WO 2012/066231PCT/FR2011/052651 1 System for determining the quality of an individual's bone
structure The inyentign 7ekies to a system for determining the quality of arpgipgivisiialigshbene
structure, particularly the porosity of the bone structuret In the medical field, while performing
surgery on a patient, the surgeon often operates on complex anatomical structures composed of
multiple elements, for exampystem hond retnied chewposkity of arbomtivithtailkswhich contains
mineral elements and the bone marrow where bload ¢@lls.aifformed, or an intervertebral 10disc
composed of a matrix of fibrous or gelatinous cartilage and water. It is useful for the surgeon to be
able to evaluate the quality of these structures objectively. In particular, when the surgery on a
bone structure consistSbé irsestitigrandfagianto far exataple farseieterinisingeriabrayostaynail iara femur,
the holding ,of thi i r %%p ' chaorage and therefore on the
quality of th§ bolﬁgﬁ?lﬁ%ﬁﬂ%g w %tc it?sg gn%s@rgtgg%}g# ?#%%é?&%%gﬁ%i %Qaug%ﬁ% structure of poor
quality, particularly porbUS®&ifslicai figést NEHeaRafRIMRItRerga e indphatie Mstaf sdigeabetirnstructure
of good quality. Aitehibe opaiahprgans:anchoragecalticdsniarbis efugiakind aitensmiono20 to
better fusion, aned g’?_’o ecigHyat% éjnecr rasipﬁfa the risks a&sqcia&ed with poor En horage of the implant in
the bone structur)é, g example Such a8 the SREASH pa?n-ager?grea rB‘sg’ §oarfirsEE Si5Eheed for
new surgery if iralsiagninigndtite dooersnatren, wharenkleginepts tre demeral popolaniervatebteénd is
toward treging daincspasingibeidedy Raients g theseiolr bavrdessselichRenes. New implants are

appearing on the market, such as expansion screws, dedicated for use in fragile bone not having bone
structure of good quality. T #RELrifEolh L E58%t R Radkigdie Brakatulify Biake 8biRestucture he

will be working witholuessarjadé@ihis therapeutic method accordingly. For example, for screw

mplantation in a 30 vefieRadh e [oae SEUSEnS APk Aapod AUAIL AIRYASHER G dhoose

screw of a larger diameter, or to use a specific implant, or to inject consolidating cement, Or to treat an

additional vertetiP 3Rt d U< aMp 8tATHTHB P HE Tim S ap pRipifafiefemur. theThplding @l khiswn
techniques sisedrisieniqredtgefyphedpoavice dhelsugeanshnitagndndigalien ef dhalpgesstyucture
quality.  _ For sxample (06 BEXAMENRd sl Eneravxray ARsoipiem b gig g measuring the
bone density of different regions of the Sketeton. THig involves

of poor quality, particularly porous bone, will not hold as well as the same implant

installed in a bone structure of good quality.
After the operation, good anchorage of the implant is crucial to better union,
20  to better fusion, and especially to decreasing the risks associated with poor
anchorage of the implant in the bone structure, for example such as the onset of
pain-generating pseudoarthrosis or the need for new surgery if implant migration
occurs. '
Also, with the aging of the general population, the trend is toward treating
25  increasingly elderly patients who therefore have less solid bones. New implants are
appearing on the market, such as expansion screws, dedicated for use in fragile
bone not having bone structure of good quality. If the surgeon has objective
knowledge of the quality of the bone structure he will be working with, he can adapt
his therapeutic method accordingly. For example, for screw implantation in a
30  vertebra, if the bone structure is not of good quality, he may decide fo choose a
screw of a larger diameter, or to use a specific implant, or o inject consolidating
cement, or to treat an additional vertebra, or to use any other method he deems
appropriate.
There are known techniques used prior to surgery that provide the surgeon
35  with an indication of the bone structure guality.
For exampie, the DEXA method (Dual Energy X-ray Absorptiometry) allows

measuring the bone density of different regions of the skeleton. This involves



WO 2012/066231PCT/FR2011/052651 2 measuring the attenuation of two x-ray beams of different

energy levels thypughytissyes (soft and hard: organs and bones). Once therattenyaiionisigaewn, the
density of the traversed tissues is deduced using an attenuation equation according to the

Beer-Lambert law. The examined areas may be the entire body or portions of 5 it, specifically the
spinal column, the#spritte the ckiehusdide miitvwnd-thg freamr{rddienTarerggus s tifiegamination

are expressed ag§,8¢0[6oflesc8NRLNG gaRaSHIAdHRRRE) MineIA| HENSHYIRGBRRATiSRNLC the
corresponding normal value for the area in %u,esnon. This examination allows evaluating the risk of

fractures even BSIOTEYfifSEFHREIRE ANPRYRE §t FE LRFEIR b ALIALT B RS AR NRA RESAIHBP 10testing
older women fotm#iedjrmoisisnbert |1Alsof knexamirat apphoatierod\tie 20084114Q80%, iedideskifique

which first gonsists,of apalying.andimeasitiing alieragingeleatical signalsgmilgdoyesaaide

frequency range, within a portion of the body, then processing the electrical signals to determine the
impedance and {i¢iHRasE eHigsHis i iSRRI GEs BNPRP 1% eSS dEGER BINHRe density

value for that paricaktiredioshe mineldheseagnrinvasivesndpaislessdeshmigiiesonhishare ksed on a

rapid examinatiqn.offering gogdesuls.n iems obRrERisIon.and SRR QLGN BAVE I8 oyon
disadvantage, however, of providing a general examination which afalyzes both the high-déensity

cortical bone anerfReelwigdnsagteanaeneasbdnis. conentheromigpisd daabgethariitonamtim a bone
structure ingerms<phguMity (emexampiaananaitebra may be of lesser quality than another

ighbori tebra in th tient), kpowi I lity of the b tryg i
uticent. Local oA Bior e e AL 1o RRL o B2 QU SRR L6
structure, there @ﬂs@tisfmmivmw@mmgewibgrﬁ@w aihmﬁpebﬁismm‘mtwwbmimj a wataple,
generally undergnesihesian gt aammlPARSSrREMEEHIOricE i ARANER] B SIS B Haciple, the

biopsy location is the hip bone (iliac bone). However, this technique has a certain number of
disadvantages, IRAGHRG Mo lerryBRpo a8 tHES RIERE & Hhfaefrsdl st R ocea ddAd the
inability to130 extraiutate dhikite theceetendyionlwhieettbepsutrgetr isddywork. In addition, obtaining

information on the q“ali‘%e%tﬂ‘ér%ggsf%%“% ep%ﬁﬂt%%?%&%ﬁﬁé@%'?&\084%3%% agmensand is

therefore not immediate. Aside from the disadvantages mentioned above, the above techniques
are pre-operative<@RtnFireadEthe AopsbestliRl aupamsrbPieiprscatriresodphiibnh®s fhast

undergo. Daisingy sbrgeryh boweyvess bisvaitigal haltaespaiabngdinedeaas ghartamanssible in

order to decreasg g ishs (anesifiesia JNPRION leds AP S 81

20 As there may be a large variation within a bone structure in terms of quality
{for example one vertebra may be of lesser quality than another neighboring
vertebra in the same patient), knowing the general quality of the bone struclure is
insufficient. Local information is required.

To obtain local information on the quality of the bone structure, there is the

25  known technigue of bone biopsy, which consists of collecting a sample, generally
under anesthesia, of a small bone fragment in order to analyze its structure. In
principle, the biopsy location is the hip bone (iliac bone).

However, this technique has a certain number of disadvantages, including
the need fo expose the patient to an additional painful procedure and the inability to

30 extrapolate this to the entire region where the surgeon is to work. In addition,
obtaining information on the quality of the bone structure requires processing the
coliected fragment and is therefore not immediate.

Aside from the disadvantages mentioned above, the above technigues are
pre-operative and increase the number and duration of the procedures the patient

35 must undergo.

During surgery, however, it is critical that the operating time be as short as

possible in order to decrease the risks (anesthesia, infection, etc.). As a resuli, the



WO 2012/066231PCT/FR201 /052651 3 measurement of the local quality of the bone structure must

be obtained withpptineramsiyd the operating time. Also known, from dpeumepioW506:39yY 883, is a
dental diagnostic system. The system comprises a body adapted for insertion into a preformed hole in

a tooth, 5 and a resistance measuring device comprising two electrodes for distinguishing healthy
tooth tissue frormeasvaseenbothttisdoeshasatity wiattifferaecetinatardumctvieredtdireg frothcatdifference

from filling the tqoth yaith,ligid,daismgusiem, which applies to a tooth and not to a bone structure,
requires drilling the tooth and fﬁling the tooth with a liquid beforehand. In addition, the quality of the

tissue is determined 101%% FBR%Te TAZLABPHAESEL YA & YFigHdn h 2 dleriRkidiRgnostiopysiifient wo
2009/152244 déseribetarsystaprisdes ddtmhyaning ¢t dodimentonisiof @ fheferineal hofeistauotdine, also

comprisinga bogly.adaplac IREINSEIIONIIoA REE RURRSORIE b R Byg RS _maﬁﬁygﬁﬁa above,

the electrodes are in contact with 15 tissue which is not the intact bone for which the qualityis to be

measured, but WRAEh{aesh SFres MY Fesnshidierf bERR 8 MRIE L RITHI TR6PRA E HIREICUFIITTY and the

fluids that are presemhdora@xamplediond. Hawealrtg theresullingitmixtiuie. dpes rRetkavewhesame
guality as the ingactnbor,gg gr'g(r)thogrglirp .tésaabresultf th e sl)%stems 0, hot %léo%
wh

TR RrERe RIS SN BORERAIRY o eeq

determining the &)l?aﬁfgy of a bone 'structure, particularly
exists for a systt® ferttevémmaitimdchefgighinycof nrdBidre. shecurthivfigrediiows hdatargesd to be

able to evalyatathergaality pithis sisciusr SRiaEHEIYR lesaiyeslirgctly in contact with the bone, in real
time and continuously while driIIiniltﬁge bor)ge)?zructure. 25The invention proposes a system for
r

determining the quality-5F°4'BERe Hd&bve! dpacéiinidespafTcufarRY B holUsifFst T Bicture,
said system compnzisgens of-a boldyiadajteckfortiadhing, iatecthe hpneisgructiveyard gresefiiing an
outside surfacei&%—@dq@t@g@ﬁ;@ﬁ%r&de having a contact surface arranged on the outside
surface of the body so as to come into contact with the bone structure during drilling, - at least one

second electrode havitly oM chistiraseneringed ke JhtsitleLifaset tHe BBUFLEIUE to come
into contagewithitbado@heisisuatutreaihtaclis@ncefraficth enfirgt gligcisad @ ¢ wiing wheting tIGthen electric

generator adaptr%gtgg{awg&ilﬂﬂgaﬂo%e%f}i&:nﬁuBroer{g %S%geé}etgﬁed from the prior drilling and the
fluids that are present, for example blood. However, the resulting mixture does not
have the same quality as the intact bone prior fo drilling. As a result, these systems
do not allow continucusly determining the quality of a bone structure, particularly

20 while drilling the bone structure.

A need exists for a system for determining the quality of the bone structure
which allows the surgeon to be able to evaluate the quality of this structure
objectively, locally, directly in contact with the bone, in real time and continuously
while drilling the bone structure.

25 The invention proposes a system for determining the quality of a bone
structure of a subject, particularly the porosity of a bone structure, said system
comprising:

- a body adapted for drilling into the bone structure and presenting an
outside surface,

30 - at least one first electrode having a contact surface arranged on the outside

' surface of the body so as to come into contact with the bone structure during drilling,

- at least one second electrode having a contact surface arranged on the
outside surface of the body so as to come into contact with the bone structure at a
distance from the first electrode during drilling,

35 - an electric generator adapted for applying an electric current between the

contact surfaces of the first and second electrodes for a determinad period of time,



contact surfaces of the first and second electrodes for a determined périod of time, WO

2012/066231PGY¥ (F R0 bkE¥2651 4 said electric current having a charactggsfi¢gh@sepsigyn among a
voltage and an intensity which is known, - a measyring device adapted for continuously measuring

over the determined period of time the other characteristic chosen from among the voltage 5 and the
intensity of the skidteteclitentrpagSingitgreuginthcdiatie strosturédetamenghe worigetesdriates of the
first and seconqrgm@%ﬁch is kn@vprocessing device adapted for continuously determining over the
determined period of time an electrical magnitude representative of the capacity of the bone structure

for allowing the passage f IHEASIEHC 2eiriht HAREEn (e R EHRUBY sUPRARIERI tHYHrsthhd
second electrodgstchased qgritbe khaws tharacteristicavisheticiadseaswuiadetmrgeterisiicagind for

ti deljveri : ' ' ' ' tati ft lity of th
pone Strucire, BTl S Seroaty o Ik o S b RSP S B P

first and secondaeEieidSupased Orilparaetsrhsirrane lelsgicatasmagnitude. Thus, in the
invention, the first and second &lestgdaswniacad andinerbodisagarieshfor staling o doer bare

structure come directly into contact with the portion of the bone structure for which the quality is to be
detormined. Tha G EARER ErOME UL, g LN T ke S EEB G ogE G Bver the
entire pre- 20 déteairediperio: dbtimooire Spordissafsr ekdhepladihecdueatidretyyehe dridling or of

the surgeryp a magpitide iepreseniatye afdhefRpacinyiar allowingahe passaas oftle glegiHc current

in order to deduce the quality of the structure from this in real time. This determination of the bone

structure quality’PARBE AR TSBYS, SaRarEsicwang EneayihEwsie BIeiRe, but
also, in one speuikc {25 diphoatahpaftel sUtigery dign) riye dsealiatyp exitickinueride nfahadniter the

bone reconsirugif,o. JAdRefl D ARLY,BlAVER MaBHAk 1 allouine ARssRTE, " slseidc current

represented in particular by the conductivity or resistivity of the material, is an intrinsic property of the
material which G¥FeRe% 6h the Arsturddraponshriferodes FRAtes FRASESHETBRT Gl/sEkakhe bone

structure i$5 comppsitelgnaterial primarily composed of two phases: solid bone which is a poor

conductor, and bone marrow, which conl&ains or}dupting blood ells. Each of these tw%atgages have
L. .. us, in the invention, ihe lr%.an Sec? aiecirodges place CH’[ Oe\f
distinct capacities for allowing the passage ‘ot electric current. The measurement of the general

capacity of the isgaetet Rt drdlfer Ao iingane pasdsiR whediiact! BB usar@reiidts ipfoiamation on
the proportion ofthesedue RArsas AldiheraiaseeRitpesadalibyetdhrane sl URERGoNANRY hard

bone structure such as cortical bone, the capacity for allowing the passage of electric current will be
low because thd" ¥Ry St 2758 BTPE;@’?TFt PlsgB uously, meaning”over the entire pre-

20 determined period of time corresponding for example fo the duration of the drilling or
of the surgery, a magnitude representative of the capacity for allowing the passage
of the electric current in order to deduce the quality of the structure from this in real
time. This determination of the bone structure quality can be performed during
surgery, particularly while drilling the bone struclure, but also, in one specific

25  application, after surgery during the healing period in order fo monitor the bone
reconsfruction.

Indeed, the ability of a given material to allow the passage of electric current,
represented in particular by the conductivity or resistivity of the material, is an
intrinsic property of the material which depends on the nature of the material.

30 From a macroscopic point of view, the bone structure is a composite material
primarily composed of two phases: solid bone which is a poor conductor, and bone
marrow which contains conducting blood cells. Each of these two phases have
distinct capacities for allowing the passage of electric current. The measurement of
the general capacity of the bone structure for allowing the passage of electric

35  current provides information on the proportion of these two phases and therefore on
the guality of the bone structure. In a very hard bone structure such as cortical bone,

the capacity for allowing the passage of electric current will be low because the



5 poorly conducting solid phase is predominant, while the capacity for allowingrthe" passage of electric

current will be highergmagigaporotic bone given the higher presence of bope-faggaw; iigsy is highly
conductive. Thus, the more the bone structure pgesents a high capacity for allowing the 5

passage of electric current, the more porous the bone structure and the more it will be considered as
being of poor queikityy condnctiomediaarigem ety sdersystemabiithéhinventioty Has akbwintadeous

applications in theslgld offusinR SULIRBA{TGAP BB HGHRM P BRSO L BN ERAd AR, RRRHIrmIng

bone fusion. The invention can allow measuring the status of the 10bone fusion in order to follow-up
the evolution. Pre&RRAE i BNS B RIGK g A e R YO BEREYEne union can cause pain due to
undesirable mobility th@heanheatde meréceuwgenyctis grisontden thighaiataicitpres sutevon tihe bone

during fusian, it i | lo] t ilj i | justing the rigidity. of th
mplant (forexal e s e o R D Y B B B S I curing
fusion) or by adRsERRPEIEFeMBYIRRINENHRASTABY-example a supporting corset) or adjusting a

functional reeducation |pregias. dirgxyeheniselink Vermsiag slimukatiapof hane grawtydia.be able to
adapt this stimulation to how the fusion.is progressing, Thus, with the inventjon, during the healing
C tthe %15?80 l(J)f ﬁ/g f r? r? 8

phase where th&®ora strudiures e st %f oreggﬁééﬁugé\?%\ﬁla{ S Unio Ofé'B 8&Pé'§'§ng in

order to adapt Hwdreantienngrbpranfusioaribideinifaign crestinlighatiorasupoochg stahsadjusament and

removal ofithe gRisetlision iNLRNG RIMBRAILENLLRGAlGEHIC generator can be adapted for applying the
electric current in the form of at least one electric pulse. 25The processing device can be adapted for

continuously calculating S VAUR¥dPH oL FIERIIAISRESATBRCARAAG HPASRMAHER PRIRGHDIlime, and
for continuouslyuassetaitiagnohiriliy thetdeterisiacdpenod of diigenthédsalua catdatate dnfainthen electrical

magnitude Wi g3l 'oh (il AUAILY Rl e RO e e ally/ap 8-RRRSHBhiiF bone

structure. 30Also, the processing device can be adapted for storing a transfer function relating each of

the values in a R VAR R RS BRAGIELY RidhRIttaRN ysRMR's fatige BRESGELIBT the

quality of tree batweristrsiatitre cR@itieu Rdider ihecpaiasifnobtbe bonsystisribyer by adjlifgngrecessing
device can be a%%pted for est?m)isgin(%a first ra}tio between 35the kg wn charﬁﬁterispc gt,( d ghe
i 0

measured characte?l\gng, andtor zeterrrgir?l}ﬁagm[‘%g Slectrical m gcr?l{tSJe BBSQSHJ on 2aid Hrs E:Qaﬁlcl).
reeducation program. it may be useful, when using stimulation of bone growth, to be

able to adapt this stimulation fo how the fusion is progressing.
Thus, with the invention, during the healing phase where the bone structures

20 unify, the surgeon can check how the union is progressing in order to adapt his
treatment (implant of variable rigidity, or stimulation of bone growth, adjustment and
removal of the corset).

In one embodiment, the electric generator can be adapted for applying the
electric current in the form of at least one electric pulse.

25 The processing device can be adapted for continuously calculating a value
for the electrical magnitude during the determined period of time, and for
continuously asscciating during the determined period of time the value calculated
for the electrical magnitude with a value for the quality of the bone structure,
particularly for the porosity of the bone structure.

30 Also, the processing device can be adapted for storing a transfer function
relating each of the values in a range of values for the electrical magnitude to a
value in a range of values for the quality of the bone structure, particularly for the
porosity of the bone structure.

The processing device can be adapted for establishing a first ratio between

35  the known characteristic and the measured characteristic, and for determining the
electrical magnitude based on said first ratio.



WO 2012/066231PCT/FR2011/052651 6 In particular, it can be arranged so that the eléctr'ical

magnitude is chpageRffemxameng the conductivity and the resistivity of the peqg-REHCLS fgtween the
contact surfaces of the first and second electrodes, thg processing device being adapted to: 5-

determine a distance between the contact surfaces of the first and second electrodes, determine
dimensions of the contacpatidaleesibfamnetliy streand e conith & dbe adestngdh tiag ibe strebtse)

establish a secqpglyaliohetwmeessaitAIRPaRe aﬂﬁréeiglhOW%@%m%oﬂadswc;ﬁ?écaé%&aet@éect”Ca'

magnitude based on the first and second ratios. A low caa:)acit for allowing the passage of
electric current E8TIRCNEHTBEENSFdBRMTPRY ST5APEORIBERRTRS oF CHRvRTERIRE B URIdF Rssistivity. A
high capacity foaddisiedintg:the passage of electric current could be characterized by a high conductivity

or, conversgly. by a lowJeaisfivly » iIBRRrSRssina levise can e adepie o star jstance
between the contact sur(i!aces Eoﬁ tﬁ(gniirsgt e?%cﬁ (séglgongt e ectroé‘ces, an% the ct’i?[meng%(r%s%%t%?gng}ontact
surfaces of the fl8eEPR#ESecond electrodes with the bone structure. The contact surface of at least

one of the first and secopgiglesidnssaidiaveraitimaension dieriesdhemttOlinm .38 Thapracessing

device can be a %%eogjgts)rw%(])rtweqb%ggt rL\éﬁJlPeeS for the electrical magnitude over the determined
period of time. Stien ah arrangement allows recording the evolution in the bone quality over the course

of a measurement, for {@siebigtesssagndraiifdivbneehes biddyitanceasddaitbaigrarséntsabasis to a distal
end, with g 25 least ong;Rfihe first aodReganshpigekedrs euienlingsparalisl Lohegestral axis, the

contact surface of said electrode being level with the outside surface of the body at the distal end.

At least one of the first An8'5&8HRG MRl GRYRANSRERT A6 R AEDHTHIHFERUh M BPeBBNting the
contact surface charddieiedobypHsing adayeribfiinsulatiogydtrigiebial s urigiunesizghsiyid &lecihode such

that only said C%@é&i%@ﬁﬁolﬁi#ﬁvﬁlevwggsage of electric current could be characterized by a high
conductivity or, conversely, by a low resistivity.

15 The processing device can be adapted for storing the distance between the
contact surfaces of the first and second electrodes, and the dimensions of the
contact surfaces of the first and second elecirodes with the bone structure.

The contact surface of at least one of the first and second electrodes can
have a dimension greater than 400 ym.

20 The processing device can be adapted for storing a set of values for the
electrical magnitude over the determined period of time. Such an arrangement
allows recording the evolution in the bone quality over the course of a measurement,
for later processing.

In addition, the body can extend along a central axis to a distal end, with at

25  least one of the first and second electrodes extending parallel to the central axis, the
contact surface of said electrode being level with the outside surface of the body at
the distal end.

At least one of the first and second electrodes can extend inside the body to
a free end presenting the contact surface, said body comprising a layer of insulating

30  material surrounding said electrode such that only said contact surface is level with
the outside surface of the body.

The system as defined above may comprise a casing attached to the body
and a power supply device supplying electrical energy to at least the electric
generator and the measuring device, said casing being adapted to receive at least

35  the electric generator, the measuring device and the power supply device.

in one embodiment, the casing forms a handle from which the body extends.



the outside surface of the body. The system as defined above may comprise a casing attached to

the body and a powespghagevice supplying electrical energy to at least thergieciig @engrator and
the measuring device, said casing being adapted to rereive at least 35the electric generator, the

measuring device and the power supply device. In one embodiment, the casing forms a handle from
which the body extendt.cav Q2012106628 1FC THF RN ABLBB10BdY ardt attacheddogeigednse that the

casing and the kg pigiatiacics, (RSEY Bemdsiadaalls BIBRRpa RAYREIehBRES Al

biocompatible material which can be implanted in the bone structuref the outside surface of the body
being adapted 5" RIRHFAHEHER NP I BEEH IR tiRerue&rsurnes Metha SRgCBRnfiERPIRE4Rs for 5
electrically conndttingthbogiesithe dgengraicthansbtize stnests usinig < evded astimepfiksb@moksesdndl

clectrodes. g, hasly Ga 4 (10 aRimplanh ubieh INBTReR IS (AU ot g usion

The casing, for examplean external casing, meaning it is placed outsi patient, can ensure the
application and AEFSFEIAERTPERS electric current while 10electrically connected to the implanted

first and second electrqaessody chh anashemeabpabaeniiie casioganddhs badyaretmaasnef a

biocompatible n?aterial.isﬁhich can pe imé)lar?ted ins'kde the subject. . In thiF e bogimerﬁ, both the

X . uﬁ%on. e Casmgﬂ Of exampie an ex elrnal casing, meaning it,Is p?ce .ouiside the
casing enclosing the components necessary for applying andtheasuring the'efectric current,”and the
body form an infigiertwbithansus fagtieepdcaiovided maavvemandrifofingedsatic bomenfusivle

Advantageuslys it exfiamnmaerdRitspraitersback pensityiididbe.diferent components of the

system are controlled zs a function of th sié;nal regrese_ntative of the bone structure quality. This

arrangement can be paticIA U DE) steIFin AL tAEDAAS oP Y cA8nd™398 blldyPare
implanted, to 20ienablmbdpistatgriaednanicat deaims@meldonsidethealubgds when electrical

stimulation is being appligeita the ARNR SYUBIEE: casinUNRIJSALIRS ANLAAYARAGES. QL PR nvention

will be apparent from reading the following description of some Specific embodiments of the invention,
provided as nor2RRIHPY B¥LMBRSS BN fRAFEHIE Y B ATSCHEPIFIRIGE 3R (PRGNt YEiChiliure 1is a
representation gfzatisysieprdadeetenninmprtaeiqualiyiaha bemnefatigature according to a first

embodiment of the inVagga o, fiBi 2 3R [PRAIESNIANIN 0% mepsuting JRsirumeant heing used
in the system of figure 1, salda easuring instrument omprlglng in particular a handle and a%ody,
different components of the system are controlled as a function of the signal
representative of the bone structure quality. This arrangement can be particularly
useful in a system in which the body or the casing and body are implanted, to
20 enable adjusting mechanical sirains and/or electrical loads when electrical
stimulation is being applied to the bone structure.

Other features and advantages of the invention will be apparent from reading
the following description of some specific embodiments of the invention, provided as
non-limiting examples, with reference to the attached drawings in which:

25 - figure 1 is a representation of a system for determining the quality of a bone
structure according to a first embodiment of the invention,

- figure 2 is a representation of a measuring instrument being used in the
system of figure 1, said measuring instrument comprising in particular a handle and
a body,

30 - figure 3 is a schematic representation of the system of figure 1, illustrating
the connection of first and second electrodes in a distal portion, denoted Il in figure
2, of the body of the measuring instrument to an electric generator and a device for
measuring electric current, a processing device providing a signal representative of
the guality of the bone structure based on an electrical magnitude,

35 - figure 4 is a schematic representation of a variant of the distal portion of the

body of the measuring instrument of figure 2,



30- figure 3 is a schematic representation of the system of figure 1, illustrating the connection of first
and second elegirpdgs imggdistal portion, denoted Il in figure 2, of the body &¢HRR INEAGHIEY

instrument to an electric generator and a device for mgasuring electric current, a processing device
providing a signal representative of the quality of the bone structure based on an electrical magnitude,
35- figure 4 is a schemafiguep e se rtagiap ofilkuvasidng of thendistalupotiton refddey bibdy @ thizaheasuring

instrument of ﬁ%ﬁd%_ctwge @%%@%%&T{YF %?gﬂ‘ﬂ;/r%ﬁ?@é&figuratiohg%"l"@xé fi?s?a%@@%:@x%tr,aﬁng a

transfer function relating the electrical conductance to the bone™porosity for different configurations of
the first and secdIRBl@ERSrodes, - figures 6a and 6b are graphs illustrating the evolution in

electrical 5 conductivity ayefcimeadunng aliilling igrawasegpestivegoone sivdritsas iaf differriat qualities,
- figure 7 is,a representation of a.measuring jnstrument used in a system for determining the quality of
2 bone stroirur CSRSIILg 13d S ST i SR R re el
schematic repre@eitigions of a first embodiment of a system for consolidating a bone structure which

makes use of a system fey determinigsrde-maitophardeanarriguatifenand adixatiangavingdn the form
of a cage for intervertebral f stem b [ ure 9is a

sion, the entjre determination s eing implantable, - fig
schematic repret@RIIRNbHE SRt PI RORRSTHSING ZBORING 1 RRIRE BRRSIRE VoS Vsriant o
the first embodimeantaifigures 8a and 8b, the fixation device being in the form of a plate for

osteosynthgsis, - figiedOds m@&%&@&mgﬁe%@mma@eﬁ& HAURATERINE grsystem for

consolidating a bone structure, which makes use of a system for determining the quality of a bone
structure and a AXSEOh HEVRFARISINR P A S0 GEYRIE Rith Ee KX atSRs. 9h the¥RjERdCthe same
references are ukgeriardendie igentgalfar sipndasttesnse, and a fixation device in the form of a

cage for intervertebral fusion, the entire determination system being implantable,
- figure 9 is a schematic representation of a system for consolidating a bone
15 structure according to a variant of the first embodiment of figures 8a and 8b, the
fixation device being in the form of a plate for osteosynthesis,

- figure 10 is a schematic representation of a second embodiment of a
system for consolidating a bone structure, which makes use of a system for
determining the quality of a bone structure and a fixation device in the form of a

20  device with external fixators.

in the figures, the same references are used to denote identical or similar
items.

The fi_gures represent a system 1 for determining the quality of a bone
structure 2 in the body of a patient, intended to allow a surgeon to obtain local

25  information in real time on the quality of the bone structure 2, and particularly on its
porosity. As will be apparent in the rest of the description, this system 1 has
advantageous applications not only during surgery on the bone structure 2, for
example for placement of an implant, but also after surgery for following-up bone
fusion, meaning reconstruction, and possibly for adapting the consolidation

30 treatment to the progress in this reconstruction or adjusting a functional reeducation
program. Although described in relation to an application in the body of a patient, the
invention equally applies to determining the quality of the bone structure of the body
in any other type of subject, particularly an animal or a cadaver.

In a first embodiment represented in figures 1 to 8, the system 1 comprises a

35  measuring instrument 5 and a central control unit 30.



The figures represent a system 1 for determining the quality of a bone structure 2 in the body of a

patient, intendedpte aljeyvgesg§geon to obtain local 25 information in real tiggeropdhe gddigy of the
bone structure 2, and particularly on its porosity. As wilh be apparent in the rest of the description, this

system 1 has advantageous applications not only during surgery on the bone structure 2, for example
for placement of an impicigyfestZatsal Sitdresomegasyring folowingHup ibeneafusterid wearsing as a

reconstruction, 9 RS PHRAIBBHA%INGLAESligatian (0 teatmenk t%”b%t@Fﬁ’%S?ﬁth&WS

reconstruction or ad'ustln%]a unctional reeducation program. Although described in relation to an
application in th&/bbdy/ e pAREAKIRY IR foREEH BRYISHSHE® o determining the quality of the bone
structure of the body irnTasyretheriyp e o sul)ecs, ganticistarly Brdgninah®aaasidlg\®® forming a In a first

embodimery re ted jn figu e 1 comprises a 35measuring instrument 5 and a
central con?%ol E{;{ﬁﬁ%ﬁ s\ﬂlﬂgag%1%%%%%%%@%@@%?1/05265l 9 In figures 2 and 3, the
measuring instrument bigetaRRgItEREHB! slatemicatbantoheldInmrpivebife isiienirdamgédhe type
described in patesnt @Rpigaiom¥VELRS/QGE0IGANd kowndithe Bame ReliGURIdRis type ofhe

measuring instrumtentS omp ises a bod ilﬁ) nd a casing 20 forming a 5 handle 21 that is attached to
the body 10, BB A HEko A LRSS ARHEH U HLRS D ARG R SdBPIEN ror
drilling in the bothe stagctipiéon, thepanienontisnioviimitedosntiis igpdeoféntidumerthenhyyeisof
implementggion asANBREURERLAS I WilepRea KWihe resiel thedeseripliomdninartrwar she

invention can be implemented in other types of 10 instruments, particularly a probe, an awl, a paddle,

a curette, or othEy3RJIARIARTRS SERPERERBTEIR 8884 cribed further below. The body 10 has an
outside surface 14 and Sesviestio Kuppordirstitiasdrieeond i2deteciadesyaapactivelyl prasenting

contact surfaces atgaRaps 1.eame i caniagl iR LA hane-avLIs uTR 8L 2 disiange o each

other. 15In the embodiment represented, the b adapte rlling in ne structure 2,
particularly a velthFRNFICIR tRechnRasEacisnhg al cefisianasigamaasadietlar cross-section and

extends freg the handle &k tensoeisiadendkdsditedaey serichdawayvrd ke iRy plhss for,

p_articuIarly_cyli_nqgic(gl Peaﬁi%% r?' @%}4 _%n\% I%;)rbortrller rgss:sec l'ocqlr.E 23? s represe rg?dxslc ematically in
figure 3 which iitiStrates & dista por%on of?heabgay 10 MRS er%alg, tEe o_d(;y 8'M&de of a
conductive matdiiigHigregjoisprasiorreatentearsdrerndhe. handiend! fiseetisdtioeiel 116 of beiddgtive
material is arrangrebinHbRSBRNR RO NRlB SO ibexianssyingidritbs brdnd GRwigishang:coaxial
to the central axci)%hé? cross-section.
20 As represented schematically in figure 3 which illustrates a distal portion of
the body 10 near its distal end 13, the body 10 made of a conductive material is
equipped with a central bore hole.
The first electrode 11 of conductive material is arranged in the central bore
hole so that it extends inside the body 10 parallel and coaxial to the central axis A,
25 outto a free end 11a presenting a contact surface level with the outside surface 14
of the body 10 af the distal end 13. A layer of insulating material 15 covers an inner
surface of the central bore hole of the body 10 so that it surrounds the first electrode
11. In this manner, the first electrode 11 has a localized contact surface, meaning
that only the contact surface of the first electrode 11 is level with the outside surface
30 14 of the body 12. To ensure the contact of the first electrode 11 with the bone
structure 2, the dimension of the first electrode 11 is greater than that of the pore of
the bone structure, which is generally between 100 and 400 ym.
The second electrode 12 is formed by the body 10 itself and presents a
contact surface composed of a cylindrical portion parallel fo the central axis A
35  comresponding to a side surface of the body 10, and an annular portion generatly

perpendicular to the central axis A and corresponding to a distal surface of the body



25 out to a free end 11a presenting a contact surface level with the outside surface 14 of the body 10

at the distal endyld. % lawgEfiinsulating material 15 covers an inner surfage-qf e saniekepre hole of
the body 10 so that it surrounds the first electrode 11.1im this manner, the first electrode 11 has a

localized contact surface, meaning that only the contact surface of the first electrode 11 is level with
the outside surfdte B t4awithelbouydt2] T o ehsarecti atodtédoiotikeifrseeleittdeld 1 bwitrethe bone
structure 2, the dirnepsipg il disst eleeyode 11 is greater than that of the pore of the bone structure,
which is generally between 100 and 400 pm. The second electrode 12 is formede%the body 10

) P! ,
itself and presents a cHhtki® IR O JEEet AL ESIihlEaPBRItiGn Rtk P TaTE WEHERIISis A
35correspondingditstasideisutiges-did ety 30 atkan aenmas fiprtion Igerenally perpenditular to

the central axis e i istal surface. of, .
20151066251PCHIERSO GBALEL 10 10, ThE Set R Bl (R dSaneteapRb e st
electrode 11 by%ﬁ@“lé’y@rof insulating material 15. In this manner, the first electrode 11 presents a
contact surface which TseoRsEioWil fesReRkED HRvBose Brugusmiedndnyesiinaiemdiaesever, the
first 11 5 and sgcond, 12 glectiodes,are placed op the bady 10 at a fixed disjgnge apait fram each
other. The invention ie noFllmlteae, however, 10 the’embodimen anc?arrangemen d&scribed above
for the body and¥ertple.firse Variand secesritE? éldistvoel ds rosescnthplecivdevizintrepiesented in

figure 4, the secprielestiasie JdffyarrdRRrA0 Aide wHHace paraliehdo the Sanitaliaxis A with a
layer of insulating material 16, such that the contact surface of the second electrode 12 is limited to

only the annulaPBBHibR 108 GHaMe BRSELURERETATS FEHBES 16 4F tHB Ll e 18'®rhe body
10 can then be amedéohthnioimsulatmghntiateridsidhe firsict 11 dnd Secomt) 12 elebaties!reiad Jitted

within the body 34, 1,3¥l05g 8&:‘}‘%@”3{3&'}‘%@@5%éﬂ%éﬁ'ﬁﬂg%ﬂa%eﬁhﬁ,c{ﬁ%qﬁ& L Jf QeceRspsly

arranged coaxially. In particular, these electrodes may each be realized as a pin inserted into the body
10. Moreover, tEREdSRERHELHaMEN R &8B! Blectrode 12 may each have a localized contact

surface level with the sittesydaeeany, the distahsudaceeidhe bodethesacand electeedesidipaving, for
example, a dimension. 20 greater than cﬁog pm It ma ]éal(I;ﬁOA)e arranged s thrag Hw%pggyasu%ports two
15 The handle

arcanged coaxially, In partjcuiar, these €5 may 8ach he
or more than two %ﬁ’sge ectro esyl aﬁq {WO or more than ?WO secon eli?ac rodes

21, cylindrical offesjtadtiot® Brbady stbkiRirnuny drkialy rrtmdeditaichiis peeptHelsolipdo. The

shape of the handleng} tagilitaigrcosarpilganddnanirilatiog tlRednaitHmeNtRicThghaadie Ak made of
plastic material, js attached 25 to gosd&e\ée 17 of plasti rggt?g%I extending over a gor.tion of the

|
outside surface lit% %4' ags& % the second eleciro aving, for example, a dimension
20 greater than 400 pm. It may also be arranged so that the body supports two or more

than two first electrodes 11 and two or more than two second electrodes 12.

The handle 21, cylindrical of revolution, extends substantially coaxially to the
central axis A of the body 10. The shape of the handle 21 facilitates grasping and
manipulating the instrument 5. The handle 21, made of plastic material, is attached

25 1o a sleeve 17 of plastic material extending over a portion of the outside surface 14
of the body 10.

The handle 21 comprises a housing 22 adapted for receiving an electric
generator 23, a measuring device 24 and a power supply device 25 supplying
electrical energy fo the electric generator 23 and the measuring device 24. The

30  electric generator 23, the measuring device 24 and the power supply device 25 are
for example placed on a circuit board 26 inserted into the housing 22 through an
opening provided at the end of the handle 21 opposite the body 10. A removable
cap 27 closes the housing 22.

The first 11 and second 12 electrodes are electrically connected to the

35  electric generator 23. The electric generator 23 is adapied to apply, for a defermined
period of time, an electric current between the contact surfaces of the first 11 and

second 12 electrodes. The period of time in question can vary according to the



The handle 21 comprises a housing 22 adapted for receiving an electric generator 23, a measuring

device 24 and aypawet syeydlyidevice 25 supplying electrical energy to the g{egiriga¢pa; 23 and
the measuring device 24. The 30 electric generator 281 the measuring device 24 and the power

supply device 25 are for example placed on a circuit board 26 inserted into the housing 22 through an
opening providetpplidaigend bkthettrandid @1 sypleositEhihésbbdeélodddwmovatite SapqRaltioses the

housing 22. Thqﬁg%éaear&ée@@dnl,gs@'%%tr%%%érmeﬁl,eq@gak&\emnﬁ&&&*eao W& 35 elpsec

generator 23. The electric generator 23 is adapted to apply, for a determined period of time, an electric

current betweeMFRSHBHRGNS (P2l BeGhilROMPEE 19" Y S dRYHRE £PERRBHRE. PHBSHEHBHYOPEime in
guestion can vatheasoordiftgdothes WD 20 $24066 284 PEST HIRR2O HRAP664. 11 @pplicaiiontafithe

determinatign %Bﬁl% T'EH% 15 1% REUARAHIRY Whish IO, uﬂ@% dhe Ri%nge?%c&lf"ﬁn%%ta?e
determined: this period includes one or more measuremenits for determining orie or more values
corresponding t6ieSgaaftHPIhthentishesaiRteiRe SWIPBY s¥dA i RABIPESH JF thedREFWaoH. In

particular, whenoStapplyimetherfirst embadimest tpaiseasurnsinstiuBenntipdetdssvef dime may
correspond to the entire duration of the syrgery or tq a portion of it,.and particularly to the duration of
tho ariing. Whal S BN PR P AL e et e ache RF e hata ol o
second emboditieatrogyheoineeprith fanégeritig siuiatiemelytberiesioietit tireteativecdurhtion of the

implantatiqg in thaibedy: @ the,1Ppatigntarie only a portion of this. In particular, this concerns a
voltage generator able to apply a voltage of known value or a current generator able to apply an

electric current of knowWh RABIFSRS: AUSSHAAGEBYSy Y WaRFoRPPBIAIZ ATIR &t #RPM chiYBlREE Ny
therefore a losski&uof astueravy in theamiegsneexiventbiy the appdsannglacsticumerdrd, dhekedectric
generator 23 is gdanpted to apply the electric current in the form of an electric pulse or a series of
multiple electric pulses. The electric pulses of voltage or current, for example all positive, respectively

present determined intBFYARIBIHHE KN IR BYeieAEEZRHPRfihEIRGHPERR AbiRRETAS £ VeSfant, the
electric getierator caitigra2( deliver analiemaing byrtaet méasyifigguenaepittnugie aaaleriric
curtent n the for of pulses .3 AlEmaling syTent e RIsfered 5 aasable toave tg electri
generator 23 defiver a alrect current. h'one particular example, Re electric generatdris a voltage
generator delivetiry Sewief pnidbracievorayeskivdhthaleding inurer ofo/aleis neseréamiage 25 in

case of contact cghHeqsenssieveHipactldiz sr-aliaw Jausaitstimuiadian witheut filprllagien.
The measuring device 24 eleﬁtricagli/iconnected i%the first 11 and ?ﬁc%ld 12 electrodes isl@dapted for

continuously meXETHRY CovEF B G AP miREJARH ot Tirfe ANy WRiG A RELRR G or 23
applies th@@lectét\aureenalB0ratovoltagd. aff theyelecviencyrradit pagsiag dedughcthefiongtstructure 2

form of pulses or an alternating current are preferred, it is possible io have the
electric generator 23 deliver a direct current.

In one particular example, the electric generator is a voltage generator
delivering electric pulses at a voltage lower than 4 V in order to avoid nerve damage

25 in case of contact, at a frequency lower than 10 Hz to allow muscle stimulation
without fibrillation. _

The measuring device 24 elecirically connected fo the first 11 and second 12
electrodes is adapted for continuously measuring, over the determined period of
time during which the electric generator 23 applies the electric current:

30 - the voltage of the electric current passing through the bone structure 2
between the contact surfaces of the first 11 and second 12 electrodes, when the
electric generator 23 is a current generator, or

- the intensity of the electric current passing through the bone structure 2
between the contact surfaces of the first 11 and second 12 electrodes, when the

35  electric generator 23 is a voltage generator.



between the contact surfaces of the first 11 and second 12 electrodes, when the electric generator 23

IS a current geng¥atan) Pes231 - the intensity of the electric current passingdhieuabthesbese structure
2 between the contact surfaces of the first 11 and secgnd 12 electrodes, when the 35electric generator

23 is a voltage generator. WO 2012/066231PCT/FR2011/052651 12 The measuring device 24
consists, for example, tfamaaswrate evrivelRdatensistsafy ettrenpleyvfeaformeauriagydbitatge or current

(oscilloscope orglegigatackitRUicBOREIneasuring N RERABICH R XABRIASESFE G g ik JagASUring

device measures the 5 intensity of the electric current. Thus, as represented in figure 3, during
the drilling and FEREHERAIA )by the body 10 into the bone structure 2, the contact surfaces of the first 11
and second 12 electrotieshareanticaiiaekaithithadsorisestr untunagasliiadniewney altagaiissaplied by the

electric gergerat&a&%iﬂglg@/ﬁ%neggaﬁg%ﬂ%%urface of the first electrode 11, its 10 dimension not

varying during the penetration, and the contact surface of the second electrode 12 placed at a known
distance from the first &b&rageranrestrisntéhsayTer th&wite HecHelinging tnreretatiensiuiare 2

between the coptast soiifasescobdhe rsichiandiseeondd2 elrcisadesis maasused. Bsdndicated
above, a current of known intensity.can b ied and the valtage measured. 15From th

e raman: e S T S B e e R s ARG e of e
capacity of the thmelsoltictgrnorateralidwiiyere fressagedf shfadecifitheufireheleahidste deteitsined and

an indicatiph of SRRl ef (a7 PONGRHY G Bea i SRIHAREW L tRenfirst d1ape sesenddanglectrodes

can be deduced. 20To dao this, the measuring device 24 communijcates k{)g}r/?means of a communication

interface 32, forfS&ifffe's RATSRAh I AR LY aRrESEATe i i KELARET s ' 3, With & &EBKEEI control
unit 30 which cdhepeisesna grociassmindeside2s sfrheweninbanicatiothentenfitee S@fienans cdritgrise a first

transmitter/recepyer plaggy WL Measying, NItrament s, for examiple,ony e cicyt board 26, and a

second 25 transmitter/receiver placed in a computer 31 constituting the central control unit 30. As a
variant, the confBRYBH RNV R theerABBLRHRRLIHRIVRHBAR 5'8ABYISE central control unit 30 could be

wired. It sheuld be notegsthatiibe peasessing deyinsi2di coyldibe integeated withhihesneasutng
instrument 5, byeplgtggaq it on rgt%gacircuit board .26. BP'I{He roces[sincq qgé/i%% 28 ist able togl%errmine the

. tat .
aforementioned electrical ™ ghltu%erecporﬁﬁ%rﬁgd\é?y over the determined perlont? of {lhrrﬁtéj,r%urlng which the

voltage generatdfl@@nipififesapraareeiribegleehicaa arRAboAN \Rsitdgieanaan @t iitiepiriviek 24

measures the inipngjiurl e mureshpassipgifarough dbedhangigiryciurpdpefwesy thecepntast surfaces
of the first 11 and second 12 e&Iec odes. In particular, 35 the processing device 28 is adapted for

;
continuously ca ﬁ%rt?r‘\jﬁ%c\?gl & féerdt‘ﬁ%e&ectrical magnitude during the determined period of time, and
for continuSusly associgtingeduhing the detexsniingd pgevicel Gdimertheiugisiesaigulatethforadhe

communication interface 32, for example a remote interface as represented in
figures 1 and 3, with the central control unit 30 which comprises a processing device
28. The communication interface 32 may comprise a first transmitter/receiver placed
in the measuring instrument 5, for example on the circuit board 26, and a second

25  transmitter/receiver placed in a computer 31 constituting the central control unit 30.
As a variani, the connection between the measuring instrument 5 and the central
control unit 30 could be wired. it should be noted that the processing device 28
could be integrated with the measuring instrument 5, by placing it on the circuit
board 26.

30 The processing device 28 is able to determine the aforementioned electrical
magnitude continuously over the determined period of time, during which the voltage
generator 23 applies the electric current at a known voltage and the measuring
device 24 measures the intensity of the current passing through the bone structure
between the contact surfaces of the first 11 and second 12 electrodes. In particular,

35 the processing device 28 is adapted for continuously calculating a value for the
electrical magnitude during the determined period of time, and for continuously

associating during the determined period of fime the value calculated for the



WO 2012/0662?;1PCT/FR2011/052651 13 electrical magnitude with a value for the quality of the bone

structure 2, partigigjaily2lagepeiosity of the bone structure 2. The processing gdeui¢e @ ixaareover,
adapted for continuously delivering during the determirged period of time a signal representative of the

quality of the bone structure, particularly the porosity of the 5bone structure 2, between the contact
surfaces of the fitstititanthgeitotel iithadeciiod és has e ditytloé Hetbomingd. elecirk; glarimghitiyde. In

the specific examplglaseriafe 16 1eGFADATRLE S Lhe SORE BN 9fhebons atpsiure 2

between the contact surfaces of the first 11 and second 12 electrodes. 10Indeed, the electrical
conductivity is aftinffRiRUSHPErFEYSHEM SIS WhfthGEHBR b rPfieAatfrelBitné m3ieBahl. As the
bone structure 2«oasistidfdiwo plagesitpadrijicandacingsokd batiewdnd, s orasmwstamsaining
conducting é)loogo%%"%’ajﬂgt Rg istingt elecirical ganduelivities, MeauIing the %Jﬁ&%&%!g?&”f’é’c“v'ty of
the bone structure 2 provides information on the proportion of these two phases an erefore on
the quality of th&'Befedst hegae I RetdaiRrminee §/sraraabsirgsitiedeas cortical bone, the electrical

conductivity will be lowherasiss-iess@ith Beridytrduaive plirsenvdl iredotnatesrwbiievihe
electrical conductiyity will be higher in.an osteqporotig bone given the, higher presence of blood, a
G000 contucior THE-HE RIS SRR AR TR RGP OF SRS dtructure.
20 It is apparentfesiioties. above that the porosity representative of the proportion of each of the

phases in {ge bone strygiuea 2isenskikiirsBIAGEHRY Ot the dHAIOTIRB HRNR S HRZiHowever,

one can use other indicators of the quality of the bone structure 2, based on the proportion of each of

the phases in th&EZheSR0tRPE DeriuiephHig TRleHRbyLHI0R BPBoALUHYER AFARRARPEMY P where
25P is the porogitaséthpdodpestriucting sobdldosersediscar mdrcatocafttie quedity wftite deme

sructure 2. adndicated aue, i AdeLsameRmite the sapRginotaterialia oy the

passage of current, the known voltage, in volts, is applied between the contact surfaces of the first 11
and second 12 iR HPLBRAS WP BBRBISR R BIPAlRMABIPESA MY RARSSSINGN

amperes, ismeasstgore on hbepRgessing siendcsrdSieanthatiestabisie s firstdabaoktan gensity,

measured in this example, to the vgltage, known in.this e le, This first ratjp correspaonds to the
conductance mggs'%ﬂjﬁaelgqﬁ@ieamhgnesa?g%car Congﬁié”éﬁevg)égg%%jgﬁvdub&?\ﬂ f' E ﬁesfr%@(,?’cﬁggggteristic of
the material beigBEstiygiEHaRs expressisiniaiel ke the electrical conductivity will be higher in

an osteoporotic bone given the higher presence of bloed, a good conductor. Thus,
the higher the electrical conductivity the lower the quality of the bone structure.

20 It is apparent from the above that the porosity representative of the
proportion of each of the phases in the bone structure 2 constituies an indicator of
the quality of the bone structure 2. However, one can use other indicators of the
quality of the bone structure 2, based on the proportion of each of the phases in the
bone structure 2. For example, the proportion of bone mass M, with M = 1 - P where

25 P is the porosity of the bone structure, could serve as an indicator of the quality of
the bone structure 2.

As indicated above, in order to measure the capacity of a material to allow
the passage of current, the known voltage, in volis, is applied between the contact
surfaces of the first 11 and second 12 electrodes in contact with the bone struciure

30 2, and the resulting intensity, in amperes, is measured.

The processing device 28 can then establish a first ratio of the intensity,
measured in this example, to the voltage, known in this example. This first ratio
corresponds to the conductance measured in Siemens (S).

The electrical conductivity ¢ (in S/m), characteristic of the material being

35 studied, is expressed as follows:

LxI
AxV



G-Lx1Ax WO 2012/666231PCT/FR2011/052651 14 wherel (in A) is the intensity of the electric

current betweenthe gqapiassyrfaces of the first 11 and second 12 electrodgsyfpRaghedaissihis
example but which could be known, V (in V) is the voltage of the electric current between the

contact 5surfaces of the first 11 and second 12 electrodes, known in this example but which could be
measured, L (inwhgis the disthficeAeviren itltensitptatttisarédeasottheefitshandsecbaddRalectrodes;

A (in m2) represents the dimeyisigna cfthe.cantart syfagesof the J0rstdd. andsseond 1.

electrodes with the material. The determination system could be integrate any type of

surgical instrument, of numerSRTRIARI MEERSHRUREAYTH terms of arrangement and geometry,

where the first 11 and secondv1@releciedes cambe useitk iachgesnmesyvaceatity atigngtactor must

be determined corresponding_to.a second ratio 15, between the disiance. L ﬁetw en the. cqptact
surfaces of the first 11 and sescuodr% > %?Sgt?otﬁorg]g Ar{)datrﬁus Sd?r%(}enrﬁjsi?\se th? SSCOEn 2 sﬁrgﬁéses of the

first 11 and second 12 electrci@s"wigrbtievbishecstiddiar@sasurgdhen, as in the present case, the

contact surfaces of the first 11 gnd.secomd kselecirodesen net bavadheramesdimeasians; the value
taken into account for the 20 di ensio%‘f%of the c(:gont_act surfaces of the first 11 and second 12

electrodes with the material i€ e 8iREh R RISFIRE%Smallest contact surface. As the contact surface of
the second electrode 12 increhgiss wilh¢pecpenistiationinétiseonseaktingdnitctimericeseosrinallest

contact sujfce to be taken injp.aceanatds dhad 9 thedirsialariirge Haych remains constant during

the penetration. 25Thus, in the embodiment represented, knowing the arrangement and geometry of
the contact surfaces of'the ARETINHE LGN St PeabEeaRRAIBIRISACAPBeXotEERld during
the design of thénmemseninofinstmanant botddheioaibpatitn facion determistedrencempst fanall. To do

this, the first ratig hgiugen s dnigosihuand ievoliage i he.megsured (052 kiiown-one gualit

and, as the 30 €lectrical conductivity of the conducting phase is known, the"calibration %a%?gr can be
deduced from tHI§CIRSYArtR GRIICRYS S iAGEse Rrvs e disicemed sriseransingaloe ifatmédatiicting

phase of the bopeisksustite {Riaad) ansksaydhatdhisrasespends 1 HOMPeRosHY.-Jsebtbe insulating

) ; i A
phase of the bogf"eg’ttrwd%[g ra(?ngS %lleddts)r%ré% ’iéﬂ‘é Og!fd t%%tgggt%cl: gu]:*?arc%sp 8¥?ﬁg%ips]‘tq1/()'and second

12 electrodes with the bone structure.
When, as in the present case, the contact surfaces of the first 11 and second
12 electrodes do not have the same dimensions, the value taken into account for the

20  dimension A of the contact surfaces of the first 11 and second 12 electrodes with the
material is the dimension of the smallest contact surface. As the contact surface of
the second electrode 12 increases with the penetration of the measuring instrument,
the smallest contact surface o be taken into account is that of the first electrode 11,

~ which remains constant during the penetration.

25 Thus, in the embodiment represented, knowing the arrangement and
geomefry of the contact surfaces of the first 11 and second 12 electrodes, the
calibration can be conducted during the design of the measuring instrument 5 and
the calibration factor determined once and for all. To do this, the first ratio between
the intensity and the voltage will be measured for a known bone quality and, as the

30  electrical conductivity of the conducting phase is known, the calibration factor can be
deduced from this. In particular, it is sufficient to measure the conductance value in
the conducting phase of the bone structure {blood) and say that this corresponds to
100% porosity. For the insulating phase of the bone structure (solid bone), the
conductance is O for a porosity of 0%.

35 The processing device 28 may include memory in which is stored the
calibration factor and/or the distance L between the contact surfaces of the first 11

and second 12 electrodes and the dimensions A of the contact surfaces of the first



35The processing device 28 may include memory in which is stored the calibration factor and/or the
distance L betwegy tagoeuiaat surfaces of the first 11 and second 12 elecypdesmaing thedinensions
A of the contact surfaces of the first WO 2012/06623%RCT/FR2011/052651 15 11 and second 12
electrodes with the bone structure. The user of the measuring instrument 5 then no longer needs to
concern himselfMitnthiseaspect | rldot @b odimént e seéntgdrahétealisationtfactoeaswitin the

range of 380-500 4p{enf he G¥sten daRpiibRERRONE dhtlichhe SrlbkAtigR fagtor is stotrd.

Stherefore allows measuring the electrical conductivity of the bone structure 2 based on a single
intensity (or voltagEPHIBEEHFeRfetRMRE dhearrlivafitre e towithé BiRra0ss of dROMP 1Y™ind second
12 electrodes both varfhié ispaesibieteradaptatheproaessing deyiceaR840on datesmine shesdistance L

between the co f of the first elec : determine th
dimensions%A o?@%%@ét%@%@ﬁ r&wa%%gj %ﬁ%ﬁé%?s%%%éagﬁ cgf) %ﬂdéc%gaﬁzsﬁggﬁrjgggss\%ﬁ%B%Bb%%séeétructu re
2, and - establisPtAs 4D AEORAIOY ORI APPRFLINMERSH the above description, for a same

arrangement and a 15gamg geanetiyeithasadaes wireesobingdirsidiland secandr? glectrodes,

the conductancs gan b djsgl, epfeseniative of e quallt ot the hone trugiure.

- determine the distance L between the contact surfaces of the first 11 and
10  second 12 electrodes,

- determine the dimensions A of the contact surfaces of the first 11 and
second 12 electrodes with the bone structure 2, and

~ establish the calibration factor.

As is apparent from the above description, for a same arrangement and a

15 same gecmetry of the contact surfaces of the first 11 and second 12 electrodes, the
conductance can be directly representative of the quality of the bone structure.

In figure 5, a transfer function relating the conductance to the porosity of the
hone structure is represented. [n particular, the transfer function relates each of the
values within a range of conductance values to a value within a range of porosity

20 values. Such a transfer function is stored in the memory of the processing device
28.

The transfer function, for example substantially a linear function, can be
obtained by calibration in a conduclting medium and an insulating medium,
respectively providing the extreme values for the electrical magnitude. The extreme

25  values for the electrical magnitude then correspond to the extreme values for the
porosity of the bone structure. The extreme values for the electrical magnitude
define the range of values for the electrical magnitude within which each electrical
magnitude value corresponds o a bone structure porosity value.

For the measuring instrument represented, the measurement range of the

30  first voltage and intensity ratio is between 300Q and 10KQ in terms of impedance
(ratio V/I) for bones in the spinal column, and between 1x10™“S and 3.3x10°S in
terms of conduciance (ratic I/V) for bone qualities ranging from very hard cortical
bone to blood (case where there is almost no remaining bone structure).

The graph of figure 5 represents the relationship between the conductance

35  measurement and the bone porosity obtained with the factor L/A, corresponding to
the arrangement and geometry of the measuring instrument 5 as described above.

The curves obtained with a calibration factor L/A 50% larger and a calibration factor



In figure 5, a transfer function relating the conductance to the porosity of the bone structure is

represented. In pastiulanedda transfer function relates each of the values wighjnga sapgeks1
conductance values to a value within a range of porosigy 20values. Such a transfer function is stored in

the memory of the processing device 28. The transfer function, for example substantially a linear
function, can beLobtalfted ivpiteilithetivmat wasoddactipreirbdienharrl keemediigihteniadigraph.

respectively proyigings s extrerevalieaiogine eircHicR fraiudan N R MGy WaldRS for the

electrical magnitude then correspond to the extreme values for the porosity of the bone structure. The

extreme values $8FBFE IR LR A AGHHIN P HSHPRAIRESSENS b AR BRAS HINE Wi it ieaP Rty Ritude
within which eachreldetsigahmaafinitude el caadriéd]ioricéinty b ommsimeatand potosidy valecFor the
measuring gwstrg[gg t represented, the measurement range of the 30 first voltage and intensity ratio is

between 3000 and 10KC2 in terms of impedance (ratio V/1) for bones in the spinal column, and
between 1x10-4S and BM8xdeRIPlieAdHMsPEP EERE iRt h BRI VIR &h NGl ARSIy from

very hard corticabhonedadeleash{casasthere iheerisrannst amdenifing ens sl el Tbe graph
of figure S repregents, e reiationship, Detyeen Jne copdudiange, 2» measiemen! andhe bone
porosity obtained With the T3etor ﬁ\, corr sponcﬁng 5 the arrangemgn ana geome{P)P o??ﬂe
measuring instraiasisrasrd@seritriaralmretieHesisiivibs o iigihetavitivelwalibration factor [IA 50%

larger andg calibrationrfagio WO 240633 1R GE MR BRALLIRRAARA, 14 AR smallerdian what
was described t?E)ove have been added to this gr pfh The valur?s on the x axis ar%ﬂgiven as a %
t

porosity of the FRPEHN &, Wﬁﬁﬁ?hb‘e‘rr@?&?ﬂ d ﬁe"%%FﬁSB {5568 %rg‘?emt ?H@ @Sﬂgstructure
(0% being a coriupietel\tieswidainghtzteralaunth 00 Ydserryithly Hheasupedaactplixaiatdmngdre

Sblood). — TheflescHRHORAUSY RIQYIAGLIONARIRSESS) ’GQlQS‘@Sﬁe%@&H@&%F@@W%? ﬁﬁlﬁr@%\'ﬁ}g uctance

measurement and determines the conductivity of the bone structure Is directly transposable to a
processing devité 28%h5eisessdacthe v mesiniaetteaa v oo Lo veidivity of the
bone structare. @3patsivislithRedetastivingticntaystemeobthiei prertignyfaie oonastatinte Asihy

(respectively a \{Rgat%qu)ei?org%ﬁgg?gﬁ élagniq“sag@agggspectively the intensity) being known, the value of
e Impeda IS

the conductance (respectively the | ince) termined. This conductance (respectively
impedance) value corré§popi@seanBatNEYiChdifeedy JRlvRE eamtirativr adtsingHivh dgfermaitttaining

the value of the sgngustivite, 18:(kasRactyalydhatiesistivity huaitheMakie afdheraiesibegidhe bone
structure 2 and fherefore 12 GHale IS HNGIS A electrodes.

20 This signal may be of any appropriate type: electrical, visual, auditory, or
other. In particular, it may be an electrical signal communicated to the central control
unit 30 for later processing. The processing device 28 may also comprise a result
indicator for the quality of the bone structure. The resulf indicator can be in the form
of any device which gives a visual indication of the quality of the bone structure. In

25  particular, the resuit indicator, such as a display 34, a computer screen 35, a
galvanometer, a light graduated scale 38, for example an LED light strip, or other,
allows reading the value determined for the bone structure quality. in addition or as
an alternative to the visual indication specified above, the result indicator could
provide an audible indication. The processing device 28 may be connected to a

30  device for saving and/or documenting the results obtained, which in the embodiment
represented is in the form of a digital record, particularly on the hard drive of the
computer 31, and a printer 37, in order to give a specialist the possibility of making a
diagnosis.

Aside from the instantaneous indication of the local quality of the bone

35  structure, it can be arranged to record, for example in the memory of the processing
device 28, all values representative of the bone structure quality during the pre-

determined period of time.



The processing device 28 can deliver continuously, during the determined period of time, the signal
representative olthe@ualisy2af the bone structure between the contact surfacesrefiha fikstsand second
electrodes. 20This signal may be of any appropriate type: electrical, visual, auditory, or other. In
particular, it may be an electrical signal communicated to the central control unit 30 for later
processing. The proceksingx@vicle, 28 nfaywsoGonmpdsélta resch indidatordordhetigialinziobshe bone

structure. The resutdadigater sarmeelaagha&gmg of apy denceswhichaiyes sa\isdal Nidingtigr of the

quality of the bone structure. In 25 particular, the result indicator, such as a display 34, a computer

screen 35, a gaflRiRBARSEEr PETIRShO§ BB dfe IT8R8ESS6 210y EiAlae LiTPRBRNSYAS BEliRsr, allows
reading the valu=igteumined fatihiechdher struetirecgsality. doradgditio nete asizad gltermh by e the

visual indicgtion spgeified;abays, the seaultindicatar caid Pravide.an.adlible indigation. The,
processing device 28 may be connected to a 30 device for saving and/or documenting the results
obtained, whichR{HETEHBS ditRIeHepresRIaRRNativane féteh BPERIiGHAINSG G, HaRiQiKE BN the

hard drive of thene@asresf Ihe andralipginiry 37 the anderdotgegaispesiabishthe possipidity: ahenaking a

diagnosis. Asidg 1o, s instanianenus Indication gfing losal aually.ahinc one 33 sugiure. it can
be arranged to fecord, for examplein the memory of the protessing device 28, all values
representative of €48 berisrenaetuse il ANehgreas scareterpiné il droacobidiered Woetter

2012/066231 P GLATR20L (A5 268knk7 wherkOlmexanupiaurisigHres 6aandhbuaral ofdhecagductivity
values representative of tge .|OC{3\| qiualgsé%of the _bor]éa stru‘ ture 2 measured during the determined
0

period of time id RERSIFET dRdTAtiga méf’aﬁf‘aﬁ %ug '39 WEIFSS 6'%%@”?@ St thEDther
values measurethdduirityithevdbtesninezb pedoofitinfigubeirbordedtedl|dve nwtbe matisatamegration of

the conductivity ¥aluesuJ gﬂgtﬂamlﬁgjdaﬁ@{@%ﬂgﬁp{ﬁémiggﬁ&@fntire drilling can then give

an indication of the overal qualig of the drilling, ta % into account gaps found in the path of the
measuring instrument 5% X%d ith SRISGRREHRS Biseiinfe AlgWH BERtEEIaR R LaRb & 8RA13G88%0 that the
anchoragel ®f amngaglantnitk ieatonsidesedrafieelitee ifogmaliohini thiedg kilingwherethieimemsurement
of the conductivjty yalues.is r S in figur t i > drill) the Su nt of the
condusiviy val e e e L AR e Bk

corresponding t8NgHss iRigfyBBmecattseginete magsaied ddterrhinaivahiesisvwamant. disuiaipitcee, local

and instantaneads ckné@assiieanestt thalapsay isieadmmeshateyitiormatieasikgifg: SERgaNLEaRCerning
the quality of the bone structure where the surgeon is directly working. As has been shown, this

system can easﬁ?rB%rYntegrated into a surgical instrument. The quality of the bone structure can
therefore BE determinethwithtutriakieeashiejthe leergeronthérsugyaity 20Tihe ibforenationtelstained

concerning the gualiy pidhe Rt SBUSIKE Tallavs thesiHeRondadake DRGNS sasM are

decisions during and after the surgery and helﬁs him decide what is best for his patient, For example,
during the surg&@/9fY 80fLBBRTAIMoPeERHgavhat is bestipr fispaficnts Brf s BRI b Rssion
screw), its dimessigay ($mallegesn2atargéndm@ameter), hook placement, etc.,

- the type of implant to be used (expansion screw), its dimensions (smaller or
25  larger diameter), hook placement, etc.,

- the number of implants: adding a level (an additional vertebra), decision not
to place a screw in an overly fragile bone, etc.,

- supplemental treatment: use or non-use of bone cement, etc.,

- implant placement: optimal implant placement by choosing the exact site of

30 the implantation because the local solidity of the bone is known (e.g. bicortical
sacral), ete.,

- the type of maneuver to be performed to adjust the applied peroperative
mechanical stresses {0 the bone quality, particularly maneuvers to correct
deformation or spondyloiisthesis, which if too strong could cause peroperative

35  detachment of implants, etc.
The determination system of the invention also applies to continuous

measurement of bone remodeling after fracture or after fusion.



- the number of implants: adding a level (an additional vertebra), decision not to place a screw in an
overly fragile bore, Bit2/66sapplemental treatment: use or non-use of bonerEviERtpeidS2651 -
implant placement: optimal implant placement by cho®8ing the exact site of 30 the implantation
because the local solidity of the bone is known (e.g. bicortical sacral), etc., - the type of maneuver

to be performed to adjTSt s FFHRTE serssersiverrstngnical hesyaiem fRe BRISETAR Barticularly
maneuvers to cqiegiel dgfermalie ostrpanaykeligihrsiseavhichdidoshstromgueeuld calisespesagerative
35detachment of igg%lants tC. The determination s,(gste of th in\ger(lllion e}lso Flp(ﬂ,'%es to

. em 1mept ﬁgs the same main c?{nP?ner} as the fsrs?em Q 1% , only dimenng
continuous measurement of bone remodeling atter tracture or after fusion.

2012/066231PETiFR 202 Dosie 31 88d the podyd spatiasheddoneneranoiienémectalreisgieem for
determining thenciiality REMBEIBORE StBletdER dssiRsciabachia iatirniofigdigforddtisssecond

embodiment has the same main components as the first embodiment, only differing in that the handle
21 and the body 40 ar RRERE b G TATETS HEATALTE SIntR Her FUTUPR Re SR
description for mwesvdétédisded the dopipdatoisin a bbhe sbaytdeei2fof exdmgteisn treléonh of a

screw, particulgtly 2, Redifle SeLaudNIERREHIRId MPIAAYALILARANE SUURYTRL. Jhe,fQfsis made

of a biocompatible material, implantable in the bone structure 2, and has an outside surface adapted to

allow anchoring®tHEBoaFR BT DB SAIRARNED! M RAEYIAiR PRI e Ul DR al s dhawpatie4Ritside
surface isthreackes: &sawasdihetbasautotithesbady kOidescsbed aboeihihesedy A deatsy first 11 and
second 12 electrodes arranged | I t t r abaye, without being
imited o this Ao e Pl 2 B P i the
body 15 40 andnéan8ingnetedmiatéosy irhtwaseARsrite’tRLBYRe Wittrittiresing piriedide dfousing 42,
for example polygangéiresinape, adapted for receiving a head 43 that is integral to the body 40, for

example of a polygonal shape analogous to that of the housing 42, can be provided. As a variant, the
andlo 42 could ba ShADEOTRIS A0 RGN S ) CH 5 S SRR T Hond 23,
20The end%f tH remidie 2dnd énteonipidses Blaiclricahevaiesctionboraptisiucd ds phstittital eontacts,
arranged to CO’HSJE‘&%QQZ?%‘?%NHRHP@JH%%Aa@W%%@OQ%@@?H%%@&Wﬁ@B Hebadurt] is attached

to the handle, in order to electrlcallx connect the first 11 and second 12 electrodes to the electric
generator 23 alt %8 HdHBa LA Qe lRES MBS TH PRI RIS ARAPERES Gk iHES econd

embodiment camousing 42, can be provided. As a variant, the handle 42 could be shaped like a
screwdriver with a tip adapted {o engage with a slit in the head 43.

20 The end of the handle 21 then comprises electrical connection means, such
as electrical contacts, arranged fo come into contact with the first 11 and second 12
electrodes when the body 40 is attached o the handle, in order to electrically
connect the first 11 and second 12 electrodes to the electric generafor 23 and to the
measuring device 24.

25 The determination system according to the second embodiment can
advantageously be used in a bone structure consolidation system in which the
electric generator 23 is adapted for applying an electrical signal to stimulate bone
growth. This arrangement allows measuring bone growth progress by measuring the
evolution in the quality of the bone structure and using this information as input fo

30  the electric generator 23 in its capacity as electrical stimulator, in order to optimize
the electrical stimulation signal emitted as a function of the value obtained for the
bone structure quality.

Optimization of the electrical stimulation signal can be done manually, by the
surgeon to whom the quality of the bone structure has been communicated by any

35  appropriate means. As a variant, the optimization of the electrical stimulation signal
can be done automatically. To do so, it can then be arranged so that the central

control unit 30, by means of the processing device 28, is adapted to control the



advantageously be used in a bone structure consolidation system in which the electric géne"rator 23 is

adapted for applyina@nsigatrical signal to stimulate bone growth. This arrggge e iRuss neasuring
bone growth progress by measuring the evolution in the quality of the bone structure and using this

information as input to 30 the electric generator 23 in its capacity as electrical stimulator, in order to
optimize the eleeigitat strmedatior?Sigaa émitied abibdnmimnaitrenaline abttinepidbtythétbene

structure quality,,ne dRRtiYZatIoNLAfthS FleRiGel é&fmwﬁm sigrelganbe. dﬁ{@mﬁ@ Uallyby the

surgeon to whom the quality of the bone structure h as been communicated by an a propriate
means. As a vafift! Tﬁ@%gﬁﬂﬁ@%‘ﬁﬁncéf’t%%I%%%HPE@WH%YBW%%PMHGBQ%B % gfically. To

do so, it can thelndpe arranged so that the central control unit 30, by means of the processmg device

2, s ssppdo ot 610,013 AT EROMRE R sl g =0

function of the signal representative of the qua %%
the bone structh@aW@BGWé@?dﬁ/ﬂ?Eﬁ%‘Eﬁﬁﬂéﬁ aprlEatioedn e @E%W%Wé@'t@ﬁﬁ’&ﬂd@ﬂy by
means of a feedhagldaopirddiggouse of such a feedback loop for controlling the electric generator and
the measuring device is not limited.to t pllcatlon n bo ucture consolida eI ctrical

T v BB d 7 .ﬁ? GEQ

stimulation. It coul a(c)itcﬁI ionall tiqr?a rrangaeaa 439 a{ﬁhél E"]e:tys S S’Fec?qeteorrm i ﬁy of the

bone structure igusditiisihthe, mmgtm@@nsmwﬁdsyet@mtmtwwImetéle@watanrstvmnIatmn device

other thanyifne oggsansisingRtithe RigeicHenaatondaadteilifel1d and seeprd,iAslggtrodes.
For this purpose, it is sufficient to use any qp roprlate electrical stimulation device which allows

applying electriéa BRAEGRH A BRORT0 the B St Q0 BIsHeReas heVdieERidal Shnulation
can be regulatedny apgerpdede jelstitjanlastinalipirradésmatieaity, atoosdapgiontdhe!sigriah! bone

15representative,of e hane I WE BUAIYrycturd. %Q@Pﬁoﬁﬂ%%@&ﬂ@é@kﬂﬁﬁ@ﬂoﬁ%&%’%& not

restricted to utilizing the system for determining bone quality according to the second embodiment. In
particular, the s{R#S1RA$5r BebdfiiithGHBRegUBRRRFaAbcSramtaB Heatlvstasstigtisninths sispdther

system fortdeteraprisgnbnie gtimiiyopeting.acqomiing to the 20 determination prlnC|pIe described
above could be Utl|lzedﬂ_]n the bon st[ucture copgo{:datlon system, resFt%E te>(§a{‘n % in th%hcontext of

siructure cONSsoli 10,5 5 no
a bone fusion application bu?a?so In any other app Ication, because Ehe measurement oFelcctrical

conductivity indR&es tHerqdalryonite saneuridliy tﬂm@@tﬂ@ct’iﬂ?eﬁhm@ﬁ?@ﬂﬂlmééﬁ@m irp

electrodes, the )é@ﬁﬂﬂt%ﬁﬁu@rs?%ﬁﬂ&)@%@&{ﬁqﬁ@{aﬂg?b% RRAYEBSAANICR e WISt RAVIBESHAR]Y device
25, as well as a remote cgmmunlcatlo é\rface with the roceSS| quewce 28, C (gld be mtegrated

into an implant &crdW, SHAE BYr?t%ng HeOPBRRR ce%’ﬂ@(d REBASPREsad@nt Binder the
skin. Durir§ thedgégisnit didzdingipered d&wrﬂiﬁﬁtlem@mmmmﬂwﬁ readhtheboneastiretliedectrical
conductivity valgg&ggﬁgwgp&ég‘status of the bone consolidation and the anchorage.

For example, in the context of a bone fusion application but also in any other
application, because the measurement of electrical conductivity indicates the quality
of the surrounding bone structure, the first 11 and second 12 electrodes, the voltage

25  or current generator 23, the measuring device 24, the power supply device 25, as
well as a remote communication inferface with the processing device 28, could be
integrated into an implant (screw, plate, pin, cage, lead, or other) placed inside the
body of the patient, under the skin. During the patient healing period, the physician
can thus remotely read the measured electrical conductivity value and know the

30  status of the bone consolidation and the anchorage.

The first 11 and second 12 electrodes can then be carried by a body of a
biocompatible material, implantable in the bone structure, while the volitage or
current generator 23, the measuring device 24, the power supply device 25, and the
remote communication inferface are placed in a casing also made of a

35  biocompatible material, implantable inside the body of the patient. Fixation means
ensure the fixation of the casing and the body near the bone structure 2, directly to

the bone structure and/or to the tissues surrounding the bone structure.



The first 11 and second 12 electrodes can then be carried by a body of a biocompatible material,

implantable in tRgdpopealgweiyre, while the voltage or current generator 23p¢neppeasipnggievice 24,
the power supply device 25, and the remote communigation interface are placed in a casing also made

of a 35 biocompatible material, implantable inside the body of the patient. Fixation means ensure the
fixation of the casing alhdatdtmodyrneEaathe!sonatistructalectjcirattytatite Honésteusttwaaad/or to

the tissues sUTOUREg A DGR STHEl Eor IR 2GR/ I CTERARI IR Aing ol addion

or as an alternative to electrical stimulation, the bone structure consolidation system may comprise a
fixation device HPABEH FSHRMABLIRZ IR ARV STPGRIFIESHORs ieamatingolie reeahstrdetiv.
Measuring the bnrditgtrtbetusdayualitydhenngllowspragritariog tte Hreg ressaftthaibongdigeofsiruction
around the éSfixq,g%% Oq]egé%% e N figures 8a and 8b, a first embodiment is schematically represented
of a bone structure consolidation system utilizing a system for determining the quality of a bone
structure, and a fixatiof*d&IHERS FaaRdRoradévicerdadietoirmsehamatitatierastieaenisfon cage 50

with 10 several@sgosiaiadrelestasiashiehtan anmiseeaivelinthe Hesbidiang srconid s

electrodes of the %ﬁt@egg [13% udetgar(‘rjﬂni‘,rg)ga !%% g\?lété/ of the bone structure. In particular, the cage 50
can comprise a thredadd porﬁadn, i THES ap of & truncated cone 51a in figure 8a and cylindrical 51b

in figure 8b, implanted The ¥xstiebraseT kseifiréiel foandoéesomder Pedigvinb etcaredge giateithwith the
threaded pefionsalaral asitcihibaldBeiFRRRIGHGHHRACRITIR ARBIRERWHE AR ¢alacaieghetween two

vertebrae 52 where a bone graft has been placed in grder to obtaina solid fusion of the two vertebrae

52. The threade¥PHRH 59 THuSYSIRR &6 S8 WG G adbtedf 4GS STHAERcIBses at

least the vpltag@gxnipuiaemh@eggeaﬁorcza,dhmmﬁegwﬁn@dediperﬂdm,and%t@emaeﬁ mpmyaiem(_:e 25.
20The casing S34drisingl A dRPIRNARIS MERRIS RIEFEAGIALRLIG SR QS eRalle Rheing

attached, for example, to the’soft tissue near the vertebra The casing 53 is then connected to the

first 11 and secdh§ fiBeECABESSIRNY WArSlpebrTRTAEN Bl aitrconiiitiestarearsmurtiariéhanterface,

preferabletemotackorteanmmalinicatng withdte processingdonirear8didbeidatiniiaatdaiegrated into
the 25casing 5%%Fz‘e%ﬁtrgea&e%gée"%@é%%‘.Jgr!-%ﬁ has BEUIENEECH %?éeségéeJBtr e S
external, meaning placed outside the pati€nt and connected by a wired or other connection 1o the first
11 and second i®EeletraiedFadeading Seatetheardomdmlmitue onmghe pedyetssingicevice 28 if

the latter is not igdagEated 44asing 583G ScRisudth: Fasninal kel it 3akYRWiad s eRaote

communication interface. As a vanr[({fnt reﬁresenteﬂg?ghematically in figure 9, the consolidation

system comprisBE&HLRASIPYES it i PRVSY RYSRILEEDES Rt sis plates 60 fixed, parallel to each
other, to sg@eral vertebrae &&ing ihganstdrirbbomyremied ] Mdminsplcandsioothd tRireleictrodes

are integrated i B dietipn dyictalaiaxapaieini 38 ane itz axsoniResiaplaes,00, into

each of the osteosynthesis plates 60, or into the fixation screws 61. The casing 53, internal or external,
is connected to tHE NG 2§ §sebrenTodrectrdiadiisy B \and Seeriitbébsiesiodes by a wired

connection 54 and comprises a communication inferface, preferable remote, for
communicating with the processing device 28 if the latter is not integrated info the
25  casing 53 or with a central control unit.

However, it is possible for the casing 53 to be external, meaning placed
outside the patient and connected by a wired or other connection to the first 11 and
second 12 electrodes. The casing 53 can then communicate with the processing
device 28 if the latter is not integrated into the casing 53 or with a central control unit

30 by a wired or remote communication interface.

As a variant represented schematically in figure 9, the consolidation system
comprises a fixation device in the form of two osteosynthesis plates 60 fixed, parallel
to each other, to several vertebrae 62 by means of fixation screws 61. The first 11
and second 12 electrodes are integrated with the fixation device, for example into

35  one of the osteosynthesis plates 60, into each of the osteosynthesis plates 60, or
into the fixation screws 61. The casing 53, internal or external, is connected to the

first 11 and second 12 electrodes by a wired connection 54.



" WO 2012/066231PCT/FR2011/052651 21 Advantageously, the attachment device can be

adapted to applyareguatrdmechanical load to the bone structure, so as aheraPlgicraggyst the
mechanical load on the bone structure as a function ofthe signal representative of the bone structure

guality. 5Indeed, according to Wolff's law, optimal bone consolidation (from a mechanical point of view)
is obtained when the béfAeeiRizgdsiosiedidusiiterhy eat dasicactionbe adephahioal st seatirshdare

neither too weak {(peshanicasstiaing heharaiaqunealoda net slimyliate bepe ol aerieq strong

(mechanical strains that are too strong can tear the bone fibers which are still fragile during
10reconstructioff2? o A% fea B EUsHEGe R MciamehitasBral SRy eRanidng 1) the &8R§eon or

automatically bystnedurs gtialifgedback loop where the processing device controls the fixation device as

a function of e sianaleRLEECAnNG Yt L Reneima g paauter isfiaton

device can have a variable geometry which allows varying the mechanical load on the bone structure.
For example, thE'ABRIIAARAEE Rin\edMpits@BiEiags: wistixdforetenients hispiamtasiinth e bone

structure at a digéapastfienscachetheniandieatrnpeingelesmesat obisagormeststhafixalien

elements togetter s GETNESIng ElsTen! 1oy ngran pdIab 9y 20 Lhe et lement
can comprise a flexible portion which gives a‘cértain flexibility to the connéction between thefixation
elements, and atfézasletric slctnatcrearigRedn® agjist tihergidhichf the cdbtidamieiotumar

example, #e copneatifggigment can comprise a compressed spring in which the compression can be
adjusted by the action of the piezoelectric actuator activated by an energy 25source. For
example, figure 10 iIIus%sa %gg@é) %&Fb%ai%‘fé?{{‘%?"a"%{}é?&ﬂ%? H&{%M%H‘% POAE S cture 72,
utilizing a fixatiomvhié:a’iﬁytlw fmee_mabﬁa _fﬁ}eldbpeldloajewi_wmm ';eamgim«;e"om;mhm aIIows_
consolidation of e fraglitsS il A Haanicel AGRICREYABE s MAkelament which

30 connects pins, as fixation elements, implanted on each side of a fracture line; and which extends
outside the bod?tﬁf‘iﬁ’éepatient. In figure 10, the bone structure 72, here a tibia, has a first portion
72a and a‘gecond portiarpZ2iaar etehfisistiafaefiecttue Kdvd hesardmpegicmievicamdthalexiernal
fixators" 70 compr;j fir ins_73 1 ted into.the firstportion 35 72a of the tibia.72, and a
second set of ;\%}ﬁfaﬁr@érﬁe %%gﬁhgasaeaggﬁgﬁéo%%ég %%Cecta"w&f ?ﬁ)fg’a{( yois %he% Slﬁéa}' r?ng Y& first set
are supported irffah eREteD et iearherdbatiest elgfientzsraplaniad pifs the obtife SBwdHe séttare

supported in an @slisstainYWKAR0 48166 6l B CHHNBNLLAIBRABRL which connects the fixation

elements together, said connecting element having an adjustable rigidity.

20 The connecting element can comprise a flexible portion which gives a certain
flexibility to the connection between the fixation elements, and a piezoelectric
actuator arranged to adjust the rigidity of the elastic portion. For example, the
connecting element can comprise a compressed spring in which the compression
can be adjusted by the action of the piezoelectric actuator activated by an energy

25  source.

For example, figure 10 illustrates a second embodiment of a system for
consclidating a bone structure 72, ufllizing a fixation device in the form of an
orthopedic device with "external fixators” 70, which allows consolidation of bone
fractures while providing a mechanical connection by an external element which

30 connects pins, as fixation elements, implanted on each side of a fracture line, and
which extends outside the body of the patient.

In figure 10, the bone structure 72, here a libia, has a first portion 72a and a
second portion 72b on each side of a fraciure 71. The orthopedic device with
"external fixators" 70 comprises a first set of pins 73 inserted into the first portion

35 72a of the tibia 72, and a second set of pins 74 inserted into the second portion 72b
of the tibia 72. The pins 73 in the first set are supported in an adjustable manner by
a first carrier 75 and the pins 74 of the second set are supported in an adjustable



22 manner by a second carrier 76. The first 75 and second 76 carriers, located outside the patient, are
slidingly mounteg an ¢y bakg2419enerally parallel to the tibia 72, in order to pe-agi@iYasrERe distance
between them. A measurement pin 78, constituting thezody of the system for determining 5 the
guality of the bone structure and on which are placed the first 11 and second 12 electrodes, extends
from outside thepatientow alvedractersr®l achhiditshéScamtastwundafesaofithe firstted andisecond 12
electrodes are ify CplAeh WL IOR NP SELALECANGIas LBl NEMRbAD 3 o 42

electrodes are connected to the electric generator 23, to the measuring device 24, and to the

processing devitE'¢0E8R a5 Wiy shadisiRRsRde i<k iifiBte by a wired connection 79.
Depending on the qualiyneddberdroaet stinchirecas tetienrtiee tdly thictke terennationdeysteininidne
distance betweep the fi carrer ' ical Ioads on
the bone sotlS Ae U LoRE AR ST FRRPe e S R e £

actuating adjustiiRaitcdssnfadeidissien a4'@idprABIRRISFEVRIE drretidirst yechribaddepsartectarriers,

or automaticallyswith@stuptaes mstuatinghihedivstnerldneenss are I agaiienatrasmansaligrnative to
adjusting the first 75,and ond 76 cayri it.is,possible for the har, 77 to have an elastic portion 80
o which the rig I £ T e R S e P e e R R of the
20 bone structukge leirgiviatiasnofatioe btk ihinatiens bfitg devitrigturendualityewithosgsina dawtee with

external fi)?@tor%"@%m@&%&%%&r%%%@@@@ ruth-and-adivsting the rigidity of the
mechanical connection_element between the Pins 73, 74 of the first and second sets in order to

optimize the quality and FRBIEFoPthe HasBi? ‘ﬁyhé)fﬁigﬂoﬂod‘gv@é”ﬁﬁgfb@saﬁ%tﬁ%'ﬂgaicbéem‘ée with
"internal fi_xators_de@rramaﬁﬁrar_smmed_esmi}ﬁfﬂam;a\bhtmmdiwsfizgﬁn@ﬁuiﬂtmmﬁdb_@’e:&m@etar&mor
arthrodesis, whigh ig gHLagy Ryhih it ealaced BY THRIORgengraly s1ng;ahenegralt. A

mechanical connection by an internal connecting element, for example in the form’ of a plate or a rod of
metal or polyme?9iessRHIichR PD EtoRsemarrals 4t asSHRaRh Beri¥mstuAipRAEHBNACh side

of the fractyre lineandhedusestjdiat. k3oukntegnaiirg the deterrinzicmoidehormsstaratie guality with

such a device wit inte{.na! fixart rs allows met'as%,urin the pr. ress of bone growth, allowing the
duioma %Ca_ 1y, Wi ac?ua Ofs aciua |n(§] he adiusmmen means. .. . .
surgeon, after surgery, to: optimize consolidation treatments: corset/additional stabilization,

external fixators, adjustm@deilinn aomroate fiigadve somstidtnduiidge filst diSanastiesenby 85remote

commands acting @6 ipIRRLRIH fsoRPIetehaviomaled iaoRR 86 thelAeiant rigidity,

stimulation of bone grow h, mgdicatio s, etc., WO, 2q|121066 31PCT/FR2011/0d52651 23
can be adjusted manually or automatically according to the measured quality of the

20  bone structure. Integration of the determination of bone structure guality with such a
device with external fixators allows measuring the progress of the bone growth and
adjusting the rigidity of the mechanical connection element between the pins 73, 74
of the first and second sets in order to optimize the quality and rapidity of the fusion.

The fixation device may be an orthopedic device with "internal fixators”, or an

25 arthrodesis implant, which allows consolidation of bone fractures or arthrodesis,
which is surgery in which a joint is replaced by fusion, generally using a bone graft.
A mechanical connection by an internal connecting element, for example in the form
of a plaie or a rod of metal or polymer, is established between screws acting as
fixation elements, implanted on each side of the fracture line or the fused joint.

30 Integrating the determination of the bone structure guality with such a device
with internal fixators allows measuring the progress of bone growth, allowing the
surgeon, after surgery, to:

- optimize consolidation treatments: corset/additional stabilization, external
fixators, adjustment (by a minor percutaneous operation under local anesthesia, by

35  remote commands acting on the implant, or in a completely automated manner) of

the implant rigidity, stimulation of bone growth, medications, etc.,



optimize treatment decisions: more surgery depending on the quality of the postoperative anchorage in
situ, treatment fy aigy aegeeiated with pseudoarthrosis, etc., followuprine patigisand provide
optimal recommendations for bone 5reconstruction (regducation, movements to be avoided, etc.).

It should be noted that the determination system described above, although of particular interest in
peroperative and postopmyitive dpplicatbdsdisivivo, rhecasisg¢heyaivedngtantthesglisionahiedoone
structure quality, GapIsghe ARRURLICIA SENE-SAMBIR 1B BEA RHARRLR ARteFIINGJLRANRILY
instantaneously, with no other 10 actions. To do this it is sufficient to place the bone sample, collected
by biopsy for ex%ﬁ‘ﬁple, in a conducting solution, particularly normal saline solution, apply the first 11
and second 12 electrode®fidupwing eaatietty ame asoiédtheopomau ctancemandadedscthedpene

structure quality ggoqgﬁﬁ&%g&%ﬁ%&??Q/’\ég"g%%/tgqg%%]%%%%zjgéé1/052651 24 CLAIMS 1.

System (1) for determining th one structure ( ct, particularly the porosity of a
bone structure (2), saidt$ysteth k& etrAphairige sieierpmpiion; welea dpesa o @hmyr) mibow@bone

structure (2) angfsapruiigdrasresttside spdaaséldld postopedbtifasippnesticsiseieciiadedddisaaving a
contact surface i reran%ed or atn e ou idoenﬂirf%%e (18%) gutlge bgﬁ (10; 4 sgo as tﬂ %}l){ge into contact
with the bone struc\fugree(ﬂ? aring arimng, B 8l et OHE E &S 8@(: 3 [ gaa QBhitact

surface arrangesPombeioigieldrsnfdee (0L 4lptsfrthiedr dtdy quelitOstaaianomsivie with contdbewith the

bone strucfyre (a8 disiacmild asiheritel-elerprds (Ad LeHEngdplingoliected pRbRIRGHGgENerator
(23) adapted forégggging an electric current between the contact surfaces of the first (11) and second

(12) electrodes BN AT HH R Q25IGH RN RRe el R SOIHECE ARAY IR chosen
from among a volteayel asrctan inteesitirodusioiskknemwgeometry, measure the conductance, and

deduce the bone structure quality as described above.

15



- a measuring device (24) adapted for continuously measuring over the determined period of time the

other characterigfig efi@sgssiam among the voltage and the intensity of the-elggtieqyrsenssassing
through the bone structure (2) 20between the contactzurfaces of the first (11) and second (12)

electrodes, - a processing device (28) adapted for continuously determining over the determined
period of time an electrical magnitude representatiG8f@3e capacity of the bone structure (2) for
allowing the passage of the electric current between the contact surfaces of the first (11) and second
(12) electrodes, based on the known 25 characteristic and on the measured characteristic, and for

continuously delivering ovér & GaterhhilE LIS B BGithe Quaiharfed R SV UEe (ﬂfaﬁty of the
bone structure &@)bjpatticatdely=oftte porosity «ftihe osteusturet(e £2) bedwee(l Iherpritaal: surfaces
of the first (11) and second (12) ele , rmi lectric itude, 302.
System (1)%ccording to claéng%,s3 \yvh%?émg %ﬁ%ﬁ%@ﬁﬁgﬁgr{@%ﬁgg a%%éte%%?%%pﬁangiﬁe electric
current in the foPRSHENEABIOSHECSISEFROP (e, 3. System (1) according to either of claims 1 or

2, wherein the processing-dgvisgst2dSintapieddes contingaugs calsiatingRobetaidheelectrical
magnitude during the determined period of time, and for continuously associating, 35 during the
detormined peri03 S T G AL A B3 D el ke At 1B T ity
of the bone struetiieesivastical Ehdtoingdrjn@sity of the bone structure (2). WO

2012/066231PCT/FR2011/Qb26R1 8% secondteRYEINIB (Qﬁﬁgwﬂ%ﬂn{? oM Sravaereinther
elatin

processing device (28) is adapted for storing a transfer fungtion r each of the values in a range

of values for the”BIBG P TR gHITAER thadNfIR%Y {ARgeBrs0arT A I5e R LAY Wb Hise

structure (2), particalaryctordti2)Ed o disjanttiedootie sirzictiesr(@e (3 5.dByistednil{ibpaccording to any of
claims 1 to 4, wherein the processing d gg%ga@@(_%?d&gﬂméogoqs%@p@%ﬁ féqgg{@gi%mé\pﬁe_en the

known characteristic and the measured characteristic, and for determlnlng the electrical magnitude
based on said fiP§EV&RB. BESYMERL By AR Rhd® BEint's ) viRererrii dibotiiafiraghiidbdis 10
chosen frors amizngitfigsedpeiistiviyiard shie resisivibuebthabang stohatdrte(RYibetvseen thencontact
surfaces of the firsg lgll%\zé]gasgcorédagllzl ele{:trog;% ,qu(e{hgrocessing device (28) being adapted to:

- determine a diStanc hhe contact surfaces & fitst (11) and second ( 2) electrodes, 15-

determine dimensions of thé eRRaktRYdares di4hadretqd Tyapeniacewely I9asieite a¥en it the
bone structure (@atermined period of time the other characteristic chosen from among the voltage

and the intensity of the electric current passing through the bone structure (2)
20  between the contact surfaces of the first (11) and second (12) electrodes,

- a processing device (28) adapted for continuously determining over the
determined period of time an electrical magnitude representative of the capacity of
the bone structure {2} for allowing the passage of the electric current between the
contact surfaces of the first (11} and second (12) electrodes, based on the known

25  characteristic and on the measured characteristic, and for continuously delivering
over the determined period of time a signal representative of the quality of the bone
structure (2}, particularly of the porosity of the bone structure (2), between the
contact surfaces of the first (11} and second (12) electrodes, based on the
determined electrical magnitude.

30 2. System (1) according to claim 1, wherein the electric generator (23) is
adapted for applying the electric current in the form of at least one electric puise,

3. System (1) according to either of claims 1 or 2, wherein the processing
device (28) is adapted for continuously calculating a value for the electrical
magnitude during the determined period of time, and for continuously associating

35 during the determined period of time the value calculated for the electrical
magnitude with a value for the quality of the bone structure, particularly for the

porosity of the bone structure (2).



establish a second ratio between said distance and said dimensions, and calculate the

electrical magnityge ppseekef the first and second ratios. 20 7. System (1pageprding A £daim 6,
wherein the processing device (28) is adapted for storipg the distance between the contact surfaces of

the first (11) and second (12) electrodes, and the dimensions of the contact surfaces of the first (11)
anql second (12) ele(_:trode‘s Qydicthe( bpaecstdirgiueeci@n 3, where. @m@)r@mmm@ﬂj @ny of
claims 1to 7, WHS&S&B&*\%F%W‘% %?n%rr@f‘e“r‘ ﬁfﬁilﬁ?‘?&tgﬁﬁ?%ﬁl% stk L) and saeanddde)glectrodes

has a dimension greater than 4 . System (1) according to any of claims 1 to 8, wherein

the processing d8VIRR PR ABSHEA RAKIHARIG detlis i e wlndal aghitlitle®ver the
determined perithe obtienstr 3l @y terticiiyactontingdosiny ditcabmselsta:Suven@iein the body (10;

40) extends along a centgl &34 i agisal 7l 47 NI s a6 ALS f1st ) an second

(12) electrodes extending par e centralaxis (A), the contact surface of said electre 3 being
level with the outSitRe defthieadepiest fReasiR)itos0 st REuRekresititE3n38N Ehelpsisntlic)

according to anyf ¢laimsabird Qhuhersin@ leastonpehinaifissheldkomnd sesand(dd)meiasrodes
extends inside the bo&i\)\/iigr . 40) to a free end presenting the contact surface, said body (10; 40)

0
comprising a layer STOWS 56'2/066231PCT/FR2011/052651 26 insulating material (15) surrounding
said electrode such that oflySysfarodiitasesniringetdsdiaiml ithhtheeioutisidelstirfeaen(ag)ivihésbody (10;

40). 142. SYstem (LhAeRANGHO arhnobaiimmd meuegemnp%@% GRHBGs{REhaEaghed to the
body (10; 40) and a%)ower supply device (25) supplying 5 electrical energy to at least the electric

generator (23) A R8BS ERHEAHEE @) 81§ diSing {215 MkifrF Btk B'7eLEaH5s atlBast the
electric generatprq@8)ithelmeas (it ddiegicd 424 and the power supply device (25).

- determine a distance between the contact surfaces of the first (11) and
second (12) electrodes,

15 - determine dimensions of the contact surfaces of the first (11) and
second {12) elecirodes with the boné structure (2),

- establish a second ratio between said distance and said dimensions,
and

- calculate the electrical magnitude based on the first and second ratios.

20 7. System (1) according to claim 6, wherein the processing device (28) is
adapted for storing the distance between the contact surfaces of the first {11) and
second (12) electrodes, and the dimensions of the contact surfaces of the first (11)
and second (12) electrodes with the bone structure (2).

8. System (1) according o any of claims 1 to 7, wherein the contact

25  surface of at least one of the first (11) and second (12) electrodes has a dimension
greater than 400 pym.

9. System (1) according to any of claims 1 to 8, wherein the processing
device (28) is adapted for storing a set of values for the electrical magnitude over
the determined period of time.

30 10. System (1) according to any of claims 1 to 9, wherein the body (10;
40) extends along a central axis (A) to a distal end (13), with at least one of the first
(11) and second (12) electrodes extending parallel to the central axis (A), the
contact surface of said electrode being level with the outside surface (14) of the
body (10; 40) at the distal end (13).

35 11. System (1) according to any of claims 1 to 10, wherein at least one of
the first (11) and second (12) electrodes extends inside the body (10; 40) to a free
end presenting the contact surface, said body (10; 40) comprising a layer of



13. System (1) according to claim 12, wherein the casing (21) forms a handle from which the body

extends. 1014. {ystenmidg@sgeording to either of claims 12 or 13, wherein {hegaging {45pa1d the body
(40) are attached together in a detachable manner, thesbody (40) being made of a biocompatible

material which can be implanted in the bone structure (2), the outside surface of the body (40) being
adapted to allovinaniekiogingdteeiddohs {40y mmdheitp raistralctcired?) sthvd dasingr(B1 paidmprisiog means

for 15e|ectr|calI)é&r@%egqggepmtﬁI&%t%tgmeg%%‘gz(%mmeogm%nQg device (24) to the first (11)

and second (12) electrodes. ystem (2) according to claim 12, Whereln the casing and the
body are made of a blocoﬁ?pa?ﬁtﬂ@%éﬂér?élcwgﬁ%ﬁw|H§|€fé“ﬁi‘ﬁe EL’R)}%& comprising a casing

(21) attached to the body (10; 40) and a power supbly device (25) supplying
5 electrical energy to af least the electric generator {23) and the measuring device
(24), said casing (21) being adapted to receive at least the electric generator (23},
the measuring device (24) and the power supply device (25).
13. System (1) according to claim 12, wherein the casing (21) forms a
handle from which the body extends.

10 14. System (1) according to either of claims 12 or 13, wherein the casing
(21) and the body (40) are atlached together in a detachable manner, the body (40)
being made of a biocompatible material which can be implanted in the bone
structure (2), the outside surface of the body (40) being adapted {o allow ancharing
the body (40} in the bone structure (2), the casing (21) comprising means for

15  electrically connecting the electric generator (23) and the measuring device (24} to
the first (11) and second {12) electrodes.

15. System (2) according to claim 12, wherein the casing and the body

are made of a biocompatible material, implantable inside the subject.



