WD 03/ 068076 PCT/ FRO3/00440 - 1 DEVICE FOR MONI TORI NG PENETRATI ON | NTO
ANATOM CAL MEMBERS The present invention relates to the field of the
penetration of material, such as bone structures or the |Ilike, that exhibit
differences in intrinsic physical quantities. The present invention

rel ates nore particularly to a device for nonitoring the penetration of a
penetrating nmeans into anatom cal structures, and especially bone
structures, of a living body, said structures having at |east two regions

of different .el j cal inpedance. In spinal surgery,  for e | e, when
drilling t eogﬁgéé{an it frequently happens that thgc¥é§qﬂgéng4%one
cortex is pierced, broken or chipped by the penetrating drill bit.
Dependi ng on the authors, 15 to 40%»f- pedicle screws are thus inproperly

positioned, with a clinical nmanifestation (pain, paralysis, henorrhaging,
etc.) inlto 2%of the cases and therefore require further intervention.

Sur geons  SOfRL) FRS pe nﬁﬂ#ﬁﬁ%’ﬁh mﬁw@ fI%'ﬂoo‘MN'zl%mgt:ﬁqu%ER for
surgi cal navigation, which’is expensive and cunbersone to inplenment; - 2
- equi pment for nonitoring of sensory and/or notor

The present invention relates to the field of the
penetration of material, such as bone structures or the
like, that exhibit differences in intrinsic physical
quantities.

The present invention relates more particularly to a
device for monitoring the penetration of a penetrating means
into anatomical structures, and especially bone structures,
of a living body, said structures having at least two
regions of different electrical impedance.

In spinal surgery, for example, when drilling the
pedicle, it frequently happens that the vertebral bone
cortex is pierced, broken or chipped by the penetrating
drill bit. Depending on the authors, 15 to 40% of pedicle
screws are thus improperly positioned, with a c¢linical
manifestation (pain, paralysis, hemorrhaging, etc.) in 1 to
2% of the cases and therefore require further intervention.

Surgeons sometimes use equipment such as the following:

- equipment for surgical navigation, which is

expensive and cumbersome to implement;



evoked potentials, this being | ess expensive but also restricting as it
requires the presence of a specialist whose mssionis solely to carry out
this nmonitoring operation. As a result, in nost cases the operators rely
solely on their know edge of anatony and their experience in order to
acconplish this risky surgical procedure. The foregoing is also true in the
case of other surgical fields. In the field of drilling bone bodies, the
prior art also includes international patent application WD 01/01875.

This patent application discloses a device that uses the ability of nerves
and nuscles to transmt signals, in order to warn the user when the
drilling neans cormsimment dom asnididhiney el veenso Yasindo opr ewemr any

| esion of said nerve. The prior art also teaches the use of inpedance
measur enmerdva kedrghtoalt ided cahi FWweianpmusss ddperyiver bart ailrel udes the
United States Patent US 4 630 615 which relates to a neural stinulation

syst em t hated NCHPIHALLS BN RRRAAH T HOp Rasid M o spdetienisi ng
i npedance in which it is desired to nanage and determ ne the changes in
i npedance yib & g A8 SPNEURL P @ cadry out this monitoring

operation.

As a result, in most cases the operators rely solely on
their knowledge of anatomy and their experience in order to
accomplish this risky surgical procedure.

The foregoing is also true in the case of other
surgical fields.

In the field of drilling bone bodies, the prior art
also includes international patent application WO 01/01875.

This patent application discloses a device that uses
the ability of nerves and muscles to transmit signals, in
order to warn the user when the drilling means comes into
contact with a nerve, so as to prevent any lesion of said
nerve,

The prior art also teaches the use of impedance
measurement in medical devices.

For example, the prior art includes the United States
Patent US 4 630 615 which relates to a neural stimulation
system that incorporates an apparatus for measuring or
determining impedance in which it is desired to manage and

determine the changes in impedance in a guide connected to a



cathode inplanted into the epidural space of a spinal colum. Such a
neural stinmulation systemis typically used when it is desired to bl ock
off pain signhals that are sent to the brain, which systemmay al so be used
for the treatnment and/or relief of synptons involving uncoordinated
novenents of the spinal columm, such as epilepsy, spasticity, cerebra
paral ysis, etc. The prior art also includes British Patent Application GB
2 335 990 that relates to a systemfor nmechanical penetration of a needle
and for stopping the penetration if a djfferent inpedance is detected at
the end of the needle. The object of that systemis to informthe user when
t he end ofcatttedeecdipd draedefmtn ttdley apdatired tdpacdesifr @d spdeptlh, eit her
usi ng an i npedance value or using a change in inpedance. The object of

that syst emlgnd hisudabsplnéigla) ratinka a threy efits terdafse kRpoied 1dgptuR cbei ng
reached. Furthernore, that systemrequires, for each patient, an

exper i ment,glerfeterig nadd 0 Pfed 1A JPeAaNcs (1alUe 01 tharth%reC@%E{Qes in
i npedance, as explained on the [ ast page of that ~ application, ch

absol utel y. O%F ot 4] | lcqhssysycsetmerrqat 0 lbse %aﬁfs d; fQr. the pur pose of
preventlng a det ermned ept being iFeached
treatment and/or relief of symptoms involving uncoordinated
movements of the spinal column, such as epilepsy,
spasticity, cerebral paralysis, etc.

The prior art also includes British Patent Application
GB 2 335 990 that relates to a system for mechanical
penetration of a needle and for stopping the penetration if
a different impedance is detected at the end of the needle.

The object of that system is to inform the user when
the end of the needle has definitely reached the desired
depth, either using an impedance wvalue or using a change in
impedance.

The object of that system is thus absolutely not to
prevent a determined depth being reached.

Furthermore, that system requires, for each patient, an
experimental determination of the impedance values or of the
changes in impedance, as explained on the last page of that
application, which absolutely does not allow this system to
be adapted for the purpose of preventing a determined depth

being reached.



The prior art also includes French Patent Application FR 2 101 911 which
relates to an instrunment for nmeasuring the length of the root canal of a
tooth. That instrument is used to deduce the Iength of a hollow body by

t he subsequent neasurenent of the distance between two reference marks
after these two reference marks have been placed into |ongitudinal
abutment, respectively in the bottomof the tooth canal in the case of the
probe, and the crown or the upper edge of the cavity in the case of the
rubber piece. That instrunent allows the user to be informed, after having
made a cavity, about the depth of this cavity; it does not allowreal-tine
moni t ori ng of tTHee panatr @btorlsio dngensty fnanghdPatsnitnAppdnsasniosal
structures. Another drawback of the techniques of the prior art is that
are cunbergore 10l i9Md erreirdh ared dtevyd Hoo saxtiend e ntogerameas utring, thus

i ncreasing the associated risks. The present invention ains to renedy the

drawbacks e Iyt i t3id MDLPIRRRSI F & dygiee that allows real -tine
nonitoring of the penetration of the penetrating neans (the drilling neans

or the like) injpd hgJBLed A 1 LY JRASY iUy dd& Hl NQ@RCRS 11 a physi cal
quantity as the penetration proceeds, so as to gth ow t%}?g user to know
where the heorldloovg bc; ye ]:pye nc%[er astljbnﬁqurlee%qzs niesas%nrden'{er}l S d%r ec\fl%ntdiaér‘]c%nlc%Si on.
between two reference marks after these two reference marks
have been placed into longitudinal abutment, respectively in
the bottom of the tooth canal in the case of the probe, and
the crown or the upper edge of the cavity in the case of the
rubber piece.

That instrument allows the user to be informed, after
having made a cavity, about the depth of this cavity; it
does not allow real-time meonitoring of the penetration of a
penetrating means into anatomical structures.

Another drawback of the techniques of the prior art is
that are cumbersome to implement and tend to extend the
operation time, thus increasing the associated risks.

The present invention aims to remedy the drawbacks of
the prior art by proposing a device that allows real-time
monitoring of the penetration of the penetrating means (the
drilling means or the like) into the material, by measuring
the differences in a physical quantity as the penetration

proceeds, so as to allow the user to know where the end of

the penetrating means is and thus prevent any lesion.



- 5 The physical quantity used is the electrical inpedance neasurenent.
It is inportant to point out that the use of the electrical inpedance
measurenent may be applied to many different technical fields and not only
to the field of drilling bony bodies. The present invention relates, in
its widest sense, to a device for nonitoring the penetration of a
penetrating neans as clainmed in claim1l. This device includes at |east: at
| east one i npedance neter that can be connected to at | east two el ectrodes,
at |l east one of which is |located at a distal end of said penetrating
means, said inpedance neter continuously neasuring the inpedance between
the two el ect riiveshatsiaastquurtiing tused arettrtat icddrctardidal dmpledasiceone
war ni ng devi ce capabl e of producing a warning signal in the event of a
change i n nagadanemtbei ng detected by the i npedance neter. In one

enbodi nent, the device further includes an electrostinulator capable of

producing a stirul @l i G Ahn@lE g e Kannated o Al lgashd wo

el ectrodes, at least one of which is located at a distal end of said

penetratir&heéﬁ?ﬁﬁ%l impedance measurement may be applied to many
different technical fields and not only to the field of
drilling bony bodies.

The present invention relates, in its widest sense, to
a device for monitoring the penetration of a penetrating
means as claimed in claim 1.

This device includes at least:

- at least one impedance meter that can be connected
to at least two electrodes, at least one of which is located
at a distal end of said penetrating means, said impedance
meter continuously measuring the impedance between the two
electrodes at least during the penetration; and

- at least one warning device capable of producing a
warning signal in the event of a change in impedance being
detected by the impedance meter.

In one embodiment, the device further includes an
electrostimulator capable of producing a stimulation and
able to be connected to at least two electrodes, at least
one of which 1s located at a distal end of said penetrating

means.



- 6 In this enbodinent, at |east one electrode able to be connected to an
el ectrostinul ator and at | east one electrode able to be connected to an

i npedance neter are preferably connected together. Thus, it is the sane
el ectrodes that serve both for delivering the neuronuscul ar stinulation
and for measuring the inpedance. Throughout the text that follows, the
term"distal end" is understood to nean, of course, as in the case of any
surgical instrument, the end with respect to the handl e used for holding
the instrunent, which is |ocated at the proximal end. Said warning signal
is preferably a visual and/or audible and/or tactile signal. The

neur onuscul ar S rmdis ienbgatiodmted alty lidast rew aivstuioae abéet tosbienmul at or
preferably has a frequency of less than or equal to 10 Hz, a voltage of

| ess than cynneaser] Ho0 2h \GQldct raRd imlWtes? ehduatieartobnkess etbh@nder
equal to 400 us. In one enbodinent, an electrode is fornmed by a contact

surface | Aed dliod Roisttiala ¢4 8 S RRACLIALNG ERRIS ¢ aad1gnot her

el ectrode is forned by a contact surface I nten to be positioned on an

ext er nal Sd’grfcr?ecc?te(g éohgeethae'}at %u%a}l i%:t riusctt"llireess'ame electrodes that

serve both for delivering the neuromuscular stimulation and
for measuring the impedance.

Throughout the text that follows, the term “distal end”
is understood to mean, of course, as in the case of any
surgical instrument, the end with respect to the handle used
for holding the instrument, which is located at the proximal
end.

Said warning signal is preferably a visual and/or
audible and/or tactile signal.

The neuromuscular stimulation produced by the
neuromuscular electrostimulator preferably has a frequency
of less than or equal to 10 Hz, a voltage of less than or
equal to 4 velts and a pulse of duration of less than or
equal to 400 ps.

In one embodiment, an electrode is formed by a contact
surface located at the distal end of said penetrating means
and another electrode is formed by a contact surface
intended to be positioned on an external surface of the

anatomical structures.



- 7 1n another enbodi nent, said el ectrodes are each forned by a contact
surface respectively located at the distal end of said penetrating neans,
said contact surfaces being separated by an insulator. In one version of
this enbodi ment, the proximal electrode has a contact surface greater in
area than the contact surface of the distal electrode. In one enbodi nent,
at least one distal electrode is formed by a contact surface |ocated on a
partial peripheral portion of the distal end of the penetrating nmeans so
as to make it possible to detect a change in inpedance in a direction
approxi mately perpendicular to the axis of penetration of the penetrating
nmeans. The devilge sacddredi rgubicalitrea ti, nseriid @l eutebeleabkye eachudesmadans f or
rotating said penetration neans. In one version of the invention, the

i npedance Yetelcontdt® WalrTate dewpee tdr@é 19PticRalddy athehel ackrast eadl at or
are positioned on a renovable electronic card, which includes neans for

connect i ng,Sa&id £ RHIAIRSIn S he@dhi s, 0 <35 |d0\€-£otnh£eactd%\ﬁ'r‘%%c'fe% B%lﬁbe“ l'ized
i ndependently of the electronic part. The device according to"the

|nvent|on§%ﬁgfgggﬁj%y inclydes, fqr this purpose, a hollow handle for

In one version of this embodiment, the proximal
electrode has a contact surface greater in area than the
contact surface of the distal electrode.

In one embodiment, at least one distal electrode is
formed by a contact surface located on a partial peripheral
portion of the distal end of the penetrating means so as to
make it possible to detect a change in impedance in a
direction approximately perpendicular to the axis of
penetration of the penetrating means.

The device according to the invention preferably
includes means for rotating said penetration means.

In one version of the invention, the impedance meter,
the warning device and optionally the electrostimulator are
positioned on a removable electronic card, which includes
means for connecting sald electrodes, so as to allow the
device to be sterilized independently of the electronic
part.

The device according to the invention preferably
includes, for this purpose, a hollow handle for

accommodating said electronic card.



accommodating said electronic card. - 8 The present invention also relates

to: - a fixed penetrating neans, and especially a probe, squared tinp,
spatula or curette, or - a penetrating neans that can be rotated, and
especially a drill screw, drill tap or drill bit for a device according to

the invention. The present invention also relates to an electronic card as
defi ned above for a device according to the invention. This electronic
card is preferably able to be sterilized and, also preferably, is placed
in a casing that preserves sterility. The present invention further

relates to a manual or notor-operated drilling instrunent,

especially for

drilling the verd ehreslempedinclent isal dlisestrala®@rds itael uding a penetrating
nmeans and a device for nonitoring the penetration of said penetrating

means according tq tfiged trQft1 i Yeirg e bl Yespleltg apngsanpriopeent i on
allows the user to be informed in real time of the progreéession of the

penetrati ng, /HanNs OR,| WAdN AROT ARG M L} the drilling i

nstrunent.

- a penetrating means that can be rotated, and

especially a drill screw, drill tap or drill bit

for a device according to the invention.

The present invention also relates to an electronic

card as defined above for a device according to the

invention.

This electronic card is preferably able to be

sterilized and, also preferably, is placed in a casing that

preserves sterility.

The present invention further relates to a manual or

motor-operated drilling instrument, especially for
the vertebral pedicle, said instrument including a

penetrating means and a device for monitoring the

drilling

penetration of said penetrating means according to the

invention.

Advantageously, the present invention allows the user

to be informed in real time of the progression of the

penetrating means optionally associated with the drilling

instrument.

Also advantageocusly, the electrode located upstream of

the penetration is positioned close to the mechanical



Al so advant ageously, the electrode |ocated upstreamof the penetration is
positioned close to the nechanical - 9 penetration effect and thus makes
it possible to obtain a very high sensitivity in detecting a change in

i npedance. Advant ageously, the invention thus nakes it possible to avoid
conplete transpiercing of the body to be penetrated or pierced, when this
is not desired, and in the case of penetration of a bone body, to prevent
a lesion of the tissues |ocated beneath the bone body. The invention will
be nore clearly understood with the qjg%of t he description, given bel ow
purely by way of explanation, of one erbodi nent of the invention, with
ref er ence gendthestappendaddd gweshus agwse it iddsysbnat €s abppanhi al
sectional view of an instrunment fitted with a device according to the

| venti onivery g &chditiualiaties RRiANLd 6HRNan rpdaghca 1 1St

enbodi nent of the penetrating 'neans in the Torm of probe; - figure 3
illustrates a nal fe fs the

enbodi ment of the péﬁg{ratﬁﬁg ﬁ%ﬁnégﬁﬁgl %g1¥%}n]%%k% HQ ggggnge 8 4
L pustral escddieiaded sectianal viey ofr ANOWE, (e 808 o 418 05N

pierced, when this is not desired, and in the case of
penetration of a bone body, to prevent a lesion of the
tissues located beneath the bone body.

The invention will be more clearly understood with the
aid of the description, given below purely by way of
explanation, of one embodiment of the invention, with
reference to the appended figures:

- figure 1 illustrates a partial sectional view of an
instrument fitted with a device according to the invention;

~ figure 2 illustrates a detailed sectional view of a
first embodiment of the penetrating means in the form of a
probe;

- figure 3 illustrates a detailed sectional view of a
version of the second embodiment of the penetrating means in
the form of a probe;

- figure 4 illustrates a detailed sectional view of
another version of the second embodiment of the penetrating
means in the form of a probe;

- figure 5 illustrates a secticnal view of the

penetration P of the penetrating means of figure 2;



means in the formof a probe; - figure 5 illustrates a sectional view of
the penetration P of the penetrating neans of figure 2; - 10 - figure 6
illustrates a sectional view of the penetration P of the penetrating neans
of figure 3; - figure 7 illustrates a sectional view of the penetration P
of the penetrating neans of figure 4; - figures 8 and 9 illustrate a front
view and top view, respectively, of a penetrating neans according to the
invention formed by a spatula; - figures 10 and 11 illustrate a front view
and a top view, respectively, of a pgnFQrgting means according to the
invention formed by a curette; - figure 12 illustrates a detail ed sectional
view of a penetratiigigdreans 1aceektdicRg at geldtd onavertieanoforred by a drill
bit, screw or tap; and - figure 13 illustrates two exanples of the

rel ati onshjgnretareen Fﬁ‘%f”%@&%y?%gleit%@:qf?&@c%e%nispo@fh'f&g_ﬁgf@ 3the frequency in
hertz of an audible signal emtted by thé warning device. The device (1)

according to the i %Rﬂ;' N,: il | r.at.e in.figure i S.a vice for
nonitoring the peﬁgtraf%gnl& u§%§%§%§t%aﬁ?%&lﬁgé%svéﬁf ?ﬁtgﬂgnatonica

StrUCture%bﬁ%¥%ation P of the penetrating means of figure 4;

- figures B8 and 9 illustrate a front view and top
view, respectively, of a penetrating means according to the
invention formed by a spatula;

- figures 10 and 11 illustrate a front view and a top
view, respectively, of a penetrating means according to the
invention formed by a curette:;

- figure 12 illustrates a detailed sectional view of a
penetrating means according to the invention formed by a
drill bit, screw or tap; and

— figure 13 illustrates two examples of the
relationship between the measured impedance Z in ohms and
the frequency in hertz of an audible signal emitted by the
warning device.

The device (1) according to the invention, illustrated
in figure 1, is a device for monitoring the penetration of a
penetrating means (2) into anatomical structures, and
especially bone structures (3) of a living being, said
structures having at least two regions of different

electrical impedance (Z1, Z2).



especially bone structures (3) of a living being, said structures having
at least two regions of different electrical inpedance (Z1, Z2). - 11 For
exanpl e, the penetrating neans (2) nmakes it possible, itself or conbined
with adrilling instrunent, to drill a hole (20) in said bone structures
(3). A bone body is conposed of soft internal tissue (marrow, spongy bone)
and hard external tissue (cortex); it is itself surrounded by soft

ti ssues: nuscles, tendons, |iganents, blood vessels and nerves. OnMng to
these differences in nature, the bone_c?Etgx has physi cal properties
different fromthose of the tissues w which it is contact: it is for
this reason thatod tedsSnplad Sahd Sidile vat imefineaind nE@gewakeanvent i onal

radi ography, scanner, echography, nagnetic resonance inaging. |If the

i nstrunentpdisgih 10, panlratd: theuone Gardre)a id-1 1filitneed ndtt dubnen@i, stal end
with a neans for detectlng and indicating this difference in physical

properti eqjhrj:tﬂe a ?-Rﬁlreat o )vmllr{ e%,ﬂﬁ}%ﬁgﬁ %.E?[gccjjﬂeeg Y, 3t]qve i nformation

i nform ng himthat he has ‘pass cortex or that he is about

Eatlosgoh:l\?é ;O}A?\é}e;bnqr{%t r%og%{gﬁbsggéoﬂphoaéeé hoef bsoorkec Ciorlréeq:)l(rla n itshs%eSOft tissues

(marrow, spongy bone) and hard external tissue {(cortex); it
is itself surrounded by soft tissues: muscles, tendons,
ligaments, blood vessels and nerves.

Owing to these differences in nature, the bone cortex
has physical properties different from those of the tissues
with which it is contact: it is for this reason that it is
alsc visible in medical images: conventional radiography,
scanner, echography, magnetic resonance imaging.

If the instrument used to penetrate the bone cortex is
fitted at its distal end with a means for detecting and
indicating this difference in physical properties, the
operator will therefore immediately have information
informing him that he has passed through this cortex or that
he is about to do so.

However, it turns out that the bone cortex and the soft
tissues also have different impedances.

In a base version, the device (1) according to the
invention comprises:

- at least one impedance meter (7) that can also be

connected to at least two electrodes, at least one of which



In a base version, the device (1) according to the invention conprises: -
at | east one inpedance neter (7) that can al so be connected to at |east two
el ectrodes, at |east one of which - 12 is |located at a distal end of said
penetrating neans (2), said inpedance neter continuously neasuring the

i npedance between the two el ectrodes at |east during the penetration; and
- at | east one warning device (8) capable of producing a warning signal in
the event of a change in inpedance being detected by the inpedance neter
(7). Thus, thanks to the inpedance ne;e; (7), it is possible to nonitor

t he penetration of the detection neans &sociated with the penetrating
means (2) iy dgreassidvelty saslitshall ahideof penel prahes raftagt heahene2struct ures
(3). The way in which the inpedance neter or neters (7) are wused to deduce

theref romdhey ‘ﬁ?éddﬂ&eohekg% 299G Indld 1 ydelachiraRgmeaas i mpRakhtut es one
particul ar netho nmoni toring the penefration of "a penetrating neans (2)

fggggggcglﬁ%gbé%§;%kﬁghe deaggg %@% |n§1q%§§Q;d%§%n§ﬁgﬂ %%%Q%ékgmhlch can
emt:

- at least one warning device (8) capable of producing
a warning signal in the event of a change in impedance being
detected by the impedance meter (7).

Thus, thanks to the impedance meter (7), it is possible
to monitor the penetration of the detection means associated
with the penetrating means (2) progressively as the latter
penetrates into the bone structures (3).

The way in which the impedance meter or meters (7) are
used to deduce therefrom the position of the associated
detection means constitutes one particular method of
monitoring the penetration of a penetrating means (2)
through a body having at least two regions of different
electrical impedance (Z1, Z2).

The device (1} includes a warning device (8} which can
emit:

— a visual warning signal modulated, for example, by
the use of a flashing warning lamp or a ramp of warning

lamps; and/or



- a visual warning signal nodul ated, for exanple, by the use of a flashing
warning lanp or a ranp of warning |anps; and/or - 13 - an audi ble warning
signal frequency-nodul ated and possibly intensity-nodul ated, for exanple by
the use of a |oudspeaker; and/or - a tactile warning signal
frequency-nodul ated and possibly intensity-nodul ated, for exanple by the
use of a vibrator, providing a warning right fromthe start of the change
i n neasured i npedance and when a threshold of a change in neasured

i npedance is exceeded. This nndulated_miénlng signal is proportional to the
change in inpedance. This warning device (8) is preferably positioned on or
in the instrument amautdpllee waeen nigh sfilggane freqlie@cgenbaalatpdmayid
optionally further include a display neans for displaying the change or

changes i pdgmaedanGetentitsRriodud ARReGH %@rt %x%ﬁp'l@p%g'a'ﬂﬁﬁ G%teebf( &) . This
di splay neans, fornmed for exanple by a display screen, nakes it possible

to nDnltOﬁU$;g§\ggﬂéyl(gﬁdﬂoq the form of curves, of the change in
i npedance progressivély Wth the penetration of the penetrating nmeans (2).

- a tactile warning signal frequency-modulated and
possibly intensity-modulated, for example by the use of a
vibrator,

providing a warning right from the start of the change
in measured impedance and when a threshold of a change in
measured impedance is exceeded.

This modulated warning signal is proportional to the
change in impedance.

This warning device (8) is preferably positioned on or
in the instrument, as may be seen in figure 1.

The device (1) may opticnally further include a display
means for displaying the change or changes in impedance,
which is connected to an impedance metexr (7). This display
means, formed for example by a display screen, makes it
possible to monitor the wvariation, in the form of curves, of
the change in impedance progressively with the penetration
of the penetrating means (2).

In one embodiment, the device (1) further includes at
least one electrostimulator (4), preferably a neuromuscular
stimulator, capable of producing a preferably neuromuscular

stimulation and abkle to be connected to at least two



I n one enbodi nent, the device (1) further includes at |east one

el ectrostinmulator (4), preferably a neuronuscular stinulator, capable of
produci ng a preferably neuronuscul ar
to at least two - 14 electrodes (5, 6), at |east one of which is |ocated

at a distal end of said penetrating neans (2). The neuronuscul ar
stinul ation produced by the neuronuscular electrostinulator has: - a
frequency of less than or equal to 10 Hz, preferably around 2.5 Hz; -

vol tage of less than or equal to 4 voltf
pul se of duration of |ess than or equal ?o 400 ps, preferably around 150

ps. I n theleasodefs t{ite BOne agonkexstbenky oFenelicat @d bychhed penatrating
means, the distal portion (tip) of the latter conmes into contact with the

sof t tISSQg%ﬂagC%%@ﬂdan%H%_pgﬂg%&@%qu tancorbiycal envel ope. The

stinmul ati on pul ses may

nerves,
they are

situations en aril se:

ar e 1mu

- a frequency of less than or egual to 10 Hz,
preferably around 2.5 Hz;

- a voltage of less than or equal to 4 volts,
preferably around 1 volt; and

- a pulse of duration of less than or equal to 400 us,
preferably around 150 ps.

In the event of the bone cortex being penetrated by the
penetrating means, the distal portion (tip) of the latter
comes into contact with the soft tissues located on the
outside of the cortical envelope. The stimulation pulses may
then propagate easily into these soft tissues of low
impedance and stimulate the nerves possibly located near the
tip of the penetrating means. Two situations then arise:

a) if they are motor nerves, they will then cause
contractions of the muscle groups with which they are
assocliated, at the rate of the stimulation pulses; these
contractions will be detected and recognized, either by an
electromyography connected up to the patient beforehand, or
clinically by the operator himself in relation to the

patient’s movements;

ey are notor

stimul ati on and able to be connected

a

preferably around 1 volt; and -

t hen propagate ea5|ly |nto t hese soft tissues of

low i npedance rapd n%HHS#!u%tc%ﬂa*}e sRee t%ﬁcﬁ%%s' Qjo}ﬁuc%‘&abgdtﬁgar the tip of

the penetrating means | |
th%&romuscmhgn cause . gQntr aeo%n%_ot t he nuscle groups w th which

a



associated, at the rate of the stinulation pulses; these contractions wll
be detected and recogni zed, either by an el ectronyography connected up to
the patient beforehand, or <clinically by the operator hinmself in relation
to the patient's novenents; - 15 b) if they are sensory nerves, a
suitable device will be able to detect their stinulation, which is also
recogni zable by its rate. In a preferred version of the invention, the

el ectrodes (5, 6) may be connected, using connection termnals (18), both
to the electrostinulator (4) and to thel%npedance meter (7). Thus, it is
the sane el ectrodes that serve both for em ssion of the neuronuscul ar

stimul ati on ang)f arf they iafeedance rieastveEnta. stheapeaeteat cagwitans (2)
of the device (1) may be: either fixed, and consisting especially of a

probe, a %QU%M%%tﬂdldé%é8¥ﬂﬂﬂéiﬂ”éﬁiﬁﬁﬁ&%ﬂd% whikhcarahhgoof being
rotated, and con5|st|ng especially of a dril'l screw, a drill tap or a

drill b|t e, e device (1) then includes drive neans
(9) for tfﬁgékéig%%an (ﬁﬁg d pghetratlng means (2). The drive neans (9)

ngzlt ?;t i Lgr rrgﬁgpal( g’re%ferq:rédelv%%tsrllo% %r Ca%%beln%lon,r %tnat ! I1%c§:rodes

(5, 6) may be connected, using connection terminals (18},
both to the electrostimulator (4) and to the impedance meter
(7). Thus, it is the same electrodes that serve both for the
emission of the neuromuscular stimulation and for the
impedance measurement.

The penetrating means (2) of the device (1) may be:

- either fixed, and consisting especially of a probe,
a squared tip, a spatula or a curette;

- or capable of being rotated, and consisting
especially of a drill screw, a drill tap or a drill bit.

In the latter case, the device (1) then includes drive
means (9} for the rotation R of said penetrating means (2).

The drive means {9) consist, for example, of an
electric motor capable of rotating the penetrating means (2)
and form, in combination with the penetrating means (2), a
boring instrument (1) of the borer type.

In the section below, the penetrating means {(2) is

formed by a probe, but the configurations presented are

applicable to any type of penetrating means (2}.



and form in conbination with the penetrating neans (2), a boring
instrunment (1) of the borer type. In the section below the penetrating
nmeans (2) is formed by a probe, but the configurations presented are
applicable to any type of penetrating neans (2). - 16 1In a first

enbodi nent, illustrated in figures 2 and 5, a distal electrode (5) is
formed by a contact surface C located at the distal end of said
penetrating nmeans (2) and another, proxinmal electrode (6) is fornmed by a
contact surface C intended to be po§ii%oped on an outer surface of the
anatom cal structures, including on the operation incision. The
penetrati ng nmeams a )i rfzas emboditieal: ,pantlivet rgted ihhatigugeeonduati 6g and a
peri pheral portion (13) that is insulated right to a distal end (14)

bared, that distd A%ctielad NSY! @Ltseq_’orﬁl\é%r v GeworkbkinehekaceThe surface C
has an area of less than 10 nmm2, around 4 "m®, and the surface C has an

area of anound 20 SRy T %taﬁh%n o o QHe %e%%%t?hﬁckggﬂl (2) and

stlnulatlon/neasurenent evi ce |s or e
ot or ence SSTERT G o6 EHe SARET SRS 119 ari%et SratdBsa m%'aﬁt'a%H 82{"5& ot i
figures 3 and 6 , .

surface C’ intended to be positioned on an outer surface of

the anatomical structures, including on the operation

incision.

The penetrating means (2) has a central portion (15)
that is conducting and a peripheral portion (13) that is
insulated right to a distal end (14) bared, that is to say
not insulated, over a few millimeters. The surface C has an
area of less than 10 mmz, around 4 mmz, and the surface C’
has an area of around 20 mm?.

Thus, the first peole of the electronic
stimulation/measurement device is formed by the distal end
of the penetrating means (2) of the instrument and the other
pole is formed by a reference connection on the patient.

In a second embodiment, illustrated in figures 3 and 6
on the one hand and 4 and 7 on the other, said electrodes
{5, 6) are each formed by a contact surface C, C’
respectively, which is located at the distal end of said

penetrating means (2), said contact surfaces C, C’ being

separated by an insulator (12).



on the one hand and 4 and 7 on the other, said electrodes (5, 6) are each
formed by a contact surface C, C respectively, which is |ocated at the
distal end of said penetrating neans (2), said contact surfaces C, C
being separated by an insulator (12). - 17 1In the version illustrated in
figures 3 and 6, the penetrating neans (2) conprises a conducting central
portion (15) and a conducting outer portion (16), said central portion
(15) and said outer portion (16) being separated by a cylindrical
insulator (12). The two conducting portions each formone pole of the

el ectroni c device. Thus, the outer portion (16) fornms a conducting outer

t ube, hol | ow atin tthecenrirarionadd ke reerly dln Fdkiired Glahd &or ABea
conducting inner cylinder, the central (15) and outer (16) portions both

ener gi ng ferddteLNGhOhmdad® ASNeldopidrG AN T @ ctends ckathkanmpbhe 1bwo
sur faces and C that are isolated fromeach other. In this version, the

proxi mal _clies! 1ge o Qo ianCOnkaG! RLAGe o) or SaLe d

bﬂt%% a than the
contact surface C of the st’al el ectrode Khe“surf ace as an area

o ot OB MRS EUR0 45T, JRLAS ) %6846 2Batec B9 ©F
a cylindrical insulator (12). The two conducting portions
each form one pole of the electronic device.

Thus, the outer portion (16) forms a conducting outer
tube, hollow at its center, and the central portion (15)
forms a conducting inner cylinder, the central (15) and
outer (16) portions both emerging at the end of the
penetrating means (2) so as to form the two surfaces C and
C’ that are isclated from each other.

In this version, the proximal electrode (6) has a
contact surface C’ greater in area than the contact surface
C of the distal electrocde (5). The surface C has an area of
less than 10 mm®, around 4 mm?, and the surface C’ has an
area of greater than 100 HmF, around 400 mm?®.

In the version illustrated in figures 4 and 7, the
penetrating means (2) comprises an insulating peripheral
portion {(13) and a noninsulated distal end (14), having two
electrodes (5, 6) that are positioned so as to be
perpendicular to the axis A of said penetrating means (2)

and separated by an insulator (12). The two electrodes (5,

6) each form one pole of the electronic device.



In the version illustrated in figures 4 and 7, the penetrating nmeans (2)
conprises an insulating peripheral portion (13) and a noni nsul ated di st al
end (14), having two el ectrodes (5, 6) that are positioned so as to be
perpendicular to the axis A of said penetrating nmeans (2) and separated by
an insulator (12). The two electrodes (5, 6) each formone pole of the

el ectronic device. - 18 In this version, the electrodes (5, 6) have
contact surfaces, C and C respectively, of approximtely the sane area,
|l ess than 10 nmm 2 and around 4 nmm 2. Thﬁ contact surfaces C, C are
separated by an insulator (12) of thick ®ss less than or equal to 1 mm

al ong an axi s Arofehigneieratioan ehesaldctheprlsr ati,ng)earns cdhtakkgures 5, 6
and 7 illustrate one nonent during the penetration P of the penetrating

nmeans (2) 151&%‘&(:%% Wi %fﬁdacrcfi%@ %dt'lv% Wg)ﬂy%fcgbp%%h&ga a'ﬂﬂe”@‘éﬁe

particularly a change in eléct |ca edance, i1 s detect

i npedance ljé%terl (Shs) th‘cei cqoanfnha%gg ocgur s gsl%ﬁl allhey vg{}lec(r;mbthe%11~I Q:%tratl ng
or t e

nmeans (2) daVes The cort ex € bone Bod represe regi on
Zl, and pepetrates a soft surroundin tlssue by the region
Z2. In t hé&refboditfeEPRRATSCoRi RS L “"ilﬁ’ﬁé’dfar{&g ?’\?mcﬁj‘ﬂesén less

el ectrostinulator, the stinulation pulses of the deV|ce
than or equal to 1 mm along an axis A of penetration of said

penetrating means (2).

Figures 5, 6 and 7 illustrate one moment during the
penetration P of the penetrating means (2), during which a
change in a physical quantity, and more particularly a
change in electrical impedance, is detected by the impedance
meter (7). Such a change occurs especially when the
penetrating means (2} leaves the cortex of the bone body,
represented by the region Z1, and penetrates a soft
surrounding tissue, represented by the region Z2.

In the embodiment that combines an impedance meter with
an electrostimulator, the stimulation pulses of the device
have a waveform, a voltage and an intensity that are known;
it is therefore possible to deduce therefrom the impedance
measured by the electrodes associated with the device and in
particular by the electrodes placed at the distal portion

(the tip) of the penetrating means.



have a waveform a voltage and an intensity that are known;
therefore possible to deduce therefromthe inpedance neasu
el ectrodes associated with the device and in particular by
pl aced at the distal portion (the tip) of the penetrating
This "l ocal inpedance" information can then be converted

capabl e of operating the warning device (8). The penetrati
have one pair of electrodes or even several pairs of el ect

it is
red by the
t he el ectrodes
nmeans. - 19
nto signals
ng neans (2) may
rodes. For each

pair of electrodes, at |east one electrode is positioned at the distal end

(14) of said penetrating neans (2). T %ne enbodi nent, at

| east one di st al

el ectrode (5) ithisf oneedibympecantact is¥biraceionl eeat edefnna parti al
peri pheral portion of the distal end of the penetrating neans (2) so as to

make it pRSSilLe Lo ;! %toelgilgﬁacilga'&g‘faaib'le ioﬁpg %%%ihg 2ndi L5¢hiRG

approxi mately perpendi cular to the axis
penetrati%%vqp%p%
by observing {Te

measur ed change in inpedance thanks H%)this %Iectrode, t he

of the distal end &FTEhEH3INg PGPS may

electrodes or even several pairs of electrodes.

penet

For each pair of electrodes, at least one ele
positioned at the distal end (14) of said penetrat
(2} .

In one embodiment, at least one distal electr

formed by a contact surface C located on a partial

ave one palr of

ation of the
8(2). Thus, by rotating the penetrating device (2) and,
Jarning device (8), it is possible to deduce, fromthe

configuration

ctrode is

ing means

ode (5} is

peripheral portion of the distal end of the penetrating

means (2) so as to make it possible to detect a change in

impedance in a direction approximately perpendicular to the

axis A of penetration of the penetrating means (2).

Thus, by

rotating the penetrating device (2) and, by observing the

warning device (8), it is possible to deduce, from the

measured change in impedance thanks to this electrode, the

configuration of the distal end of the hole (20).

In the section below, the penetrating means (2) is

formed by a drill bit.

The penetrating means (2) is provided, for example,

with a helical thread (19) shown in figure 12, or

with

several helical threads, which are formed along the axis A

so as to allow holes (20) to be drilled.



In the section below, the penetrating neans (2) is fornmed by a drill bit.
The penetrating neans (2) is provided, for exanple, wth a helical thread
(19) shown in figure 12, or with several helical threads, which are forned
along the axis A so as to allow holes (20) to be drilled. - 20 The dril
bit conprises a conducting central portion (15) and a conducting helical
thread (19), the central portion (15) and the helical thread (19) being
separated by a cylindrical insulator (12). The two conducting portions
each formone pole of the electronic device. In this version, the proxim
el ectrode (6) has a contact surface ITZ%réater in area than the contact

surface C of the dishal wgled ed) a E%%d@%&ﬁ%@ec@n@%ﬁlaPo%EQQnOf | ess
than 10 MR' around 4 2 , and the surface C has an area of greater than

10 MW aro k )%&Mﬁon@%t(i%]@ %%tltihc%‘ir ft%(_;c%q%dc’(ltg& ,"i“tﬁes‘é%”c%taﬁd by an

i nsul at or ckness I"ess an or equal nm al ong an axis A of
penetration qf, sai enet in an . __Thi onfi.guration_is also

appl i cabl €% 1&’%0@5&/ fﬁléir %%'éap&ei <311CI“’\§L 'Et%)ra?aégl(ﬁ-gér F)Fllgﬁg S§EPERTEn 8ne
enbodi nent of _the invention, the inpedance neter (7) and the warning

devi ce (8)3 Qﬁl%qﬂ¥¥Qﬁ&edéﬁ@@aﬁ§Féﬁ363)3 The two conducting portions

each form one pole of the electronic device.

In this version, the proximal electrode (6) has a
contact surface C’ greater in area than the contact surface
C of the distal electrode (5). The surface C has an area of
less than 10 nm@, around 4 an, and the surface C’ has an
area of greater than 10 mm?, around 40 mm®’. The contact
surfaces C, C’ are separated by an insulator (12) of
thickness less than or equal to 1 mm along an axis A of
penetration of said penetrating means (2).

This configuration is also applicable to a screw and
especially to a self-drilling screw.

In one embodiment of the invention, the impedance meter
(7) and the warning device {8), or the impedance meter (7),
the warning device (8) and the electrostimulator (4), are
positioned on a removable electronic card (10), visible in
figure 1, which includes means for connecting said
electrodes (5, 6} . Thus, the mechanical part of the device

{1) can be sterilized in an autoclave, without the

electronic part.



the warning device (8) and the electrostinulator (4), are positioned on a
renovabl e el ectronic card (10), visible in figure 1, which includes neans
for connecting said electrodes (5, 6). Thus, the nechanical part of the
device (1) can be sterilized in an autoclave, wthout the electronic
part. - 21 It is also possible to provide for the electronic card (10) to
be of one-time use - it is delivered in suitable packaging and is fitted
by the surgeon into the instrunment that he requires (a probe, squared tip,
spatula, curette, screw driver, borer, _etc.) when he wi shes to nonitor the
progressive penetration of the associatel Tnstrunent that he is usi ng. The

el ectronic cardy Q) J1$d Roawi paway Ak ike fo@Pehat EQBctwhakeasathe
instrunment is sterilized. It is also possible to produce an electronic card

(10 L hat 980 eyl ¢ Lyzed aesheal al L Y ReTeakaashi g cTpgoe] ectroni c

card (10) may also be positioned 1n a casin t preserves sterility. To

allow the el ectr.onic card (1 to.be fitted into.the _instrument he
Govi co. (IPaEa I Arhs FibbetomS b SStoeBrihte ShRoAPERERRk T oni o

card (10) can be placed. Access to the insjde of the hollow handle is
gai ned bythqgﬂgﬁ ﬁ§QQHﬁa§g(@1@F9be' squared tip, spatula, curette,

screw driver, borer, etc.) when he wishes to monitor the
progressive penetration of the associated instrument that he
is using. The electronic card (10} is thrown away after the
operation, whereas the instrument is sterilized.

It is also possible to produce an electronic card (10)
that can be sterilized, especially by chemical action.

The electronic card (10) may also be positioned in a
casing that preserves sterility.

To allow the electronic card (10) to be fitted into the
instrument, the device (1) preferably has a hollow handle
(11} into which the electronic card (10} can be placed.
Access to the inside of the hollow handle is gained by
removing a plug (19).

The connection terminals (18) allow the electrodes to
be connected. They may be positioned around the periphexy of
the handle (11), in orxrder to connect up one or more
electrodes, and in the distal portion of the handle relative
to the plug (19}, in order to allow the electrode(s) located
at the distal end of the penetrating means (2) to be

connected.



The connection termnals (18) allow the electrodes to be connected. They
may be positioned around the periphery of the handle (11), in order to
connect up one or nore electrodes, and in the distal portion of the handle
relative to the plug (19), in order to allow the el ectrode(s) |ocated at
the distal end of the penetrating neans (2) to be connected. - 22 The

el ectronic stinulation/neasurenent device positioned on the electronic
card (10) neasures, during use of the instrunent, the electrical inpedance
between the two poles each forned by one el ectrode and indicates (in an
audi bl e, visual or tactile manner) inreal"tinme the values and/or changes

in said inpedang@ &1RRFohiieUlsRAmul akthenoRRurehehiiedpediel e cortex being
breached. Figure 13 shows two representations of the relationship between

the measured lmedance: coLted on-lbe ctaxi o) andashbestragueRgyuet an

audi bl e sifgnal emtted by the warning evi ce, on the y-axis. This
rel ati onship . my, for exanple, be linear, as illustrated b e
i scont i modnd Y st rgnendy P 5B fassi Lo m STPSRANEen BRERoEE SBEN8d wi t
surfaces C and C about 5 MmR in area. In order to use the device according
to the i nEESR2FoEBEEChEY ioRemy a5 tesler @nck dPAL6REGE 4 RufBer, or set,
of

audible, visual or tactile manner) in real time the wvalues

and/or changes in said impedance, in particular in the event
of the pedicle cortex being breached.

Figure 13 shows two representations of the relationship
between the measured impedance, plotted on the x-axis, and
the frequency of an audible signal emitted by the warning
device, plotted on the y-axis. This relationship may, for
example, be linear, as illustrated by the discontinuous
line, or may be stepped. This relationship 1s obtained with

2 in area.

surfaces C and C" about 5 mm

In order to use the device according to the invention
for boring, it may be useful to provide a number, or set, of
penetrating means (2}, each penetrating means (2) of which
has a different diameter.

The invention has been described above by way of
example. Of course, a person skilled in the art is capable
of producing various alternative embodiments of the

invention without thereby departing from the scope of the

patent.



penetrating nmeans (2), each penetrating neans (2) of which has a different
di aneter. The invention has been described above by way of exanmple. O
course, a person skilled in the art is capable of producing various
alternative enbodi nents of the invention wthout thereby departing from
the scope of the patent. WO 03/068076 - 23 CLAIMS PCT/ FRO3/00440 1. A
device (1) for nonitoring the penetration of a penetrating neans (2) into
anatom cal structures, and especially bone structures (3), of a living
body, said structures having at |east two regions of different electrical
i npedancewbZd3/@a¥o76char acteri zed +n28hat it i ncl udesr/aFRoBEag44®dne

i npedance neter (7) that can be connected to at |east two el ectrodes, at

| east one of which is located at a distal end of said penetrating neans
(2), sai &&MEdance neter continuously neasuring the inpedance between
the two el ectrodes at |east during the penetration and at |east one
war ni ng device (8) capable of producing a warning signal in the event of a
change in inpedance being detected by the inpedance neter (7). 2. The
device (1)N.as @& dewddel nl¢l diom hondhardagethzegenatration of a

penetrating means (2) into anatomical structures, and
especially bone structures (3), of a living body, said
structures having at least two regions of different
electrical impedance (Z1, 22), characterized in that it
includes at least one impedance meter (7) that can be
connected to at least two electrodes, at least one of which
is located at a distal end of said penetrating means (2),
said impedance meter continuously measuring the impedance
between the two electrodes at least during the penetration
and at least one warning device (8) capable of producing a
warning signal in the event of a change in impedance being

detected by the impedance meter (7).

2. The device (1) as claimed in c¢laim 1, characterized in
that it includes at least one electrostimulator (4) capable
of producing a stimulation and able to be connected to at
least two electrodes (5, 6), at least one of which is

located at a distal end of said penetrating means (2).



that it includes at |east one electrostinulator (4) capable of producing a
stinul ation and able to be connected to at |east two el ectrodes (5, 6), at
| east one of which is located at a distal end of said penetrating neans
(2). - 24 3. The device (1) as clained in claim2, characterized in that
at | east one electrode (5, 6) able to be connected to an electrostimulator
(4) and at | east one electrode (5 6) able to be connected to an inpedance
nmeter (7) are connected together. 4. The device (1) as clainmed in any one
of claimse 1 to 3, characterized in that said warning signal is a visual
and/or audi ble and/or tactile signalT % The device (1) as clained in any

one of cla& m ¥HOddvicehgnacher caadmed ihat1bhR DeurpAVaeHLak 2881 Ml ation
produced by the electrostinulator (4) has a frequency of | ess than or

equal_to é%aﬁ?atal%%gkag%eogle%§§o§% Q50r62q3$%e geébgoh%ﬁyeeggdatBU|se of

duration ess than or equal I ce as clarmed in
any one of_ cl chargcterize n_that an e s forned
by a confﬁbtq§%§%§@%18u9858Fed%3tapﬁe g &Fﬁﬁteﬁaeoﬁ eﬁéfra |ng
means (2) and in that another electraode ( is forned b a contact surface

C i nt endé®Plo te BSoSONNEFEGDAC aR é%‘P&dﬁ‘éllcesH‘FFSEe (d# taﬁs SRAPEREEI

structures.
together.

4, The device (1) as claimed in any one of claims 1 to 3,
characterized in that said warning signal is a visual and/or

audible and/or tactile signal.

5. The device (1) as claimed in any one of claims 1 to 4,
characterized in that the neuromuscular stimulation preduced
by the electrostimulator (4) has a frequency of less than or
equal to 10 Hz, a voltage of less than or equal to 4 volts

and a pulse of duration of less than or equal to 400 ps.

6. The device (1} as claimed in any one of claims 1 to 5,
characterized in that an electrode (5) is formed by a
contact surface C located at the distal end of said
penetrating means (2) and in that another electrode (6) is
formed by a contact surface C’ intended to be positioned on

an external surface of the anatomical structures.



- 25 7. The device (1) as clainmed in any one of clains 1 to 5,
characterized in that said electrodes (5, 6) are each fornmed by a contact
surface C, C respectively located at the distal end of said penetrating
means (2), said contact surfaces C, C being separated by an insul ator
(12). 8. The device (1) as clainmed in claim7, characterized in that the
proxi mal el ectrode (6) has a contact surface C greater in area than the
contact surface C of the distal electrode (5). 9. The device (1) as
claimed in any one of clains 6 to 8 characterized in that at |east one
distal electrode (5) is forned by a Toftatt surface C located on a parti al

peri pheraly por tripen gefy jthe diystkal andrely tihe apgneheabitnglaARanNs €4) 550 as to
nmake it possible to detect a change in inpedance in a direction

appr oxi mat | i.cyl ar i pgget gat h
penetratlﬁgn%gbnegﬁggd %é tP%g gggﬁb%i %féog%s a?ﬁeg?lﬁggnggghegg me?alns 1
to 9, racter.i ed |n t | | udes ngans &9& for t%ﬂ% said
penetratlﬁafﬁbéﬁgl SHr c§ 11 Tﬁ?%ﬁ?&'&ge& 8§agﬁgl m any one of
claims 1 tg 10, characterlzed in that the |npedance met er 7) t he war ni ng

devi ce (8)idtdlosmichiRdl IS ich@ePESERtd®G MePRSor 2( 4) Sate contact

surfaces C, C’' being separated by an insulator (12).

B. The device {1) as claimed in claim 7, characterized in
that the proximal electrode (6) has a contact surface C’
greater in area than the contact surface C of the distal

electrode (5).

9. The device (1} as claimed in any one of claims 6 to 8§,
characterized in that at least one distal electrode (5) 1is
formed by a contact surface C located on a partial
peripheral portion of the distal end of the penetrating
means (2) so as to make it possible to detect a change in
impedance in a direction approximately perpendicular to the

axis A of penetration of the penetrating means (2).

10. The device (1) as claimed in any one of claims 1 to 9,
characterized in that it includes means (9) for rotating

said penetrating means (2).



positioned on a renovable electronic card (10), which includes nmeans for
connecting said electrodes (5, 6). 12. The device (1) as clained in claim
11, characterized in that it includes a hollow handle (11) for
accomodating said electronic card (10). 13. A fixed penetrating neans
(2), and especially a probe, squared tip, spatula or curette, or a

penetrating nmeans (2) that can be rotated, and especially a drill screw or
drill bit, for a device (1) as clained in any one of clains 1 to 12,
characterized in that it includes at |east one electrode (5, 6). 14. A
manual or notor-operated drilling instr nt, especially for drilling the

vertebral jpedi ehe gealide (NSt BEMRNLiGRMPHLSEAY 8nBebet Eakifg Meaps1(p).
characterized in that it includes a device (1) for nmonitoring the

penetrati Q!Plf‘}fac%%'r‘iz%”ﬁhr ahiRg tﬁ%aqglp%éé)n%% ﬁle%le ‘i’?')” ?H¥ ggﬁg R clains

1to 12. { . An el ectronic car eV|ce alned in
claim11 o s for onn el ect r odes

d
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inthat it can be sterilized. 17. The el ectronic ar% SlOL for a device (1)
as clalne@qa% tioned on a removable electronic card hi

includes means for connecting said electrodes (5, 6).

12. The device (1) as claimed in claim 11, characterized in
that it includes a hollow handle (11) for accommodating said

electronic card (10).

13. A fixed penetrating means (2), and especially a probe,
squared tip, spatula or curette, or a penetrating means (2)
that can be rotated, and especially a drill screw or drill
bit, for a device (1) as claimed in any one of claims 1 to
12, characterized in that it includes at least one electrode

(5, ©6).

14. A manual or motor-operated drilling instrument,
especially for drilling the vertebral pedicle, said
instrument comprising a penetrating means (2), characterized
in that it includes a device (1) for monitoring the
penetration of said penetrating means {(2) as claimed in any

one of claims 1 to 12.



claim15 or claim 16, characterized in that it is placed in a casing that
preserves sterility.
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15. An electronic card (10} for a device (1) as claimed in
claim 11 or claim 12, which includes means for connecting

said electrodes (5, 6).

16. The electronic card {(10) as claimed in claim 15,

characterized in that it can be sterilized.

17. The electronic card (10) for a device (1) as claimed in
claim 15 or claim 16, characterized in that it is placed in

a casing that preserves sterility.



