"2 In what is called a pin fixator, pins, for exanple Schanz screws or

Stei nmann nails, are anchored in the bone tissue. Such pins are generally
steel pins with standardi zed di nensions. After the bone fracture has been
reduced, the pins are securely connectedlto one another_using a rigi-d -outer
frame, which is often conposed of interconnected bars or 5
Alternative forns are the pinless fixator, the ring or mmmmwmmw&gwm, and
conbi ned devices referred to as hybrid fixators. Wen a has
suffered a hi gh-degree open fracture (3b or 3c) is admtted¥g%an accident

and ener geMwic@for ektérnallyfiking bonetfractules stabilized directly with a
plate or nail. Instead, an external fixator is initialHly fitted in these

cases, and the nmethod of 10 treatnent is then changed aft . The
external fixator is dismantled and definitive osteosynthej&%@“@@ﬂ%@%ﬁﬁned,
for exanpl gelhhidi &k or nail. The fitting of an external f ten
very time-consumng in the known nodels, since nany screws . e

to be tightened after the fracture has been reduced, and, if the position
is unsatisfactory, they have to be undone again to _allow correction and

t hen ti ght &heédnventighshatey to as@ayigefor therextsenal dixation obbenet frasfirgs. do JRiBe, t hi s
procedure can take a very long tinme. Since patients admtted in_ enmergency
si tuat i dns MenisHopsYEh ydgiiee PR & methed desthe fxaon of boas fRgIss: ihp¢rHoEd, for
exanple with additional trau to the chest or abdonen, the initial

treat ment GRncerfathyibR @reambles r}ghes‘ﬁ‘eﬁﬂe&dﬂﬁc | eted as quickly as possible
in order to ensure that the patient can be noved as soon as possible to the
intensive care 20 unit. For the reasons set out above, this is not possible
with the ppgyt g¢s fixator systens. Sone designs of external fixators also
make anat om cal adjustnent of the bone fracture fragments difficult, since
four or nore bone pins have to be oriented on a straight |line, which can be
made difficult or

Stracture o SHEUBIRPIT 34066 SPEanBued MR GnBoRuBREwRichgt BH b go
and bul ky. 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 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-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 pﬁmary 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.



" A nunber of fixator systens have been devel oped that are designed to pernmt
better adaptation of the external fixator to the specific circunstances of
a fracture. DE 10125742 O discloses an external fixator in which a series
of different individual nodul es provided2w th a through-opening are drawn
onto a tensioning cable. The vari- 5 ous types of individual nodul es have
different | engths and/or contact angles. In addition, special connector

el enents for bone pins and retaining bars are provided. On a contact face
at one sid e indiVvidu | enents_each . have four studs,. and, an the
oppos te s Thhais agisd, BinPorgBERc 2L FEePIE S s o epRee o,

i ndi vi dual dul .es n be.arranged. wwth a farmfit. and.with four different
ot at | on arBteda i Perisdod BRERioN ot hederaRY Gleal binf “nctandelfish diaebeen
adj usted, t{.he t Q0] j i d... The. L ndivi S are now
a1 50 connecioy AT BERA FRE af obEPRANN e Rl pidelirtXonIBAU, o

t ensi oni ng - Saj d: fi r 1 . j ough
adapt at | on Stk Bl P Bamle WA 1 B b g8 o ik EL BB bl WD

have begn ?\fb{e NG QR Rrel BFimd GRSHE iixﬂstCfB%}opr; th@ ridg"6 124l Eﬁ%&ﬂ%ﬁ%dlt&niﬂﬁ?ed

position o e pins is no longer possible. Provi- 15sion I's also made that

the bone sQLR¥&s réfefred ¢ 8VBHridTh@tdrie bone only after the fixator has been
set up. US 5944719 discl oses an external fixator in which a chain of ball

joints and sleeves are tensioned with a tensioning cable and stiffened. A
plurality of sleeve el enents have pivotable pin-holding devices, with which
pi ns mount ddhanr patientshe hes sdigeednbighdegise open fragturg @rP eh ceis asimied to
fixator. For this purpose, the distal end of the pin_has to be connected to
the pi n- hoPlRefadeps gnd erEeRgeRcY UMY, this fragturs naust Rebbestabilized dizegtly with ypkatene
bone is therefore predefined by the |l ength_of the pins, which for thi
reason can©bA) IBgead, gnrextespal fixaiqrds é‘f‘“glﬁiéﬁﬂs‘i [ fhesseasestand the methpd ¢

ovever) SFREEETHE BEs FRHsRT aet hoharr ige el doafbron doavpisdend drs
P edet i ned g e aafeosynihest is Bertormed, Tor ampid 0y plaitor ndil. Tha'fiing6F B 88 N9

ternal fixator is often very time-consuming in the known models, since many screws

generally have to be tightened after the fracture has been reduced, and, if the position is

unsatisfactory, they have to be undone again to allow correction and then tightened

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 poséible 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.



" 4 senbled, said device is suitable in particular for planned operations,
but less so for ini-tial treatnent under tinme constraints. WO 99/20194 Al
discloses a simlar device with a chain of ball joints that can be stiff-
ened by neans of a tensioning cable. In ®»ne enbodi nent, instead of the bal
joint ele- 5 nments equi pped with the pin-holding devices, sleeves are used
that can be nounted subsequently on the fixator chain and that have

pi n- hol di ng devi ces, such that the position of the hol ding devices can be

adapt ed nore ickly.to the, actual .position qof . the pjns. 03/ 068085 Al
i ot oses & B AL Hretor BRielB R BaYoRd: tet Geairied AFBHLIE Fo. t he
abovenenti oned devi.ce, in ich fixator .Lthe connecti ons.between the
i vi dual SaEtaaR o i ot dnal i o e shteibe i BRig SEanatie s
qui ck-clamping lever. This allows the fixator to be constructed in sequence
fromindividual parts on site. However, in this enbodi nent, the overal
shape cannDE 1 28MpCedisstoseguiag kxtgrnabgatosm whichragerias ob diffepdnt limdikidudli r st
have to be rel eased. Disclosure of the invention 15t is an object of the
i nvent i on modolek provided| waith e tirodghrbpainghat drawvobntoheteksinningeableoTiedvat- t he
outset and that does not have the abovenentioned di sadvantages or ot her
di sad- vanvegfepes dfnngiasidualcmbdules save [differamengthsf amd/drlventext angleal Infaddatonon of
bone fractures should permt sinple reduction of a bone fracture by pins
i nt r oducedspeatad conmectoo elements for hene 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 situatioh. 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-



" bone fragnments, and a subsequent rapid and di nensionally stable stiffening
of the de- 20 vice. A device according to the invention should preferably
be able to be handl ed easily and with few naneuvers, even under stressful
conditions. If the reduction is unsatisff@c- tory, the device according to
the invention should also be easy to unlock again in order to permt
correction of the reduction and then renewed stiffening. A device according
to 5 the invention should also preferably be radi oparent for the nDst

part, in order ow t.he r UCtIO e nonitored, | ditian,,

shoul d pr e?eé?lﬁffi ;Fa‘ZI ‘L:B“’Gés é‘HF @H?ét‘%’iaécfb og Hla%mi’iltﬂﬂeéaé’tonﬁaﬁ’ﬁi?sﬁéo %rs‘Bhance
scanner. Qt t her %HJ ect of the invention is to nake avail abl e a net hod
for the fi¥ tTCGH“ed‘FuB 4iMg CONSUYASs that permits rapid and sinple initial

treatnment of fractures but can al so be used for definitive osteosynthesis.
These and ot her objects are achieved by a device according to the invention
for the exw@®epnalof atatisclsse®h shnile deviae iitheSchalty of BdlNjoirs HaBedrshbd Qiff-such a

device, and by a nethod 10for the fixation of bone fractures, in accordance
wi th the pesdi) msamsfoftdhensionimgenblenin one embodiment, instead of the ball joint ele-
5 ments equipped with the pin-holding devices, sleeves are used that can be mounted sub-

sequently on the fixator chain and that have pin-holding devices, such that 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 reduc_tion 1s unsatisfac-
tory, the device according to thé 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 enbodiments are set forth in the dependent clains.
A devi ce according to the invention for the fixation of bone fractures is
conposed of a stiffenable support nade up of individual joint elenents
which are arranged in series on a centra§ flexible tensile force el enent.
Two adj acent joint elenents in each case forma 15 ball joint. Conventional
pi ns, which are anchored beforehand in the individual bone fragnents to be
fixed, are heId cl anped by the joint elenents, and the bone fragnents are

i hi | ilized,|j I h h
cl anpi ng oheuREnpnstoih 3R rSEfphih %g?éa%%’e?lhto%ﬁéﬁw%qﬁéna@%éo atiow
| t I f ff f i ed
Lo the t ondRrstuelin B adiorda Tata g Ak shoplt Hbret ot olsd e 2hiere 9?'3?%1@"& e
t hus pr _essgﬁu 9a§|npag§1 t?calceg%flagl 8L resul ting in a stable frictional
e

connection Ween L he TRV dua 10|nt el enents of the device, and the
device is fully stiffened. The pins are securely clanped at the sane tine,
ei ther between two adjacent joint ele- 6 nments or with two-part joint
el enments. Apfortheradbpas of dfe inhentiberis id makosaiiablt hemethvd e ths finati@rcéfisbnagai n
and the connection to the pins released. In a preferred variant of a device
accor ding frectuige thahpermitsgapidtand sinepls initalftrpatneens o€ fragiurds dubtancalsybe used
pretensioned with a certain tensile force in the unlocked state, with the
result 5 tfoadefimbieposteasydihesise is fitted in place, it holds provisionally
on the pins, and yet the fixator device can still easily be brought to the
desired shape by the operator when the fracture is reduced. After beinglet
go, the device according to the invention maintains the shape
provisionally. 10All suitable materials, in particular netals and
fiber-reinforced plastics, can be used '

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, resultiﬁg in a stable frictional connec-
tion between the individual joint elements of the device, and the device is fuily stiffened.

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



" both for the tensile force elenent and also for the' joint elenents.
However, for the tensile force elenents, it is preferable to use wires,
cords, cables or particularly preferably fiber bundles (also referred to
bel ow sinply as bundl es) nade of netal, &arbon fiber, or of other suitable
pl astics or conbinations of the aforenmentioned materials which, with a 15

| ow wei ght, are able to take up very high tensile forces, w thout deform ng
even over a period of nonths. For the ball joint elenents, fiber-reinforced
polymer materjals .gre prefer.ably used in order t.o ensure.a high,degree of
Pochant car mersr Rl S bt Sine HEmER VR EERE oh e RaHle o WEASRE B of
the material.s .al,so .has &@e adv§nt%ﬁ thatﬁkgeddevice according to the

i nvent i on 1¥ogkedagainAnd fhe gopnegtion Y 28 part s that would cause 20
artefacts in a nuclear nmagnetic resonance scanner or would prohibit its use
in the magnetic field of the nuclear nagnetic resonance scanner. 7 bone
fragment, Inh@prefesredorasiant of o devidde aofordinglte @st inf éntionpthesenste force ekRarhcal
reasons, the distance between the pins on the sanme fragnent is chosen to be
as great aslrqadg prétbmsionEievith asertaia teisdle foreahahe anlookal §tateatvith tHe vesnk
"according to the invention. The individual elenments of the device are

pi vot abs e thet, atliengh¢ devdne isafitiedhar place, tihbkolds puviseehatly ainethgrping ahdlyeothet he
movenents of the pins in the resetting of the bone by the operator. By the
. t ensi oni ngfindtomdevacet ¢aal stillegasily be braught tol thendesiredishapg éy the eplegatemnwhemihe

bl ocked rel ative to one another and also remain in the previously adjusted
posi-ti on ufiatereds reduged. | Afterrheinglgy go.tthe deyige aepoeding ¢hEhe) igverdiog MRBEIS| n t he
adj usted position, which is as far as possible the original anatom cal

posi tion. e shipe pavisionglie the pins are securely clanped and tostable in
the desired position on the device. In principle, the fixator device
according to the invention is provided for tenporary treatnent prior to the
definitive treatnent of a fracture with nails or plates, but, because of
its advantages in ternms of handling and weight, it is intended especially
for use in energency situations. Another field of application is destined
to be in disaster situations, 15 for exanple earthquakes, or war

si t uat ilons Allwvateblesmptedals) in parfiowlatimstaly and dibpexeinfprced laptide gaaalny usedr
transportation in the shortest possible tine by emergency nmeans. However,
fixator debpthdontedensilpdorce clement andoalse & thejoantsdemeris. Baweavsr.(fabths tesr ¢ he
definitive treatnent of a fracture. Brief description of the draw ngs 20
The devi cesilctosreglements it iscpreiorabla fooiseivaresxeards. cablep er patigrlerly pesteirBice to

t he draw ngs.
%ber bundles (also referred to below simply as bundles) made of metal, carbon fiber, or

a

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 iﬁ 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 | ongitudinal section through a part of a device
according to the invention anal ogous to Figure X, w th another enbodi nent
of the joint elenents. Figure 3 shows a |ongitudinal section through a part
of a device according to the invention ghal ogous to Figure 2, at the

maxi mum bendi ng angle. 5 Figure 4 shows schematically (a) a bone fracture
stabilized with a device according to the invention, and (b) an enbodi nent
with two supports and with an internedi'ate el enent arranged between t hem

Fi 5 sh i bl e enbodi t . of i ndi.vi |_jaQi I f

Gevi oo accBRFETTNE Fridant Po aha saBe bk i mb e RR el <hows
i ce accBHi PSR FAOSR FIRY ahal BS™ 87k gl

accorai ng neRisFRUhPER Snf BBt ablel f SEM PR el

two- par t e&?g%{ﬁ”&% 18@}1 7 bifth M 8 tﬁrgEé%cef Lo irfﬁe%;&xg RGO Phe g;fﬂi\'}iﬁu?al

i nvention. gur é OWS ano r-varian evi ce according to the

i nventi One%%ﬁqg?tgto Vs B&ike %ﬁ;ﬂ}{/cg?&l@ TeRfive TORAATRIY: S Fhe LRRLAVENE 28 9

The rear € suppor the device 1 1s shown, conprising the six

rear most J Riidhy b SRR Gfle pts hfic FEuing JrAASHAN BY tHEHIE AR Hihe

generating the tensile force nee or stiffening the device 1

tensil e f ofGgofihg 8 Al ceRtralUiRAdiRUfoRIeUIEMEMEhE Jbint BlchRAGB! e Blocke® réiatBRAbL 11
extends fromthe tensioning element 5 through the |ongitudinal 5 passages

24 of the Qi MotkdrefRMIS fen®id id Y ﬁﬂé%usl?tadﬁls_eﬁgﬂisitf‘dﬁduﬂdepta 18h@VAM)thRf the

support, in an abutnent which takes up an applie ensile force and

transnits {hy,shé RatthRdiRnbis RIEAREL i tBe adjusted pOSiHibE WIREIER Blfer@iosiible
preferably designed as a fiber bundle which, with the | east possible

t hi ckness, tHaasigih® agaeais poritissi Al thetsamsitinge, 3hé phgldie séauirdlalelengedraides f or
this purpose are, for exanple, wire bundles, carbon fiber bundles, or

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

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



- 10 bundl es nmade of other suitable plastics. The latter have the additional
advant age of bei ng radi oparent and of not being sensitive to nagnetic
fields. The individual joint elenents 2 have an upper ball-joint surface in
the formof a spheri- cal cap 21, and a8 ower ball-joint surface in the
formof a joint socket 22, wherein the spherical cap 21 of one joint
elenment 2 lies in each case in the joint socket 22 of the next 15 joint

el enent 2, thus resulting in a sequence of baII joints. During the fitting

ffe_ntsih Fefil gt 14 8@&8118%$‘gite§ﬁ?°g‘°?lt‘i?{9§\§tt ERENS ordivied MY e °
act acent | O SHARGHELS BES L1 St FRBOPAY PO BR P F i s “can be

oriented and arranged as desired by the operator. Wen the tensile force is
i ncreased, 20 the static friction between the ball-joint surfaces 21, 22
becones soFigugt8 t lshbwa adbnginglifal sedtioankrouglo aperttof andevicecistendmedolibt ween t he
i ndi vidual joint elenents 2, and the device 1 is stiffened in such a way
that it caventionlnalggoushe Fipio?,mtthenatimum beridmg agkst r oyed. The j oi nt _
el enents can be made of netal or of a suitable high-strength plastic. Since
they are exposed to quite high conpressive forces at the contact ‘surfaces

21, Zzaﬁveﬁigﬁ 42 lr Os:}llgwg %rgfg 312&81% li% (%E rl%efr 15 stablni AR Wi a NV R %céurgl?gcr eep

resi st ICS or exanpl e, are especi

suitable. [hg.g vrefnf‘ﬁsb?w{bﬁeate@aﬁo%l&@&a\wh Ao SRR B! with o) fRhbdiae

friction can sul order to i rease e coe 1 clent of

friction. IS{T RN ?%Hggdbe%tﬂ'@é’n@@ﬂ be roughened or coat ed The contact faces

can al so bé prov oothing. 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 |ikew sBigpmssi bihewisra phssitie embodinieng ofran indiyedniabjoinbelement efrerdeyicgr e
alternating stringed together with each other, of which a first-type has
two spheri azbrdimgt, thainyentigeenaldgaugpeFlgagse two j oi nt surfaces. 10 The
tensioning device 5 is used to tension the tensile force elenment 3. A

t ensi oni ng de-

10 Figure6 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.



" - vice 5 can be configured in different ways, preferably with only a | ow
force needing to be applied in order ‘'to achieve the relatively high tensile
force during stiffening, and wi thout any substantial lever forces having to
be applied, which could be transmtted too the fracture. In the exanple
shown, a threaded bolt 51 is turned by neans of a suitable 15 rotary tool,
e.g. hexagon key, cordless screwdriver, crank handl e, torque wench, as a
result of whi.ch a conpression spring 52 arranged in a housing 53 is

conpressed._via a plate 54 with_a osite.thread. In order to take up the
sheari ng fB‘?ec@abF&{ Héﬁ}ﬂoi“QP?ﬁ Hécﬂr},tg‘? H%V‘F% df SRy ‘i&’&%ﬂr’é@gst%ﬁé’s" ’Ee&"’B‘éStP i xed,

f le.by. h ith t : t.icularl t he ab 1t .55 di tl
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f f th [ l. t 52 | to.a f bei lied to t bol t
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el ement arEnar SroRErhs 1T shleE Rt NP Rl o Sn/cReh 8% kRSl ¢
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bel ow, 25t ' 1 ' O t
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the springoghciBingd 5 GRERERNE! BreeOlRhERSE Drofefhvty BedigHtd 20a Fibef BiRM 0 | i€

74 7o i
with an e ace 53 on an opposite step 55 of the abutnent 55. The spring

travel is PRhHEQHRhd Rast PossiHIB MickiRE) Hal fcBEatb PokIMe MehsAb strbiptiel RiEent 3
taking up the tensile force, the respectively adjacent joint elenents are

accord- si i YuR&s R dhis PurRAS iRy fyr SIS, ViR biindeRichion sl bahdles, orl n the
exanpl e shown, the tensioning device 5 is an integral conponent part of the

.deviceyl am@RIedimaietsT ot sutiiepiadtics. Ahé itldhhveethy adfitiopMeidvathgd 6f -SO
possi ble for the tensioning device 5 to be designed in two parts, with an

abut ment  Whajg@itiosarett aad @€ fotHidg ¥endifivd toaniskrefic fiBksdevi ce and whi ch 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 nounted
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| ocki ng nut, suc uat or ‘device can again. In

the sinple % oS&n& ?I{dgﬁ;%g@é esirld b??gu&% ?[tog%gﬁhg’ st BPedE iftreased,

pneurrati cally or ele y opera ary
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-sirength 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



" 12 In anot her possible enbodi nent, a spring -force elenent can al so be
nmounted on an abutnent arranged at the front end of the device. |Instead of
separate spring elenents, the elastic extension of a steel bolt or of the
tensile force elenent itself can al so begused as spring force el enment. For
exanple, a threaded bolt connected to the tensile force 5 el enent can be
hydraulically pretensioned with.a defined tensile force, after which the
bolt is fixed with a |ocking nut without force being applied, and the

hydraulic tensile force is then.renove in. It i I possible tpo use a
t ensi oni ngpla%RFF»cfgr Crampiec e eﬁ?‘icéarlgtsr‘l‘étagﬁv eesﬁg?é’e%@??%?ﬁg? &Beaes aneraﬁger is
actuated whjch has the..effect {hat. e tensile force el enment and.the.spring
el enent ar%thFrn‘gltﬁﬁ{aéﬁz:Hﬁg?Wc%{’ﬁ é‘b‘f%ﬁ' FSa%?Cﬁgl PraSE h glcfe('ﬁlffggl,e ?ﬁggciﬂgt e
device accprding.to the . inventiqn is therefor t+ffe i I

Figure 2 s&l’?&g?'gqqufé‘ﬁngg’ they-cap s opghifngd or g%%q?(lioiﬁh,e %’ngéa%F tfwg?ggr?%ﬁéé or
device 1 accordin tot-tthe i nvention anal ogous to Figure 1, with two pins 4
shown in CPT8§1§13§§’3?11308? ich are each held cl anped between two j oi nt

el ements. The two pins 4 anchored in the bone tissue are connected to the
support 11 of the device 1 with a formfit and a force fit, by 15 neans of
bei ng f4i xeH iHyossitdenpomife wetentation ofi ¢hespdikjoingadlensenss &1 be thesehjthe pthen way
element 2 and a receiving groove 23 of an adjacent joint element 2'. To
mount the miung, stclothat the spbericabedps avcdiratiedgoward: the tansiveingidsmice: Asyniague

| atched into the gap between receiving groove 23 and spherical cap 21, with
t he secondration it lildvasepessible inewhigh twerdiffezent|typesiof jeigt elpingnis|age flfesmatinge

first joint element 2. It is also possible for this provisional securing to
20 be ef f esftinged/iogethewith aath othep-ofi whigh @nfisst bpethesttwaoPleriqahsags, and 2
provisionally in place. According to another enbodi ment not shown in the
figures, tsrsondbipeihantvesioitisurfesedi vi ng groove in relation to the two joint

el enents 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

el ement, apg, Eéﬁ?iog%%%h’s @%@@6 feRigt tHeltermB fold@SletdnPB NA tefkedifitg wé-t hout

t
re- 25ceiving gro Spherical cap and joint socket again together forma

bal | joint 304 cank3 cwhﬁgu@d q@aﬁfek&nmgg,epreﬁra%whﬁ@nt a 10V f6180hécdlingd @NSi | €

force element, a pin canh be tfixed with'a formTit and force fit between

ir '?Cieis\/iog\g/i g% gﬁgflgedgi'ﬁdoﬂdgli B a@fS/cethe RV hﬁ’?ﬂeﬁsﬂ’é fdrb& dBfiks ffitfeslhg cdmasur e,
person skilled in the art that the

without any substantial lever forces having to be applied, which could be transmitted to

the fracture. In the example shown, a threaded bolt 51 is turned by means of a suitable

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 elementé 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



" geonetry of the receiving groove is adapted to the outer contour of the
pins. If an addi- 5 tional nmeans of securing the pins against rotation in
the fixed position is to be achieved, the cooperating surfaces can either
be suitably roughened and structured or l11for exanple, can be polygonal in
cross section. The joint elenments 2 all have a |ongitudinal passage 24

whi ch, independently of the shape of the support 11 of the device 1, forms
a continuous channel extending fromthe 10 tensioning device at the rear

Consi e ot SRRl of S dhiclila S hén%%gﬂgéﬁﬁ AP, Ghatagka  he
passage 24,qSng H&Rgfigeﬂa Gl G110 08K Y55 B2 ol f‘ehstéqSSSJQPﬂ?ne 24 t ovar d

the spherical cap and 1n the bottomo ower openi ng 242

lleads to tRgndBi The SPflLEav’?is AdW B (gda'i‘%‘d ﬂér@anat fﬁoﬁ ARl e g @%eteibe

tensile elenent is routed through the center of the 15radius of the

spherical gmaR 3 thRfhg wafette&wue%meaﬁ@ P cOBRIPA EME ﬁﬁntaéléxﬁem afeORcERIL |
al though ‘a cylindrical design is advant ageous in production nethods

i nvol vifng ingRiptadse®incroakiaglyxhoreAphtl $aadiAk ehdifotB@si gn of the | ongi t udi nal
passage, it should be ensured in principle that the contact face between
tPF spherlcalzgap and ;hehjohnf]socket of éhe balg j?:nt hs sufficient in
all orient tio t a oi taward. a , t

Stable supdht SYmpREh Ak eﬁ?ﬁ’&’é’P’}ge‘i}Fé’}CG?ﬁn’ér?ﬁ iiGete) SPapBREk PR GT U Sehe.
support Jnt |lenents .2, 2' te e t th
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passage 24 e 243 the ten {. h
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However. tlig, abutd L 0gAct Lon, Rty Q&F@%ﬂrﬁam&f&r gnsﬁe% Do m{mg; t he

ef f ect thaf |ng orces et ensi orce e ément edge

243 ang, cap, 'd@@g e Wit 49s0b Rigtne ADTERNERCSRRI b REKLARLEX: FETREY N Oh

tensile stre e carb material s partlcu ar ant ageous for

the tensilg fo[CHy %hgg@'&tevée% &)rgﬁgwo%ﬁawehﬁ& tmaﬁyaéwé&eﬁﬁ'gagerfaeﬁ gs. In

the illustrative e ment o e joint elenent 2 'shown here, eflection
el ement 25¢h§id RPELHR oA ABRLFhaOMint RAgINOWRTg. FRANIVEE pefrdaintly mounted,

one-part clamping devices should have a space-séving 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.



" 10 the longitudinal passage 24, which deflection elenment 25 protects the
tensile force elenent 3 fromthe edge of the |lower opening 242 and limts
t he m ni num bendi ng radius of the central tensile force elenent 3 at the
bottom The deflection element 25 has al8tud 251 which extends through the
| ower openi ng 242 and protrudes beyond the joint socket 22. The stud 251
thus forns an abutnment that limts the maxi num pivoting of the joint 15
elements 2, 2' relative to each other, and said stud 251 also protects the
tensile fojc | ement.. fr dge_2- t P eni he
adj acent jofcr)Ll n O?he?é)r(r)ééﬁgezgmlgén&%re@érg Sgﬁég 't?%epérf%[l%gtc%hag&t g%\gig?@gdo%gh

el enent 3 Q‘ESP i qﬂ[ﬁ? I J: e WS dﬁlm’ tdigndRd ation
of the joi %}{u?rg%rgnen gé(ghtl %]'e re gt@\% p&%)é%%%s?iagr?%ﬁe %e I_eg-_ tion’

el ement 25@§Q&§Jiéifg@r¥§o&@€a%t9m1t ROF H AL xi 1 I6HcE iefenfedt itQdif Edl A18d Ruse@UCh

that the 20 tensi orce elenent 3 and the joint elenents 2, 2' are

subst ant i ald ¥ HBCRAY Sidmbit. YO QURLSIE, hNMhile@ddBbalt coicdtedon. thd hensBtfeiceal of
the deflection élenment is chosen such that the tensile el enent does not cut

into saj d gdehb@cdahde BldeARRANY ?x’éﬂenﬁéﬁ&l Withta ddiRedeédsAEtrores, AlceRiih Ghees not
def orm when the tensil'e el enent bears on it and is tensioned. The joint

el ement 2 woltlist ficeddefth aclotkifig @ue withbut2forazabeind sgplied, fund thechydmaulicaerxilece,
whi ch can be 25cost-efficient particularly in production by injection

mol di ng.  fobcelibghdnsremofedaghfvilci alwogossibledo use 4 teasioningrdevion in whchpafteri n a
hi ghly schematic formin Figure 4. The position of the pins in and relative
t o t he i ndiheiddviat hiobeenffitmgnetrigger & actudied athéch basl the effeny that thentensile fdrcawi ng
and, when in actual use, the pins are positioned not only through one
cortical | elpmentband thhsprigg element aret instantaheppelyssubjertedrtotthe tansde faree ands 5

- been reduced, a plurality of pins 4 are anchored by known nmethods in the
bone t it&sutheaitvigé acdoeding it thie dunentipn isah¢regnetiffaned pnmgdrately. a pati ent. Four
to six pins are generally fitted. For use with the device 1 according to
the invention, the pins 4 can be positioned w thout great consideration

bei ng pai dpfQ.d Nehdwe fkddse id%?dngfmainatse&%méaiphh ofQ REtRRRIIEY - ackdbdinBe

reduction of° open fractures I n aff energency situation, where a definitive

ost eosynt hesing iflvdiYioR afhiBels BaHifure UDIEMUKY pidls 4aKE®nRh 3ERs sEQIOEFhicAN 1S
not generally nade exactly to the nearest mllineter; here the fragnents

are soneti R8s héll cBinie@ BRERLENn B0 jHint Qemerits. THE tWdpihd¥ hhdhdteddh théTone

acconpanying injuries, it is rapiditreatnent that is inportant, not the

perfect redugtiafcdhedtb®td MBGhpERt 11 bf he devicaaryitly a fomoFit amd a Fdteé fin®y
fragnents press agai nst the skin, nerves, nuscles or blood vessels. By

contrast, hRaisesiselrigifikddybydimping béfveeh it Pttt yay De6f & first jointselanerglat t o
achieve less than 5 mmdislocation and 5 axial deviation.
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 embbdiment 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 togéther form a ball joint and,



" After the pins 4 have been fitted, and after a first provisional reduction
of the fragnents, the pins 4 are sinply |atched onto the fixator device
~according to the invention. The pivotability of ca. 15 between adjacent
joint elements and the free rotatability3of the 20 latter nean that pins 4
| ying obliquely with respect to each other can al so be fixed w thout

probl em The distances between the pins can also be chosen |argely without
measuring. The flexibly shapeabl e support 11 of the device according to the
i nvention n i toduG e | Al k1] t ' tate,
such t hat ‘?’??%??%ﬁg f‘érggésgd[ é%fi ttlggﬁeaférnygg%ﬂ%)@egog%eteaﬁgte %gﬁn ft?r?géJl :btﬁgﬂ\?;&dual
joint ele j t o0 k the frictional
engagenen?@gga f%nen igrg%ﬂ @E%vfgﬁtg@n%hggﬁe?ﬁnlgﬁéﬁggﬁﬁ%ﬁﬁgﬁ% and there is
enough play to ensure that that the pins can be latched into the receiving
grooves 23 of the joint elenents 2, and the 5 force fit and frictional
engagenent Ohsheleasis qfitheprgsent disclosurs| b aephvdoysrie paersogskidled e thesarsthabeng  of

t he pins. Anot her advantageous effect of this |ow pretensioning is that the
chai n- | i kegeomsporaf thesreseivingoerapveks adepiedtncthie quter serowr efi thg pinselfraRdel i on.
The chosen pretensioning.is _only so great, that the joint elements. cap still
be easiiy WenAbmeany ofiseqlring,the guts agaimatirofatiop iy tXSdPQEfHBE‘ﬂ‘?g’ECﬁC ’(?f'?fpe. The
| ow pretensgioning s accordi ngly too | 10t o keep the fracture reduced. In
order to gélﬁéP%ReéatmeS“b‘r%%‘{Séﬁgi%Bﬁ?rrP@,S“}tg’\?/}’ royggenqaAng stryctur ?hmxwﬁﬁi gur e
| b for exan%labe, i’? use a spring element 52, which not only provides the
force for FHMPROLEOREIBATY SHIP al so the spring travel for the |atching-in
of the pins. In the pretensioned state, the device according to the )
invention can also still be noved by hand after the pins 4 have 15 been

| at ched i NnThéysiht élb@ents e ali hacé uriengiaudinad passage 2 lwhish,i igpdegtnddlysote be
noni tored by nmeans of radioscopy. |If the position of the bone fragnents is
sat i sf act oshape bhthetsapsoroi of tieadevive 1 firmsshaminaouskehgured exfendisg dionutheed, as
a result of which the joint elements 2 are drawn agai nst each other by the
t ensi | eo f otensioring mevice anttie acar ehd o the dbiynentatrtbe fonseral ofché devicd, amwhithe

fi xator device according to the invention is now stiffened. 20 The position
of the pi nehatnélsheEnsiddhfongpealerbgntt3hiuss. di ttfefexainply shovoethedengitudinel passageo keep
the fracture reduced, a greater tensile force of 500 to 2000 N has to be
appl i ed. T4 s ¢anpmsed ef aloylindsizssbdyity 29¢ whietuis onspdattoward thipsphpsighlee@pi s now
provisionally secured. Thereafter, the tensile force is increased to a

final val udl efd O bosomsgthish a pmellesreweronshing 247 leads e thsrjoid sogket 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 cylindricél 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 sockét of the bail joint is suffictent 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



" 17 I n other enbodinments not shown in the figures, a two-stage notorized
torque wench is used wwth which a first, lighter stage of pretensioning
can be built up. A second tensioning stage with greater pretensioning is
built up only when the spring is conplefiély conpressed. For the definitive
fixing of the fixator, the second, high stage of the two-stage 5 torque
wrench is switched on. The counter-hold nust in this case be provided using
a tool, for exanple tongs or a fork wench. Alternatively, this definitive

fixin b ffected. usj | . ) ' i i
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fitting, however; adapter elenents are préeferably used which can be nounted

reversi bl ylgééﬂ Fﬁeramgf%ﬁ%fﬂahicﬁlihgfﬁd\éaﬁfag&ugiﬁ)r B fehSleStordd EBRENIS A Per

accordi ng e 1nvention an | ave a suitable holding device for the

addi ti onal siifive FOSud*HaRify fofs26h theAfddARLO4mbOEinttnG 6F BB cleémeatipi Ng

device suitable for this purpose. Such adapter elements can al so be used
for mechaniain KQeR déTiection elehRht 33 tsatherefde iramged oth NeWt ehiealng) s2rdf

el enment 2 of the deylce according to the invention fromFigure 1 is shown
In Figyse fhe 1bﬁgi@dmaep¢s§a$eem,%iabhéfmeby elefnenh @5 jpeotedts seckadileXBree Be | oi nt
element 2 has substantially the outer shape of a short cylinder, with a
spherical grat 2froAnthardgPof thtower opening 242 and limits the minimum bending radius

of the central tensile force element 3 at the bottom. The deflection element 25 has a stud
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 éaid 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
element 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.



" per-end, and with a joint socket 22 on the opposite |ower end, from which
joint socket 22 the stud 251 of the deflection elenment 25 protrudes. Four
teeth 28 are formed integrally on the peripheral surface of the cylinder,
with a groove 23 for receiving a pin beilfig present in each case between a
tooth 28 and the joint socket 22. At a tensile stress 5 of 5000 N, a
clanping torque of 1 to 5 Nmcan be achieved for this pin holder. In
principle, the distance between receiving groove 23 and tensile force
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embodi ment’ ement of a device ng to the

i nventi on b3t ARSheR two/eBrief 129651 RRcahe FaALrotdsh st ud
has been on‘??"{le}ﬁt In lé?oxﬁggl%ié e thgrﬁough openlagg 24, e241 Vi sf blae Thi s

vari ant, i spQar Edu%ls'él aaf ﬂluraﬁw 61‘6}%@4 fu@randhd¥Bd P fndin RIRddS i 48 bohatissus el ves

rermval of ma- terial.” Afiter a rotationally symetrical main body has

been tur negr@p qldimudl ®ogé ﬁugmaals 622625 ap£ paienh Foubreyix ginislakegenetdily fftedr
receiving grooves 23 are mlled out. The dianeter of a joint elenent of a

devi ce accpsAis8vittotht leviceventordingi t6 the/verdidny tHegpind Aesnb3pPositichedGrithn Wi t h
a conprom se having to be made between nechanical stabil- ity and the space
taken up. Gergrex@omideration hdiy pad kathe eafertdh éixaiey ilne isatitiap deragplial. fththe20
invention fromFigure 1, the diameter of the joint elenents 2 is preferably
40 nm t herddeétipht ofZipemfractunet infae esyergeney siawition, where haleSiphipeiostebsyadhesB0 nm
In the stretched state, this results in a distance of 20 mm between two

i ndi vi dual by platet oreiadrmhseslueﬁlfbeabd:sa;p@eamqgtjgn is ot goneraliyemade exagtlyido Hreooves
23 is adapted to the diameter of the pins that are to be clanped, which

di amet er i peagest maitlthagter; Herenthe fragmentsrare semetimes filk yilsama?déah%%é 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 simpiy 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

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



" 25 have a dianeter of 4 nmor 6 mm Joint elenments with different grooves
for different 19 pin dianmeters are also conceivable. In principle, only
one receiving groove woul d be necessary, since the joint elenents of a
device according to the invention are frnéely rotatable about their

| ongi tudi nal axis. In another possible enbodi nent of a device according to
the invention, a groove can 5 also be forned on the spherical cap 21, such
that a pin lies both in the receiving groove 23 and also in the groove on
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designed in two part |gure , a two-part

enbodi nent ¢pfe At drdl BikticHa® @i‘?g'htgel%em Hebvétn pHROAII jBTRE Elegﬁnts\fﬁ‘é\ﬁ‘eht SfRftadeous

spherical cap 21, and wwth alower part 2b which is 15 pivotably connected

to the uppsip pﬁ’@%’(&fﬁﬁ plhd Anothdd Gavafagods WiTedt ofMRiS 18w pRéthsioifg & thaPthe(a) in
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and (d) in a part of a support 11 corresponding to the device 1 according
to the invartdneidninglis aAlyed ga¢nt thae thajbinaklech@cangtill baessilyimesdaélativietot Wo
parts 2a, 2b there are two parallel receiving 20 grooves 23, 23a, between
whi ch a pi pachasnhdrén sedenteteducd thefedturSi Thedowheetersisiihg isf awcomlingly tdodowensi | e
force elenment 3 extends substantially perpendicular to the axis of the

hi nge 27, tdkeepohafradireceduché. rel atively light. Said enbodinent-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 clanping
t or que.

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 n(;t 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 fragrnénts 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.
Thereaﬁer,‘ the tensile force is increased to a final value of 5000 to 15000 N, preferably

with an actuator device.



20 As was al so the case in the one-part enbodi nents of the joint elenents
di scussed above, the clanping force for fixing the pin is also generated by
the central tensile force elenment 3 in the two-part variant. The exanpl e
fromFigure 7 also has a further springi@l enent 271, for exanple in the
formof a tension spring, which additionally applies a 5 slight spring
force to the two parts 2a, 2b, such that the pins can be provisionally
secured when the device 1 according to the invention is fitted. These
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arranged pins which can be latched into two devices that are to be

connect ed é@fifsttddrusiny Smusyal esrgietenchem | nternmedi ate segnments can al so be
introduced in this way, for exanple to bridge |arger distances. Longer
external fixators, for exanple fromthe hip.to the ankle, are preferably 20
conposed of, two.or nore indjvidual devices. accordi to the invention
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accordi ng e invention can connected In a star shape to~two or
or e 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 Al 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-



" addi tional devices according to the invention via a suitable coupling
elenent. In this 5 way, for exanple, a hybrid fixator can be produced
conprising a device according to the invention which is secured on pins and
whi ch nerges on a coupling elenment intoi8wo to four arnms, which are

| i kewi se designed as a device according to the invention and are connected
toaring fixator. In a nmethod according to the invention, groups of pins
on two sides of a fracture can 10 al so be connected in each case mﬁth a
devi ce accord
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10  coating that increases friction.

Figure 6 shows another po.ssible 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 t_hat 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 capl20 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



" element at both ends and a danper elenent or a correction elenent in the
mddle (for the definitive treatment of a fracture) can be assenbl ed. The
el enents are connected by couplings, these couplings permt, on the one
hand, the connection of the elenments and9 on the other hand, the

transm ssion of the central tension (fromtensile elenent of ele- 5 nent 1
to the tensile elenent of elenent 2 to the tensile elenent of elenent 3).
In other words, despite several elenents being coupl ed, only one tensioning
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In another possible embodiment of a device according to the invention, a groove can
5 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 béing 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 of a
support 11 corresponding to the device 1 according to the invention. Arranged on the
mutually facing inner sides of the two parts 2a, 25 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.
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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
s  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 c:;Ln 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 anothe; device accord-
15 ing to the invention or to a cc;upling element. A coupling element is also conceivable,
for exampie, 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 ;clccording 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
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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 é suitable coupling element. In this
5  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 integratéd 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 paﬁent during the night) or a fixator with a coil
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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 eleinenté 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 extemal fixation
11 | sgpport

2, 2 joint element

2a,2b part of a joint element

21 spherical cap

22,22 joint socket

23,23a° groove for receiving the pin
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25

251
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28

41
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61 bone tissue 62, 62' bone fragnment
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longitudinal passage
upper opening
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edge
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deflection element
stud
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pin

proximal end
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| élamping device

63
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“pin 25 Cains 1. A device (1) for the external fixation of bone fragnents
(62, 62") of a patient, par- ticularly of the extremties, wth a support
(11) which can be arranged outside the 5 body of the patient and is
conposed of a plurality of stringed toge@ther joint elenents (2, 2'), on

whi ch support (11) at |east two percutaneously arranged pins (4), anchored
with their proximl 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 elenents (2) are stringed together on a
central teh3®MSio force elenent (3), and two adjacent joint elements (2,
2') in each case together forma 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

support ( | force | |
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are de- 15 si %ﬁkﬁﬂaﬂgn?ﬁﬂglgx s tw@{e ?gﬁyeﬂb@ﬂywﬁﬁﬂ_caﬁbé%ﬁ&q Risidd e

support (11) orce fit, pre y cl anping and/or frictional
engagengnt le?d?i_foﬂtﬁé‘%_hﬂi&ltfaﬁﬂQ@c@ﬁp@s@_@'o‘f@%lﬁt@lii fBRgddHogttBASIolR cier ce
element (3). 2. The device as clainmed in claim1, characterized in that a
first joint el@e@e{2,(2?) oRWHidiEsuppPSROIT) at fehdt thdperousdiR6iisly atraf@B pirdl(H), and
an adj acent, secong j?%nt eleng%F (g'? 20 has 2.ioint sd%keﬁg%Zig gné a
recei vi ng gr oopMRhéR8)witlSik# psikigal éhdl (4 OFR the2Bonealzsud @il Nbf e pkednt (A e
together formng a ball joint, in which case a pin (4) can be fixed with a
formfit and fscaedbythdedismbond @Rpand cey bgrfowden (128) spanal peptienirelativectap (21)
when a tensile force is applied to the central tensile force el enent (3),
or in that a feéachtotheri mthich fmnntelemientsh€)sarp ptringet dsgethes pivea iceatral tapsiland a
recei ving groove, and 25an adjacent, second joint elenent has a joint
socket o sai d sfoner élementc@), amdtymadiacent joint elements (2, 2') in each case together

form a ball joint with a spherical cap (21) and a joint socket (22), and the individ-
ual 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 cen-
tral tensile force element (3), characterized by joint elements (2, 2) which are de-
15 signed in such a way that a pin (4) can be secured on the support (11) 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')

20 has a joint socket (22) and a receiving groove (23), said spherical cap (21) and
_ joint socket (22) togetﬁer forming a ball joint, in which case a piri (4) can be fixed

with a form fit and force fit between receiving groove (23) and spherical cap (21)

when a tensile force is applie(i to the central tensile force element (3), or in that a

first joint element of the support has a spherical cap and a receiving groove, and

25 an adjacent, second joint element has a joint socket, said spherical cap and joint



" one defl ection e

" 26 socket together formng a ball joint, in which case a pin (4) can be
fixed with a formfit and force fit between receiving groove and j oi nt
socket when a tensile force is applied to the central tensile force el enent
(3). 3. The device as clainmed in claim26 characterized by a joint el enent
(2) conposed 5of 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 elenment (2), and of which a second part (2b) has a
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as clained in /n %19 }Fél ?égh%%% {r&%erﬁéﬂglf ef’%e rrg@_erl zed in that at |east

i mum bendi ng angl e of the
tensile force el errent (3), is arranged in a |ongitudinal passage (24) of an
i ndi vidual joint elenment (2, 2'), through which |ongitudinal passage (24)
the centra3. t efisd devicsasorlaimed|in wisim |, Sharastenzrisby & joiThelenen (@gcalslp@ﬂeél med
in one of the preceding clains, characterized in that a stud (251) is
arranged i n a ¢fgmetpivge Etcom§eddllaﬂa(34, #B); of whieh acfiishpart (2@2;13%%%?1‘13}1%4&5 t he
pivotability of a ball joint formed by the_ joint _soc and by a
spherical cap ¢a1P1bsocprratiap At joistsioskal (P oft2 @Iséﬁ%lﬁ?e"é it glemenrtded thi s
by protruding into an 20upper. opening (241), located on the spherlcal cap

(21), of the | KR frwiEh alseqpad pagd 2bplas agipint seckeb 6479 qOPRETHiNZVRRa SPhgD) T 27

cal 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

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

4. The device as claimed in one of the preceding claims, characterized in that at least
one deflection element (25), which limits thema#imum bending angle of the ten-
sile 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

15 force element (3) extends.

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
pivotability of a ball joint formed by the joint socket (22) and by a spherical cap
(21) of an adjacent, second joint element (2), and does this by protruding into an

20 upper opening (241), located on the spherical cap (21), of the longitudinal passage

(24) of the second joint element (2).



" 6. The device as clained in one of the preceding clains, characterized in
that the joint elenents (2, 2') are made of netal, a fiber-reinforced

pol ymer material or a suitable plastic. 7. The device as clainmed in one of
t he preceding clains, characterized in ghat the 5central tensile force
element (3) is a bundle, in particular a wire bundle, a carbon fiber
bundl e, or a bundle of another suitable plastic material or of a

conmbi nati on of the aforenentioned nmaterials. 8. The device as clained in

one of the_p edln cl ai s haract i zed a_.spring el enent
i s connect % aghet ﬂee et ?lﬁVﬁet eWs?’fe O’;‘e%‘le dBCE éﬂ%ﬂ?ﬁ'{sﬁ% a&ﬁﬁe%vﬁllﬁﬁé tgeof
whi ch a tensil.e. fo he he ment.
(39" The aduim SERetR, 2T B R ERe Mt P bE ek Rore kS Pb iy it 81 &
characterized &X-@e$ﬁgﬁ%on- i ng device (5) by means of which a tensile
force acting on central tensile force elenent (3) can be generated.
1510. The device as clained in claim9, characterized in that the
tensi oni ng device (5) is arranged on one end of the support (11) of the
devi ce (1)7. 11TheThevickess cleimsl 1l enarefitherprededing dainshaharacterizeden that thRat t he
t ensi oni ng devi ce (5) can be di smantl ed.

5 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
element (52) which is connected to the central tensile force element (3) and by

10 means of which a tensile force can be applied to the central tensile force element

).

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

element (3) can be generated.

15 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).

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

can be dismantled.

12. A joint element (2') for a device (1) for the external fixation of fractured bones (62,
20 62') of a patient, with a joint socket (22) suitable for forming a ball joint, charac-

terized by at least one receiving groove (23) for receiving a pin (4).



~12. - Ajoint elenent (2') for a device (1) for the external fixation of
fractured bones (62, 2062') of a patient, with a joint socket (22) suitable
for formng a ball joint, charac- terized by at |east one receiving groove
(23) for receiving a pin (4). 28 13. Ti& joint elenent as clainmed in claim
12, characterized in that the at | east one receiving groove (23) for
receiving the pin (4) is designed in such a way that the pin (4) can be
fixed by clanping and/or frictional engagenment between the receiving groove
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clainms 12 through 14, characterized Second joi'nt socket (22") lying
opposite the jgkg&nggg&gm1Q32) 17. The 10|nt el enent as cl ainmed in one of
clainms 12 throug characterized by a |ongitudinal passage (24) which
ext ends between the.spherical cap (21) and the 15 joint socket (22), with

an upper opening (241) of the | ongjtudinal sage (.24) on the pherlcal
cap (21), 3 mnaqmaéﬁl@ﬁnwgm(%m %Fﬁ%rﬁ‘”ée‘ll%ﬁﬁlg‘fltﬂ%ﬂi itheloIT Slementis o 4)

12 EE?o’ug'h”bsgéﬁﬁcﬁsaépémawoa}ﬁam‘aé’%séee' it eé@%ﬁ{ﬁ'ee?l'z”ﬁwwal?ecwn P anged
adi Ei of 8 t6 é?x?f'@ B S rmdl Rt Bfnl " e T Pendi

15. The joint element as claimed in one of claims 12 throﬁgh 14, characterized by a

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

16. The joint element as claimed in one of claims 12 through 14, characterized by a

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

17. The joint element as claimed in one of claims 12 through 15, characterized by a
longitudinal passage (24) which extends between the spherical cap (21) and the

15 joint socket (22), with an upper opening (241) of the longitudinal passage (24) on
the spherical cap (21), and with a lower opening (242) of the longitudinal passage

24) on the joint socket (22).

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

through the longitudinal passage (24) can be limited.



" through the longitudinal passage (24) can be limted. 29 19. The joint

el enment as clained in one of clains 12 through 18, characterized in that a
stud (251) is arranged in the joint socket (22). 20. The joint el enent as
clainmed in one of clains 12 through 19, 2Bade of a fiber-reinforced pol yner
material or another suitable plastic or netal. 521. A nmethod for the
external fixation of fractured bones (62, 62') of a patient, par- ticularly
of the extremties, in which nethod a plurality of pins (4) are anchored
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(11) of a deV|é:gué@51?%&}&%%9“}1@)03&98091{& z?helr through 11, the

fragnents (62, e repositioned in 10 substantially anatom cal
original position, and a tensile force is applied to a central tensile
force element (3) of the device (1), such that the support (11) of the
device (1)2&t] heemntam@m@nteasmlﬁme(m;l ameeoffdlaimg @nthreughsihpoade ¢fia fibeyy

cl anping and/or frictional gagemant 22. The nmethod as clainmed in claim
21, charact erﬂfé‘thTCPﬂPWéﬁnefﬁ@ arighey anethes puitabletlastig ormetdln the tensile force
el ement (3) is released, the reduction of the bone fragnments is corrected,
and a tensile force is then once again applied to the tensile force elenent

(3) of §hearevAGRethdd forsHe faxfehﬁq fixBors BPRA¢thred bbhe {62t 62") gV ﬁh@lehts agai n
stiffened and the pins (4) are fixed on the support (11) by cl anplng and/ or
frictional eng@@RFBNéF the extremities, in which method a plurality of pins (4) are anchored
with their proximal énd (41) in the bone tissue (61) of the patient, the distal ends
(42) of the pins (4) are provisionally secured on a support (11) of a device (1) as
claimed in one of claims 1 through 11, the fragments (62, 62') are repositioned in
10 their substantially anatomical original position, and a tensile force is applied to a
central tensile force element (3) of the device (1), such that the support (11) of the
device (1) stiffens. and the pins (4) are fixed on the support (11) by clamping

and/or frictional engagement.

22. The method as claimed in claim 21, characterized in that the tensile force acting

15 on the tensile force element (3) is released, the re&uction of the bone fragments is
corrected, and a tensile force is then once again applied to the tensile force ele-

ment (3) of the device (1), such that the support (11) of the device is again stiff-

ened and the pins (4) are fixed on the support (11) by clamping and/or frictional

engagement.



