1 | NTRACORPOREAL DEVI CE FOR MOVI NG Tl SSUE Technical Field The invention
relates to a device for noving tissue in the human or ani nal body. 5The
i nvention nore particularly, but not exclusively, relates to devices
allowing to nove bone portions. The invention is particularly
advant ageously applicable in the follow ng technical sectors:
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until the slice abuts against the second preserved bone portion.
bones, the jaw, or the skull;

- growth prostheses.

15 Background of the Invention
Bone lengthening through progressive distraction of the callus that forms naturally
when a bone is fractured before it calcifies was initially done using external fixators, for
example as made popular by llizarov.
To try to correct the drawbacks of external fixators, such as infections or annoyances

20 in daily life, completely implanted lengthening nails were proposed: Albizzia nails, through
which the lengthening is caused by a deliberate rotation of the patient's leg, ‘Bliskunov nails,
Baumgart and Betz nails, or the ISKD (Inframedulfary Skeletal Kinefic Distractor) nail by Cole.

The speed of lengthening of the bone, in the range of one millimeter per day, is
adjusted according to clinical observations.

25 Bone transport allows to reconstruct for example part of the diaphysis of a bone
removed following a frauma, an infection, or a tumor, by gradually stretching the callus that
forms between a preserved bone portion and a bone slice that has been detached from that
portion through osteotomy, untit the slice abuts against the second preserved bone portion.

Documents WO 02/071962 and WO 95/24870 present examples of bone transport

30 nails. These two devices operate through pawl systems, which are bulky, comprise a large

number of parts, and are difficult to miniaurize. The movements necessary o elongate them

are frequently painful.



Docunments WD 02/071962 and WD 95/24870 present exanpl es of bone transport
30 nails. These two devices operate through paw systens, which are bul ky,
conprise a |large nunber of parts, and are difficult to mniaturize. The
novenents necessary to elongate themare frequently painful. 2
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Docunent abgatxmrbd£14489, in the applicant's nane, describes an

i ntracorporeals pplicable as a
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Document WO B 07!144489 in the applicant's name, describes an intracorporeal

elongation device, said prior device being applicable as a bone lengthening nail, bone
25  transport nail, distraction spine rod, or growth prosthesis. The device described in document
WO 2007/144489 comprises:
- afirst elongated part,
a second part telescopically mounted relative to the first portion,
- first means for connecting to the body, for example by screwing, at a first end of
30 the first part,
- second means for connecting to the body, for example by screwing, at a first end

of the second part,



3 arod conprising at | east one thread whereof the rotation drives the
novenment of the second part relative to the first part, means for
controlling the rotation of the rod, for exanple a pernmanent magnet, said
rod bei ng nounted between two ends that cone closer together when the 5
devi ce el ongat es. In the preferred enbodi ment described in this
prior docunent by the applicant, the rog conprises, at a first end
portion, a housing for a permanent magnet. A support tab is secured, for
exanpl e by welding, to the second end portion of the rod. The support tab
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abutnentcmnmnﬂbwnoohm&ﬂnnﬂpmn the threaded rod, these abutnents
respectively cooperating with a first bearing and a second bearing rigidly
connected to the 15 reference part, these bearings being placed at a

di stance from one another between said abutnents, the connecting nut being
novabl e al ong the threaded rod between the first bearing and second

beari ng. The di stance between the two abutnments is advant ageously
| arger than that between the bearings, so as to allow translational play
of the threaded rod relative to the reference 20 part.



In normal operation, the control shaft is rotated using any neans known by
those skilled in the art. For exanple, the control shaft can be associ ated
wi th the permanent nmagnet which, when subjected to a magnetic field, '
pivots to orient itself in the field and drives the control shaft.
Alternatively, the control shaft is connected to a notor, a gear notor, or
a 25key gear. : The devi ce has, accgrding to various enbodi nents, the
following features, which may be conbi ned. The driving nmeans
conprise a flexi bl e transm ssion shaft and/or at |east one helical spring
and/ or a transmi ssion joi nt,Béefdegscripton of thednyeidionn j oi nts, a Cardan
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the devices is in the drivin the other is in the blocking state.
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20  part.

In normal operation, the control shaft is rotated using any means known by those
skilled in the art. For example, the control shaft can be associated with the permanent
magnet which, when subjected to a magnetic field, pivots to orient itself in the field and drives
the control shaft. Alternatively, the control shaft is connected to a motor, a gear motor, or a

25  key gear.

The device has, according to various embodiments, the following features, which may
be combined.

The driving means comprise a flexible transmission shaft and/or at least one helical
spring and/or a transmission joint, & chain of transmission joints, a Cardan joint, or a chain of

30 Cardan joints.
The driving means comprise an intermittent device, in particular a Geneva wheel

mechanism, rigidly connected to the threaded rod and moved by the control shaft, said



anot her. Advant ageously, the transport parts are substantially
cylindrical and have a nornal dianeter in vertebral surgery, in particular
conpri sed between three and seven mllinmeters. In certain enbodi nents, the
transport parts are provided with a portion substantially in 25the form of
pl ates conprising normal screw passage openings in orthopedics for |ong
bones or in maxillofacial surgery. Advant ageously, the control shaft
conpri ses a permanent magnet whereof the direction of nagnetization is

substantially perpendicular to the axis of rotation of the control shaft.
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In certain embodiments, the fransport parts are provided with a portion substantially in

25  the form of plates comprising normal screw passage openings in orthopedics for long bones
or in maxillofacial surgery.

Advantageously, the control shaft comprises a permanent magnet whereof the
direction of magnetization is substantially perpendicular to the axis of rotation of the control
shaft. The control shaft in particular comprises a rare earth-based permanent magnet, more

30  particularly Neodymium Iron Boron.

The control shaft can be connected to a motor, a gear motor, or a key gear.

Advantageously, the control shaft comprises a hollow cylinder in which a magnet is secured

using a silicone-based adhesive.



Brief description of the draw ngs O her objects and advant ages of
the invention will appear in light of the follow ng description provided
in reference to the appended draw ngs, in which: 30-figure 1 is an

expl oded perspective view of a tissue displacenent device according to a
first enmbodinment; figure 2 is a perspective view of the assenbl ed device
of figure 1; figure 3 is a viewsimlag to that of figure 2 in which the
inside of the device is visible 7 figure 4is a cross sectional vi ew of
the device of figure 2 in a fjrst g03|t on; ectlonal
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10 In certain embodiments, the device comprises two transport parts slidably mounted in
opposite directions relative to the reference part. Advantageously, t»he device comprises a
single threaded rod, the conversion means being capable of transmitting a movement from
the connecting nut in a first direction of movement, by sliding a first transport part relative to
the reference part as far as an end position, the device comprising means for locking the first

15  transport part in said end position. The conversion means are capable of fransmitting a
movemeni of the connecting nut in a second direction of movement opposite the first
direction, by sliding a first transport part relative to the reference part. Advantageously, the
conversion and locking means comprise a pawl system.

The invention is applicabie as iengthening or bone transport intrameduilary nail or

20  plate in particular for long bones, flat bones, and those of the jaw or skull.

The invention is also applicable as distraction or compression rod to correct the spine
or the thorax, or as a growth prosthesis.

The invention is also applicable to the modification of soft tissue, in particular the
elongation of part of the intestine or gastric bands, or to modify sections of the conduits of the

25  blood system, in particular artery bandings, valvuloplasty rings.

Brief description of the drawings
Other objects and advantages of the invention will appear in Iight. of the following
description provided in reference to the appended drawings, in which:
30 - figure 1 is an exploded perspective view of a tissue displacement device according to a
first embediment;
- figure 2 is a perspective view of the assembled device of figure 1;
- figure 3 is a view similar to that of figure 2 in which the inside of the device is visible;



figures 14 to 18 are front views of an intermttent device connected to a
control shaft, in five different positions; 15-figure 19 is a perspective
view of a tissue novenent device according to a fourth enbodi nent; figure
20 is a viewsimlar to figure 19 in which the inside of the device is
visible; figure 21 is an expl oded perspective view of the device shown in
figures 19 and 20; figures 22 to;26 are cross-sectional views of
the device of figure 19, in five different 20positions. Detail ed
description of the inventior . will nowrefer.to figures 1 to 5,
whioh |11 Dot e Sise v sermoal viene! heghres of Rl 1 6 TBHE T Hopor 1 or

| engt heni ng. fyaEhkiskanesstseatisabview obihe déviconifiguselina sduoedidesitianod 2, a
control shaft_ 3 flexible transn.ssi. 4 r od
2 and the conlH§ gésna'? Fxgmee‘f‘kpeer |ergl g e‘ﬁg‘PtO?%at{S&?ee gﬁ%ﬁé%ﬁ{h (?R’%g E{Cﬁéﬁrﬁgﬁ (gra ence
part, conpri sesoral ahisglirher, i n which a bone transport carriage 5 slides.

The t hreaded . i s j : . either side of a
t hr eaded §0poﬁpg%oﬁls%g{@%ﬁgtﬂ%rﬁ%%ﬁﬁggn yffegje_r}%r\{%égﬁé%"tr 8 ~_ The control
shaft 3 assurfisre hie afirwsioilargo st pbigues 7 imfieh the inside of thexdevingrievisiplg;
secured, for ol | il = ; } : oh of 1ts ends,
the control sfﬁg%[@%%cdg%%ggosﬁmé\g%?@Flalgglgg%?@ge? &%Sflreltpogﬁlgh"rhe flexible
t ransni sst on fighes 10 ig ajcsospisgeiinnabeewetife dadceefdieuredi ina §84p1d RosteNt he f or m
of a U shapedigatd i Up Np&5stivd RRwPBPASlidsBe frhéVBBRAL Gdvicd 4cddrBing to a third
| ongi tudinally pierced. The piercing 73 of a first flange 71 of the
stirrh 7 houwelediErergxi al | ug 32 of the control shaft 3. The piercing 74
of the secondiglite196 a tros8isettitRasiliéw blifie delice Sfaigalel Bl intadirandsiaén;a di st ance
from5 the axis of the sheath 6 and Ptguses t&}e% snoot h_end Eor.ti on 21 of
the rod 27  fgure 13ip aGrrsSEREBIRMERY of PRACYFRWTGHE T AfRA e 8P s hatt 4 is
of the type mguketiadohy afdfeort arMARY abultbbrittenT Bevidd enhbited ta @ bentics stiatinin
shaft assunes tlafe];fefoycm of one or nore helical springs wound around a sane
|

central axis.™&YHEEH BPMCReat h can surround the flexible shaft to protect
it. 15 - figure 19 is a perspective view of a tissue movement device according to a fourth
embodiment;

- figure 20 is a view similar to figure 19 in which the inside of the device is visible;
- figure 21 is an exploded perspective view of the device shown in figures 19 and 20;
- figures 22 to 26 are cross-sectional views of the device of figure 19, in five diiferent

20 positions.

Detailed description of the invention
We will now refer to figures 1 to 5, which illustrate a first embodiment, well-suited to
bone transport or lengthening.

25 The bone transport nail 1 comprises a threaded rod 2, a control shaft 3, a flexible
transmission shaft 4 between the threaded rod 2 and the confrol shaft 3. The first part C,,
referred to as the reference part, comprises a sheath 6, in which a bone transport carriage 5
slides.

The threaded rod 2 comprises two end portions 21, 22 on either side of a threaded

30  portion 23, one end portion 21 being smooth.

The control shaft 3 assumes the form of a hollow cylinder, in which a magnet is
secured, for example using a silicone-based adhesive. At each of its ends, the control shaft 3

comprises an axial lug 31, 32.



10In figures 1 to 5, a single spring is shown. However, the flexible
transm ssion shaft 4 can be nmade up of several |ayers of helical springs
wound around one anot her, each |ayer being able to conprise several

j uxt aposed identical springs. Preferably, the coils of the springs of a
sane |ayer are not touching, so as to limt deformation and friction
creating losses, and to allow a small cyrve radius of the flexible shaft.
Advant ageously, the pitch of the 15 springs is just | ar ger than or equal
to the snallesf desired inner s of t flex nsnl n
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cylindric i

pl aced Oa%%gﬂ@%%%ﬁ@k%%gﬁ %eﬁbkqﬁﬁ E&Bﬁngoggﬂ@%?gﬁggghggoﬂé%PM%ﬁaﬁ%mm
carri age Brihgs weursoainenst @ synereental axis fAeflexinle sheathcan seopvnscthe figxkilpigshaft to
bet ween tﬁg%gﬂ@nsport part C2 (bone screw 53) and the threaded rod 2, the
carriage 5 eln? nmounted on the threaded rod 2 and guided in rotatlon

rel atidve to tHeTigWearHod. Baingigshildtie shoyn. Howevernthe tiexible tenmsmisiPRehat 4ns
for conveshifiombie upRY 88RRAI 18ferd BERARANGShoFoimH a&umoﬁéaﬁétﬁaeeéeh Ia{]'éro a

novenent of the transport part (bone screw 53) are fornmed b¥ t he H
connect i di¢iNseelgch @%@r@srﬁ%&al Hertapgeeds iteniicad sPrngss foeferablyr the cgls o Fine

The axi s HfingPbhhi neOfayéharel R tudhingdabi xe@d it H@Bnﬁét@hcdnﬂgfn@tﬂ)noéreéth@
second flan 72 of the stirru
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part & i l’lafpﬁ’sh@ fsoru*a c»érger ﬂiaugora??haa t@rtﬁélsmﬁalllgﬁlndbsﬁad tiynen raas;?xldfr&he ffesibeni ng
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P anspor taRgesin Multaned By R pRipe th5ine Hiaiogs of S EEE 8 45, e mete s BT )
i nner regprdrth@émmetelnoﬁthemdrblrmku@armd;a@dmmgsy to that of the bearing shim
8. Fro | d I, 1 hner
region 65 wt th 5 tgaec n%a%'ps asg& %gr &%t%hﬁ%%? g“"&%ﬁ trﬁ?(l?ag%ééggﬁn{tgmgmglf

t he sti rrpigner The carriage 5 is provided With a through tapped longitudinal piercing, at a distance

The

20 from the axis of the sheath 6, said piercing 51 being complementary to the thread of the
threaded portion 23 of the rod 2.

The carriage 5 is provided with a diametric piercing 52 housing a bone screw 53.

The sheath 6 assumes the form of a hollow cylindrical part, provided with two
longitudinal parallel grooves 61, placed opposite one another in which the bone screw 53

25  slides.

The carriage 6 forms connecting means, referred to as a connecting nut, between the
transport part C, (bone screw 53) and the threaded rod 2, the carriage § being mounted on
the threaded rod 2 and guided in rotation relative to the sheath 6 belonging to the reference
part Cy.

30 The means for converting the movement of the connecting nut (the carriage 5) into a
movement of the transport part {bone screw 53) are formed by the rigid connection between

the connecting nut and the transport part.



10l n an internedi ate i nner region 66, the inside of the sheath 6 has a
substantially circular section, with a dianmeter snaller than that of the
bearing shim8 and the flanges 71, 72 of the stirrup 7, so that the inside
of the sheath 6 forns two abutnents, respectively between the distal
region 64 and the internediate region 66, and between the internediate
region 66 and the proxinmal region 65. 150n its distal end portion 62, the
sheath 6 conprises two distal dianmetric piercings 67, and on its proxinal
end portion 63, the sheath 6 conprises a proximal dlanetrlc pi erci ng 68.

The di st al fasT"@rﬁxﬂﬁgOfﬁatﬁﬁorQOféB%[ﬂ%%'Stq?é'mP%PYﬁr@fpf%{C@QI7|4rﬁlﬂﬁh9c5£00m trpogitn a

di amet er guRs&RRbI7NdbyY ink 81ohabefing dMim 8ect i on of the di stal inner
region 64 of the sheat h Thrs distal fasteni n% gart is provided with
two di ametric HieetErfigd dpped sh#ilistal end; ¢ by £ fistal fasignipapart 200 demprn<i 2 t wo

portions ﬂ@é—an&@Qproﬂ'ﬂﬁQE érir &3 bparptrbmam&teafngtdaﬂ 10, B¥chived hbasient ag opaed 10
is cylindrigc anet er #}ntlally equal to that of the section

of the prigy ﬁsﬂ'efrﬂﬁ%?ﬂ'?e‘eb?%ﬁf%ﬁp sheath 6, and conprises a
| ongi t udi nal [Hremcitsngistt03ndre2, thedisherh 6 hagpaedista O fegiohh64 sepoadepayrt | on

251 ar ger TRCTHREY it P8 E e ePRE 50T 81" 101 Bnd 15 provi ded wi th ¢ hree

di anetric p| erfoomgts ptO%mallemd i3t theti shebihy6 tasa prdxuba dnreen degiorgs &ith u setdanet
Egnggg ob ai nedam %0 'Ifhf"tr&%% ﬁgn@gs P?% ‘?m{%ﬁ ?gdagsiegb! %sg];ttegei Ef“ol t ﬁe
t appet® | ongi t Udiamaintephediatengnes Iregibn tGée tlhfomuer@frtbpcfmamafi haages@starntially
smoot h- eng.paF %ézéﬂg? %HPJ d*aﬂ%tér%ﬂ‘?ﬁeﬂ tﬁaﬁh%a‘? of ﬁ’n%%faﬁﬁg L8 BRE tHY fafnrﬁéé‘% 3074

of the flange tirrup axi's of rotat
t he t hr eatdedl tedstirups, o thaldihstingide Of rthﬁhﬁhqf?éh éxfpgn@m@yihﬂtmnts o¢speplivelyone

transpor t,asdr e Qlistal re d&f&h 64 and tr% ﬁu?é?ﬂ@@laféurtegl%g 60 LA B&méeﬁ%%m%rﬁéaaie

abutment Cl2 i s screwe inrotation, for exanple aser
wel di ng, rsalovﬂﬁéaeﬁﬁlemswmélrremné$ the rod 2, and is placed against the

secongt flange Giits distal end portTd?ﬁszf k@ Rattle E@maﬁse@ tRE eRE dREREIGerbihds 67,
rigidly connected to the reference part Cl 5so0 that the rod 2 s blocked

in | ongi t3diandis Areximalead ipariion §3.4the sheath §icpaptisesi PrRKMeEdiRBREE RISHENG 6&e i n
rotation. TheAdistaiOfagtdniag p@sFtES aBslintds thaerof® ¥ mOtylindrakl pldg ivithPh \ﬂianaé@éry

mount ed 'sr&bétgﬁualﬂb %aﬁélqg tha% o? thet Qe?ctl]:)h ro? tthef (lzllgtg %ngrlreglont&eofs the s egch 6. This
distal fastening part 9 is provided with two diametric piercings 91.

20 The proximal fastening part 10 comprises two portions 101, 102. The first portion 101
of the proximal fastening part 10 is cylindrical, with a diameter substantially equal to that of
the section of the proximal inner region 65 of the sheath 6, and comprises a longitudinal
piercing 103 and a diametric piercing 104.

The second portion 102 of the proximal fastening part 10 is cylindrical, with a diameter

25 larger than that of the first portion 101, and is provided with three diametric piercings 105,
longitudinally distributed and angularly offset by 90°, and capable of receiving boné screws.

The assembly of the nail 1 can be obtained as follows.
The threaded rod 2 is inserted into the tapped longitudinal piercing 51 of the bone
transport carriage 5. The smooth end portion 21 of the rod 2 is also inserted into the piercing

30 74 of the flange 72 of the stirup 7. In this way, the axis of rotation of the threaded rod 2 is at
a distance from the axis of symmetry of the bone transport carriage 5.



The flexible shaft 4 is then nounted between the two flanges 71, 72 of the
stirrup 7, 10 the end of the shaft 4 being wel ded respectively to the
snooth end portion 21 of the threaded rod 2 and the lug 32 of the control
shaft 3. The bearing shim8 is then inserted into the distal end 62
of the sheath 6, until it abuts at the boundary of the internedi ate inner
regi on 66. The assenbly forned, i.e. tq% threaded rod 2, the transport
carriage 5, the stirrup 7, 15 the transm ssion shaft 4, and the control
shaft 3, is then inserted into the sheath 6, the second end 22 of the
threaded rod A Besang Nub@rioBang it 8e90RS aiek ARIANBE=0F SCFRWeSeANd PRk imh 3.
The stirrypidn ifsr BkA8E b39addrwel@ng, i Petdrenpdifiord B opteXiodBd, dndnierplacegi on
65 of the sheath 6, whilé the threaded portion 23 of the rod 2 and the
carri age 32ipethpegewd fi8R98 A i nt er nedi ate i nner region 66 of the sheath 6.
20A first nut The flaAge7Pgorsld sssbn@éaingautigRint cdahéctes te theauetbnan gamed,ded,

the ot ma thatihe 150 F e EhGRRD-Lr S P BLaThg e G AT INEBAREC: ed
to the reafegtgme part CL, and the rod 2 is thus bl ocked in |ongitudinal

t | ation i d di ' ile . ining f 5Th
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abut nent SirEhangd 21 afrtte &kyp 712, makes it possible for the threaded rod 2

only to be str d.jn.t 1.0, heat
cl osed by the ﬁ%ggé'ﬁlensgha%gf%ﬁ% m}@ﬁ@d th%Qn %d@ﬁﬁané%%?ﬁt he fqulegatﬁéﬁi ?§
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ca

sheath 6 an 1 receive bone screws. The first cylindrical portion
101 of the prdterearingshino® inghepangerted inte thertisalead 62of thetsheath Boyntiki @bHigner

regi on 65, NEISUSAR iRerrtEats BReNEaloH@s31 of the control sheath 3 being
inserted%t(rq{eog tuﬁe onéllllétlugf n%% plﬁ@rci ﬁq%ﬁlos of the proximl fastening_ part

10. Then, the Thedssembly perarcdi i®) tosthseader aod Retherirapspyt eariidfeed e sH™UPh

di anefsl | GhRin@h&ehiGiod Uhafa, tAE thd kohirdiSShaft ¥4, lid @dnCimbeRQr int0the 1éhbathPe| thg 106
ensures the bl ockin

of the proximal fastenin art 10 relative to th
Sheat h_6. SSCeRELANA G14he Wrencsh el £ Reae nseehpio 1o Prercing 81 o e bearied SB 81 e
sheath 6 'ﬁdé%f titr0g 7fia plRBl @ﬁ fﬂﬁdstt&e%ottérﬁ drra{eepf rogmal ihhérsr’égilaﬁg'ﬁ ofthe ﬁcr:zefaﬁm,ed
to as .a reference rt, the bone screw ormng. a seco art o
Fof or  od WedES Iredargipien 255 50 £ o e, CHriteess Brpioae] RS Dlernptate
t hr eaded ins regi®066 eRXpOBIGLAtDEt he axi al abutment nuts 11, 12 pl aced agai nst
t he bearing shi 11, and agaj nst e second fla
Stirrd 7 ohe Tspb s oA FRLOT AR ER RE ot Gl doed fr bR by
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obt ai ned by t ri Qi i en. i e
Cranspor t par i MerUih SRARDR TS Eep e A5c bl SaRERECL RS bena bar CF and
provi ded thelw\2 is thus blogked am pngitusinabitamgiation firoh besaind glire¢tionashilgtremaingy fege
t unor, Cqﬁﬁ%&ﬁﬁs a mssing portion between two healthy end portions. A

a

first he y portion undergoes an osteotony, so as to free a shi m between
t he t3ko heal t Fipeaaitangementarishe Persinggdhp @ an . BhPlaced behaendbe apgrents so

as to allew 41%:1&%%,5@?%9&5 PGt for the tHrediie) B@RYNly 18 BERFEseBH taclioh.s 11
an initial position, for exanple such that the transport
Then, both ends of the sheath 6 are closed by the fastening parts 9, 10.
To that end, the plug 9 is inserted into the distal inner region 64 of the sheath 6, so
that its two diametric piercings 91 are aligned with the distal piercings 67 of the sheath 6 and
30 can receive bone screws. The first cylindrical portion 101 of the proximal fastening part 10 is
inserted into the proximal inner region 65 of the sheath 6, the second lug 31 of the control
sheath 3 being inserted into the longitudinal piercing 103 of the proximal fastening part 10.

Then, the proximal piercing 68 of the sheath 6 is aligned with the diametric piercing 104 of the



carriage 5 is closer to the stirrup 7 than the bearing shimAll, 8, the
stretching of the bone callus being done fromthe stirrup 7 toward the
beari ng shim Al11l, 8. Furthernore, the carriage 5 is advant ageously
positioned so that its diametric piercing 52 is opposite the |ongitudinal
grooves 61 of the sheath 6. 20The proximal fastening part 10 is secured in
the first bone end portion using three jfhone screws passed into the

pi ercings 105 of the second cylindrical portion 102 of the part 10.

The distal portion of the nail is securetg in the end portion,
usi ng t worBeHkndges REIOR A0 o W10 eIRETeF 188 Rlocne Pt gf%f"’é"f‘anPStFH'SggﬁE&Ph 6
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10.
The distal portion of the nail is secured in the second bone end portion, using two
bone screws passed into the distal piercings 67 of the sheath 6 and into the piercings 91 of
25 the distal fastening part 9.
A bone screw 53 makes it possible to fasten the bone shim to the carriage 6 through
the diametric piercing 52 of the carriage 5 and the grooves 61 of the sheath 6.
The control shaft 3 is then pivoted by unknown value. Its rotation is transmitted to the
threaded rod 2 via a flexible shaft 4, causing the carriage 5 to move toward the bearing shim
30 Ay, 8, the bone screw C,, 53 secured to the bone shim sliding along the grooves 61 of the
sheath 6 and ensuring the translational guiding of the transport carriage 5, so that the bone

shim is gradually moved away from the first bone end portion.



20The distraction rod 20 conprises a threaded rod 202, a control shaft

203, a flexible transm ssion shaft 204 between the threaded rod 202 and
the control shaft 203, a nobile rod 205, and a housing 206 housing the

t hreaded rod 202 and the shafts 203, 204. The housing 206 forns a
first part Cl, referred to as a reference part. A fixed rod 207 is nounted
on the housing 206. The nobile rod 205 fornms a second part C2, referred to
as a 25transport part. The threaded rod 202 and t he control shaft

203 are not coaxial. In the il Iustr?t ed enbodi rTenXt %%as g r ot

of the threaddd Re¥a™InG thisorsiongaaylally) e hapeFq/is Cl"8 gtuggndhe po rfeo? | on
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t he housing e.sljding axi e ro ein osj tione
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enbodi nent, .t he S|#|dl ng axis of the nobile rod 205 extends between the

axes of rofdtd SREB¥ he threaded rod 202 and the control shaft 203. 13
The control skt 03 asssmission ehaft of mdvdntagehedly ovekey il pdsaible itp skawcthea

magnet i s ﬁﬁéjéggf theq.fan&%?ﬁ&lrﬁ désé Féﬁatﬁ? & h'eq’QﬁgaT% e%hqsbéf that {Héeoone

control npri'ses, I'gnhent, a lug 231,
232 pl aceitrevnq 158 saxulrsd tofthe hen%ﬁamtcaa(bslﬂsifﬁ%d along ﬁidlaﬁ‘@tﬁf%@ed’@ﬁﬂrl ses a

proxi mal end pqf, tﬂe(}mlezg‘&nsarﬂgl& gﬁaﬁ‘# alalfd"ﬁilal?&r ft' 9&:@353 forﬁh% ﬁcﬁﬁi@?o afpt al "

~and "proxinmal" are used here 1n reference to th e ousi n

The diGst dietwern Herconisel shsf 3oand the thisadederodadl so@s tpsadeaﬁotgsﬁéa%f of tedpeng
connect i ng,AEaA al( 'i'% its RQ¥NGor eRARIe 3 OIS of $5di6Iy o thel RREBI trhRport or

connecting to t bones (in particular vertebrae, ribs, or pelvi s) to
whi ch one® wmh@'s to attach it. The fixed rod 207 conprises a proxi mal end

portion 271 ang, éo%ﬁbﬁka@ﬁ@o@&fﬁeﬂ% ndY Bastehlig TRedigtaPydridn oftthd naibMHieNin271
of the fixed rod is enb d inthe housing d, 206. The distal end

portion 203t cgee fers nqthave # BHe DI P capabl e of receiving connecting means
(not ghown), su&dboAs eBEdifentiS BN inGiguiegBas 10f or connecting to the bones

P oUW e Fint e poREEAT e T o SR BE b,

207 are l&snhedsrntroad thyt &inrisd ghvineatad tqearebtae| ribsandthegrivize te adrreshthecpmeed

by the Su&rQﬁg Exbralxnﬂ?atltri]s? \nrvhy, in the rest of this description, reference will essentially be made to
that application.

20 The distraction rod 20 comprises a threaded rod 202, a control shaft 203, a flexible
transmission shaft 204 between the threaded rod 202 and the control shaft 203, a mobile rod
205, and a housing 206 housing the threaded rod 202 and the shafts 203, 204.

The housing 206 forms a first part C,, referred to as a reference part. A fixed rod 207
is mounted on the housing 206. The mobile rod 205 forms a second part C;, referred to as a

25  transport part.

The threaded rod 202 and the control shaft 203 are not coaxial. In the illustrated
embodiment, the axis of rotation of the threaded rod 202 is substantially parallel to the axis of
rotation of the control shaft 203. The mobile rod 205 is mounted slidingly, inside the housing
206, the sliding axis of the mobile rod 205 being positioned substantially in the plane

30  containing the axes of rotation of the threaded rod 202 and the control shaft 203.
In the illustrated embodiment, the sliding axis of the mobile rod 205 extends between

the axes of rotation of the threaded rod 202 and the control shaft 203.



enbodi nents, not shown, at |east one of these two el enents 205, 207 is
provi ded arched. The threaded rod 202 is provided with two snooth
end portions 221, 222 on either side of the threaded portion 223. A lens
208 forns connecting neans between the transport part C2, 205 and the 20
t hreaded rod 202. This |lens 208, or connecting nut, conprises a tapping
281 conpl ementary to the threaded porti,gn 223 of the rod 202. The proxi nal
end 251 of the nobile rod 205 is shape& to be inserted, for exanple by
force, into a conplenentar openi ng. 28 e .lens 208.. Protuberances
291, 292 rigidh§ PR SR 403 GORUTEH Thér{ém?@é 2}?8°‘§&%E’t‘j§ht'i‘éﬂhﬂi§' L9ET Peal

][ el at 11 ve sbwéé@qopeﬁmm uging ar@l&:bﬁ@bas/@l ydeeiopeTiad eontiol shagy 203/esnidas, 294
or nme i nsi de

ousi epsur e t.he.rotat | guiding of
the conn&@fH ﬂfd%s hds. ngp ?%?%Sg p%@?%?“eh%gx'%gf ttheéﬁ bt 264 Wen, in
addi tion to diTaémastiie eod 205 conrrp:ﬂmsa oroxinoah @ndipsties 254 ap1dowldslal eod podon

d t v 292 and d t I
e hobt oA2 T ErTy iy GPanoa ot e Bap BT fendild 1RAD BOED ARZDUT
relative to teehixtsiaend pOition2252, ofath@l mcBie rerLi20q isaaappbjetqf orretyingt dpaneqtivgt ed
spi ne porn\t}éna%n n§f QM )I Xuchafeng"?'loloﬁ?l sc.gé{bsd' cﬂg%lgés t#aﬁ cﬁmﬁé b G Yonss (iﬂf

i nt erest Fh~addi't ©on origat i ng a one Wi shes to correct a
t orsi onalpadeﬁlervmtabtae nps, phaelwb)dn@vhmh anieevisheso aitagh it 14 The

flexible transil 5L RaRlcbmpflbsCOBBRRIAP old birliad 2f Hiand bisth chdBorfiEr2)

shaft 203 to the snoboth en hr eaded r od
housilg (he rrodnalsndriosion 271 thentradcar 20F daembedsied 1%*W%Iﬁ'“ﬂr?e %Qﬁatﬂhm

shaft 203di5 dpRURRSn 2FECHEARED Irbd 28335 Qépéb'éeoﬁl‘é@éahﬁl}; c%hﬁ’efdhné%ah@l(ﬁtﬂ

inserted Into a recess of the 5sheath 261 i rst 231 of t he
control shawn). e g5h0eks scrpMGugH2RES for SPNRFSERY WgthQQQ"?ﬁ('"cW'%%&ﬁfS ftebragyr ¢
265, secwbgcbrtpgwpsh%méﬂ (g}ggw,gﬁéstgmgém.t%l for example by interlocking and

wel di ng. Afirst end 221 of the threaded rod 20 s in ed in second
openi ng 266 of" tth@ "i%"@ﬁﬂp%’i“?‘xfﬁ?'ﬂt 2%% maRyle; Fgk 5?# ﬁ'@ E Qé} g& a8 de

as the f'sﬁﬁétaﬂxtl&y 2taighf aﬁch@:afaﬂélt a0l cihabé cAf3nd Boevetinge ddesurpesrt ilorot@d3 of

the rod 20 then ext ends at |y, from 03|t of t he

suppor t dispants, not shown, atAea}S??%Ef Qﬂh e%ﬂ SRS 2 ﬁzﬁﬂo > PR ad ar%'ut ent

Cl1l of the thripadiedadeatrod0zn2 i§hprevidud witd two Ghadoth snslqrostioed 2201 d22% boledherf or

exanpl e by, | wel.din 0 he first end 221 of the threaded 15rod 202
SRR PR

agai nst t ?etad % The support part 265 fornms a first
bearing All, W @lnellgoscbmm(cbméctlm nremne dfetweamcthepisanspdl pat 0%, 205 and the The

231 GP. ¢ Hieaidd B3 2or TR 388, o Uon RPN, Bmiielc Mo 2T e By
202. The t6 ttexinpdagled ipaftion 223 of Hiag rax02e3 dhetrsexingalcandy281 efiibe mokile 50d 303 18 t he

shape of ﬁQ I?-:r igg%[{éal f"or%rxau"f\glkaJ bar force, lntJ Q%ohﬁ%ﬁiéﬂ%r&per&%Zﬁ §fCthe lens

conpri ses formn using for the flexible transm ssion

shaf t 20&08Tl?r@t®ﬁ@npesz%@1 282 Tigidly GoRnasiad fodaid gn 748 syEstEntzlly symetricalss,

The Iens rglgt?’ue‘ £ thd SBEdisd zsmé?spte&ﬁ,e@%@b@ra@\zltrpg%eé@béa/ 20 trinfekii8dide Mleay .

The | ens cooperates w t hreaded rod 202 via the t%prpl n\g %8f1h is

securZsd d]qugng GroR0§ & ppRyreshe rotational guiding of the connecting nut 208 relative io the
reference part C,.

When, in addition to distraction or compression, one wishes to produce torsion, said
protuberances 291, 292 and said grooves 293, 294 can advantageously be helical, forcing
the gradual rotation of the mobile rod 205 as it moves relative to the housing C,, 206, and

30 thus that portion of the treated spine portion. Similarly, a helical guiding of the connecting nut
is of interest when, in addition to elongating a bone, one wishes to correct a torsional

deformation of that bone at the same time.



25205, and is guided in rotation via protuberances 291, 292 cooperating
with the grooves 293, 294 of the sheath 267, part of the housing d.

The sheath 267 is assenbled at one of its ends agai nst the support part
All, 265. The other end of the sheath 267 is closed by a cover 268
conprising a first opening 269 allow ng the nobile rod 205 to pass. 30The
cover 268 also conprises a second openi,ng 270 receiving the second end
portion 222 of the threaded rod 202. The cover 268 forns a second
bearing Al 2, rigidly connected to the reference part 'E% An
axi al bl ocki nd hﬁdlﬁx’}zl@irai"‘é'?‘ﬁ'oﬁ 35@&8%°W885€f§5té%2?gd tﬁ%é?‘it@bs 143to
second enfe 2Rdotfenti P21 bithe aileshicnoey 262 agai nst t he cover 268, Al 2.

The proximal end porti 1 of the fix d i.S ri I onnect to
The Dover Al 2 ThseBaung Erabhiaments} ot Heaberat i ghiel e dostl P aps
openi ng 24 Roaded; e sved Ly 232 26iBe anoirdwhkizng tieing ieswtetiietbenfecess of theThe
two sheat hs tﬁ}ﬁ% 267, the shell 262, the support part 265, and the cover
Al 2, 268 670 a t he housing Cl, 206 are for exanpl e assenbled by |aser
wel di ng or adheeifost.lug 231 of ke appelbsteft 203gwssés:thlrcarghia1firfst guerey) 764 of the,

the ri oi donpert Rah- 235a seapd W e RBSH 2 fr 2RHRROn Tmerkhiing o4 1O

abl e to beelgih@gced above or bel ow the area concerned by the sur gi cal

treatmnent. A first %Wdo 1X§fdtpé %egc%a r8@'§0§|!ssﬂs$}%dsiﬁt5q{1§éjcoha oEQﬁn& WM& bt a8 in

the opposite direc orman |-shaped ro etter adapted
i f i tlnustupbert pert @68 dsovibatyit Bingiges wd W@e sidevas the firet lypi23d of isepatralsigftng

206 for f |l e
oq 205 123 Ihé BheddBl bofion 20FLANE Y 302 on LREnd- S REAREARR Hiom hoBpBEHe

t hr eaded Sidgof2psyppert pait by the axial abutment nuts 211, 212 pl aced

agai nst the beafiiknQs 244 JorAltth ﬁ%@aiﬁ%ﬁ@lﬁ{énvel yofftrﬁart'ﬁﬁé?adbbr réchﬂ)ﬁtfﬂiécﬁu‘i 2hfr t
265 in the cover 268 of the housing Cl, The

nect i
nut, f or rfen oirFRNad anyg waldass fop EFQIEGIR by Fiset W%.IH@EOCI"T thﬁgﬁt E%ﬁezof thp %#fdt he
t hr eaﬁ,ed 08202 8gainst it dRBHS ph@Res:onverting the novenment of the connecting
nut 208 into a novenent o e tr ort re. 205
rigid connectildi SYBPUERA %"ﬁ% OE’B?IﬁZ.E%i%ﬁ@" 1. %ﬁﬂ“@ﬁ%d%?h’ﬁ %F?f?"%é%a{f c2,
205, for exaomle by forcibly inserting the end portion 251 of the
transport part, Cz  BRPHA Bl e QREN %G8 RNy FOGingEOS t2%st lug 231 of the

control shaft 203 and on the first end 221 of the threaded rod 202. The flexible shaft 204 than

20 describes a curve, substantially in the shape of an arc of circle or a U.

h

The housing C;, 206 also comprises a shell 262 forming a housing for the flexible
transmission shaft 204. The shell 262 is in turn secured fo the support part A4, 265.

The lens 208 is inserted into the sheath 267 preferably with slight play. The lens 208
cooperates with the threaded rod 202 via the tapping 281, is secured on the mobile rod C,

25 205, and is guided in rotation via protuberances 291, 292 cooperating with the grooves 293,
‘ 294 of the sheath 287, part of the housing Cy.

The sheath 267 is assembled at one of its ends against the support part A4, 265. The
other end of the sheath 267 is closed by a cover 268 comprising a first opening 269 allowing
the mobile rod 205 {o pass.

20 The cover 268 also comprises a second openhing 270 receiving the second end
portion 222 of the threaded rod 202.

The cover 268 forms a second bearing Asz, rigidly connected to the reference part

206, C,.



25An exanpl e of the operation of the distractor 20 is provided bel ow

The distal end portion 252 of the nobile rod 205 is for exanple secured to
a first vertebra, and the distal end portion 272 of the fixed rod 272 is
secured to a second vertebra, for exanple situated bel ow the first
vertebra. The fastenings are done on the concave or convex side of a curve
depending on the case, and dependi ng ongwhether one wi shes to 30apply a

di straction or conpression to the treated portion of the spine,
respectively. .. A magnet | ieldin ich the magnet orients itself is
hoplted: | the” i HpoRBGRE: 2 s & SHEEIRRR Gre BT Dostos Ovhe SR Hg o
t he cont razle of tefthred@sk fod 202 aasiNLT the Boviep 268)A 5. hr eaded rod 202 via the
flexible transm ssion shaft 20 The l.en .hel.i,cal | nnect ed 6

W th the t hr eaBBd PIT309 PorGD 421 A BrdFehed sl SumbeB 1088 Sierde ¢ o
202, dri vae8gfdr leeampli byeforoiitly CRerti2g5t into 4 térddipeeni 28 ditha coves tAsa26B@mdor a
conpr essi on.. @ﬁygqmﬁng ring 220 i s advant ageously wel ded to the

nobi | ro%lw thf(%‘d Yakes it possible to easily view the novenent
performed on diexwo aleatlisTRed. 266 the shallRedethaseppdiupary26itaad the qovercit., 468 t

or closer A Si L5 j ' L he spine.
Advant agef?)'hg%{,hgt °85'c§§acé|§tg f?%@tg kéem@%gg%@ Htlégj %gie\?gr #@%ﬁ]ﬂﬂ%ﬁ@ct ions is
used to peri odiscmpeyrsirepaticdanindgdres ¢ &o dpihe distraskion sl 2095 genayaliyakshaped,

peri odi cahd VhaRfhgt RIPOSGRY ithinifd ViRe! tigiBakhd Ohor-4ifapBBRL! pbefion 26K thd1edeRiRé

del ay the degene?atlon of the disks and the spontaneous 10fusion generally
obseriPed agveEpgessplbgingyadis & b Plraethakaygric Selov the arra kansained ik dp surgical

mat eri al Syeatment. !N the event the length variation of the rod 20 is
acconpani ed bé_a rotation, the distal end portion 252 of the nobhile rod

205 i s securedhedixgd yedt @b Fan algAdersesurgde die cavar RBS in bR oppesitsrdifeRiorktoy ed

rod 207 ifsm$&f Héepel fod NEtHRBEI\Helier ddable@rifat inGstbalEeeured vehightdndavetydbiogn Of
the spine relative to the pelvis. 15In the nost frequent case of scoliosis

t r eat mentth® §pi@e-advant ageousl y conbi nes, on the spine to be treated, two
rods fsead to tTakelho0sing 206 RIrmS iaditst @hrt i) erefiprer to© ks tHaarefardnce pahethe afobildi@d

distal e ortion 252 of the nobi]le rod 205 s . conpect t i d.apex,
and ¢ he. dRSHaTMsA HrisERE ot Cor5S gpuients § 200 SoIB9 THeedRe haif vl e
secur ed, Hyoheaix@l abatmeny eotsediria 262 plackd tydiestdhe heanirgtsad aind At vespedtivalyove
t he apex .and, . .f the agther,..to tehr Lt Nkl it Lg.or no rotation
20si t uat écambééil bé’\(/%\ﬁ? 'ﬁ‘é"pgﬁe"%ﬁ 6r51 " hhgf\égéfaryz,%ggﬁ*g\énsqokbé Ia:f'fezgg'sl y hel ps

st rai ght en andherénsi 208, bheormedlingowit sformancaringctingl rasansaietwkasrthe thenspott, parthe

cont rZ%' %2?565 %hﬁhr&é’%& %Z.tﬁe%ééﬂ%gbﬁcow&iﬁfthﬁ%\%%nt of the connecting
nut 208 into a movement of the fransport part C;, 205 are formed by a rigid connection
between the connecting nut 208 and the transport part C,, 205, for example by forcibly
inserting the end portion 251 of the transport part C,, 205 into the opening 282 of the lens
208.
25 An example of the operation of the distractor 20 is provided below.

The distal end portion 252 of the mobile rod 205 is for example secured to a first
vertebra, and the distal end portion 272 of the fixed rod 272 is secured to a second vertebra,
for example situated below the first vertebra. The fastenings are done on the concave or
convex side of a curve depending on the case, and depending on whether one wishes to

30 apply a distraction or compression to the treated portion of the spine, respectively.

A magnetic field in which the magnet orients itself is applied: the pivoting magnet
drives the control shaft 203. The pivoting of the control shaft 203 is transmitted to the
threaded rod 202 via the flexible transmission shaft 204. The lens 208, helically connected



In one alternative, not shown, the second lug 232 of the control shaft 203
is also 25 secured to a second flexible transm ssion shaft transmtting
the rotation of the control shaft to a second threaded rod, causing the
novenent of a second nobile rod C2. In one enbodinent, this second nobile
rod slides in the direction of novenent of the first nobile rod C2, 205
and in the opposite direction. In anothgr enbodinent, this second nobile
rod slides in a direction formng an angle with the direction of nnvenent
of the first nmobile rod C2, 205. 30 The flexihle transm ssi haft
thereby riled8e ffreqsisd $oh P2 tePvea AANg thn Hreads HATER A% OE?*E’JBE@%&' "§ing né”
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illustrated enbodi ment, the axis of rotation of the control shaft 303 is
posi t i ondelaite igtheRpME- di st ance from the axes of rotation of the threaded
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335 Each mobiy| gRd 385 oHRMERE b P chR o BEAELEAR FSaeRBofl Rk

end portion 2 erns " proxim distal™ are used here In
ref erence206o t he housi ng 306.

In. one alternative, not shown, the second lug 232 of the control shaft 203 is also
25  secured to a second flexible transmission shaft transmitting the rotation of the control shaft to
a second threaded rod, causing the movement of a second mobile rod C,. In one
embodiment, this second mobile rod slides in the direction of movement of the first mobile rod
C., 205 and in the opposite direction. In another embodiment, this second mobile rod slides in

a direction forming an angle with the direction of movement of the first mobile rod C,, 205.
30 The flexible transmission shaft 204 thereby makes it possible to easily and
economically produce J- or I-shaped rods that can be indifferently elongated or shortened at
any time and whereof the portion that cannot be cut and curved by the surgeon has a length

compatible with placement on the spine or the thorax.



The distal end portion 352 is capable of receiving connecting neans (not
shown), such as hooks, screws, or tapes, for connecting to the bones On
particul ar vertebrae, ribs, or pelvis) to which one wishes to attach it.
In the illustrated enbodi ment, the nobile rods 305 are substantially
straight and 30parallel and can be cut and curved by the surgeon. |In other
embodi ments not shown, at |east one of fhese nobile rods 305 can be

provi ded arched. Each threaded rod 302 is provided with two snpoth
end portions 321, 322 on either side of the th eadediggrtlon 32

18
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conpri ses sage openin or the nobile rods 305. 10The control
shaft 303 is ﬁTf@cﬂatﬂeadﬁd aDdSemﬁr and hecenired shaftodP3otret g caaxiali hytheoBstrated

lugs 331, i memg%és@@f &;ﬁghé %régae%ngd@wgr@g%tmaﬁ%mua to theThe

rmuntlng rea rod 3 bile rod 305 wth a I'ens 308 t he

housi¥g @Kis Qf(D@at'@ efdrrecandrof ehafiods. The *I“PP'@t rogsh#0533re sidlingly, eop ied JaRide ﬂ"'@d
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as to enmerge in an end accommodati on 365. The thread ion_ 323 of the

rod 302 tRNe @riaiesthsexesaisptagen of the fhreasedods 3(93&99 .ffﬂeecoghtfaleshaﬁ PPe wal |

367. A longit Uﬁ“tﬁéaillusﬂjétéﬂ@rﬁﬁod[rﬁ@ﬁ CGthé BRI of Rttt of the TBAE0I BRAHBENs pbsitidretst
end portion 321 of the . rod and The second end

part 322 FeneEqualdftancgdamibg a§%92°f refaﬂ?%%fi%fa ihreaged s 02368 of t he
20houssi ng 306.The control shaft 303 assumes the form of a hollow cylinder, in which the magnet is

secured, for example using a silicone-based adhesive. The control shaft 303 comprises two
lugs 331, 332 at each of its ends.

A first lug 331 has a crescent-shaped section, placed substantially in the binding axis
of the control shaft 303. The first lug 331 comprises a concave peripheral surface 333 and a

20  convex peripheral surface 334. The concave surface 333 crosses the binding axis 335 of the
control shaft 303, while the convex surface 334 is coaxial to the binding axis 335.

The second lug 332 extends substantially paraliel to the binding axis 336 of the
control shaft 303 and at a distance from said axis 335.

Each mobile rod 335 comprises a proximal end portion 351 and distal end portion

25  352. The terms "proximal” and "distal" are used here in reference to the housing 306.

The distal end portion 352 is capable of receiving connecting means (nof shown),
such as hooks, screws, or tapes, for connecting to the bones (in particular vertebrae, ribs, or
pelvis) to which one wishes to attach it.

In the illustrated embodiment, the mobile rods 305 are substantially straight and

30 paraliel and can be cut and curved by the surgeon. in other embodiments not shown, at least
one of these mobile rods 305 can be provided arched. )

Each threaded rod 302 is provided with two smooth end portions 321, 322 on either
side of the threaded portion 323.



Afirst nut 311 forns a first abutnment Cl1 in the recess 368 formng a
bearing All to longitudinally block the threaded rod 302. The | ens
308 cooperating with the threaded rod 302 via the tapping 381 and rigidly
connected to the nobile rod 305 is inserted in sliding connection into an
acconmodation with 25 a substantially conplenentary shape, and preferably
| eaving slight play. As in the previous,enbodi nrent of the invention, a
hel i cal connection can be used in place of the sliding connection to act
on the curve and torsion of scoligsis at the sane ti by connectjng each
of the nobil e ASodRPeABSINoRgWES Hdr 1<) 38 47 R MabE rBTlSrTSH a?LlCHSE‘ ﬁ@
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304 t¥ansmits Tmhezorlmlahaﬂ)r?rﬂﬁ i pacerbince Renttsl astparmodstian b thehkousing e ther od

302, to t n a second state,
?%?%81 gﬁbﬁg%ﬁ %ncf que%% |E ‘én £0d GBPamodation 368

referred _ ﬁ st at he intermttent device does not transmt
the rotation fihgrmewdnge ?r’fbfeagﬁ(éﬂ‘?d 803 and a mebitenfodatfwith @ 1802 308 jethe

mobi | e r qg,38 qugmllgaaﬁdsrmm le in the housi ng 306. Advantageously, each

intermttent device conprises a a wheel nechani s
coaxial with thh#rst W%%R:?e?j the thregsiedJpd v’eﬂ? &'"??ﬂq%mﬂfﬁi R wfﬁmw%?% in

exanpise bye hauigiid 306 donses biiRegd iRQinfdntSicc@itlofaioh i365. ﬁ%hhm‘adémgorﬁ@resmﬂg

threaded rod 302 into the e C on 365 in cen eni.n

the Geneviie fitted]2 tH‘érbﬁ’ﬁﬁri‘dsgrﬁtiﬁEﬁ?par?mm O”atii‘ﬁé’p?%stlfg\?ﬁievﬂ% #L@é?a% t1?%58"al so
forms an gpuiradntadbstimatiated 2s agde hefweehehenidst erdbgorfion BR'Nof the behandtheAlal, so
t hat eac hreaded rod 302 is blocked in |ongitudinal translation 20by the

nut C11, 1 and the Geneva wheel nechani sm Cl2, 310 respectively bearing
agai nst the rdatesscéidlend3pdt 302 of e thedddedir@] 385 % placed in a recess 368 of the

20 housing 306.
A first nut 311 forms a first abutment C,44 in the recess 368 forming a bearing A4 to
longitudinally block the threaded rod 302.
The lens 308 cooperating with the threaded rod 302 via the tapping 381 and rigidly
connected to the mobile rod 305 is inserted in sliding connection into an accommodation with
25  a substantially complementary shape, and preferably leaving slight play. As in the previous
embodiment of the invention, a helical connection can be used in place of the sliding
connection to act on the curve and torsion of scoliosis at the same time by connecting each of
the mobile rods 305 on either side of the apex of the curvature to verfebrae with littie or no
rotation and the housing C, at that apex.
30 When the rotation of the control shaft 303 is transmitted to the threaded rods 302,
each lens 308 moves along a threaded rod 302, driving the mobile rod 305 rigidly connected
to the lens 308.



The Geneva wheel nechani sm 310 assunes the form of the toothed wheel, in
which the teeth are formed by an alternation of two types of notches:

a short notch 313, in the shape of a half circle, with a radius
substantially equal to 25that of the convex peripheral surface 334 of the
crescent -shaped lug 331 of the control shaft 303; a long notch 314, in the
shape of a U, extending radially over aggreater depth than the short notch
313, and with a width substantially equal to the dianeter of the skewed

|l ug 332 of the control shaft erati of a Ce eva
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not ch 313 then rotates the wheel mechanism 310: the
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the recess Aqq, 368 and the wall Az, 367.
The Geneva wheel mechanism 310 assumes the form of the toothed wheel, in which
the teeth are formed by an alternation of two types of notches:
- a short notch 313, in the shape of a half circle, with a radius substantially equal to
25 that of the convex peripheral surface 334 of the crescent-shaped lug 331 of the
control shaft 303;
- a long notch 314, in the shape of a U, extending radially over a greater depth than
the short notch 313, and with a width substantially equal to the diameter of the
skewed lug 332 of the contro! shaft 303.
30 The operation of a Geneva wheel mechanism 310 in cooperation with the control shaft
303 is detailed here, in reference to figures 14 to 18.
in a starting position, a crescent-shaped lug 331 on a first end of the control shaft 303

is positioned in a first short notch 313 of the wheel mechanism, the convex surface 334 being



In particular, in the case where the intermttent devices 304 each
conpri se a Geneva 25 wheel nechanism 310, they are nounted so that when

t he crescent-shaped lug 331 of one end of the control shaft 303 is
positioned in a short notch 313 of a first Geneva wheel nechani sm 310, the
skewed lug 332 of the other end is in a long notch 314 of the second
Geneva wheel nechani sm 310, and vice versa. The housi ng 306
forms a first part Cl, referred to as a reference part. Each nobile rod

30 305 faornms a second part C2 referred to as a transport part
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t he cont r3oH aabﬂ‘ietﬁrél(b&dmorﬂoe 3ap)|of thedhreadexbod 302. t he two t hreaded rods 302,

each 2!0n turn. The tw? ﬁloblle rodi 8%? gnoﬂga%e;qge%dmréﬂ ﬁﬂ)é%l ﬁ%leét%lwx in

traction, whether ey Wwor s or FS{Tdct 1 pihe or the
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or conpression torce, It Is advantageous to |eave trans
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25  wheel mechanism 310, they are mounted so that when the crescent-shaped lug 331 of one
end of the control shaft 303 is positionad in a short notch 313 of a first Geneva wheel
mechanism 310, the skewed lug 332 of the other end is in a long notch 314 of the second
(Geneva wheel mechanism 310, and vice versa.

The housing 306 forms a first part C,, referred to as a reference part. Each mobile rod

30 305 forms a second part C; referred to as a transport part.
The connecting means, called connecting nuts, between the fransport paris C,, 305
and the threaded rods 303 are formed by the lenses 308, mounted on the threaded rods 302

and guided in rotation relative to the reference part 306, C,.



30 way, it wll be possible to facilitate the el ongation of the
distraction rod, by manipulating the patient fromthe outside, for exanple
by grasping the patient under the shoulders to manually stretch the spine
at the same tine a torque is applied on the magnet, then releasing the
patient, and so on. Upon each stretching, due to the translational play,
the threaded rod will 22 tenporarily bBave no load and will therefore
spont aneously rotate under the effect of the torque applied to the nagnet
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sliding axes ese nDb e rods bei ng positioned substantially in
t he pltaneatickeiween tiempnirpleshait 843 @ﬂd mﬁ Hreadad srdst302. Feair 2 serapfeteggvlgpnLnid

the contrgl -sAaRfl khaP303, the threadea b 362 bhl§tp6ﬁérﬁ¢p9mépﬂlr@wn1tuontthe vhlieestded
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and can be cu curve e surgeon. |In other enbodinments not s
at | east t@fowdme of these m)bl | e rods 405 can be provided arched.

This arrangement makes it possible for all of the torque of the control shaft 303 fo be
applied on each of the two threaded rods 302, each in turn.

The threaded rods 302 work exclusively in traction, whether they work to compress or

25 distfact the spine or the thorax.

Particularly when the search for a minimal bulk of the device has led to a device
capable only of producing a small distraction or compression force, it is advantageous to
leave translational play either between the threaded rod 302 and the housing C4, 306 or
between said tapped part that cooperates with the threaded rod 302 and the lens 308. In this

30 way, it will be possible to facilitate the elongation of the distraction rod, by manipulating the
patient from the outside, for example by grasping the patient under the shoulders to manually
stretch the spine at the same time a torque is applied on the magnet, then releasing the
patient, and so on. Upon each strefching, due to the translational play, the threaded rod will



As appears in the figures, the two nobile rods 405 extend substantially
symmetrically on either side of the threaded rod 402. 23 A
connecting nut 408 is nmounted on the threaded rod 402 whil e being guided
inrotation relative to the reference part Cl, 406. This connecting nut
408 ensures the connection between the transport parts C2, 405 and the
threaded rod 402. This connecting nut 408 is provided with two recesses
409, 410 with opposite openings. 5The housing 406 is f ormed by a prinary
shell 461, two end plates 462,
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comprises an axial lug 431, 432.
The mobile rods 405 each comprise a proximal end pertion and a distal end portion.
The terms "distal" and "proximal” are used here in reference to the housing 406.

25 The distal end portion 452 of each mobile rod 405 is capable of receiving connecting
means (not shown) such as hooks, screws, or tapes, for fastening to the bones (in particular
vertebrae, ribs, or pelvis) to which one wishes to attach it.

In the illusirated embodiment, the mobile rods 405 are substantially straight and
parallel and can be cut and curved by the surgeon. In other embodiments not shown, at least

30  one of these mobile rods 405 can be provided arched.

As appears in the figures, the two mobile rods 405 exiend substantially symmetrically
on either side of the threaded rod 402.



24 The second pawl nechani sm 457 conprises a paw 459, said paw
459 being nobil e agai nst an el astic neans such as a spring, not shown.
On each of the two nobile parts 405a, 405b, .a ring 480 is advantageously
wel ded, meking it possible to easily view the novenent performed on an
x-ray. 5In a first extrene position, shown in figure 22, the second paw
mechani sm 457 is abutting in a recess 0 of the connecting nut 408.
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transpor Sta I N, POS,|.t OCKI N 0 1 In
ha" B oottt 2 R St P8 B Sibunigel2 1 meBRtargh. Sne bfo A of thec
cal | ed a theshdedmek 402r Thistdnd patior @21 qeisset) SaougbOthéOfirbt &ad midteva6R r amis por t

parts C2,_th of the threaded rod 402 are formed by
t he axi al"’lss an'%@ﬁ nlﬂrtaésrﬂ' Tor?ﬁ’%ﬁ%%aced agai nst the bearings A, and Al 2

respectivel y fltersedors/flarige 468ds pl‘oatded wiis 23 firs6Goeaming 448 oo thei pagsme, ofldlg 25
20 432 of the control shaft 403. The second flange 463 is provided with a second opening 474
for mounting an end portion 422 of the threaded rod 402. The second flange 463 is also
provided with a third opening 475 through which the first mobile part 405a slides.
A first nut 411 forms a first abutment C44 against the first end plate 462, said first end
plate 462 forming a first bearing A4 to longitudinally block the threaded rod 402.
25 A second nut 412 forms a second stop Cy; against the second end plate 463, said
second end plate 463 forming a second bearing Aqz to Iongitudinally' block the threaded rod
402.
The first mobile part 405a is provided, at the proximal end portion 451 thereof, with a
through hole 453 for the passage of a first pawl mechanism 455.
30 The second mobile part 405b is also provided, at the proximal end portion 451
thereof, with a through hole 456 for the passage of a second pawl mechanism 457.
The first pawl mechanism 455 comprises a pawl 458 that is mobile against an elastic

means such as a spring, not shown, said pawl being provided with a detente ramp 460.



The connecting neans between each transport part 405a, 405b and the
threaded rod 402 is forned by a connecting nut 408 nounted on the threaded
rod 402 and guided in rotation relative to the reference part 406, CI.

The means for converting the novenent of said connecting nut 408 into a
novenent 5 of each transport part 405a, 405b conprise two paw s 458, 459,
whi ch advant ageously have sim| ar strucégures. This preferred

enbodi ment of the invention offers a substantial elongation potential in a
particularly npact vol yne, and o allows th ccessi ve ntrol aof the
obi | 6.1 ods. 4088 Scostioan G aHEm 452 CoPHEPSe ot 4Bd 140 PRYIASEgEgTo e
done usi n@a&asmgéleihclrlmsBOdStﬁéSEﬁlspmthnfbthﬁoﬂEVI ce. Advant ageously, this
magnet is a n t ln m ble o in er at ur.e, of
par oxi mat ol y ISR § 7 AL Bedl aBtd Bk o B 88D B WG LETRE MR
nmeans, ammzkimg |pamsIS|meOaas$jtmmHeeam\@d1ehbpérfMﬁ‘edmalmmy ri sk of
deterloratlon f A e o) t be
obt ai r‘?ed easi I@ b@rgﬂogf“}r%g} Ei?g}ﬁi% Eﬁﬁ%ﬁ‘ b foqju ?)éa?i trh g&dﬁéavslr}ﬁ gilsgg] At‘%?a?t

whi ch actatbuttilngcmgrecemtﬂﬂfpfaﬁmnecﬂmm%ﬁ t he patl ent. \Wen the dipole
has performed ﬂe%féﬂbr‘?%ﬁtl—ﬁec‘fé?lltrw &.r‘?é?r 6% t??rgmf]ed"vg the MrSQudiea 408" ,PfHaEd
conpl ete revol ution Y, part evi ce protrudes outside
the pati diansmissionjoint@@4r Ther rgiatign @éﬂvebfereat#%ﬂerpd 482 pausge the Qqnée@@gmpmﬂ%maf t
and the trgpsm ssion shaft, 20 and/or between the transm ssion shaft and
the threaded rod, so as to produce reduction ratios between the control
and tie t hr eaddg me@menhofthe canrasting ng 408 EivasHieidipg evt of e seePoBebile

rods, di ffagrenhosedvakdcabn F3LireH i BxtaMERNIsABRMUSIsioR ok 9XiH HaftddiCart Gt
proportional novenments in both directions.. The devi ces (?resent ed nmake it

possi bl e 408PnERARIY PigyEe 22.roiiseSXieMECRt RSP AN iy ys G, Despiptegmediate

corrpressmgg.;.o.ng@,h oatih rbetyeadnz4.he two, |rrpl ement i ng a limted nunber
of parts.

e use a ans ssi.on sh maki it
posorbl e to dMEIS s iRt GATkEn o8k RAMS BHiES CLinaplon hhpHASe
t hr eaded of €t seicbed ganensthasibaps? dlectrhes haised i a:aa&e@eefdr@xmdam thtcaigh hele
shape of |ssu in which.it | ant ed.. T t also
mmkes 1t 8cel 7S Wigtdhed Bl 1 0 D s duiebler el 280 Mo, Slsgihe
connect edmmerrteot d)f td pawl<15@ ndfer example caised dbpe cofmprassior spingasctashbwh.ct | on

spring that V"'Adk,?&t%'ef?ugg‘ﬂﬁhén th?@%@i Bt s%8c€|£t8¢|]%ﬁﬂ{ehhs%c8#& t?e?r%ﬁg h§94b§l: _he

direction, ction
t he oppodi tfe alit pesitianoand hlocketh r&i:htlveh@tmgefer@cwphﬂ 3] 406, thez:@wl 458 asaQCIated

conpl,gie t@nrtﬁe ?ibéﬂrﬁﬂ%di épgptl A?lfs'é'ué‘ﬂo&%% ih MefdoL Adb SHfe gbﬁr‘%%fnﬁgﬁﬂut%‘é and

pot enti al eilntro or exa e usin Spl’l ng or rol bear ngs.
Exanpl es tod f iest dngngnasc Rath J089 da meaeﬁremebw g ﬁO@mriFérﬁtcéemse 3apP 36933

and WO 208415d9 ﬁ%@entry of the pawl Imn%ﬁtnﬁgnt fnRe F&Emf kg 40802, 302, 402

in traction makes 1t possible to elimnate he influence of buckl i ng on
t he di nensi onihdhisfwayh@ ragRfionpl moyem ey eff 'EB‘PeCO;!S‘Hg'sF*Eﬂ%“'@% cpuspgciBet gpward

di anet er ngfveliast 6fhﬁ@ﬂr‘§ﬂ¢erfsﬁ&1 b@n’ft absy én a.ebcd&v FE ome &itldahel ;imsﬁéﬁmr;ﬁéﬁbr@n
The devi ce accordi n%ﬁ: invention is advanta eously made from

mechddi c&NPYn fulgwe *Chﬁ% é?‘tf%{'ﬂ% opt pesitiondngleshowny asy '5%%’8%?% RRSIBRIFINIsuch
as st ai nlspswn § RS 26.1 eing Hed-outivifcembibimalt bbyis ,frsaﬁbusmﬁqaa&mlsa ABe second

Pol'y- &t h?rrahsl,%orllte;garg( f&5% ?ayg:])rllz EoK |t|<§)nr, 'thrngg%f Igcr:k?bl 34‘ the a(m 459 in the recess 413 of the
housing 406.
The housing 406 forms a first part C,, called a reference part, the mobile rods 4053,
30 405b form fwo transport parts C;, the abutments C;, and C,, of the threaded rod 402 are
formed by the axial abutment nuts 411, 412 placed against the bearings A;; and A,
respectively formed by the end plates 462, 463 of the housing C;, 406.



10 performance chrome-and cobal t-based all oys such as, for exanple, the
austenitic alloy marketed by the conpany Arcelor Mttal under the nane
PHYNOX ( AFNOR desi gnati on: KL3C2ON16Fel5D07) or Nickel and Cobalt such as
t he VALLOY-120 specific to the EFAB nethod. Furthernore, the surfaces of
said device subject to friction, in particular the threaded 15 rod, can
advant ageously receive an anti-wear surface treatnent and/or a treatnent
decreasing their coefficient of friction with a base of anorphous

di anond-1i ke rbon or. tungsten bisulfide, for I Th e
conbi nati on oﬁ%ﬁ@“@ﬁ?ﬂmq mﬂ?%@%ﬂ?erb?a@ﬁéa"tsﬂ?rg%ﬁé@%é‘,ast?‘rﬁ%ﬂﬁég?lg%?de'logy
its tractdoensviered Bnd coheedtingy nub @8 intduated of tHer thotaded rod AR read gwidedgint o
said surface treat ) 20 mak i t. possible to drive the threaded rod
using a rfﬁg’ﬁg'? refagl'?’%gh? P9 ehRR p%$2q$§1.| oad applied and al so makes it

possi bl e t o udkeshenpk dorreavestingthe meaemenheftsatdorogoesting neh4@8sinte a maMemenrisi on
by per.manent net G L i : T

i aneter BEoph LAl sl 4054030 BhaES) iiE e, Be 1ANEh adventageousyfifie

bet ween ameilaistiutttreee m ||l i meters and does not exceed four mllineters for

a prosthesis i g0t éﬁﬁbB&HeﬁP&d‘%he fn%nt%%ﬂ%@r'sga substantial_eTcﬁ%a@t?nVﬂxﬁ@ntial in

according to the Tnvention can advantageously be nmade w t hout ass_enbldy,
for exanyd earisilariy edvepaetpplumnec BRd gise, allows flr SUCasysiyeh SoRitahphHye mobile rods
M crof abrjgzg, 498t h t he exception of a first door in the reference part and

a second door In the structure surroundi %_the magnet, these doors . .
al | ovli0ng t he M dessrbadrmbesifaantsthe Coptrd i @QfIfe4sINaTR inedarbibar ReFted Ble

Wi Il be pagtdduitkaniyasheansing e midget e hbayari dagagd hedigliaaC admissible
applications, and surgery by hand usi n%t he ccor di

_ deyi ¢ ng_t t he .
i nvent i orPPeliifing rerPrRsaiiiecof Boprtreately g ct freallow %S SHEIo LS Pofe"l‘:ﬁdﬁg‘tgri al
appl i cat iy médhs, and in pdfiSulBeYict® Ay i T®°COwitheutirsk esfitde@nioration of said
parti cul arln)r/1 useful in particular to produce rods to correct the spine of
the thor BEMENBHENYn or bone transport nails and plates, and growt h
prostiseses. A rotation of fre: l@gnet @an de abtathetigedsily bihbringnoeamagneiar dipelé 96the

FFosue suBRoES e fo B, Sadbep b roee ispiEet Fediliply, Wheind BRoRO! !
val vul opl st gerfdrmgs avidomplete eeadlutiony éheyenageet will @l Haws medoripead sompig®
tC:‘ ?ls II\J/S ’ l'srg‘ycgl?tviagenitéig(J\iaggr?{){fgﬁgtn%fitﬁegb'&iéerﬁ&ﬂf‘deg REtslRR e pitRnR@bddycul ar bone

Gear trains can be inserted between the control shaft and the transmission shaft,

20 andfor between the transmission shaft and the threaded rod, so as to produce reduction
ratios between the control and the threaded rod. In the event a single magnet controls two
mobile rods, different reduction ratios can advantageously allow distinct, but proportional
movements in both directions.

The devices presented make it possible to move tissue, in the direction of a distraction

25  ora compression, or alternating between the two, implementing a limited number of parts.

The use of a flexible transmission shaft making it possible to do away with the
alignment of the conirol shaft with the threaded rod, the general shape of the device can
better adapt to the shape of the tissue in which it is implanted.

The flexible shaft also makes it possible to have a bidirectional device if it is rigidly

30 connected at both of its ends, or to use one of its ends as a friction spring that will thus make
it possible to rotate the threaded rod in one direction, i.e. the direction tending to tighten the

spring, but not in the opposite direction, in which the spring will slip.



a first pad (6, 206, 306, 406) referred to as the reference part (Cl); a
second part (53, 205, 305, 405), referred to as the transport part (C2),
which is slidably mounted relative to the reference part (Cl);

a rod (2, 202, 302, 402) conprising at |east one thread, referred to as
the threaded rod, 10pivotably nounted relative to the reference part (Cl);
a control shaft (3, 203, 303, 403); drijgng neans (4, 202, 304, 404)
connecting the control shaft to the threaded rod; connecting neans,

referred to as. the connecting n tween t he,
transport part FeDyCRRHADHYS g’é&&’&k'%g‘e rQE?'B” Eb?ﬂf)e@chﬁﬂ‘ REY PB%PF@W be
mo]lcmt ed qatr@mtcb@ fdr&txhh@mimhfgqﬁmg@dr darﬁh@geafrﬁntgat[;smtmmpzeg;tmfdfe«sht n?]leecmg' snyetezrfs t he
ref erence par nmean I nt o e connecting
nut al onga ﬁE’V{C‘%FCfégﬁ%HWPB% Li’%?c?ﬁg'%r% %@%E@ﬁ/mﬁgansport part (C2)
relative to thehengter thacbrepded rod@ 2028021 402nin dactibndesiesat, pdaseiblertd eliminete
I|mtthelo i tudi.nal tranlatlonof j At he
o er éncan i BedadinrBiiahh BRI A oG B tle t, FAEFREER foshlb o fed e s
rigidy démetenofdos thdedded robreidiive toddayices workggpe colinpessiomooperate with a

first bearing 'I(Hél vnc%n%cc%rdﬁ ?d"ﬂwebﬁ%dtlﬁﬂ é%hg%%%éegggggrp rfr&ﬂ%@&'aﬂlgally

rigidly connected rence part
di st ance thsleitanbmeteaﬁbtthetr al‘@e\WUe‘@ieF@atii @ydb@tbnésntsslclﬂ @ﬁlStaiEkﬁE) steglgdike 316L,

connect | r}g\ﬂ?ﬁ, RI09paIHER! S.ch! a0GdIeblERBLREAS dpBEKYRENplchFal, ! Mibh-

bearing ( sec bear n aﬁy device according t I ai m
1, chHy acmeéiorrz@wel ¢hremetang heobalt @$e¢ga an%JCBoaﬁprfPrseanwieemebﬁ@temttc allov

transm ssihoReeRaft th@@ompany Arcelor Milt@1 dRYdraRe %%ﬁ'@r ldHVﬂORO(AGFh\@RTEeélgr@hoR
characterized in’th dri Vlc’ﬂ'% means conpri

spring. 130201?:!16%1@08&/9'2:@'65@ dr Rgittyca Ay “aﬁw}éAblfO‘éﬂé? ﬁge%fct*e tée Hhs
charact erg,g@gdi n that the 30driving neans conprise a transm ssion joint.

r5rea-r|1_2 ecgﬁglr Fgé:a@icg[%g;r%%% %y&%%lggf ggl A%%ﬁ%ghﬁél g ?rlctlon in partlcxmar tﬂe thrlaarllcged

15 rod, can advantageously receive an anti-wear surface treatment and/or a treatment
decreasing their coefficient of friction with a base of amorphous diamond-like carbon or
tungsten bisulfide, for example.

Thus, the combination of the small diameter of the threaded rod, made possible by its
traction work, and the low coefficient of friction obtained owing to said surface treatments,

20 makes it possible o drive the threaded rod using a modest torque in light of the load applied
and also makes it possible to use simple means to create that torque, such as a transmission
by permanent magnets of forces applied directly by hand.

The diameter of the threaded rod 2, 202, 302, 402 is commonly comprised between
one and three millimeters and does not exceed four millimeters for a prosthesis in adult

25  patients, for example.

The device according to the invention can advantageously be made without assembly,
for example using the EFAB technique, proposed by the company Microfabrica, with the
exception of a first door in the reference part and a second door in the structure surrounding
the magnet, these doors allowing the insertion and adhesion of the magnet. This embodiment

30  will be particularly advantageous for maxillofacial and cardiac applications, and surgery by

hand using the device according {o the invention, which require extreme compactness.

Possibilities for industrial application



29 6. The device according to clains 4 or 5, characterized in that
the driving nmeans conprise a Cardan joint or a chain of Cardan joints
(404). 7. The device according to any one of clains 1 to 6,
characterized in that the driving neans conprise an intermttent device
(304) rigidly connected to the threaded rod 5 (302) and noved by the
control shaft (303), said intermttent gevice (304) being capable of
converting a continuous rotational novenent of the control shaft (303)
into an interm ttent novenent of threaded rod (302). . 8. The device
according to clg fgvice aaeqrding torthe davankon fpapartigrdary, ispffdn Redirdarionpirfide a
Ceneva wheaé teresieditisdTshidd QF tHe Gbehxy elongdtivn toe hohe tidhepdrhhaiRded pliaes, (SRR) .
10 9. The_deyice ,according to any one of clainms 1 to 8, characterized in
that the QBWbéygﬁgﬁmﬁeans conprise a rigid connection between the
connect i ng nutTrendedidt® tcdrdm@ptd tipaitvention are 3Bo adpicabiy iirc ¢heneagationgot 0
claim@, characterjized.in that. the rotational guidi of. . t he
connedt| e 8 hEFTatehe Pirearcete SRt P e Flanf dreta of 15 emh

t hat sai deardages gslvuigplaSn tibgs withedresvohyfiva geanegthe acdggstiicizahdbet ween 10 and
180 when it noves fromsaid first (All) to said second (Al 2) bearing, or
Vi ce versa. 11. The device according to any one of clains 1 to 8§,
characterized in that the conversion neans conprise a bearing rigidly
connected to the connecting nut, said bearing cooperating with an abut nent
rigidly connected to the transport part. 2012. The device according to any
one of clains 1 to 8, characterized in that the conversion neans conprise
a paw . 13. The device according to one of the preceding clains,
characterized in that it



conprises two transport parts (305) and two threaded rods (302). 14.
The device according to claim 13, characterized in that the threads of the
two 25t hreaded rods have different diameter, direction, or pitch
characteristics. 15. The device according to claim13 or 14,
characterized in that each threaded rod (302) is provided with an
intermttent device (304) noved by a cqgtrol shaft (303), each
intermttent device (304) being able to convert a continuous rotational
novenent of the control shaft (303) into an intermttent novenent of each
threaded rod (302), the two 30intermttent devices (304) being nounted in
opposi tion, such that when one of thesidgnisces is in the driving state, the
other is in the blocking state. - 16. The device according to any one
of the preceding clains, characterized in that the dianmeter of the

t hreaded rod(is) (2A 38dce BOZnovifPlissue iBiEe liey bbdann jpartieular BBne tissue, kdid The
devi ce acgordi.n 0.claim 16, characterized in that the dianeter of the
threa&ed‘%ﬁ&?gf %202, 302, 402) is conprised between one and three
mllineters. afirst part8,.206h20&]d06)cefeared br 88 thg réfereacs pahé€,pf clains 13 to 17,

characterized | t .t n r 5 ). relled.by. a
shared cont r%l ‘L’%?hgﬁb a(t?,%g) %Bg’lg@#h@sgg{/e?ezrggigca&él%l%nté Sgo'g%)%o@é) ’ g&'%%/iasi ne
13 to 18, chafidatyempurded ictativh & theefetanegpad(CGq);parts (305, C2) are
substanti al | ralJngl her, ' i to
any one -of tﬁggg#%é%giﬁggéﬁgﬁﬁ@?ﬂgﬂ Fgﬁ?gfwgéﬁg?%T%ﬁg%?¥h%ﬁ§??ﬁ%%%dggﬁs of
a trdfsport péivotabygBourtgbrelatipsto thesafelepcepiitiCaliti al Iy parallel to the axis

of rotation of . AnbhsReE 08 0b3( 493)202, 302, 402) and the axis of rotation
of a control scha%t PB, 203, ’ _
- driving means (4, 202, 304, 404) connecting the control shaft to the threaded rod;

- connecting means, referred to as the connecting nut (5, 208, 308, 408), between the
transport part (C,) and the threaded rod, said connecting nut being mounted onto the
15 threaded rod and being rotatably guided relative to the reference part (C4);
- means for converting the movement of the connecting nut along the threaded rod into a
movement of the transport part (C,) relative to the reference part (Cy),
wherein said device, in order o limit the longifudinal translation of said threaded rod relative
to the reference part (Cq), a first abutment (Cs1) and a second abutment (C.;) rigidly
20  connected to the threaded rod respectively cooperate with a first bearing (A44) and a second
bearing (Aqz), these bearings being rigidly connected to the reference part (C;) and being
pléced at a distance from one another between said abutments (C11, C42), the connecting nut
being movable along the threaded rod between the first bearing (A41) and second bearing
(A12).
25 2. The device according to claim 1, characterized in that the driving means
comprise a flexible transmission shaft (4).
3. The device according to claims 1 or 2, characterized in that the driving means
comprise at least one helical spring.
4. The device according to any one of claims 1 to 3, characterized in that the
30  driving means comprise a transmission joint.
5. The device according to claim 4, characterized in that the driving means

comprise a chain of transmission joints.



10303, 403). 21. The device according to any one of the preceding
clains, characterized in that at |east one transport part (205, 305, 405)
is provided with connecting nmeans for connecting to the bones, such as
hooks, screws, or tapes. 22. The device according to any one of the
precedi ng clains, characterized in that 15at |east one transport part
(205, 305, 405) is substantially cylindgical and has a normal diameter in
vertebral surgery, in particular conprised between three and seven
mllineters. 23. The device according to any .one of claims 1 to 21
characteri zed in t A58 d8Yicq aerordiph K ‘f[ff"ﬁ'ﬁ%%t CB%[??%'('ZE'S? thegdhe iyl means
provi ded geniphis@a BRFdangeIntsod Bisdhart of @akdanijsintsgodhor m of a plate conpri sing
normal screw assage 0 enin%s N qrthopedi '

15ecy

f I )
20maxi | | of aci’al su Vice atcordig 10-3RE ORgT SR AP ﬁg‘g?a? '%d Bhibebhey ne
pr e;:edi Ngirivingi MBansCdoaiphied ani iatedniittawttdwtce]E(BM)aiQMIy abnredesddt tfo(tﬁe tR03ded33,
403 0 LSes a per nt net eof ,the directi.on netizati.on
10 Lot NabP BB TRNGR B e R o miritshE it oy R EaoPRl &
shaft. converfiig a Tostirdieus cetatmab maivergentoofdchaicomt®A shath 4308} tindo | ameidtermittettat

t he cont ra&vemﬁsﬂﬁr%ade?d%g%so 03, 403) conprises a rare earth-based
per manent hagnet, nore particul arly Neodym um I ron Boron. 26. The

devi ce accor @ ng t Ghardevioseacsbrdingetopriated mharakgiingd irc it dbe eliving dnéanst hat
e cont hyaladiochse NRRFGAA SAPhRy oSl Moot et
t hat %0he 30cént r ol Thadkvice @eperfisgdo ankneng el clalins fders, i ahatgstasired imighte | s
secured Ugih{\tsiBn RahS RRpRRSLAGIAAPRRINSE between the connecting nut and the transport

part.

10. The device according to claim 9, characterized in that the rotational guiding of
the connecting nut relative to the reference part is a helical guiding such that said connecting

15  nut rotates by an angle comprised between 10 and 180° when it moves from said first (Aq4) to
said second (A,,) bearing, or vice versa.

11. The device according to any one of claims 1 to 8, characterized in that the
conversion means comprise a bearing rigidly connected to the connecting nut, said bearing
cooperating with an abutment rigidly connected to the transport part.

20 12. The device according to any one of claims 1 to 8, characterized in that the

conversion means comprise a pawl.

13. The device according to one of the preceding claims, characterized in that i
comprises two transport parts (3058) and two threaded rods (302).
14. The device according to claim 13, characterized in that the threads of the two

25 threaded rods have different diameter, direction, or pitch characteristics.

15. The device according to claim 13 or 14, characterized in that each threaded
rod (302) is provided with an intermittent device (304) moved by a control shaft (303), each
intermittent device (304) being able to convert a continuous rotational movement of the
control shaft (303) into an intermittent movement of each threaded rod (302), the two

30 intermittent devices (304) being mounted in opposition, such that when one of the devices is
in the driving state, the other is in the blocking state.

16. The device according to any one of the preceding claims, characterized in that
the diameter of the threaded rod(s) (2, 262, 302, 402) is smaller than 4 mm.



31 28. The device according to any one of the preceding clains,
characterized in that the device is at least partially nmade using an

el ectrochem cal manufacturing technique, in particular the EFAB Techni k.
29. The device according to any one of the preceding clains, characterized
in that 5the axis of rotation of the threaded rod (2) is substantially
parallel to and at a distance fromthe gxis of rotation of the control
shaft (3). 30. The device according to claim?29, characterized in

that the reference _par Cl) c ses a at h i jch.a bone
transport carriage ng)éeﬂ(: o%gorgngmtﬂ “frcﬁﬁ?ﬁt(? '%g%g%g\{]%'g)d'?@aﬁbﬂfnfhgd.
1031. The tdmdecéroacst)()z @0 pRA20402) & mnﬁiﬁa,se@betwaem eng Zmtthres rhiliatetdrdie bone

: t ) ; e |
bl ororng (6018 ar- Angehia BEYTTs H the'of R AR L EDF R by i oetne
pi er ci ng theispat parts(BeSFEH) areyconoliet éy lsheredicagtral sham@08hr eaded rod (2).

32. The devicg accg@%@)guc&%cé}dr&hg‘tf%n%ﬁ& ci%r%ﬁ%%%' ?adtéhz&@?-gtg%{“%ebone

15transport carria anetri ¢’ prercin
housi ng dranspert parisdw0$.33) arecuhstagfiallypareliel sy anoff®rt | sai d bone screw (53)

bei ng sl i dablyy mu%@@ieﬁ@e t<5|¥l‘,?3r(!l @?eédgcyng%lf tH r@éédﬁi ﬂlﬂQV&? a@%%?{ﬁém thite

sheath (6 ccord to one o

28, char dbe lidingaxis 6f @Hra?nswqrt %Mﬁ?» 208 30f040! aﬁwaﬁ*qnhﬁlarrwale@whezﬂm of

sl idably rBI%HBH 8ch e 4IBR P& (22268, r3@§t4@2‘§nd fkakis\o? r&té’no%Qif BeohtRdl %hﬁfl@ezﬁﬁft
(a). . The device according to any one of claims 1 to

accor’(?i ng3°€’04Q§)a| m 32, characterized in that it conprises a si ng! e .
t hreaded rod 24402) ,Thbfaev.wau@rr@hg)& argaamé obmer]:ﬁeé‘e@mgtﬂlaﬁrngfchbfa%féﬂﬂéd fnithgt a

nmovenent from the connecti i rst |rect|on of novenent,
oy eIl o DS rSapan oap 0% 4s. 4080 . provdsd W barnei e neans TP Y NS

part (406o tHeljonddastich as hasksascréws] opepes.i on, the device conprising means

for. Iocking tzge fi r'l‘?]g dteclgg ggcorréingp %ra;[ny one of the preceding claims, characterized in that

15 at least one transport part (205, 305, 405) is substantially cylindrical and has a normal
diameter in vertebral surgery, in particular comprised between three and seven millimeters.

23. The device according to any one of claims 1 to 21, characterized in that at
ieast one transport part (205, 305, 405) is provided with a portion substantially in the form of a
plate comprising normal screw passage opénings in orthopedics for long bones or in

20  maxillofacial surgery.

24.  The device according to any one of the preceding claims, characterized in that
the control shaft (3, 203, 303, 403) comprises a permanent magnet whereof the direction of
magnetization is substantially perpendicular to the axis of rotation of the control shaft.

25, The device according to claim 24, characterized in that the control shaft (3,

25 203, 303, 403) comprises a rare earth-based permanent magnet, more particuiarly
Neodymium lron Boron.

286. The device according to any one of the preceding claims, characterized in that
the control shaft is connected to a motor, a gear motor, or a key gear.

27. The device according to any one of claims 24 to 26, characterized in that the

30  control shaft comprises a hollow cylinder in which a magnet is secured using a silicone-based

adhesive.



(405a, C2) in said end position. 35. The device according to claim
34, characterized in that the conversion neans are capable of transmtting
a novenent of the connecting nut (408) in a second direction of novenent
opposite the first direction, by sliding a first transport part (405b, C2)

relative to the 30reference part (406, Cl). 36. The devi ce according
to claim34 or 35 characterized in thay the conversion and | ocking nmeans
conprise a paw system (455, 457). 32 37. An application of the

devi ce accordjng tgq, any .one of the precedi clai,ns as intranmedul | ary nail
or el ongat i ogé'or bgﬁ%gg‘ﬂ%ﬁn%‘f%@” h‘Pé‘P)é.one o PhgCeding Cgab'Bf’ici"gﬁrg%HZ Jf'"t@@é
devi ce achodevitwist at lamyt partallpimackaising dn eecBéchemicl stanafatiuong tachnigue, in
conpressi on. rod. t rrect. the spine or the thorax. 539. An application of
the devi cp@n%;@[)‘ihai %t-lf)ecg?lﬂﬁ' one of claims 1 to 36 as growth prosthesis.

40. An appl i eati onTbé déviee aeidieg ta@npodé ftheprenedingrabainn$, chbeacteszad indhd6 i n
t he di f§ ] . td | ' t | ; of
the 1t edtd B8 BfreiroR A tne RSB0 bd 1Y bhiigefl DR} RG] o Bienilfrn
accor di ndghe aximefyotghien ofthe bentrebshiaft(d). 36 i n t he 10nodi fication of sections

3; L Bfoﬁfgg?iﬁ’bfi gf ghgae\h&&%omg} ©Bait PR Ab AN A iR R he BRF&H:a$8r (C.)
comprises a ghe'ath (6) in which a bone transport carriage (5) slides on which a transport part

(53) is mounted.

10 3. The device according to claim 30, characterized in that the bone transport
carriage (5) is provided with a through tapped longitudinal piercing (51), at a distance from
the axis of the sheath (8), said piercing being complementary to the threading of the threaded

“rod {(2).

32. The device according to claim 30 or 31, characterized in that the bone

15  transport carriage (5) is provided with a diametric piercing (52) housing a bone screw (53)
forming the transport part, said bone screw (53) being slidably mounted in two longitudinal
parallel grooves (61) of the sheath (6).

33. The device according to any one of claims 1 to 28, characterized in that it
cdmprises two transport parts (305, 405) slidably mounted in opposite directions relative to

20  the reference part (C). _

34. The device according to any one of claims 1 to 28 or according to ciaim 32,
characterized in that it comprises a single threaded rod (402}, the conversion means being
capable of transmitting a movement from the connecting nut (408) in a first direction of
movement, by sliding a first transport part (405a, C,) relative to the reference part (406, C,)

25 as far as an end position, the device comprising means for locking the first transport part
(405a, C,) in said end position.

35, The device according to claim 34, characterized in that the conversion means
are capable of transmitting a movement of the connecting nut (408) in a second direction of
movement opposite the first direction, by sliding a first transport part (405b, C.) relative to the

30 reference part (406, C,).

36. The device according to claim 34 or 35, characterized in that the conversion

and locking means comprise a pawl system (455, 457).
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37. An application of the device according to any one of the preceding claims as
intramedullary nail or elongation or bone transport plate.
38. An application of the device according to any one of claims 1 to 36 as

distraction or compression rod o correct the spine or the thorax.

39. An application of the device according to any one of claims 1 to 36 as growth
prosthesis.
40, An application of the device according to any one of claims 1 to 36 in the

modification of soft tissue, in particular the elongation of part of the intestine or gastric bands.
41, An application of the device according to any one of claims 1 to 36 in the
modification of sections of the conduits of the blood system, in particular artery cerclage,

valvuloplasty rings.



