07 Aug 2006 -1 DEVICE FOR MONITORING PENETRATION INTO ANATOMICAL MEMBERS 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 tbgvmﬁ %ol ast two
regions of different electrical impedance. In spinal surgery, for example, when driffing the pedicle, it
frequently happens that the vertebral bone cottex 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
clinical 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; 07 Aug 2006 2 --
equipment for monitoring of sensory and/or motor

DEVICE FOR MONITORING PENETRATION INTO ANATOMICAL MEMBERS

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

The present invention relates morc 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 improper}y positioned, with a clinical
manifestation (pain, par;lysis, 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 less expensive but also restricting as it requires the presence of a
specialist whose mission is solely to carry 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 applicatio®¥@a@01875. This
patent application discloses a device that uses the gbility 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 Leaches 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 §ysggﬁﬂ {%ﬁeiggogaooga;%an@ gpg%atg% fgre_glgg}g,dg rigg & Ogegg(g@ér}i ng impedance in

which it is desired to manage and determine the changes in impedance in a guide connected to a 07
Aug 2006 3evoked potentials, this being less expensive but also

restricting as it requires the presence of a specialist
whose mission is solely to carry 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 thal 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 lesiocn of said
nerve.

The prior art also éeaches 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 implanted into the epidural space of a spinal column. Such a neural stimulation system is
typically used when it is desired to block off pain signals that are sent to the brain, which system may
also be used for the 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 GD 2 335 990 that relates to a system for mechanical peneffatio 6#% needle and
for stopping the penetration it a different impedancg 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 value 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, apy, sxperimentaldeteypination ofahe impedange valugs ar afthe, ghangesin
impedance, as explained on the last page of that application, which absolutely does not allow this
Zystem to beadapted darcthePwpess 10fdvenenting a:feteuningdidenthbeinpirpaghed. 07 Aug 2006
when it is desired to block off pain signals that are sent
to the brain, which system may also be used for the
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 it
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 value or using a change in
impedance.

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

Furthermore, that s&stem 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 instrument for
measuring the length of the root canal of a tooth. That instrument is used to deduce the length of a
hollow body by the subsequent measurement of the distance 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 theoga“\ﬁ‘f%/%ﬂoﬁm case of
the rubber piece. That instrument allows the user-tosbe informed, after having made a cavity, about
the depth of this cavity; it does not allow real-time monitoring 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 ifyenfjon aimste remedy; they drandacks pinthe.pror-ak hypropesing a device that
allows real-time monitoring of the penetration of the penetrating means (the drilling means or the like)

into the materialp by measuring, the diffarenees i asphyisical Quaatity s thevpepglratign proceeds, so
as to allow the user to know where the end of the penetrating means is and thus prevent any lesion.
07 Aug 200&he length of the root canal of a tooth.

That instrument is used to deduce the length of a
hollow body by the subsequent measurement of the distance
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 monitoring 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 inventién 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 impedance measurement. It is important to point out that
the use of the electrical 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
iricludes 26 &L - at least one impedance meter that can be connected to at |€Hshug/@efectrodes, at
least one of which is located at a distal end of saidjpenetrating means, said impedance meter
continuously measuring the impedance between the two electrodes at least during the penetration;
and - ~at least one warning device capable not 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 electrostimulatei.capaRle of producing a-stimulationang, able to be;connegied 1o gt least two
electrodes, at least one of which is located at a distal end of said penetrating means. 07 Aug 2006

measurement.

It is important to point ocut that the use of the
electrical 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 cnd 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 impedancé 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 is located at a distal end of said penetrating

means.



6 In this embodiment, at least one electrode able to be connected to an electrostimulator and at least
one electrode able to he connected to an impedance meter are preferably connected together. Thus,
it is the same electrodes that serve both for delivering the neuromuscular stimulation and for
measuring the impedance. Throughout the text that follows, the term "distal end”" is %laiserstood to

e

mean, of course, as in the case of any surgical instrument, the end with respe(():z[ 9 andle used

for holding the instrument, Which is located at the groximal 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 volts and a pulse of duration of less than or equal to 400 s. A In one

embodiment, an elegtrede is formed Ry a-confach syfacs]ecatedatthg distah end of said penetrating
means and another electrode is formed by a contact surface intended to be positioned on an external

surface of the, ghatamicat strustuses B4 Ae1gi2l06 tor and at least one electrode
able to be connected to an impedance meter are preferably
connected together. Thus, it is the same 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 volts and a pulse of duration of less than or
equal to 400 pus.

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 In another embodiment, said electrodes are each formed by a contact surface respectively located
at the distal end of said penetrating means, said contact surfaces being separated by an insulator. In
one version of this embodiment, the proximal electrode has a contact surface greater in area than the
contact surface ot the distal electrode. In one embodiment, at least one distai electrode is formed by a
contact surface located on a partial peripheral portion of the distal end of the p@ﬁ@ﬁ‘&t?ﬁaemeans SO as
to make it possible to detect a change in impedance i 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 inchudes- nmraRe faleannesting said eledlRdes, 8 astonallayy-they device to be
sterilized independently of the electronic part. The device according to the invention preferably
includes, fothispuioses: 8 kellomw bandlesies caacammotatngessid elecionia sawl. end

of said penetrating means, said contact surfaces being

separated by an insulator.

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
portlion of the distal end ol 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 penctrating mecans.

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

Tn one version of the invention, the impedance meter,
the warning device and optionally the electrostimulator are
positioned on a removablérelectronic card, which includes
means for connecting said 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.



07 Aug 2006 The present invention also relates to: - a fixed penetrating means, and especially a
probe, squared tip, spatula or curette, or - 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 abl~~ Lu Lt sterilized and, also preferably, is placed in a casing thatoprege?ves sterility. The
present invention further relates to a manual or mgtor-operated drilling instrument, especially for
drilling the vertebral pedicle, said instrument including a penetrating means and a device for
monitoring the 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 aggecigtedswith thasiling dnstiwyent Alse advantageously, the electrode located
upstream of the penetration is positioned close to the mechanical

- a fixed penetrating means, and especially a probe,
squared tip, spatula or curette, or

- 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 inventicn also relates to an electronic
card as defined above for a device according to the
invention.

This electronic card is preferably able Lo be
sterilized and, also preferably, is placed in a casing that
preserves sterility.

The present invention further relates te a manual or
motor-operated drilling instrument, especially for drilling
the vertebral pedicle, said instrument including a
penetrating means and a device for monitoring the
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 advantageously, the electrode located upstream of

the penetration is positioned close to the mechanical



07 Aug 2006 9 penetration effect and thus makes it possible to obtain a very high sensitivity in
detecting a change in impedance. Advantageously, the invention thus makes it possible to avoid
complete 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 located beneath the bone body.
The invention will be more clearly understood with the aid of the description, givettb&is\w purely by
way of explanation, of one embodiment of the irvention, with reference to the appended figures: -
figure I 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

embodimentfiibe panesratingraeansia thedormadas probe; o digiise & ilustvates amdegtailed sectional
view of another version of the second embodiment of the penetrating means in the form of a probe; -
figure 5 illustrateg & sgtticralsdewwfthein detecting a change in impedance.

Advantageously, the invention thus makes it possible to
avoid complete 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 located beneath the bone body.

The invention will be more clearly understood with the
alid of the description, given below purely by way of
explanation, of one embodimenl of the invention, wilh
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 sectional view of the

penetration P of the penetrating means of figure 2;



penetration 2 of the penetrating means of figure 2; 07 Aug 2006 - 10 - figure 6 illustrates a sectional
view of the penetration P of the penetrating means of figure 3; - figure 7 illustrates a sectional view of
the penetration P of the penetrating means of figure 4; - figures 8 and 9 illustrate a front view and top
view, respectively, of a penetrating means according to the invention formed b}S?aAleoa;_;b% ; - figures 10
and 11 illustrate a front view and a top view, respectively, of a penetrating means accor ing 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 foranguitering the penetiatien f ge penstiating Meears (HHto anatomical

structures, and especially bone structures (3) of a living being, said structures having at least two
regions of differefttration P of the penetrating means of figure 3;

- figure 7 illustrates a sectional view of the
penetration P of the penetrating means of figure 4;

- figures 8 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) accofding 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 (21, Z2).



electrical impedance (ZI, Z2). 07 Aug 2006 For example, the penetrating means (2) makes it possible,
itself or combined with a drilling instrument, to drill a hole (20) in said bone structures (3). A bone body
is composed of soft internal tissue (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 tHYsR48f4#& tissues with
which it is contact: it is fur this zcd,,3uii Lh~L it is also-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 ghisartgx @, that e isnakeuttodo saa HOWEYET At irgs put that the bone cortex
and the soft tissues also have different impedances. In a base version, the device (1) according to the
invention copysisesleat least opedmpestancadaetertir) thatcanalsg benst rument, to

drill a hole (20) in said bone structures (3).

A bone body is composed of soft internal tissue
(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
also visible in medical images: conventional radiography,
scanner, echography, magnetic resonance imaging.

If the instrument used to penetrate thc 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



connected to at least two electrodes, at least one of which 07 Aug 2006 - 12 is located at a distal end
of said penetrating means (2), said impedance meter continuously measurirg 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). Thus, thanks to the impedance meter (7), it is possibleotag@mter 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 aL least two

regions of differqny.. gleckrical impedapce (£f,22) T&%Qeié'gﬁe@é”c%%e%éé’%%m ing device (8) which

can emit: - a visual warning signal modulated, for example, by the use of a flashing warning lamp or a
ran“)Ofmm“@@@d“ﬂﬂBéd@%ermeter 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).

Thus, thanks to the impedance meter (7), it 1s possible
to monitor the penetration of the detection means associated
with the penetrating means (Z2) progressively as the latter
penetrates into the bone structures (3).

The way in which the impedance meter or meters (7) are
used to deduce Lherelfrom Lhe 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 (21, Z2).

The device (1) inclﬁdes 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



07 Aug 2006 13 - an audible warning signal frequency-modulated and possibly intensity-modulated,
for example by the use of a loudspeaker; and/or - 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 Oghpé‘fgg%()?r?impedance.

This warning device (8) is preferably positioned on or in the instrument, a5 mdy be ~een in figu-Le 1.
The device (1) may optionally further include a dep]léJiy “means for displaying the change or changes in
impedance, which is connected to an impedance meter (7). This display means, formed for example
by a display screen, makes it possible to monitor the variation, in the form of curves, of the change in

impedance progressively witf the pengiatan ofthe penafialing meansg). 1n ape gmbodiment, the

device (1) further includes at least one electrostimulator (4), preferably a neuromuscular stimulator,
capable of pygducing @ Rraferably DEHIMYSEWar for example by the use of a

loudspeaker; and/or

- 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 medulated warning signal is proportional to the
change in impedance.

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

The device (1) may optionally further include a display
means for displaying the change or changes in impedance,
which is connected to an impedance meter (7). This display
means, formed for example by a display screen, makes it
possible to monitor the &ariation, 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 able to be connected to at least two



stimulation and able to be connected to at least two 07 Aug 2006 - 14 electrodes (5, 6), at least one
of which is located at a distal end of said penetrating mpAns (2). The neuromuscular stimulation
produced by the neuromuscular electrostimulator has: - a frequency of less than or equal to 10 Hz,
preferably around 2.5 Hz; - a voltage of less than or equal to 4 volts, preferably, 99&8% volt; and - a
pulse of duration of less than or equal to 400 us, preferably around 150 us. In t?we event of the bone
cortex being penetrated by the penetrating means, the distal portion (tip) of the latter comes into
content 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, ¢ause caniradiiong of the musale graups withwhich;they gue, agsqgiated, at the rate of

the stimulation pulses; these contractions will be detected and recognized, either by an

electromyograRipsgornected uptothspatigntdeigrehandsor oy .

The neuromuscular stimulation produced by the
neuromuscular electrostimulator has:

- a frequency of less than or equal 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,
preterably around 150 ps.

In the event of the bone cortex being penetrated by the
penetrating means, the distal portion (tip) of the latter
comes inlo conlacl 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 thc ncrves possibly located near the
tip of the penetrating means. Two situations then arise:

a) 1f they are motof nerves, they will then cause
contractions of the muscle groups with which they are
associated, 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;



clinically by the operator himself in relation to the patient's movements; 07 Aug 2006 b) if they are
sensory nerves, a suitable device will he able to detect their stimulation, which is also recognizable by
its rate. In a preferred version of the invention, the electrodes (5, 6) may be connected, using
connection terminals (18), both to the electrostimulator (4) and to the impedance meter (7). Thus, itis
the same electrodes that serve both for the emission of the neuromuscular stifftif88%nd for the
impedance measurement. The penetrating means (2) ot the device (1) may be: - either fixed, and
consisting especially of a probe, a squared tip,a $patula or a curette; - UL 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 examphe), of gnt@llggtrg:rrgog%r?c Iaﬁpl% of 5%tgting tE%Pf”JSFQ“Q Jneans, {21)][ and form, in
. 5 1 / !

combination with the penetrating means (2), a boring instrument (1) of the borer type. In the section
below, the pgpetfiatingimeans £2kist frmedsby A Arobe, but the: configurations presented are

recognizable by its rate.

In a preferred version of the invention, the electrodes
(5, 6) may be connected, using connection terminals (18),
both to the electrostimulator (4) and to the impedance meter
(7). Thus, it 1s 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 rolaled, 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 mcans (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).



applicable to any type of penetrating means (2). 07 Aug 2006 - 16 In a first embodiment, 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 means (2) and another, proximal electrode (6) is formed by a contact 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 conductin§’aM¢eZ{¥ripheral
portion (13) that is insulated right to a distal end (34) bared, that is to say not insulated, over a few
millimeters. The surface C has an area of less than 10 mm 2, around 4 mm 2, and the surface C' has
an area of around 20 muL 2 . Thus, the first pole 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 CO”?SCE{O'}9P§Pe£r?$@£}ﬂ@r&§e§9ﬂ% emhadiment, illlli%t[ﬁtgg in figr%essB 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 whichiig Jogatedathe distal end of saidi papelratingimeans {2) sald gontact surfaces C,

C' being
located at the distal end of said penetrating means (2) and
another, proximal electrode (6) is formed by a contact
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 (l14) 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 pole 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 embodimént, 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).



separated by an insulator (12). 07 Aug 2006 - 17 In the version illustrated in figures 3 and 6, the
penetrating means (2) comprises 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 form one pole of the electronic device, Thus, the outer portion
(16) forms a conducting outer tube, hollow at its center, and the central portioWﬁ‘!% 29 sa
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 isolated 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 electrode (5). The surface C has an area of less than 10 mm 2, around 4 mm.

2, and the surface &, hagan, area af oreqtes than 400:MMg2; (arqunds40Q, mm 2 in the version
illustrated in figures 4 and 7, the penetrating means (2) comprises an insulating peripheral portion

(13) and a ngginsyiatedrdistal end (14), havipg-twe selectredas 51 Bhthat are Rosiopedsp as to be

perpendicular to the axis A of said penetrating means (2)
(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 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 isolated 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 electrode (5). The surface C has an area of
less than 10 nm?, around 4 mm?, and the surface C’ has an
area of greater than 100 nm@, around 400 mm?.

In the version illuétrated 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.



and separated by an insulator (12). The two electrodes (3, 6 each form one pole of the electronic
device. 07 Aug 2006 18 in this version, the electrodes (b, 6) have contact surfaces, C and C'
respectively, of approximately the same area, less than 10 mm 2 and around 4 mmz2. The contact
surfaces C, C' are separated by an insulator (12) of thickness less than or equal to | mm along an
axis A of penetration of said penetrating means (2). Figures 5, 6 and 7 illustr 53 MBment during
the penetration P of the penetrating means (2), during which a change in a physical quantity, and
more particularly a change in electrical impedaﬁcé,gis 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 ZI, and penetrates a soft surrounding tissue, represented by the region Z2.

In the embodiment;that gembings;animpegance metesyuth @Leigﬁtrggpygu@g% Ihe stimulation

pulses of the device have a waveform, a voltage and an intensity that are known; it is therefore

possible to degueetberefromithedmpedance: measyred bydbg elegtredes gssqmiateghwith the device

and in particular by the electrodes placed at the distal portion (the tip) of the penetrating means.
area, less than 10 mm? and around 4 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).

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 21, 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 possiblezto 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.



07 Aug 2006 - 19 This "local impedance" information can then he converted into signals capable of
operating the warning device (8). The penetrating means (2) may have one pair of electrodes or even
several pairs of electrodes. For each pair of electrodes, at least one electrode is positioned at the

distal end (14) of said penetrating means (2). In one embodiment, at least one distal] electrode (5) is
formed by a contact surface C located on a partial peripheral portion of the (%éﬂ%%t?%f 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 pendttation 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). Inthe sectiga belawtheperetrating,meansdr) i formed by drill bit. The
penetrating means (2) is provided, for example, with a helical thread (19) shown in figure 12, or with
several helical thieagisd Winelvaks taraied alongdhe axts dperating the warning

device (8).

The penetrating means (2) may have one pair of
electrodes or even several pairs of electrodes.

For each pair of electrodes, at least one electrode is
positioned at the distal end (1l4) of said penetrating means
(2).

In one embodiment, at least one distal electrode (5) is
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). Thus, by
rotating the penetrating device (2) and, by observing the
warning device (8), it 1s 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.



so as to allow holes (20) to be drilled. 07 Aug 2006 - 20 The drill bit comprises 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 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 are%7&“$%sog?han 10 MM2
, around 4 mM2, and the surface C' has an area o greater than 10mm2, around 40mm2. 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 deniee (8); 01 the impedance metar (Ondhewarping devise (8) apddshe
electrostimulator (4), are positioned on a removable electronic card (10), visible in figure 1, which
includes means foneenneciingaiaid slectredes-(bl, 6)hThus, theanechasicakpart of the device (1) can
be sterilized in an autoclave, without the

portion (15) and the helical thread (19) being separated by

a cylindrical insulator (12). 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 nmf, around 4 HmF, and the surface C’ has an
area of grealer 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 penctrating mcans (2).

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

Tn one embodiment of the invention, the impedance meter
(7) and the warning device (8), or the impedance meter (7),
the warning device (8) aﬁd 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.



electronic part. 07 Aug 2006 - 21 itis 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 instrument that
he requires (a probe, 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. #/i§4s9%bssible 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 connectign terginalsd{d 8) allowdhg lggiedesto becanastedniheymay be
positioned around the periphery of the handle (11), in order to connect up one or more electrodes,

and in the distal pottiom of e bandieimdative: to the piug (k)i ircarder 1o alowtthieielectrode(s)
located
packaging and is fitted by the surgeon into the instrument
that he requires (a probe, 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 positicned 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.
LAccess 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 periphery of
the handle (11), in order 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.



at the distal end of the penetrating means (2) to be connected. 07 Aug 2006 - 22 The electronic
stimulation/measurement device positioned on the electronic card (10) measures, during use of the
instrument, the electrical impedance between the two poles each formed by one electrode and
indicates (in an audible, visual or tactile manner) in real time the values and/or changes in said
impedance, in particular in the event of the pedicle cortex being breached. Fijukegl®&hows two
representations of the relationship between the mgasured 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 Le stepped. This
relationship is obtained with surfaces C and C' about 5 mm 2 in area. In order to use the device

according to the inyggtien for borng, & may.pe ussiyhieyevide-a pumbger@r set, of penetrating
means (2), each penetrating means (2) of which has a different diameter.~ The invention has been

described abeva by yvayiobexemple 1 ©F eourse: acpersomskilled insthesat isicapalieustproducing
various alternative embodiments of the

of the instrument, the electrical impedance between the two

poles each formed by one electrode and indicates (in an

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

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 is 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.



invention without thereby departing from the scope of the patent. 07 Aug 2006 -23 CLAIMS | A
drilling device (1) for monitoring the penetration of a penetrating means (2) into a bone structure (3)
of a living being, said structure having at least two regions (Z1, Z2) of different electrical impedance,
characterized in that it comprises at least one impedance meter (7) that can 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),
said impedance meter continuously measuring the impedance between the tidugi®odes (5, 6) at
least during the penetration and at least one warnifd device (8) delivering a warning signal
modulated proportionally with the change in impedance detected by the impedance meter (7). 2. The
drilling device (1) as claimed in claim 1, characterized in that said warning signal is a modulated
visual warning signal. 3. The drilling device (1) as claimed in claim 1, characterized in that said
warning signal is a frequency- modulated audible warning signal. 4. The drilling device (1) as claimed
in claim 1 or 3, CLATMS

1. A drilling device (1) for monitoring the
penetration of a penetrating means (2) into a bone structure
(3) of a living being, said structure having at least two
regions (Z1, Z2) of different electrical impedance,
characterized in that it comprises at least one impedance
meter (7) that can 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), said impedance meter
continuously measuring the impedance between the two
electrodes (5, 6) at least during the penetration and at
least one warning device (8) delivering a warning signal
modulated proportionally with the change in impedance
detected by the impedance meter (7).

2. The drilling device (1) as claimed in claim 1,
characterized in that said warning signal is a modulated
visual warning signal,

3. The drilling device (1) as claimed in claim 1,
characterized in that said warning signal is a frequency-
modulated audible warning signal.

4, The drilling dévice (1) as claimed in claim 1 or 3,
characterized in that said warning signal is an intensity-
modulated audible warning signal.

5. The drilling device (1) as claimed in claim 1,

characterized in that said warning signal is a frequency-



characterized in that said warning signal is an intensity- modulated audible warning signal. 5. The
drilling device (1) as claimed in claim 1, characterized in that said warning signal is a frequency 07
Aug 2006 -24 modulated tactile warning signal. 6. The drilling device (1) as claimed in claim 1 or 5,
characterized in that said warning signal is an intensity- modulated tactile warning signal. 7. The
drilling device (1) as claimed in claim 3 or 4, characterized in that the frequeragy o;%&gudible signal
emitted by the warning device is a linear function of the measured impedance. '%u e drilling device
(1) as claimed in claim 3 or 4, characterized in that the frequency of an audible signal emitted by the
warning device is a stepped function of the measwgg_impedance. 9. The drilling device (1) as claimed
in any one of the preceding claims, 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). 10. The drilling device (1) as
claimed in claim 9,

modulated tactile warning signal.

6. The drilling device (1) as claimed in claim 1 or 5,
characterized in that said warning signal is an intensity-
modulated tactile warning signal.

7. The drilling device (1) as claimed in claim 3 or 4,
characterized in that the frequency of an audible signal
enitted by the warning device is a linear function of the
measured impedance.

8. The drilling device (1) as claimed in claim 3 or 4,
characterized in that the frequency of an audible signal
emitted by the warning device is a stepped function of the
measured impedance.

0. The drilling device (1) as claimed in any one of
the preceding claims, 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).

10. The drilling device (1) as claimed in claim 9,
characterized in that ét least one electrode (5, 6) able to
be connected to an electrostimulater (4) and at least one
electrode (5, 6) able td:be connected to an impedance meter
{(7) are connected together.

11. The drilling device (1) as claimed in claim 9 or
10, characterized in that the neuromuscular stimulation

produced by the electrostimulator (4) has a frequency of



characterized in that at least one electrode (5, 6) able to be connected to an electrostimulator (4) and
at least one electrode (5, 6) able to be connected to an impedance meter (7) are connected together.
11. The drilling device (1) as claimed in claim 9 or 10, characterized in that the neuromuscular
stimulation produced by the electrostimulator (4) has a frequency of 07 Aug 2006 -25 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. 12. The drilling device (1) as claimed in any one of claims 1 to 119€/8828&ized in that one
electrode (5) is formed by a contact surface C logated 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. 13. The drilling device (1) as claimed in any one of
claims | to 11, characterized in that said electrodes (5, 6) are each formed 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 aaJasuitar §12hAdhiMhe diifing.device (i) asclgimeddn cldith4or equal
to 4 volts and a pulse of duration of less than or equal to
400 us.

12, The drilling device (1) as claimed in any one of
claims 1 to 11, characterized in that one 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.

13. The drilling device (1) as claimed in any one of
claims 1 to 11, characterized in that said electrodes (5, 6)
are each formed 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 insulator
(12).

14, The drilling device (1) as claimed in claim 4,
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).

15. The drilling device (1) as claimed in any one of
the preceding claims, characterized in that the penetrating
means (2) comprises a coﬁéucting 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 outer portion (16) forming a conducting

outer tube, hollow at its center, and the central portion



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). 15. The drilling device (1) as claimed in any one of the
preceding claims, characterized in that the penetrating means (2) comprises a conducting central
portion (IS) and a conducting outer portion (16), said central portion (15) and said outer portion (16)
being separated by a cylindrical insulator (12), the outer portion (16) forming g.con ld&ging outer tube,
~hollow at its center, and the central portion 07 Aug 2006 -26 (15) forming a condud ing'inner cylinder,
the central (13) and outer (16) portions both eme_rgigg at the end of the penetrating means (2) so as
to form two surfaces C and C' that are isolated from each other. 16. The drilling device (1) as claimed
in any one of the preceding claims, 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) and in that the surface
C has an area of less than 10 MM2' around 4 mm2 and the surface C' has an area of greater than 10

mmz2, aroun49 mim 2, (he CoNLAGSTACEs Chle Pelng pepalategy A, nsplalog (12) of thickness
less than or equal to I mm~along an axis A’ of penetration of said penetrating means

and outer (16) portions both emerging at the end of the
penetrating means (2) so as to form two surfaces C and C’
that are isolated from each other.

16. The drilling device (1) as claimed in any one of
the preceding claims, 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) and in
that the surface C has an area of less than 10 mm®?, around 4

2

mm? and the surface C’ has an area of greater than 10 mm?,

around 40 nm@, the contact surfaces C, C’ being 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).

17. The drilling device (1) as claimed in any one of
the preceding claims, characterized in that at least one
distal electrode (5) is formed by a caontact 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 imped;nce in a direction approximately
perpendicular to the axis A of penetration of the
penetrating means (2). ?

18. The drilling device (1) as claimed in any one of
claims 1 to 17, characterized in that it includes means (9)
for rotating said penetrating means (2).

19. The drilling device (1) as clailmed Ln any one of



(2). 17. The drilling device (1) as claimed in any one of the preceding claims, characterized in that at
least one distal electrode (5) is 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). 18. The drilling device (1) as claimed in any one of claims 1 to 17 9815k E8Pized in that it
includes means (9) for rotating said penetrating megans (2). 19. The drilling device (1) &,,3 claimed in
any one of 07 Aug 2006 -27 claims 1 to 18, characterized in that the impedance meter (7), the
warning device (8) and optionally the electrostimulator (4) are positioned on a removable electronic
card (10), which includes means for connecting said electrodes (5, 6) . 20. The drilling device (1) as
claimed in claim 19, characterized in that it includes a hollow handle (11) for accommodating said
electronic carmh(kRy. A1.tAfixed penetatogrmeass (2) ant espeeialypeprobee squared tip, spatula or

curette, or a penetrating
(7), the warning device (8) and optionally the
electrostimulator (4) are positioned on a removable
electronic card (10), which includes means for connecting
sald electrodes (5, 6).

20. The drilling device (1) as claimed in claim 19,
characterized in that it includes a hollow handle (11) for
accommodating said electronic card (10).

21. 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 20, characterized in that it includes at least
one electrode (5, 6).

22. 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 20.

23. An electronic card (10) for a device (1) as claimed
in claim 19 or claim 20;5which includes means for connecting
said electrodes (5, 6).

24. The electronic card (10) as claimed in claim 23,

characterized in that it can be sterilized.

25. The electronic card (10) for a device (1) as



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 20, characterized in that it includes at least nnP electrode (5, 6) . 22. 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 devic?él) for monitoring the
penetration of said penetrating means (2) as claimed in any one of claims 1 299280\ electronic
card (10) for a device (1) as claimed in claim 22 grclaim 20, which includes means for connecting
said electrodes (5, 6) . 24. The electronic card (10) as claimed in claim 23, characterized in that it can
be sterilized. 25. The electronic card (10) for a device (1) as 07 Aug 2006 -28 claimed in claim 24 or
claim 24, characterized in that it is positioned in a casing that preserves sterility.

claimed in claim 24 or claim 24, characterized in that it is

positioned in a casing that preserves sterility.



