-; 1 Je3e@=<X6"Tv+/ English translation of the PCT-Application No.
PCT/ CHO1/ (as published). in the ngne of Mathys Medi zi na I
" 'DAMPI NG E%%K}%/ I%]I Thengmmﬂmmlwmu on ﬁel ates to a danpi ng e%@ﬁh?é@ﬁﬁ
defined in the prea 1 and to a system stabilizing adjacent
vertebras as defined in t4weispreanbl e of claim15. The French patent
docunent FR-A-2,799, 949 discloses a spinal fixing systemconsisting of a
et o ERId RSS! b EplanioNid Rl Parieiotiod i GBI 11 0! d
Wi | e t heinlthe giameodf Mathysdiiedizirmtechgik AG adj ustabl e, this design only
allows a change in the spring force between two adj acent pedicle screws and
hence between two adj acent vertebras. This docunent allows no concl usion
whet her the spring el enents are nounted prestressed between the pedicle
screws. Another spinal fixation syAMBINGELEMEMT from t he European pat ent
docunent EP-A 0,516,567, said systemconsisting of a nunber of tulip-Ilike
pedi cl e scr ewsThehpessealr iéV%iﬁnééééﬁ toa dawhingt¢lementyassdefified iadhe PrRgmtie®ent s
instead of the conventional rigid |ongitudinal support. This systementails
t he drawbglaiR 1iead tom systamsiabiizing cadiasepveriebragean definedge die Preagileakcla®y be
absorbed. The danpi ng el enents noreover being of a fixed |length, the design
of this dbsument provides a substantial number of such danpi ng el enents of
different lengths in order to allow affixing a danping el ement of
appropri ate | el Hrerahweatent mcﬂmﬁmhﬁﬁe@'zﬂ@gi%ﬁedﬁﬁpﬁﬁﬁs a spipal Exiggssygiem s
awkward and entails storing a significant nunber of danping el enments of
di f f er ent caneisges of aspgpbrerofstglintlife pedigleissrewsy whish in diek rid\the cpBYANtipeal rigid
Eur opean patent docunent EP-B 0, 669, 109 whi ch consists of a nunber of
pedi cl e slergitusling supneriare sannrsiristo eash gther Py RRiral SprRg elemeats: dhifepthe gneth
ot her not by the conventjonal |ongitudinal rigid support but by an
1920/ PCT of Prbapungs ia1adivsahle.cthy dasign oplynallowsas chaRgddn e BRENG Mrerigh
the boreholes in the pedicle screws. Hollowylindrical bracing elenents
that nay Raweem tweadiasaph BeUFIQ screyys ard @éﬂ%gﬁm{?@ﬂit@@ea@%m\é’eﬁﬁwa&r r Hyed
on the plastic band between the individual pedicle screws. This system
i ncurs madgeunealiews .nq gorgisign whether dbe spRBY flements aanmowMad triestisssed ng
el ements nust be threaded into or between the boreholes of the pedicle
screws whPeiwesn heRdidgEeween i npl anted, entailing complexity and | oss of
time for the surgeon. In the second place the sonewhat el astic band is not
prestressed. Bé@‘gb%resR"ﬁﬂ fiatigmosysteny islgrwn Eergithe Eyrarean patent dasumen EhRsfir
too, nominal rupture sites at the support body are proposed to allow the
surgeon t®548664ap3id b3ygiem co8siskingd 6f ian §utker §¥rt§|§’r%e wediclej screws oviites@réind
ti me-consum ng procedure for the surgeon and mght in general result in too
short a bfAPPRIGIeCeRRG Othgs by ingla| dampingueieiments dnsieadhdhsusanengenal rigid
effective only after a given delay -- this circunmstance mani festly bein
undesi r abloBgituging! cipeet v ENigs systRin penkallenihe; Aiawback ihals oply| eamRresHve forch
above drawbacks. The invention ains to create a conbjned '%r estressed

tensi | e- cERERR theredigle RerRys WAV ARsofed: xHI danpripgelementiompiegien keing Pl
or pedicle hooks. and iich on one hand acts as tensile ri | enent of
2 g ven strethignata; e-gepamot s drudionh arayides 5 SRR e, SHPBELPE R SHER % g
anot her Sglre;nggtsr gft g’ifferent lengths in order to allow affixing a damping element of appropriate

length between two implanted pedicle screws. Such a design is awkward and entails storing
a significant number of damping elements of different lengths.

Another spinal fixation system is known from the European patent document EP-B-
0,669,109 which consists of a number of pedicle screws with pierced heads, said screws

being connected to each other not by the conventional longitudinal rigid support but by an
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.The present invention solves this problemby a danping el enent exhibiting

the featu of claim 1l and by a system stabilizing adjacent
" whi ch exh:igglﬁ/rg{the features of claim15. In the preferred enbv%ﬁpgf{gﬁﬁf)f“the

danpi ng el ement of the invention, one of the spring elenments is nounted as
a conpression spring. Wen the danping el ement has been installed, the
connectors configured at the ends of the spring el enents touch the ends of
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cylinders of ditferent lengt -- the prestressing force present

af or ement janRgnshyAdrawbickshe danpi ng el ement is clearly defined and may be
sel ected by the surgeon to match the different patient weights and the
different surgical indications, -- after traction has been applied to the
vertebras) the danping elenents nmay be inserted in quick and sinple manner

between the pedj meefirﬁlﬁﬁstpﬁg%s{ipﬁéhob&%yb% r%ﬁ@@ﬁﬁg‘mds'? bQE}ﬁng%QHforB?nt

of the danpi ng el enent nvention, the s el ements ar esi ghed
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relieved. compiexity and loss of time for the surgeon. In the second place the somewhat elastic band
is not prestressed. Because the supporting body length is fixed in this system too, nominal
rupture sites at the support body are proposed to allow the surgeon to cut said body to size
during the surgery. This is a complex and time-consuming procedure for the surgeon and
might in general result in too short a bracing element, as a result of which its damping would
be effective only after a given delay -- this circumstance manifestly being undesirable.

The objective of the present invention is palliation of the above drawbacks. The
invention aims to create a combined, prestressed tensile-compressive element which is
affixable between two pedicle screws or pedicle hooks and which on one hand acts as a
tensile spring element of a given spring rate and on the other hand as a compressive
element having another spring rate.

The present invention solves this problem by a damping element exhibiting the
features of claim 1 and by a system stabilizing adjacent vertebras which exhibits the
features of claim 15.

In the preferred embodiment of the damping element of the invention, one of the
spring elements is mounted as a compression spring. When the damping element has been
installed, the connectors configured at the ends of the spring elements touch the ends of the
compression spring element, as a result of which the first spring element may be tensively

loaded and be prestressed.



.I'n anot her enbodi ment of the danping el enent of the invention, its

_ Cross- sec#dz&gcfrthogonal to the longitudinal axis is reni for %’d‘t]] §1A1
design of férs the advantages that when 1 nplanting one or severa

el ements, for instance in the process of spinal colum fixation, sai d

el ements nmay be positioned nore advantageously with respect to vertebr al
extensi ons or other inplant conponents. Further advantageous enbodi nents of

the present '”E%Hn‘tu&l&tﬁlégpg%ﬂ%%%gcghz thbrb% St AGORISASRL %'réﬂbﬂé The system

of the invention sta nt vertebras essentl alTy conpri ses

several pedi cl = unftars #en: /cBﬁmﬂPe“s's‘\’ve*é Mmﬁ@h ﬂ?e\’le:*? h &{i&&aﬁl@ different

af fi xati on nean |xa I on nea etween € Screws or
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screw or go gedi cl e hook conprises receiving neans allow ng simultaneously
receiving t parallel, longitudinal affixation neans. In this nmanner an
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hooks t hat,fafe dﬁfﬁrér‘ﬂ%u ,éehj %9@1 ng nmeans all owi ng concurrent connection
bet ween two para ongl t Inal affixation elenents and the pedicle

screw or pedicl t
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parallel glgts to the screw heads. Very easily and without further

mani pul at1 on, the danping el enent displaceability in the ducts parallel to
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i nvention - which was prestressed to a desired spring force before

i npl ant at jodgned tBtthfbn% dRSEhY s fhg TRRNALS retslﬁﬁ tH@thBlaSeégﬂi Ieﬁﬁ@ﬁts states

conpensation in length at different spacings between the pedicle screws or

pedi cl e hpplsgel réstbﬂmlﬁt@?gfegure gtasm@m@és ayeﬁ%upe%@b' lity of the bar-shaped

connectors which are con en -wi se parallel to the |ongitudinal axis

and which are g Eh@iﬁ@tder%o&nl?\%nfjmen&r%l R fof 1the idvRKESH, 1iRNcrbss- gé}ﬁon

ducts that are also parallel to the longitudinal axis. Illustratively
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instabilities, 1 ndications or patient weight. In the case of extenSion of

the perti faek n%?llaﬁﬁﬂg SREBR ¥eVeral LARPMEAIEMENtS! RITBRAdtamce PO G888, of Ui fas
in the case of flexion of the pertinent spinal segment it is tensioned. The
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pol ycarbonate urethane (PCU) for the conpressively |oaded spring, and

met al forVémrg@gﬁgn\g,@hyo}gmgeﬂ,pm{tlca,gpg,l,mnt of the geonetric di rren5| ons
as well as the prestressing of the tensively |oaded spring elenent allow

opti mal 'y mat cpifgerldd0am4§éRi® PhbdditRerls 8F SRIprésEne HvbMtibn fe RhBRkiePPéd M the
bi onechani cal particulars. Essentially the advantages of the system of the
present i gusEHdeRtclain®. as fol | ows:
The system of the invention stabilizing adjacent vertebras essentially comprises
several pedicle screws or pedicle hooks which may be linked to different affixation means.
The affixation means between two pedicle screws or pedicle hooks illustratively may be bar-
shaped longitudinal supports, springs or damping elements of the present invention.

At least one pedicle screw or one pedicle hook comprises receiving means allowing

simultaneously receiving two parallel, longitudinal affixation means. In this manner an




, ~ . 1920/ PCT 5 WD 031047441 A1 -- harnonic transition in rigidity from

\ t he' st abi;llgg&lg('gr spi nal segnent to the h%al thy spinal segnents 0'63/(5492 1 A1
danpi ng el'enents may be conbi ned selectively in segnents w tw rigrd bars.

The invention and further design nodes of it are elucidated belowin
relation to several illustrative nodes of inplenmentation shown in partly
schematic manner. Fig. 1 is a longitudinal section of one enbodi nent node
of the d ' ; : i j Fi [t SF j ; i rent
mode of ThE" Sy FURTER s Rlnd, 16 SRR, Ampig Giorfer 8 felh G 184 BTGP
an expl Odé?ﬁl’f? i ' t : LAYl BRER dnl€ind
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el enent %rtﬁglfad'g \éﬁpﬁéo‘?&e sgriag'olgiehiﬁlg%ogﬁ.rSpeCti ve of an enbodi nent node of
ig.

t he danpi ng of e 1 nvention, I's a topview of an enbodi nent node of
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t he danpi ng el enent I'nvention having two spring efenents 2, A
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is fitted at 1ts axial ends inner threads 24 in the cavity 15 which
mat ch t heopshRingl BXiSA8ISindncém FarhRsi dlibts 2 HN5GBWIHMAIED r\/‘éﬂfﬁﬁ'si@eﬁﬂﬁmh%ut)f
t he connectors 5, 6 can be screwed into the first spring el ement 2.

Moreover gagke GRIMIREBH, e YRRy cffferRUiONSEbabRELHP tHS dtRRY bakigdto the -
. 1920/ PCT 6 WO 031047441 Al coaxially with the longitudinal axis 3 at the

i nner  endioAQifnat akid H6WE HsbRing Adadping terherftfor WY SlsbRanRAHtios NARMERSESON
spring elenent 4 can be received at 1tS axial ends 22 in said recesses 23.

The conneghbeksssed t& a%e%f?e@%ﬁrirﬁ%?‘cje%éfdrel?ﬁﬂyaﬁ%Bﬁ d §to tReidceinh FhediRthtdRe
When the danping elenent 1 1s assenbled, the ends 22 of the second spring 4

rest agai figficié Reread frﬁgec%n?p%neéuém reﬁgﬁxsgteaiff&%n@rsbaas%mleme%ntths pedicle

| ongi tudinal axis 3, and as a result thé connectors 5, are a distance L

bet ween tgsgs hddrse hodks ish %ﬁleﬁiﬂeﬁfe@ngf the aRiayRidpiReabilty drem@t Barthabb®

undeformed first spring element 2 are selected in such a way that when the
threaded &s@RBRISWhRh 2t @Rhfgied BNBdvisd hardlibietol tABabnditutPaA8xidandt WEich iakst

spring elenent 2 is stretched by a desired length and as a result
prest r essif@tddSat! O Mahffhd SetBRtsdsTRE RlehliGHRNhe Hucts that are also parallel to the
longitudinal axis.
lllustratively prestressing the damping element allows taking into account a number
of instabilities, indications or patient weight. In the case of extension of the pertinent spinal
segments , the damping element is compressed, whereas in the case of flexion of the
pertinent spinal segment it is tensioned. The selections of the spring material, for instance a
polymer, preferably a polycarbonate urethane (PCU) for the compressively loaded spring,
and of metal for the tensively loaded spring element, of the geometric dimensions as well as
the prestressing of the tensively loaded spring element allow optimally matching the system

of the present invention to a patient’s biomechanical particulars.

Essentially the advantages of the system of the present invention are as follows:



.Fig.. 2 shows an enbodi nent node of the system of the invention
illustrat] as a system stabilizing,adjacent vertebras (o

' Sever al 4% %e screws or hooks 12 arefgfflxed to the pedlc|g%56?9J%?1ébraS
to be connected so that their central axes 28 are configured transversely
to the spinal colum's |ongitudinal axis. The receiving neans 13 at the
pedi cl e screws or hooks 12 are nDunted perpendicularly to the central axes

28 and are desi gnedh ;ﬁcttaﬁtsﬁgn in dlw c{ﬁw&gblﬁigfg&uﬁ]gégjégnt% tl'tehﬁealthy

connectors 5) 6 (F g. erte 0 sal
consequeny %Xaltsgs ing el enents 1 are axially displaceable in the ducts
26 bef ore 'bel ng ed in place by screms 27 relative to the pedicle screms

compri 6 1w ZQ?a[ S0 T ARSI U st e

af fixati og rgeans 7 at a pedicle screw or hook 12 next to a danpi ng el enent
1. Fig. shows an enbodi nent node of the danping elenent 1 of the

vent | on whi cy og SRR 3 6 SR Bl ST b chBlod SO0 RlroyBd oo

spring, a bar-sha second spring el enment nd two connectors

configure t i 5 shown an
enbodi nen%\fé?%’ﬁh@#rét%/ﬁ dJé Jﬁnﬂ)lg gh{gﬁgﬁ %ﬁ%w%ﬁér@nsvcg%?‘?g%%ggﬁ%n sing a
first spring e S
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el ement 2 qﬁbwmb h are coaxial with the longitudinal axis 3. Fig. 6 is an
enbodinent node of the danping elenent 1 of the invention which exhibits a
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sectional shape i nst ance ov or ellrptical oss sect1ons

m ght be in inplanting the danping elenent 1 also are
concei vab?@ é&&?ggg&éﬁ 8 WD 031047441 AL CLAIMS 1. A danping elenent (1)

characterized baq (33} atnve( tau%v@beaﬁ%ﬁme%nemﬁo&omheldampma étéme@t@fl thé!

to a longitudinal axis , two axi ally end-side connectors (5,
whi ch can;dgntdanked to the sprlng el ements (2, 4) in a manner that at Ieast
one of the spring elenents (2, 4) is connected to the connectors (6, 7),

whereby (b) the; utSts SRIB1HG SRRt erhBddifshi Riode &r t‘ﬁ? %d?&hﬁgﬁte?en'fent(éf)thé he

second spring rate (4) exhibits a spring rate f, e spring rates F
and f arejdiidsprent fromeach other. 2. Danping eI errent (1) as clainmed in
claim1l, nhar acterized in that the spring elenents (2, 4) are configured

concentri cal | yrp. Bhisthserk irald i éhbédfinentridde of the damping of the invention,

Fig. 6 is a topview of an embodiment mode of the damping element of the invention,

Fig. 1 shows an embodiment mode of the damping element 1 of the invention having
two spring elements 2, 4 concentrically mounted with the longitudinal axis 3. The first spring
element 2 is designed as a helical spring with a central cavity 15, whereas the second spring
element 4 is bar-shaped and configured in said cavity 15. The end-side connectors 5, 6 also
are mounted coaxially with the longitudinal axis 3 and each is fitted with a threaded
segment 16, 17 with an outer thread 18, said segments being coaxial with the longitudinal
axis 3 and pointing toward the spring elements 2, 4. The first spring element 2 is fitted at its
axial ends 21 with inner threads 24 in the cavity 15 which match the outer threads 18, as a
result of which the threaded segments of the connectors 5, 6 can be screwed into the first

spring element 2. Moreover each connector 5, 6 comprises an open recess 23 configured



3. Damping elenent (1 ) as clainmed in either of clains 1 and 2,

char act er] 4in that at |east one spring elenent (2, 4) is 4,
" ‘Danpi ng eigé&r'g% (1) as clained in one ®of claims 1 t hr ough S,W’Cgﬁééé‘gg%ﬁ&zed
in that the spring elenents (2, 4) exhibit constant spring rates F, f. 5
Danping element (1 ) as clained in one of clains 1 through 4, characterized
in that its cross-section orthogonal to the longitudinal axis (3) is
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I Z Spring el enent ) I's a compression’spring.
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ei t her of alns 6 racterize spring elemnen
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second spgibpdnef ement (4) is between 100 N mm and 5, 000

Fig. 2 shows an embodiment mode of the system of the invention illustratively as a
system stabilizing adjacent vertebras (omitted). Several pedicle screws or hooks 12 are
affixed to the pedicles of vertebras to be connected so that their central axes 28 are
configured transversely to the spinal column’s longitudinal axis. The receiving means 13 at
the pedicle screws or hooks 12 are mounted perpendicularly to the central axes 28 and are
designed as ducts 26. The bar-shaped outer ends 20 of the connectors 5, 6 (Fig. 1) may be
inserted into said ducts 26 and consequently the damping elements 1 are axially
displaceable in the ducts 26 before being locked in place by screws 27 relative to the pedicle
screws or hooks 12. The receiving means 13 at the pedicle screws or hooks 12 each
comprise two parallel ducts 26 and allow locking for instance a bar-shaped affixation
means 7 at a pedicle screw or hook 12 next to a damping element 1.

Fig. 3 shows an embodiment mode of the damping element 1 of the invention which
comprises a first spring element 2 in the form of a helical spring, a bar-shaped second spring
element 4 and two connectors 5, 6 configured coaxially with the longitudinal axis 3.

Figs. 4 and 5 shown an embodiment mode of the damping element 1 of the invention

comprising a first spring element 2 in the form of a helical spring and two connectors 5, 6



Nmm 14. Danping elenment (1 ) as clained in claim 13, characterized in
that the ing rate f of the second spring elenment (4) is b nmm
“and 2, 000 RREL 1020/ PCT 10 WO 03/ 047441 AL 15, A Syst em stg\;a%ﬁwgﬁgp’\w
adj acent vertebras, conprising (a) N pedicle screws or pedicle hooks (12)
where N ~ 3, and (b) at |east one pedicle screw or one pedicle hook (12)
conpri ses receiving neans (13) sinultaneously allow ng receiving two
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pedicle s or ped| cI e hook (12) fitted with receiving neans (13) and a
further a jacent pedi cl e screw or pedicle hook (12) 16. System as cl ai ned
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A damping element (1)
characterized by

(a) two spring elements (2 , 4) coaxial with or parallel to a longitudinal axis (3),
and two axially end-side connectors (5, 6) which can be linked to the spring elements (2, 4)
in a manner that at least one of the spring elements (2, 4) is connected to the connectors (6,
7), whereby

(b) the first spring element (2) exhibits a spring rate F,

(©) the second spring rate (4) exhibits a spring rate f, and

(d) the spring rates F and f are different from each other.

2. Damping element (1) as claimed in claim 1, characterized in that the spring

elements (2, 4) are configured concentrically with the longitudinal axis (3).

3. Damping element (1) as claimed in either of claims 1 and 2, characterized in

that at least one spring element (2, 4) is prestressed.

4, Damping element (1) as claimed in one of claims 1 through 3, characterized

in that the spring elements (2, 4) exhibit constant spring rates F, f.

5. Damping element (1) as claimed in one of claims 1 through 4, characterized

in that its cross-section orthogonal to the longitudinal axis (3) is reniform.

6. Damping element (1) as claimed in one of claims 1 through 5, characterized

in that one spring element (4) is a compression spring.
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8. Damping element (1) as claimed in either of claims 6 and 7, characterized in
that the spring element (4) in the form of a compression spring is made of a polymer,

preferably a polycarbonate urethane (PCU).

9. Damping element (1) as claimed in one of claims 1 through 8, characterized

in that the second spring element (4) is integral with one of the connectors (5, 6).

10. Damping element (1) as claimed in one of claims 1 through 9, characterized

in that the second spring element (4) is configured inside the first spring element (2).

11. Damping element (1) as claimed in one of claims 1 through 10, characterized
in that the two spring constants F, f differ at least by the factor 2, preferably at least by the

factor 5.

12. Damping element (1) as claimed in claim 11, characterized in that the two

spring constants differ F, f by a factor between 10 and 100.

13. Damping element (1) as claimed in one of claims 1 through 12, characterized
in that the spring rate F of the second spring element (4) is between 100 N/mm and 5,000

N/mm.

14. Damping element (1) as claimed in claim 13, characterized in that the spring

rate f of the second spring element (4) is between 200 N/mm and 2,000 N/mm.
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characterized in that

an element (14) acting as a spring is used for affixation between the at least one pedicle
screw or pedicle hook (12) fitted with receiving means (13) and a further adjacent pedicle

screw or pedicle hook (12).

16. System as claimed in claim 15, characterized in that the element (14) acting

as a spring is a damping element as claimed in one of claims 1 through 14.



