBReIL{() Feniib & lores fRisfeehbubyclampiogandior ictonalengpgement

when a tensile force is applied to the central tensile force element (3 he’'device as claimed in

claim 1, charagterizedJpdhat.a-frstiointelr et & of e AR (L Lk-DAS A SRRGHCRH\CBRI? L), and

an adjacent, second joint element (2') has
5 of the patient and is composed of a plurality of stringed together joint elements (2, 2"),

on which support (11) at least two percutaneously arranged pins (4), anchored with their
proximal end (41) in the bone tissue (61) of the patient, can be secured by their distal
end (42) and can be fixed in their spatial position relative to each other, which joint
elements (2) are stringed together on a central tensile force element (3), and two adja-

10 cent joint elements (2, 2') in each case together form a ball joint with a spherical cap (21)
and a joint socket (22), and the individual ball joints, and therefore the support (11), can
be reversibly fixed with a force fit, preferably by frictional engagement, when a tensile
force is applied to the central tensile force element (3), characterized by joint elements
(2, 2') which are designed in such a way that a pin (4) can be secured on the support (11)

15 with a force fit, preferably by clamping and/or frictional engagement, when a tensile

force is applied to the central tensile force element (3).

2. The device as claimed in claim 1, characterized in that a first joint element (2) of
the support (11) has a spherical cap (21), and an adjacent, second joint element (2') has
20 ajoint socket (22) and a receiving groove (23), said spherical cap (21) and joint socket
(22) together forming a ball joint, in which case a pin (4) can be fixed with a form fit
and force fit between receiving groove (23) and spherical cap (21) when a tensile force

is applied to the central tensile force element (3), or in that a first joint element of the



20a joint socket (22) and a receiving groove (23), said spherical cap (21) and joint socket (22) together
forming a ball joint, in which case a pin (4) can be fixed with a form fit and force fit between receiving
groove (23) and spherical cap (21) when a tensile force is applied to the central tensile'f6ftel.&lement
(3), or in that a first joint element of the m 26 supporb@as a spherical cap and a receiving groove, and
an adjacent, second joint element has a joint socket, said spherical cap and joint socket together
forming a ball joint, in which case a pin (4) can be fixed with a form fit and force fit between receiving

groove and join,saRKelWRSAR LaNSHE fAreS is.aRnl g&%%?%%;&@%?&%%% fé%%%%&h%ﬁﬂ?@féi)- 3.The

R
device as claimed in claim ? characterized by a jomg element (2) conmposed of two pivota

connected pags (2Ra?D)o R \A@B’E&,%&H&%Bﬁ&i&%@l?%%? d%‘?ﬁ'%&@e%@g@ﬂér%%ﬁ@%%ﬂqg}n% joint

socket (22) of a first adjacent joint element (2), an which a second part (2b) has a joint’socket

(22) cooperating with 8:spRefisaksaR{BL)ka seeenaadiacantiRiRteiRMaNLE) ripNhigh case a pin

(4) can be fixed with a form fit and force fit between the two parts (2a, 2b) when a tensile force is

applied to thegepirahiansile fege elamssat3likT4:The deyice s laimsdingng ofhe preceding

claims, characterized in that at least one deflection clement (25), which limits the maximum bending
angle of the tensile(force element (3), is arranged in a longitudinal passage (24) of an individual joint
element (2, 2), through which longitudinal passage (24) the central tensile force element (3) extends.

3. The device as claimed in claim 1, characterized by a joint element (2) composed
of two pivotably connected parts (2a, 2b), of which a first part (2a) has a spherical cap
(21) cooperating with a joint socket (22) of a first adjacent joint element (2), and of

10 which a second part (2b) has a joint socket (22) cooperating with a spherical cap (21) of
a second adjacent joint element (2), in which case a pin (4) can be fixed with a form fit
and force fit between the two parts (2a, 2b) when a tensile force is applied to the central

tensile force element (3).

15 4. The device as claimed in one of the preceding claims, characterized in that at least
one deflection element (25), which limits the maximum bending angle of the tensile
force element (3), is arranged in a longitudinal passage (24) of an individual joint ele-
ment (2, 2'), through which longitudinal passage (24) the central tensile force element (3)
extends.

20
5. The device as claimed in one of the preceding claims, characterized in that a stud
(251) is arranged in a joint socket (22) of a first joint element (2) and limits the pivot-

ability of a ball joint formed by the joint socket (22) and by a spherical cap (21) of an



20 5.The device as claimed in one of the preceding claims, characterized in that a stud (251) is
arranged in a joint- socket (22) of a first joint element (2) and limits the pivot- ability %éstﬁllpjoint
formed by the joint socket (22) and by a spherical cap (21) of an MCSIAP 7 adjacent, second joint
clement (2), and does this by protruding into an uppeﬁppening (241), located on the spherical cap
(21), of the longitudinal passage (24) of the second joint element (2). 56.The device as claimed in one
of the preceding claims, characterized in that he joint elements (2, 2') are made of metal, a

fberreint . . e e e  th
iber-reinforced palymer matstalan asyitable Hlaslics mfs JJ‘&Q&M&GE@&J(%%@% 8#%81 the

preceding claims, characterized in that the T0central tensile force element (3 undle, %n particular

a wire bund'e(f?ﬁt??}%%&t@@%h%@Qﬁ%e%él_P&&S‘?i@)%%%t!@{g%f&&%%?ﬂ%@%%% paierahot i @d

combination of the aforementioned materials.

joint element (2).

5 6.  The device as claimed in one of the preceding claims, characterized in that the
joint elements (2, 2') are made of metal, a fiber-reinforced polymer material or a suita-

ble plastic.

7. The device as claimed in one of the preceding claims, characterized in that the
10 central tensile force element (3) is a bundle, in particular a wire bundle, a carbon fiber
bundle, or a bundle of another suitable plastic material or of a combination of the

aforementioned materials.

8. The device as claimed in one of the preceding claims, characterized by a spring
15 element (52) which is connected to the central tensile force element (3) and by means of

which a tensile force can be applied to the central tensile force element (3).

9. The device as claimed in one of the preceding claims, characterized by a tension-
ing device (5) by means of which a tensile force acting on the central tensile force ele-

20 ment (3) can be generated.

10.  The device as claimed in claim 9, characterized in that the tensioning device (5) is

arranged on one end of the support (11) of the device (1).



8. The device as claimed in one of the preceding claims, characterized by a spring 15element (52)
which is connected to the central tensile force element (3) and by means of which a teq\ﬁi]%{(irlge can
be applied to the central tensile force element (3). 9. The device as claimed in one of the preceding
claims, characterized by a tension- ing device (5) by means of which a tensile force acting on the
central tensile force ele20ment (3) can be generated.”10. The device as claimed in claim 9,
characterized in that the tensioning device 5) is trranged on one end of the support (1 of the device (1).
C 28 11. The device as claimed in claim 9, characterized in that the tensioning device (5) can be
dismantled. 12. A joint element (2") for device (1) for the external fixation of fractured bones (62, 62")
of & patent, Wi & oL gaskel (221 It (101G 8 bl Pt prerlenized by a ot one
receiving groove (2 Yor receiving a pin (I}l , W erein 1he &t [éast one receiving groove or
receiving the Q%&@e)cﬁ? g%ligggd in such a way that the pin (4) can be fixed by clamping and/or
frictional engagement%etweeri the receiving groove (23) and a spherical cap (21) of a second joint
element (2) adjoining the joint element (2'). 13. The joint element as claimed in claim 12,
characterized in that the joint element is composed of two pivotably arranged parts (2a, 2b) between
which the pin (4) can. ith,a form: fi ' 3 )e: 14 joint element.as
claimed ir? one%o'f c%%r%%%%%gﬁg(c gr)ggt%giglég @gdtfég{ggég}%%@))a&% ?ﬁ%g‘%ﬁﬁfﬁ&‘i?t%“ﬁ%gﬁgint

socket (22). 62") of a patient, with a joint socket (22) suitable for forming a ball joint, characterized

by at least one receiving groove (23) for receiving a pin (4), wherein the at least one
receiving groove (23) for receiving the pin (4) is designed in such a way that the pin (4)
can be fixed by clamping and/or frictional engagement between the receiving groove

10 (23) and a spherical cap (21) of a second joint element (2) adjoining the joint element

2.

13. The joint element as claimed in claim 12, characterized in that the joint element is
composed of two pivotably arranged parts (2a, 2b) between which the pin (4) can be

15 arranged with a form fit and force fit (23, 23").

14, The joint element as claimed in one of claims 12 or 13, characterized by the

spherical cap (21) lying opposite the joint socket (22).

20 15, The joint element as claimed in one of claims 12 or 13, characterized by a second

joint socket (22') lying opposite the joint socket (22).



2015. The joint element as claimed in one of claims 12 or 13, characterized by a second joint socket
(22) lying opposite the joint socket (22). 29 16. The joint element as claimed in any one of claims 12
to 14, characterized by a longitudinal passage (24) which extends between the spherida} é&p{21) and
the joint socket (22), with an upper opening (241) of t9$ longitudinal passage (24) on the spherical cap
(21), and with a lower opening (242) of' the longitudinal passage (24) on the 5joint socket (22). 17.
The joint element as claimed in one of claims 12 through 16, characterized by a deflection element

he joint e imed in one of cl . _ clement
a onsil force Slemnt (3) CHEREING (hiSLa e TOlGaHoEal bio<hq (AT A% B A, 16, The

a tensile force element xtending throu ongitudin

joint element a5 ciamed) 1p.ng of slaimad 2hiaughd ueharedisized Db p SiAZSAN IS arranged
in the joint socket (22). 1519. The joint element_as clalmeo! In one of claims 12through18, made of a
fiber- reinforc%&g{y@ﬂ W%ei@th%&%%%ﬁg@@B@ﬂ@éﬁ&@ftﬁﬂ%@'passage (24) on the spheri-

cal cap (21), and with a lower opening (242) of the longitudinal passage (24) on the

5 joint socket (22).

17.  The joint element as claimed in one of claims 12 through 16, characterized by a
deflection element (25) which is arranged in the longitudinal passage (24) and with
which the maximum bending radius of a tensile force element (3) extending through the

10 longitudinal passage (24) can be limited.

18.  The joint element as claimed in one of claims 12 through 17, characterized in that

a stud (251) is arranged in the joint socket (22).

15 19. The joint element as claimed in one of claims 12 through 18, made of a fiber-

reinforced polymer material or another suitable plastic or metal.



