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APPARATUS AND METHOD FOR LOCATING
DEFECTS IN BONE TISSUE

BACKGROUND

[0001] Surgery for a patient can be painful and traumatic,
particularly in the affected area of the patient’s body. To
accomplish spinal fixation, a necessary procedure often
involves inserting spinal pedicle screws into a pedicle wall
of a vertebra in a patient’s spine. Pedicle screws are advan-
tageous in that they are strong and provide stability, how-
ever, care must be taken to avoid nerve impingement during
the placement of pedicle screws in the spine. Measures taken
to locate any potential defects before insertion of a pedicle
screw can facilitate screw insertion.

[0002] Locating defects such as openings in bone tissue
that expose nerves can be difficult. Some procedures involve
monitoring muscle reactions to electrical stimulation to
locate nerves in an area of bone tissue. If a nerve is not
located and a screw contacts an exposed nerve, the screw
can impinge on the nerve or become too close to the nerve
root causing pain and other implications for the patient.
Additionally, it is often too late to reverse the nerve damage
that is caused by removing the screw or conducting other
remedial procedures. In a procedure in which a screw is
inserted into a pedicle wall without first determining the
proximity of neural elements, it is very difficult to determine
the existence and/or proximity of any defects in the bone
tissue, what areas of the pedicle wall have been breached or
contain a defect, and where to redirect the pedicle screw to
avoid the breached wall or defect.

[0003] There remains a need for instruments and methods
that can be employed for locating any defects in bone tissue
surrounding a hole in which a screw or other anchoring
mechanism will be inserted. The present invention is
directed to meeting these needs, among others.

SUMMARY

[0004] According to one aspect, an instrument to indicate
defects within bone tissue is provided with a handle member
and a probe member. The handle member has a rotatable
coupling member for connection with the probe member.
The probe member extends distally from the handle member
and includes a shaft portion and an angled portion. The
angled portion extends transversely from the shaft portion
and has a probe end. The probe end carries an electrical
signal and the handle member operates to rotate the probe
member and the probe end within a hole in bone tissue to
locate neural elements in the bone tissue.

[0005] Another aspect involves a method for determining
the proximity of neural elements and locating defects in an
area of tissue. The method comprises providing a defect
locating instrument. The instrument includes a probe mem-
ber operably and rotatably connected to a handle member.
The probe member includes a distal angled portion extend-
ing transversely to a longitudinal axis of the probe member.
The angled portion includes a distal non-insulated probe end
designed to rotate about the longitudinal axis. The method
further comprises inserting the probe end in bone tissue and
providing an electrical signal to the probe end to determine
the proximity of neural elements. Additionally, the method
comprises rotating the probe end around the longitudinal
axis to locate any defects in the bone tissue surrounding the
probe end.
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[0006] Yet another aspect involves a neural element and
defect detection apparatus. The apparatus comprises a defect
locating instrument with a handle member and a probe
member. The probe member includes a longitudinal shaft
portion and a distal angled portion. The distal angled portion
includes a non-insulated probe end on its distal end that
carries an electrical signal. The handle member rotates the
probe member and the probe end about a longitudinal axis,
while the probe end carries the electrical signal, to determine
the proximity of neural elements and locate defects in bone
tissue surrounding a hole. The apparatus further includes an
operator display device to display a representation of the
rotation of the probe end relative to the longitudinal axis and
a representation of neural elements and defects in the bone
tissue located by the probe end.

[0007] Even another aspect involves a system comprising
a handle member, a probe member, and a nerve monitoring
system. The handle member includes a circuit and a motor
which rotates a coupling member within the handle member.
The probe member has a proximal end and a distal end
opposite the proximal end. The proximal end of the probe
member is removably coupled to the coupling member of
the handle member. Additionally, the probe member has a
longitudinal shaft portion along a longitudinal axis at its
proximal end and a distal angled portion extending trans-
versely to the longitudinal axis adjacent its distal end. The
distal angled portion includes a probe end at its distal end
which carries an electrical signal and is designed to rotate
about the longitudinal axis to locate neural elements and
defects in an area of bone tissue surrounding a hole. The
nerve monitoring system is electrically coupled to the probe
member.

BRIEF DESCRIPTION OF THE FIGURES

[0008]
system.

[0009] FIG. 2 is a partial, schematic view of a defect
locating device.

[0010] FIG. 3 is a partial, schematic view of a defect
locating device relative to a section of a spine.

[0011]

FIG. 1 is a schematic view of a defect locating

FIG. 4 is a schematic view of a display.

[0012] FIG. 5 is a flowchart of one type of diagnostic
procedure that can be implemented with the system of FIG.
1.

[0013] FIG. 6 is another embodiment probe member
usable with a defect locating system.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0014] For the purposes of promoting an understanding of
the principles of the invention, reference will now be made
to the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will never-
theless be understood that no limitation of the scope of the
invention is hereby intended, such alterations and further
modifications in the illustrated devices, and such further
applications of the principles of the invention as illustrated
herein being contemplated as would normally occur to one
skilled in the art to which the invention relates.
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[0015] An instrument for locating defects within bone
tissue includes a handle member and a probe member. The
handle member includes a rotatable coupling member con-
nected with the probe member. The probe member extends
distally from the handle member and includes a longitudinal
shaft and an angled end. The angled end has a non-insulated
probe end, such as a ball tip, on its distal end that is designed
to rotate around a longitudinal axis. The probe end carries an
electrical signal to determine the proximity of neural ele-
ments and rotates within a hole in bone tissue to locate
defects in the bone tissue. The detection of the occurrence
and location of bone tissue defects in the hole directs the
surgeon in forming the hole to receive a bone screw in a
manner that avoids neural elements in the bone tissue.

[0016] FIG. 1 illustrates a system 20 that includes a defect
locating device 60 and associated equipment arranged to
provide medical treatment. System 20 is arranged to deter-
mine the proximity of neural elements and find defects
within bone tissue surrounding a first hole in a pedicle wall
of one or more vertebrae of spinal column B. Based on the
location of the defects found, system 20 is arranged to allow
for redirection of a defect locating device to find an area of
bone tissue without defects and thus a more suitable location
for forming a hole in and placement of a screw in a pedicle
or other bony structure. System 20 includes nerve monitor-
ing system 30, connection link 50, and defect locating
device 60. Nerve monitoring system 30 includes equipment
31 coupled to device 60 with connection link 50, or equip-
ment 31 can be integrated with device 60. Device 60 is
configured for placement within a hole in a spinal pedicle
wall of spinal column B of a human patient or subject, as
schematically represented in FIG. 1.

[0017] In one embodiment, system 30 is part of the
NIM-Spine™ System marketed by Medtronic, Inc. Another
example of a probe and nerve monitoring procedure is
provided in U.S. Pat. No. 5,474,558 to Neubardt, which is
incorporated herein by reference in its entirety.

[0018] Equipment 31 may include operator input devices
32, operator display device 34, and various other operator-
utilized equipment of system 20 that is external to a patient
during use. Input devices 32 may include an alphanumeric
keyboard and mouse or other pointing device of a standard
variety. Alternatively or additionally, one or more other
input devices can be utilized, such as a voice input sub-
system or a different type as would occur to those skilled in
the art. Operator display device 34 can be of a Cathode Ray
Tube (CRT) type, Liquid Crystal Display (LCD) type,
plasma type, Organic Light Emitting Diode (OLED) type, or
such different type as would occur to those skilled in the art.
Alternatively or additionally, one or more other operator
output devices can be utilized, such as a printer, one or more
loudspeakers, headphones, or such different type as would
occur to those skilled in the art. Nerve monitoring system 30
also can include one or more communication interfaces
suitable for connection to a computer network, such as a
Local Area Network (LAN), Municipal Area Network
(MAN), and/or Wide Area Network (WAN) like the Internet;
a medical diagnostic device; another therapeutic device; a
medical imaging device; a Personal Digital Assistant (PDA)
device; a digital still image or video camera; and/or audio
device, to name only a few. Nerve monitoring system 30 can
be arranged to show other information under control of the
operatotr.
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[0019] Equipment 31 may also include processing sub-
system 40 for processing signals and data associated with
system 20. Subsystem 40 may include analog interface
circuitry 42, Digital Signal Processor (DSP) 44, data pro-
cessor 46, and memory 48. Analog interface circuitry 42 can
be responsive to control signals from DSP 44 to provide
corresponding analog stimulus signals to device 60. At least
one of analog interface circuitry 42 and DSP 44 may include
one or more digital-to-analog converters (DAC) and one or
more analog-to-digital converters (ADC) to facilitate opera-
tion of system 20 in the manner to be described in greater
detail hereinafter. Processor 46 can be coupled to DSP 44 to
bidirectionally communicate therewith, selectively provide
output to display device 34, and selectively respond to input
from operator input devices 32.

[0020] DSP 44 and/or processor 46 can be of a program-
mable type; a dedicated, hardwired state machine; or a
combination of these. DSP 44 and processor 46 perform in
accordance with operating logic that can be defined by
software programming instructions, firmware, dedicated
hardware, a combination of these, or in a different manner as
would occur to those skilled in the art. For a programmable
form of DSP 44 or processor 46, at least a portion of this
operating logic can be defined by instructions stored in
memory 48. Programming of DSP 44 and/or processor 46
can be of a standard, static type; an adaptive type provided
by neural networking, expert-assisted learning, fuzzy logic,
or the like; or a combination of these.

[0021] Memory 48 is illustrated in association with pro-
cessor 46; however, memory 48 can be separate from or at
least partially included in one or more of DSP 44 and
processor 46. Memory 48 includes at least one Removable
Memory Device (RMD) 48a. Memory 48 can be of a
solid-state variety, electromagnetic variety, optical variety,
or a combination of these forms. Furthermore, memory 48
can be volatile, nonvolatile, or a mixture of these types.
Memory 48 can be at least partially integrated with circuitry
42, DSP 44, and/or processor 46. RMD 48a can be a floppy
disc, cartridge, or tape form of removable electromagnetic
recording media; an optical disc, such as a CD or DVD type;
an electrically reprogrammable solid-state type of nonvola-
tile memory, and/or such different variety as would occur to
those skilled in the art. In still other embodiments, RMD 48a
is absent.

[0022] Circuitry 42, DSP 44, and processor 46 can be
comprised of one or more components of any type suitable
to operate as described herein. Further, it should be appre-
ciated that all or any portion of circuitry 42, DSP 44, and
processor 46 can be integrated together in a common device,
and/or provided as multiple processing units. For a multiple
processing unit form of DSP 44 or processor 46; distributed,
pipelined, and/or parallel processing can be utilized as
appropriate. In one embodiment, circuitry 42 is provided as
one or more components coupled to a dedicated integrated
circuit form of DSP 44; processor 46 is provided in the form
of one or more general purpose central processing units that
interface with DSP 44 over a standard bus connection; and
memory 48 includes dedicated memory circuitry integrated
within DSP 44 and processor 46, and one or more external
memory components including a removable disk form of
RMD 48a. Circuitry 42, DSP 44, and/or processor 46 can
include one or more signal filters, limiters, oscillators,
format converters (such as DACs or ADCs), power supplies,
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or other signal operators or conditioners as appropriate to
operate system 20 in the manner to be described in greater
detail hereinafter.

[0023] In one embodiment, connection link 50 includes
flexible electric cabling 52 with proximal end 52a opposite
distal end 524, and connector 54 electrically connected to
equipment 31 of nerve monitoring system 30. Cabling 52
extends from connector 54 at proximal end 52a to distal end
52b where it is connected with device 60. Connection link
50 may include forms in addition to or in alternative to
cabling 52, including one or more wires, cords, wireless
links, infrared components, bluetooth, or other communica-
tion link. Further, it should be appreciated that other com-
ponents, devices, and systems can be integrated into system
20, such as an endoscope system, a catheterization system,
an imaging system, a lighting system, and/or a video camera
system, to name a few examples. Connection link 50 and
device 60 are movable toward and away from spinal column
B in a surgical procedure that may include one or more of
retractors, tubes, sleeves, guards, micro-incisions or other
components not shown to enhance clarity.

[0024] FIG. 2 illustrates one embodiment of device 60.
Device 60 extends generally along a longitudinal axis [ and
includes a handle member 61 and a probe member 62.
Handle member 61 is composed of an insulative member or
coating surrounding an inner portion 63. In one embodi-
ment, inner portion 63 carries a circuit 64 and a motor 65
which operates to rotate probe member 62 about longitudi-
nal axis L. Inner portion 63 includes a rotatable coupling
member 66 at a distal end thereof to operably connect with
probe member 62. It should be appreciated that handle
member 61 and probe member 62 can be operably, rotatably,
and electrically coupled together by any suitable means,
including threaded connections, ball-detent type connec-
tions, friction fits, slip fits, fasteners, and bayonet locks, for
example.

[0025] In one embodiment, handle member 61 is operable
to indicate to the operator that probe member 62 is coupled
thereto. Such connection can switch on a display of the
system, a light on the instrument, provide an audible indi-
cation, or provide any other suitable indicator. Probe mem-
ber 62 can be provided in electrical engagement with an
electrical current source to determine the proximity of neural
elements relative to a location of probe member 62. For
example, an electrical lead can extend from probe member
62, through handle member 61, to nerve monitoring system
30.

[0026] Probe member 62 includes a longitudinal section
67 at a proximal end and an angled section 68 adjacent a
distal end of probe member 62. Angled section 68 includes
anon-insulated probe end 69 at a distal end of probe member
62. Probe end 69 can be in the form of a ball tip or dissection
or resection member that rotates about longitudinal axis L. to
sweep the hole formed in the bone tissue. In one embodi-
ment, the ball tip or other probe end is expandable to
facilitate in tissue dilation and hole formation in bone tissue.
In another embodiment, a set of probe members is provided
and attachable with a handle portion. The set of probe
members can be provided with ends of various sizes for
insertion into the bone tissue for sequential dilation of the
hole in the tissue.

[0027] In the illustrated embodiment, angled section 68 is
generally cylindrically shaped and probe end 69 is generally
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spherically shaped. Additionally, handle member 61 and
longitudinal section 67 of probe member 62 are generally
cylindrically shaped about longitudinal axis L. Longitudinal
section 67 and angled section 68 are composed of an
electrically conductive material with an insulative member
or coating thereabout to prevent shunting of electricity
delivered therethrough to adjacent tissue or devices. Probe
end 69 is not insulated so that the electrical signal carried
thereby is exposed to the adjacent bone tissue.

[0028] FIG. 3 illustrates the relationship of device 60 to a
segment 70 of spinal column B. In the illustrated embodi-
ment, segment 70 includes a vertebra 71 which includes a
hole 72 formed in a spinal pedicle. Probe member 62 is
configured for insertion in or for forming hole 72 during
normal use. After positioning in hole 72, probe end 69
rotates about longitudinal axis [ to sweep hole 72 for
defects. The proximity of neural elements to probe end 69 in
the bone tissue surrounding hole 72 provides an indication
of defects that expose neural elements. In an alternative
embodiment and alternative operation of system 20, device
60 can also form a hole or bore in the bone tissue while
locating defects therein.

[0029] FIG. 4 illustrates one embodiment of a display
device 34 during operation of system 20. Display device 34
provides a diagram 80 according to one embodiment. Dia-
gram 80 generally includes four vectors 82 representing
positions of 0, 90, 180, and 270 degrees about longitudinal
axis L relative to a particular orientation of handle member
61 relative to hole 72. Diagram 80 further includes a
representation 84 of the sweeping rotational movement of
probe end 69 in hole 72. Diagram 80 may also include an
indication of a defect location in the bone tissue around hole
72 with a defect indicator 86. The location of defect indi-
cator 86 relative to vectors 82 enables an operator of system
20 to determine the location of the defect about hole 72 in
view of the relative orientation of handle member 61 with
hole 72. In one embodiment, defect indicator 86 has a
blinking effect on operator display device 34 for increased
visibility. Additionally, operator display device 34 may
display a representation 88 of the electrical current, voltage
or the like supplied to probe end 69.

[0030] An example of a procedure 100 for operating
system 20 is provided in FIG. 5. At stage 102, a hole
location for a hole in the bone tissue is identified, such as
hole 72 for example. In one embodiment, the bone tissue is
an area of tissue within a spinal pedicle wall of vertebra 71
of spinal segment 70. At stage 104, probe end 69 of probe
member 62 is inserted into hole 72. The probe end 69 can be
manipulated to form an opening in the bone tissue along a
particular path. At stage 106, probe end 69 is provided with
an electrical signal so that the opening or hole can be swept
for identification of defects. Probe end 69 is then rotated by
motor 65 about longitudinal axis L. The continuous rotation
of probe end 69 is illustrated on operator display device 34
as representation 84. An operator of system 20 can view
display device 34 to monitor the rotation of probe end 69 in
hole 72. The current at probe end 69 and patient reaction is
monitored at stage 108 while probe end 69 continuously
rotates about longitudinal axis [ within hole 72 to determine
the proximity of neural elements. The signal in probe end 69
will invoke a response by the patient that is recorded by
system 30 to indicate that a neural element is in close
proximity and a defect is present in the bone tissue about the
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hole. The location of probe end 69 relative to the opening in
the bone tissue that results in the response is indicated by
defect indicator 86.

[0031] Procedure 100 continues at stage 110 where it is
determined if the current at probe end 69 is below a
predetermined threshold. The predetermined threshold can
be the current at probe end 69 that invokes a response from
the patient that indicates probe end 69 is sufficiently close in
proximity with a neural element that hole 72 should be
redirected to avoid the neural element. If the current flow is
below the predetermined threshold and there is no indication
of'the presence of a defect or neural element at stage 112, the
current is increased at stage 114 and the procedure is
repeated at stage 110.

[0032] If at stage 110 the current is determined to not be
below the threshold, then the procedure continues at stage
116 where is determined whether a defect or neural element
has been indicated. If not, then the procedure continues at
stage 118 where the hole is determined to be without an
indicated defect, and hole preparation and/or anchor inser-
tion continues. If a defect has been indicated at either of
stage 112 or stage 116, a signal can be provided to circuit 64
that stops motor 65 from rotating probe end 69. Accordingly,
probe end 69 stops rotating in alignment with the location
about the hole in which the defect or neural element has been
located, as indicated by the position of defect indicator 86 on
operator display device 34. The operator of system 20 can
view the relative location of indicator 86 and correlate it
with a marker on device 60 to discern the relative location
of the defect in hole 72. Another location and hole for
insertion of a screw or anchor can be provided, or probe
member 62 can be re-directed in a direction away from the
location of the defect to re-route or re-direct the hole being
formed.

[0033] In FIG. 6 there is shown another embodiment
probe member 162 which can be attachable to a handle
portion, such as handle portion 61. Probe member 162
includes a probe end 164 illustrated in the form of a ball tip
but may take any suitable form. Probe member 162 can
include an elongated linear shaft portion that may or may not
include a distal angled portion as discussed above. Probe end
164 includes a plurality of stimulation elements 166 spaced
thereabout. Individual ones of the stimulation elements 166
can be alternately and sequentially energized to spatially
deliver an electrical signal to the bone tissue about probe end
164.

[0034] The neural stimulation delivered by individual
ones of the stimulation elements 166 can be monitored and
compared to one another and/or to a known threshold. The
current flow or other condition of one or more of the
stimulation elements 166 providing neural stimulation can
indicate the presence of a defect in the bone wall or tissue
that provides an electrical path to the neural element. The
identification of the particular stimulation element indicat-
ing the presence defect can provide an indication of the
location of the defect relative to the longitudinal axis of the
probe member. The probe member need not be rotated in the
hole in the bone tissue since electrical stimulation is pro-
vided and directed from various locations about the probe
end.

[0035] In another embodiment, one or more stimulation
elements create an external electrical field relative to the
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hole to be probed. The probe end is provided with sensors
about its tip that alternately and sequentially measure neural
stimulation created by the external stimulation about the
hole. The sensor detecting neural stimulation from within
the hole provides an indication of the presence and location
of a defect in the bone tissue relative to the probe end
inserted in the hole in the bone tissue.

[0036] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, the same is to be considered as illustrative and not
restrictive in character. All changes and modifications that
come within the spirit of the invention are desired to be
protected.

What is claimed is:
1. An instrument for locating defects within bone tissue,
comprising:

a handle member including a rotatable coupling member;
and

a probe member coupled to said coupling member of said
handle member and extending distally therefrom,
wherein said probe member includes a longitudinal
shaft portion along a longitudinal axis and a distal
angled portion extending transversely to said longitu-
dinal axis, wherein said angled portion includes a probe
end at a distal end thereof for carrying an electrical
signal, wherein said handle member is operable to
rotate said coupling member and said probe member
and said probe end about said longitudinal axis to
locate defects in bone tissue.

2. The instrument of claim 1, wherein said probe end is a

ball tip.

3. The instrument of claim 1, wherein said handle member
extends along said longitudinal axis.

4. The instrument of claim 1, wherein a patient reaction to
said electrical signal determines a proximity of neural ele-
ments to said probe end.

5. The instrument of claim 4, wherein the proximity of
neural elements provides an indication of a defect location.

6. The instrument of claim 1, further comprising an
electrical lead extending from said probe member through
said handle member.

7. The instrument of claim 1, wherein said longitudinal
shaft portion and said distal angled portion are composed of
an electrically conductive material and are insulated.

8. The instrument of claim 7, wherein said probe end is
non-insulated.

9. The instrument of claim 1, wherein at least said distal
angled portion of said probe member is structured for
positioning in a hole formed in a spinal pedicle wall to
receive an anchor.

10. The instrument of claim 1, wherein said handle
member includes a motor operable to rotate said coupling
member and said probe member about said longitudinal
axis.

11. The instrument of claim 1, wherein said handle
member includes a circuit and a motor operable to rotate said
probe member about the longitudinal axis within a first hole
in the bone tissue.

12. The instrument of claim 11, wherein said handle
member is operable to automatically stop rotation of said
probe member at the defect location in the bone tissue.
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13. The instrument of claim 1, wherein in operation:

said probe end stops rotation in alignment with a defect in
the bone tissue; and

an operator display device displays a representation of the

location of the defect relative to the longitudinal axis.

14. The instrument of claim 1, further comprising a
connection link extending from a proximal end of said
handle member to a nerve monitoring system.

15. The method of claim 14, wherein said nerve moni-
toring system includes an operator display device.

16. The instrument of claim 15, wherein said probe
member is operable for rotation about said longitudinal axis
when said probe end is positioned in a first hole in the bone
tissue.

17. The instrument of claim 16, wherein said operator
display device displays a representation of positioning of
said probe end relative to said longitudinal axis as said probe
member is rotated.

18. The instrument of claim 17, wherein said operator
display device displays a representation of a location of a
defect relative to said longitudinal axis.

19. The instrument of claim 18, wherein the instrument is
operable to automatically stop rotation of said probe mem-
ber upon detection of the defect.

20. A method, comprising:

providing a defect locating instrument, wherein said
defect locating instrument includes a probe member
operably and rotatably coupled to a handle member,
wherein said probe member includes a distal angled
portion extending transversely to a longitudinal axis of
said probe member, wherein said angled portion
includes a distal non-insulated probe end rotatable
about the longitudinal axis of said probe member as
said probe member is rotated;

inserting said probe end of said defect locating instrument
in a first hole in bone tissue;

providing an electrical signal to said probe end; and

rotating said probe end about the longitudinal axis to
locate neural elements in the bone tissue about the first
hole.

21. The method of claim 20, wherein the first hole in the
bone tissue is a bore formed in a spinal pedicle wall to
receive an anchor.

22. The method of claim 20, further comprising providing
an operator display device operably connected to said defect
locating instrument to display a representation of the rota-
tion of said probe end about the longitudinal axis.

23. The method of claim 22, wherein when no neural
elements are located by said probe end, said probe member
is removed from the first hole and an anchor is inserted into
the first hole.

24. The method of claim 22, wherein when a signal
indicates the proximity of a neural element a defect is
located by said probe end and said operator display device
displays a representation of a location of the defect relative
to the longitudinal axis.

25. The method of claim 24, wherein said probe end stops
rotation about the longitudinal axis adjacent the defect.

26. The method of claim 25, further comprising:

redirecting said defect locating instrument in a direction
away from the defect; and
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rotating said probe end about the longitudinal axis to
locate neural elements in the direction away from the
defect.

27. The method of claim 25, further comprising:

removing said probe member from the first hole;
forming a second hole in the bone tissue; and

inserting said probe end in the second hole, wherein said
probe end rotates about the longitudinal axis to locate
neural elements in the second hole.

28. A neural element detection apparatus, comprising:

a locating instrument including a handle member and a
probe member, wherein said probe member includes a
shaft portion extending along a longitudinal axis and a
distal angled portion, wherein said distal angled portion
includes a probe end at a distal end thereof operable to
carry an electrical signal and rotate about the longitu-
dinal axis to detect neural elements in bone tissue about
a first hole in a pedicle wall when inserted in the hole;
and

an operator display device to display a representation of
the rotation of said probe end relative to the longitu-
dinal axis and a location of a defect indicated by
detection of neural elements in the bone tissue about
said probe end.

29. The apparatus of claim 28, wherein:

upon detection of the neural element a signal is provided
to said locating instrument to stop rotation of said probe
end adjacent the defect; and

said operator display device displays a location of the
probe end and thus the defect relative to the longitu-
dinal axis.

30. The apparatus of claim 28, wherein:

said shaft portion and said angled portion are insulated
and are composed of an electrically conductive mate-
rial; and

said probe end is non-insulated.

31. The apparatus of claim 28, further comprising a nerve
monitoring system electrically coupled to said locating
instrument.

32. A system, comprising:

a handle member, wherein said handle member includes
a circuit and a motor operable to rotate a coupling
member of said handle member;

a probe member including a proximal end and a distal end
opposite said proximal end, wherein said proximal end
of said probe member is coupled to said coupling
member of said handle member, wherein said probe
member includes a longitudinal shaft portion extending
along a longitudinal axis at said proximal end and a
distal angled portion extending transversely to said
longitudinal axis adjacent said distal end, wherein said
distal angled portion includes a probe end at said distal
end rotatable about said longitudinal axis and operable
to carry an electrical signal to detect neural elements in
bone tissue; and

a nerve monitoring system electrically coupled to said
probe member operable to indicate a proximity of
neural elements to said probe end.
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33. The system of claim 32, wherein said nerve monitor-
ing system includes an operator display device operable to
display a location of said probe end relative to said longi-
tudinal axis.

34. The system of claim 33, wherein upon detection of a
neural element a defect in the bone tissue is located and a
signal is provided to said circuit to stop said motor and
rotation of said probe member with said probe end adjacent
the defect.

35. The system of clam 34, wherein said operator display
device is operable to display a location of the defect relative
to said longitudinal axis.

36. A method, comprising:

providing a defect locating instrument, wherein said
defect locating instrument includes a probe member
operably and rotatably coupled to a handle member,
wherein said probe member includes a distal non-
insulated probe end rotatable about a longitudinal axis
of said probe member;

inserting said probe end of said defect locating instrument
in a first hole in bone tissue;

providing an electrical signal to said probe end;
rotating said probe end about the longitudinal axis;

adjusting said electrical signal as said probed end is
rotated until detecting a neural element or reaching a
signal threshold.
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37. The method of claim 36, wherein said distal angled
portion extends transversely to a longitudinal axis of said
probe member.

38. A system, comprising:
a handle member;

a probe member including a proximal end and a distal end
opposite said proximal end, wherein said proximal end
of said probe member is coupled to said handle mem-
ber, wherein said probe member includes a longitudinal
shaft portion extending along a longitudinal axis to a
distal probe end, said probe end including a plurality of
stimulation elements positioned thereabout to alter-
nately deliver electrical stimulation to adjacent tissue;
and

a nerve monitoring system electrically coupled to said
probe member operable to indicate a proximity of a
neural element to any of said plurality of stimulation
elements.

39. The system of claim 38, wherein said probe end is a

ball end and said plurality of stimulation elements are in said
ball end.

40. The system of claim 38, wherein said longitudinal
shaft portion of said probe member is linear.



