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(57) ABSTRACT 

A surgical instrument for assessing tissue characteristics 
such as tissue density and volume is disclosed. The surgical 
instrument is hand-held and includes transducers adapted for 
emitting and/or receiving acoustic signals. The surgical 
instrument utilizes pulse-echo to determine tissue charac 
teristics. The surgical instrument may be utilized to deter 
mine such things as the siZe of a lesion and Whether the 
lesion has been completely removed or ?lled With graft 
material. 



Patent Application Publication Aug. 23, 2007 Sheet 1 0f 2 US 2007/0197895 A1 



Patent Application Publication Aug. 23, 2007 Sheet 2 0f 2 US 2007/0197895 A1 

TRANSDUCER 

| 
SIGNAL [114 

PROCESSOR 104 R \ \ \ \ 

DISPLAY \108 

POWER SUPPLY 

l 
l I 
I I 
I I 
I I 
l I 
l I 
l I "'I 
I l l 
I I 
I I 
l l 
I I 
l I 
I l 

@ Fig. 4 



US 2007/0197895 A1 

SURGICAL INSTRUMENT TO ASSESS TISSUE 
CHARACTERISTICS 

FIELD OF THE INVENTION 

[0001] The present invention is directed to improved 
instrumentation for assessing tissue characteristics and 
methods of using such instrumentation. More particularly, in 
one aspect the present invention is directed toWard instru 
ments and methods for assessing the siZe of a lesion. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the assessment of 
tissue density and related tissue characteristics. The assess 
ment of tissue density is often required in orthopaedic 
procedures to evaluate the available treatment options and 
rehabilitation programs. Current techniques for treating lytic 
and cancerous lesions include debriding the lesion and 
?lling the remaining defect With allograft materials. 
Advanced treatment options include the use of osteoinduc 
tive and osteoconductive materials to heal the lesion. These 
materials require accurate assessment of the lesion to ensure 
that the appropriate amount of biological agent is introduced 
into the lesion to promote rapid bone groWth and healing. 
Typically, tissue assessments and lesion assessments are 
accomplished via radiographs, CT scans, or MRI scans 
folloWed by imaging techniques. HoWever, these methods 
are expensive, time-consuming, and inconvenient. 

[0003] Therefore, there remains a need for improved 
instruments and methods of treating lesions. 

SUMMARY OF TH INVENTION 

[0004] The present invention provides a surgical instru 
ment that includes an energy source and a sensor for 

detecting re?ected energy. A processor evaluates the 
re?ected energy. 

[0005] In another aspect, the present invention provides a 
surgical instrument for use in the treatment of a lesion of a 
bone. The surgical instrument includes a housing having an 
external gripping portion and a sensor portion having a 
conductive surface. In one aspect, the sensor portion is 
adapted to be in conductive contact With a lesion of a bone. 
The surgical instrument also includes an energy source 
adapted for emitting an energy signal into the lesion. The 
energy signal is con?gured to pass through the lesion and at 
least partially re?ect off a boundary betWeen the lesion and 
the adjacent tissue. The surgical instrument also includes a 
sensor adapted for detecting the re?ected signal and a 
processor for determining the volume of the lesion based on 
the re?ected signal. 

[0006] In another aspect, the present invention provides a 
method of determining the siZe of a lesion of a tissue. The 
method includes placing an acoustic transducer in conduc 
tive contact With the lesion. The method also includes 
emitting an acoustic signal into the lesion. The acoustic 
signal is adapted to pass through the lesion and at least 
partially re?ect off a boundary of the lesion adjacent the 
bone. The method also includes receiving at least a portion 
of the re?ected signal and determining the volume of the 
lesion based on the portion of the re?ected signal received. 

[0007] In another aspect, the present invention provides a 
kit for treatment of a lesion of a bone. The kit includes a ?rst 
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container adapted for holding a ?rst volume of bone void 
?ller and a second container adapted for holding a second 
volume of bone void ?ller, and a hand-held ultrasonic device 
adapted for determining the volume of a lesion of a bone and 
indicating Which of the ?rst container or the second con 
tainer corresponds to the volume of the lesion. 

[0008] In yet a further aspect, a system and method are 
provided for sensing a lesion boundary and controlling 
lesion removal based on the sensed data. In one aspect, the 
lesion removal is computer controlled. In another aspect, 
lesion ?lling is computer controlled. 

[0009] Further aspects, forms, embodiments, objects, fea 
tures, bene?ts, and advantages of the present invention shall 
become apparent from the detailed draWings and descrip 
tions provided herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a front vieW of electronic instrument 
according to one embodiment of the present invention in use 
With an acetabulum. 

[0011] FIG. 2 is an enlarged front vieW of the electronic 
instrument of FIG. 1 in use With the acetabulum. 

[0012] FIG. 3 is a schematic illustration of an electronic 
instrument according to one embodiment of the present 
invention. 

[0013] FIG. 4 is a perspective vieW of an electronic 
instrument according to one embodiment of the present 
invention With a substantially fan-shaped acoustic signal. 

[0014] FIG. 5 is a perspective vieW of an electronic 
instrument according to one embodiment of the present 
invention With a substantially conical acoustic signal. 

[0015] FIG. 6 is a perspective vieW of an electronic 
instrument according to one embodiment of the present 
invention With a focused beam acoustic signal. 

[0016] FIG. 7 is a partial cross-sectional vieW ofa portion 
of an electronic instrument according to one embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] For the purposes of promoting an understanding of 
the principles of the present invention, reference Will noW be 
made to the embodiments illustrated in the draWings, and 
speci?c language Will be used to describe the same. It Will 
nevertheless be understood that no limitation of the scope of 
the invention is intended. Any alterations and further modi 
?cations in the described devices, instruments, methods, and 
any further application of the principles of the invention as 
described herein are contemplated as Would normally occur 
to one skilled in the art to Which the invention relates. 

[0018] Referring noW to FIG. 1, there is shoWn electronic 
instrumentation 100 for assessing characteristics of a tissue 
10 according to one aspect of the present invention. The 
electronic instrumentation 100 has a main body 102, a 
proximal end 104, and a distal end 106. The main body 102 
includes a gripping surface for grasping by the user or 
engagement With a further instrument. The proximal end 104 
is adapted for placement adjacent a surface 12 of the tissue 
10 being assessed When the electronic instrumentation 100 
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is in use. Thus, the distal end 106 is disposed distally to the 
tissue being assessed when the electronic instrumentation 
100 is in use. The electronic instrumentation 100 of FIG. 1 
also includes a display 108 and a ?ducial marker assembly 
110. The ?ducial marker assembly 110 is joined to distal end 
106. A longitudinal axis L extends along at least a portion of 
the main body 102. 

[0019] The main body 102 is adapted for housing the 
various electronic components of the electronic instrumen 
tation 100. In FIG. 1, the main body 102 is shown as being 
substantially cylindrical and elongated. This is merely for 
illustrative purposes. It is fully contemplated that the main 
body 102 may take any shape capable of holding the 
components of the electronic instrumentation 100, including 
non-cylindrical and non-elongated designs. However, it is 
preferred that the main body 102 be of appropriate shape and 
siZe to be portable and handheld. For example, but without 
limitation, the main body may be of similar design, shape, 
and siZe to an injector gun, laser pointer, or pen. Still further, 
in another embodiment the main body 102 is narrow like a 
catheter or needle and is manipulated remotely for mini 
mally invasive surgery. 

[0020] As shown in FIG. 3, the electronic instrumentation 
100 includes an acoustic transducer 112, a signal processor 
114, a display 108, and a power supply 116. The acoustic 
transducer 112 is adapted for emitting and detecting acoustic 
signals. In this regard it is contemplated that the acoustic 
transducer 112 may function as a pulse-echo transducer 
having a single element for emitting and receiving acoustic 
signals. In that regard, the acoustic transducer 112 includes 
an energy source for producing or emitting the signal 130 
and a sensor for detecting the echo or re?ecting signal 132. 
The function of the energy source and the sensor may be 
performed by a single element or component switched 
between a transmit mode and a listen mode. On the other 
hand, the acoustic transducer 112 may be a dual-element 
transducer where a ?rst element is con?gured for emitting 
acoustic signal 132 and a second element is con?gured to 
receive or detect acoustic signals 132. It is fully contem 
plated that the acoustic transducer 112 may be piezoelectric. 
It is to be understood that acoustic signals are a form of 
transmitted energy. It is contemplated that in an alternative 
embodiment other forms of energy and different frequencies 
are used, such as lasers, visible light, radio frequency, 
microwaves, etc., provided they can be transmitted into the 
lesion and/or tissue. For instance, the acoustic signal dis 
closed in the present embodiment is in the frequency range 
of ultrasonic signals. In some high resolution systems of the 
present invention, the frequency can range from 20 KHZ up 
to and exceeding 300 MHZ. For example, these frequencies 
may be used in acoustic microscopic instruments applica 
tions. In one aspect of the present invention, the frequency 
range is between 1 MHZ to 15 MHZ. Still further, the energy 
source may be any source capable of transmitting energy 
into the tissue that may be affected to represent tissue 
characteristics. For example, the energy source may utiliZe 
RF energy in the range from 400 KHZ up to 10 GHZ. Still 
further the energy source could utiliZe a light source gen 
erating non-coherent and/or coherent (laser) light. 

[0021] The acoustic transducer 112 is adapted for place 
ment at the proximal end 104 of the electronic instrumen 
tation 100. In fact, the acoustic transducer 112 may itself 
substantially form the proximal end 104 of the electronic 
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instrumentation 100. The acoustic transducer 112 is adapted 
for placement at the proximal end 104 such that when the 
electronic instrumentation 100 is in use the transducer can 
emit an acoustic signal or other type of energy wave into the 
tissue 10 and/or lesion 20 being monitored and receive an 
echo or return signal from the tissue. The proximal end 104 
may include a conductive surface. Conductive surface in this 
context does not require, but may include electrical conduc 
tivity. Rather, conductive surface in this context is intended 
to mean a surface con?gured to facilitate the emitting and 
receiving of the acoustic signals. Thus, the surface may 
serve as the transducer to emit or receive the signal, or the 
surface may simply be transmissive allowing the signals to 
pass through. Moreover, in one aspect the conductive sur 
face is formed as a disposable sheath such that it is discarded 
after each use and the instrument housing with sensing 
hardware is reused. 

[0022] The strength and frequency of the acoustic signal 
can be varied depending on the type of tissue being evalu 
ated. Further, the strength and frequency of the signal may 
be varied to enhance the accuracy of evaluation of a lesion 
boundary. For instance, the instrument may evaluate the 
lesion void with energy beams with multiple frequencies and 
then integrate the sensed information to best approximate 
the siZe or location of the void. Further, the energy beam or 
signal may be shaped for optimum performance and may 
include a focused beam, for example a beam with a sub 
stantially cylindrical or conical shape. 

[0023] Consider the case of an osteolytic lesion 20 of the 
acetabulum 10, as shown in FIGS. 1 and 2. The proximal end 
104 and the acoustic transducer 112 of electronic instrumen 
tation 100 are placed in conductive contact with at least the 
exterior surface 22 of the osteolytic lesion 20. In this way 
conductive contact implies that the proximal end or lesion 
end of the instrument 100 is in su?icient contact, either 
direct or indirect, with the lesion to emit an acoustic signal 
or beam into the lesion and receive a re?ected acoustic 
signal from a boundary 24 between the lesion and the 
healthy bone. In one aspect, the proximal end 104 is in direct 
contact with the osteolytic lesion 20 or in indirect contact via 
a coupling medium. Where the osteolytic lesion 20 or other 
tissue being monitored is located within the acetabulum 10 
or other tissue, the electronic instrumentation 100 is formed 
of appropriate shape and material to pierce through the 
acetabulum 10 or otherwise become in conductive contact 
with the osteolytic lesion 20. The exterior surface 22 of the 
osteolytic lesion 20 may substantially coincide with engage 
ment surface 12 consisting of healthy bone. 

[0024] In one embodiment, the re?ected energy is used to 
calculate ?rst points indicating a lesion boundary and saved 
in memory. The sensor is moved to a different location with 
respect to the lesion or the orientation of the sensor is 
changed relative to the original position. In the new position, 
a series of second points based on re?ected signals may be 
calculated and saved in memory. These ?rst and second 
points are combined and used to approximate the boundary 
of the lesion and to approximate a volume based on the 
points de?ning the lesion boundary. Further, in one 
approach, the points are compared to one or more known 
geometric shapes of known volume to determine the best ?t 
and thereby determine the best approximation of the volume 
of the lesion. For example, but without limitation to other 
shapes, the geometric shapes include spheres, cylinders, 
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cubes, pyramids and cones. Further, more than one shape of 
different sizes may be used to approximate the lesion shape 
and volume. For example, a series of small cubes may be 
stacked in virtual space Within the void boundaries to closely 
approximate the actual sensed volume. 

[0025] The acoustic transducer 112 emits an acoustic 
signal 130 into the osteolytic lesion 20 through exterior 
surface 22. The acoustic signal 130 Will pass through the 
lesion 20 until it arrives at the interface betWeen the lesion 
and healthy bone, illustrated by boundary 24. At that point, 
a portion of the acoustic signal Will re?ect off of the 
boundary 24. This re?ection is the echo or return signal 132 
that Will be received by the acoustic transducer 112. In one 
embodiment, based on the time delay of the return signal 
132 and the assumed constant speed of the acoustic signal in 
the lesion, the depth of the osteolytic lesion 20 may be 
determined by the signal processor 114. Further, determin 
ing the depth at a variety of points or angles alloWs the signal 
processor 114 to determine the approximate volume of the 
lesion 20. As described more fully beloW, the process for 
determining the siZe or volume of the lesion 20 may range 
from a single pulse-echo reading, a plurality of pulse-echo 
readings, pulse-echo readings accompanied With position 
data, or other means of determining volume. It should be 
noted that determining volume is intended to include 
approximations and estimations of actual volume. Further, 
determining volume may be based not on the approximate 
volume of the lesion, but based on the corresponding bone 
?ller required to ?ll the void When the lesion is removed. 

[0026] While the electronic instrumentation 100 may 
obtain useful tissue data from a single pulse-echo reading, 
such as the approximate siZe of the lesion 20, it is contem 
plated that the electronic instrumentation may be rotated 
about its longitudinal axis L to sequentially assess the lesion. 
In this respect, it is contemplated that the transducer 112 
may be adapted to produce an acoustic beam With an 
appropriate shape for determining lesion siZe. For example, 
as shoWn in FIG. 4 the beam 150 may be substantially fan 
shaped. Where the beam is fan shaped it may be adapted for 
detecting the siZe of the lesion 20 in only a single plane, 
corresponding to the plane of the beam. In this case, the 
electronic instrumentation 100 may be rotated sequentially 
through a series of angles obtaining readings at each angle. 
In this Way, the electronic instrumentation 100 may obtain 
one and tWo dimensional measurements and then based on 
those measurements estimate the volume of the lesion 20. It 
is contemplated that the instrument can also be moved along 
the longitudinal axis of the instrument to take a series of 
measurements Within the void or lesion. For example the 
proximal end 104 may be moved from a ?rst sensing point 
at surface 22 of the lesion 20 to along the longitudinal axis 
until the proximal end engages boundary 24 for a ?nal 
sensing measurements. As the sensing portion of the instru 
ment is moved longitudinally Within the lesion or void, 
non-symmetrical aspects of the lesion Will be sensed that 
may have otherWise been in shadoW from other structures if 
the measurements Were taken from only a single location. 
For this type of application, the energy beam or series of 
beams may project outWardly at least partially transverse to 
the longitudinal axis of the instrument or sensing region. In 
this Way, the entire void may be more fully and completely 
assessed and the volume approximated. 
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[0027] In at least one embodiment the electronic instru 
mentation 100 is adapted for rotation about the longitudinal 
axis L to obtain readings at a plurality of angles. The more 
readings obtained at different angles, the more accurate the 
sensed data. For example, in one embodiment the electronic 
instrumentation 100 is rotated through 360 degrees about the 
longitudinal axis to obtain data. Still further, measurements 
are taken at a set number of angles. For example, Where tWo 
measurements are taken it may be advantageous to obtain 
readings at a ?rst angle and then at a second angle, Where the 
second angle is approximately 90 degrees offset from the 
?rst angle. For another example, Where three measurements 
are taken, readings may be obtained at a ?rst angle, then at 
a second angle approximately 45 degrees offset from the ?rst 
angle, and then at a third angle approximately 45 degrees 
offset from the third angle. Moreover, one or more rotations 
may be conducted at a ?rst longitudinal position, the proxi 
mal end 104 advanced and another series of rotations may be 
conducted to assess the surrounding tissue. These exemplary 
angles are for illustration purposes only. It is fully contem 
plated that in alternative embodiments electronic instrumen 
tation may obtain data from any number of different angles. 

[0028] An accelerometer or gyroscope may be utiliZed to 
help determine the amount of rotation performed or indicate 
to the electronic instrumentation 100 When to stop taking 
readings. For example, the electronic instrumentation 100 
may start obtaining readings and continuing obtaining read 
ings as it is rotated about the longitudinal axis L. Once the 
accelerometer or gyro scope detects that the electronic instru 
mentation 100 has made a full 360 degree rotation it may 
automatically stop the readings or emit a signal, such as an 
audible beep, to the operator to stop obtaining readings. 
Then based on the data obtained over the range of angles, the 
electronic instrumentation can provide an accurate assess 

ment of the lesion, including such things as three-dimen 
sional siZe, shape, and location. 

[0029] Further, in combination With, in addition to, or in 
lieu of an accelerometer or gyroscope the electronic instru 
mentation 100 may utiliZe ?ducial marker assembly 110. 
Fiducial markers can enhance the readings obtained by the 
electronic instrumentation 100 by providing precise location 
information for the tissue. U.S. Pat. No. 6,235,038 issued to 
Hunter et al. and assigned to Medtronic Surgical Navigation 
Technologies includes disclosure regarding the use of ?du 
cial markers and is incorporated herein by reference in its 
entirety. The ?ducials may be of any appropriate type 
including optical re?ectors, electrical coils, transmitters, 
electromagnetic, etc. Further, their placement With respect to 
the sensing end may be modi?ed to suit the particular 
application. In this regard, the ?ducial markers 110 can even 
provide su?icient data to create 3-D images of the tissue. 
This may be especially advantageous in the case Where 
treatment requires removal of the tissue. For example, the 
?ducial markers 110 can alloW creation of a 3-D image or 
model from Which the tissue may then be evacuated. A 
second reading may be taken using the electronic instru 
mentation 100 and ?ducial markers 110 after debridement. 
Based on the second reading, the physician may determine 
the relative success of the removal. In this regard, using the 
?ducial markers 110 alloWs the physician to not only deter 
mine if any tissue remains, but also knoW precisely Where 
any unWanted tissue remains. The doctor can note those 
areas that still need to be removed and then attempt to 
remove them. This process can be repeated until the tissue 
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is removed to the surgeon’s satisfaction. This allows for 
successful removal of all of the undesirable tissue, Which in 
the case of osteolytic lesions has been di?icult to determine 
in the past. 

[0030] The sensor data from instrument 100 may be 
transmitted to an image guided surgery (IGS) system such 
that the data sensed by the instrument concerning the tissue 
properties and three-dimensional void boundaries may be 
integrated With the positioning data of the IGS system. Thus, 
a composite three-dimensional image shoWing tissue type 
and/or void boundaries is calculated and may be displayed 
separately or as part of a composite image With the IGS 
display. The data from instrument 100 may be transmitted 
Wirelessly or by Wired communication. Alternatively, instru 
ment 100 may include a memory for recording the sensed 
data. Aport, such as a USB port, may be provided to connect 
the instrument to the IGS or other computer system to 
doWnload the sensed data. In a further embodiment, the 
instrument 100 is a component of an IGS system. In this 
embodiment, sensor 100 is utiliZed to map the three-dimen 
sional void boundaries and the three-dimensional location of 
the lesion relative to the patient’s body. The IGS system then 
guides the user to remove all or substantially all of the lesion 
based on the sensed data. In an alternative system, the IGS 
system includes an automated bone removal device in 
communication With the IGS system. The automated bone 
removal device is advanced to the lesion site under computer 
control, activated to remove the lesion under computer 
control and removed from the lesion site. In a further aspect, 
the IGS system automatically locates the lesion void after 
debridement and ?lls the void With a ?ller material. Further, 
in one aspect a sensor is placed in the ?ller material to verify 
complete ?lling. 

[0031] Where the electronic instrumentation 100 is uti 
liZed to check the removal of the lesion 20 after debride 
ment, a coupling media is used to ?ll the void left by the 
removed lysis. For example, in one embodiment the void is 
?lled With a saline solution or another conductive substance 
such that the electronic instrumentation 100 may detect the 
boundaries betWeen the saline and the lesion 20 to determine 
if the lesion has been fully removed. In one aspect, the 
coupling media is a ?oWable material With knoWn acoustic 
properties that are easily distinguishable from the lysis and 
surrounding bone. For example, but Without limitation to 
other materials, the coupling media includes saline solution, 
blood, plasma, bone paste, bone Wax, allograft, autograft, 
demineraliZed bone, BMP in a carrier matrix, mineraliZed 
granules, and bone cement. In an additional aspect, instru 
ment 100 is used to detect proper packing of the completely 
debrided void With bone ?ller material disposed betWeen the 
bone ?ller material and the boney boundary. The instrument 
may detect voids and foreign materials. In still a further 
embodiment, the sensing instrument 100 is provided in 
combination With a tamp on the proximal end. In use, this 
embodiment alloWs the surgeon evaluate the backing of 
material in the void and apply pressure With the tamp force 
?lling material into sensed voids. 

[0032] In other embodiments, the acoustic beam produced 
by the transducer 112 may be of any shape to facilitate 
obtaining data from the tissue, including but not limited to 
substantially conical or cylindrical shapes. As shoWn in FIG. 
5, the beam may be substantially cone shaped. Use of a cone 
shaped beam is advantageous When a minimal number of 
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readings is Wanted as more data can be obtained from a cone 
shaped beam as compared to the fan shaped beam previously 
described. In this regard, Where the electronic instrumenta 
tion 100 is adapted to determine the approximate siZe of an 
osteolytic lesion in a single pulse-echo reading, it is con 
templated, but not required, that a cone shaped beam may be 
utiliZed. As shoWn in FIG. 6, in one embodiment the 
acoustic beam is a focused beam of substantially cylindrical 
shape. Further, it is contemplated that a single transducer or 
multiple transducers Within the electronic instrumentation 
may be capable of producing various types of beams 
depending on the type of tissue being examined. The treating 
physician may have the ability to choose the appropriate 
beam on a case-by-case basis. Although not shoWn in FIGS. 
5 and 6, in another embodiment the beam is directed 
substantially perpendicular to the longitudinal axis of the 
instrument such that is senses the lesion or void to the side 
of the instrument. 

[0033] In still a further embodiment, the instrument 100 
includes a reinforced, pressure sensitive tip at proximal end 
104 to probe into the lesion or void either alone or in 
combination With the energy source. The tip can be used to 
evaluate the abnormal tissue and probe the boundaries to 
verify the location and quality of the boundary. For instance, 
the bone betWeen adjacent pockets of lesion or tumor 
material may be breached by the reinforced tip 104. The tip 
may include a pressure sensor to detect and provide a signal 
indicative of the amount of force applied to provide the user 
With feedback as to the type and integrity of the tissue being 
encountered. In one form, the instrument provides a prop 
rioceptive (tactile) response to the user based on the pressure 
sensor and/or transducer sensor data to indicate to the user 
in an intuitive manner the type of tissue being encountered. 
In a further form, the instrument 100 includes one or more 
forWard looking sensors that alert the user through proprio 
ceptive response of nearing collisions With other implants or 
vital tissues, such as nerves and blood vessels in the vicinity. 
In this type of embodiment, the instrument 100 has suf?cient 
rigidity and durability to mobiliZe and penetrate Weak tissue 
such as osteolytic lesions and cancerous tumors. Altema 
tively, for less de?ned lesion boundaries, re?ected energy 
signals may be processed to determine a gradient pro?le for 
the transitional tissue betWeen the healthy bone and the 
homogenous lesion material to determine bone integrity or 
condition. Information from the re?ected signals and/or the 
signals of the pressure sensitive tip is used to by the health 
care provider to determine the extent of debridement desired 
to obtain suf?cient lesion removal for a successful proce 
dure. In one form, the system may evaluate the boundary of 
the lesion to determine the gradient betWeen the natural 
healthy tissue Well outside the lesion, the substantially 
homogenous lesion material and transitional tissue of poten 
tially compromised tissue extending betWeen the lesion and 
the healthy tissue. In one form, the system is programmed to 
select a debridement and volume boundary Where the tran 
sitional tissue gradient is betWeen 100% and 50% healthy 
tissue. In another form for cancerous lesion removal, the 
system is programmed to set the debridement boundary so it 
includes a buffer of healthy tissue outside of the sensed 
lesion boundary to ensure that all of the cancerous and 
pre-cancerous cells are removed. 

[0034] As shoWn in FIG. 7, it is also contemplated that in 
yet another embodiment that instead of rotating the elec 
tronic instrumentation 100 through a series of angles, the 
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electronic instrumentation may include an array of trans 
ducers 212 located adjacent the proximal end 104 and 
disposed radially around the longitudinal axis. Where the 
array of transducers 212 is present there is a dedicated 
receiving transducer 21211 for detecting the echo from the 
array of emitting transducers 2121). Each of the emitting 
transducers 2121) may emit a acoustic signal at a different 
frequency to alloW the receiving transducer to distinguish 
betWeen return signals. In an alternative design, the array 
212 is phased or timed such that the receiving transducer 
21211 is detecting a single echo at a time correlated to a single 
emitting transducer 21219. To this end, it is fully contem 
plated that the electronic instrumentation 100 includes a 
timing means for synchronizing the emitting and receiving 
of acoustic signals. 

[0035] The electronic instrumentation 100 includes a dis 
play 108. The display 108 is shoWn in FIGS. 1 and 2 as being 
a liquid crystal or other type of visual display. As shoWn, the 
display 108 may be adapted to shoW the estimated siZe of the 
lesion, such as 36 cc. For example, but Without limitation to 
detecting smaller or larger lesions, it is contemplated that the 
electronic instrumentation 100 detects lesion siZes ranging 
from 5 cc-l00 cc. In many situations, it Will not be necessary 
for the electronic instrumentation 100 to calculate or display 
to the precise volume of a lesion. In those situations, the 
electronic instrumentation and the display are adapted to 
shoW an indication of the general siZe of the lesion, such as 
small, medium, large, or extra large. Each siZe Will have a 
corresponding range of volumes and possibly an associated 
surgical kit based on the amount of grafting material 
required. In such a case, the display 108 may be adapted to 
shoW a color, an appropriately siZed bar, or a letter (e.g. S, 
M, L, or XL) corresponding to the siZe of the lesion. There 
are obviously any number of visual displays that may be 
used to indicate the siZe or other data readings of the 
electronic instrumentation 100. In at least one embodiment, 
the electronic instrumentation 100 is adapted to create a 3-D 
image of a void or lysis. In such an embodiment, the display 
108 may be adapted to shoW the 3-D image. In addition, it 
is fully contemplated that the electronic instrumentation 100 
not include a display. 

[0036] In lieu of or in addition to display 108, alternative 
embodiments of the electronic instrumentation include other 
means of outputting tissue data in human intelligible form. 
For example, the instrumentation includes an audible output, 
such as a speaker, adapted to provide information to the 
caretaker. In one embodiment, the audible output beeps or 
makes other sounds indicating the general siZe of the lesion 
or other tissue malformity. Again, in one aspect the siZe of 
the lesion is grouped based on a kit siZe related to the amount 
of grafting material required, such as autograft, allograft, 
osteoconductive, or osteoinductive materials. Other human 
intelligible forms, such as vibrations, are also contemplated 
as means of outputting tissue data. For example, but Without 
limitation, in one aspect the void is ?lled With a mixture of 
bone morphogenic protein (BMP) carrier matrix and min 
eraliZed granules. The carrier is a collagen sponge or paste 
including bi-calcium phosphate. The BMP may be included 
in a platelet gel or may be recombinant BMP. The miner 
aliZed granules are a homogenous substance or mixture of 
autograft, allograft, xenograft, hydroxyl appetite, bi-calcium 
phosphate, coral or other materials suitable for implantation. 
In one aspect a small kit Would be a small INFUSE® bone 
graft kit from Medtronic, Inc. containing a 2.5 mm collagen 
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sponge and a vial of BMP to reconstitute in solution of 1.5 
mg/ml of saline solution. A medium INFUSE® bone graft 
kit Would contain a 5.6 mm collagen sponge and a larger vial 
of BMP, While a large INFUSE® bone graft kit Would 
contain a 8.0 mm collagen sponge and a larger vial of BMP 
to reconstitute a solution at 1.5 mg/ml of saline solution. 

[0037] As shoWn in FIG. 1, the electronic instrumentation 
100 may also be adapted for Wireless communication With 
an external device 50. In this regard, the electronic instru 
mentation 100 is con?gured to transfer data using RFID, 
inductive telemetry, acoustic energy, near infrared energy, 
“Bluetooth,” or computer netWorks. The electronic instru 
mentation 100 transfers data Wirelessly to of?oad tasks such 
as the computing performed by the signal processor, dis 
playing the data, or storing the data. Alternatively, the 
instrument may include a memory and have a port for 
transferring data. It is also contemplated that the electronic 
instrumentation 100 be adapted for Wired communication. 

[0038] The electronic instrumentation 100 includes a 
poWer supply 116. In one embodiment, the poWer supply 
116 may be an internal poWer source. That is, the poWer 
supply 116 may be fully disposed Within the electronic 
instrumentation 100. The internal poWer source may be a 
battery or a plurality of batteries. HoWever, in an alternative 
embodiment it is also fully contemplated that the electronic 
instrumentation 100 may be adapted to receive poWer from 
an external source. For example, it is fully contemplated that 
the electronic instrumentation 100 receives poWer from a 
Wall socket or other common poWer source through a Wired 
connection. To this end, the electronic instrumentation 100 
may itself include a Wire adapted to plug into the poWer 
source. On the other hand, the electronic instrumentation 
100 may include an adapter or receiver for selectively 
connecting to a Wired poWer supply, such that the instru 
mentation is not permanently attached to the Wire. In these 
embodiments, it is contemplated that the electronic instru 
mentation 100 receives poWer via a Universal Serial Bus 
(“USB”) system. In this Way the electronic instrumentation 
100 may be adapted to communicate over a USB cable With 
an external device, such as a laptop or desktop computer, to 
receive poWer and also transmit data. The electronic instru 
mentation 100 utiliZes the computing poWer of the external 
device to perform the signal processing and display func 
tions. In this regard, it is contemplated that the external 
device may also be a handheld device such as a cell phone, 
PDA, BlackBerry, or similar type device. It is fully contem 
plated that the electronic instrumentation 100 may be con 
?gured to include as feW parts as needed, utiliZing the 
features of the external device to the full extent possible. 
This can be very bene?cial Where the electronic instrumen 
tation 100 is adapted to be disposable such that cost is kept 
to a minimum. 

[0039] In still a further embodiment, it is contemplated 
that the electronic instrumentation 100 is adapted for place 
ment Within or in combination With a tissue removal instru 
ment or other medical device. For example, placement 
Within or in combination With an instrument, such as a 
curette, brushes, burrs or laser tissue ablation device, may be 
particularly advantageous Where the instrument is used to 
remove an osteolytic lesion and the electronic instrumenta 
tion 100 is utiliZed to determine the effectiveness of the 
removal by detecting any remaining lytic bone. HoWever, in 
one aspect the electronic instrumentation 100 serves this 
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same function Without being disposed Within the curette. To 
the extent that the electronic instrumentation is used in 
combination With another medical device, it is contemplated 
that the electronics are incorporated into a sheath, ?lm, or 
other type of casing designed to engage the medical device 
Without impairing the function of the medical device. In still 
a further embodiment, instrument 100 is incorporated With 
or into a minimally invasive surgical system. For example, 
in this embodiment the sensing features of the present 
system are added to poWered abrader and cutters such as the 
Visao® High Speed Otologic Drill and XPS®, Magnum®, 
Straightshot®, Microdebriders offered by Medtronic 
Xomed, Inc. The sensor of instrument 100 Would be posi 
tioned adjacent the proximal cutting end of the cutter and in 
one aspect, extend proximally beyond the cutter. The tissue 
removal device may utiliZe ultrasound to ablate tissue as 
disclosed in Us. Pat. No. 6,692,450 to Coleman incorpo 
rated by reference herein in its entirety. In another aspect the 
tissue sensing device is utiliZed With blind cutting instru 
ments having their cutting elements disposed out of the line 
of sight from the user. For example, the sensing element is 
placed on the angled portion of the cutting instruments 
disclosed in Us. Pat. No. 6,544,749 to Mitusina, et al, 
incorporated by reference herein in its entirety. In still 
another embodiment, the tissue sensing feature of instru 
ment 100 is combined With a lens or camera (not shoWn) for 
visualiZation of tissue adjacent the proximal (cutting end) of 
the tissue removal device. In this embodiment, the tissue 
sensing device provides feedback concurrently With the 
video image displayed by the camera to o?fer the surgeon 
additional information on tissue type and location. In yet a 
further embodiment, the instrument provides a propriocep 
tive (tactile) response to the user based on the sensor data to 
indicate to the user in an intuitive manner the type of tissue 
being encountered proximal the tissue removal device. In a 
further form, the instrument 100 includes one or more 
forWard looking sensors that alert the user through proprio 
ceptive response of nearing collisions With other implants or 
vital tissues, such as nerves and blood vessels in the vicinity 
of the tissue removal device. For example, but Without 
limitation, the proprioceptive signals may include vibra 
tions, lights, sounds alone or in combination. Further, each 
of these signals may be controlled to become more intense 
as the distance betWeen the tissue removal device and vital 
tissue decreases indicating an imminent danger of collision. 
Further, When combined With an IGS system, the sensed data 
may be incorporated into an image display to assist the 
surgeon in guide the instrument to avoid vital tissues. 

[0040] It is fully contemplated that the electronic instru 
mentation 100, Whether used as a stand-alone unit or in 
combination With another medical device, may be dispos 
able. That is, the electronic instrumentation 100 is designed 
for use in only one medical procedure or for a limited 
amount of time. For example, in one aspect the electronic 
instrumentation 100 includes a circuit that breaks or discon 
nects if the instrumentation is subjected to autoclaving or 
other types of sterilization procedures. The electronic instru 
mentation 100 may also include a battery With a predeter 
mined life. For example, the battery may be designed to 
provide poWer to operate the electronic instrumentation for 
8 hours after initiation. This Would give the electronic 
instrumentation suf?cient poWer for long surgical proce 
dures, yet limit the useful life of the instrumentation to 
single use applications. 
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[0041] Though the electronic instrumentation has been 
described primarily in connection With detecting the siZe of 
lesions in bone and determining Whether removal of the 
lesion Was successful, the electronic instrumentation accord 
ing the present invention has many other applications. In one 
application, the instrument 104 is used after ?lling of the 
void With bone ?lling material to evaluate completeness of 
the ?lling. For example, the di?‘erence in material properties 
betWeen the native bone, the bone ?ller and any substance 
left in the void can be sensed by the instrument. If a foreign 
substance, such as blood, air, saline solution, lesion, tumor, 
etc., remains after ?lling the instrument may detect it and 
alert the user. 

[0042] In another application, the electronic instrumenta 
tion is con?gured to determine the actual density of tissue, 
rather than simply distinguishing between different types of 
tissue. This may be advantageous in the treatment of patients 
With osteoporosis. In this aspect, the electronic instrumen 
tation is adapted to determine the siZe of other tissue 
features, both good and bad. Although lesion has often been 
referred to in regards to an osteolytic lesion, lesion is 
intended to include any type of abnormal tissue, malforma 
tion or Wound related to a bone or other tissue, including 
cancers, voids, tumors, missile injuries, projectiles, puncture 
Wounds, fractures, etc. For example, it is fully contemplated 
that the disclosed electronic instrumentation is useful to 
detect and determine the siZe of bone cancer voids, cancer 
cells, and tumors. In another aspect, the electronic instru 
mentation is used to probe suspect tissue and alert the user 
to the presence of anomalous tissue based on re?ected 
energy indicating different densities. In still a further aspect, 
the electronic instrumentation is used to monitor the groWth 
and healing of soft tissues, such as tendons and ligaments, as 
Well as bone. In yet a further embodiment, the electronic 
instrumentation is inserted into the body and energiZed to 
detect the presence of foreign bodies, such as bullets, nails, 
glass, or other objects, in various types of tissue and par 
ticularly associated With penetration Wounds. In one 
embodiment, the sensor is combined With a grasping instru 
ment such that detected foreign bodies may be located, 
grasped by the instrument and WithdraWn from the patient. 
The electronic instrumentation is also used to evaluate the 
tissue based on the characteristics of the ultrasound signals 
received. In this regard, the electronic instrumentation is 
used to monitor bone groWth or healing. As explained above, 
in one aspect the electronic instrumentation is employed to 
determine the e?‘ectiveness of tissue removal, such as evacu 
ation of an osteolytic lesion. Further, in another aspect the 
electronic instrumentation is utiliZed to create a 2-D or 3-D 
image of the tissue. Finally, the electronic instrumentation 
may be con?gured to perform a plurality of these applica 
tions in combination. 

[0043] The foregoing outlines features of several embodi 
ments so that those skilled in the art may better understand 
the aspects of the present disclosure. Those skilled in the art 
should appreciate that they may readily use the present 
disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 
and/or achieving the same advantages of the embodiments 
introduced herein. Those skilled in the art should also realiZe 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure, and that they may 
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make various changes, substitutions and alterations herein 
Without departing from the spirit and scope of the present 
disclosure. 

1. A surgical instrument for use in the treatment of a lesion 
in a tissue, comprising: 

a housing having an external gripping portion and a 
sensor portion having a conductive surface, the sensor 
portion adapted to be in conductive contact With a 
lesion in a tissue; 

an energy source adapted for emitting an energy signal 
into the lesion, the energy signal con?gured to pass 
through the lesion and at least partially re?ect off a 
boundary betWeen the lesion and the tissue; 

a sensor adapted for detecting the re?ected signal; and 

a processor for determining the volume of the lesion 
based on the re?ected signal. 

2. The surgical instrument of claim 1, Wherein the energy 
source and the sensor are components of an ultrasonic 
transducer. 

3. The surgical instrument of claim 1, Wherein the energy 
source is con?gured to emit acoustic signals at a plurality of 
frequencies. 

4. The surgical instrument of claim 3, Wherein the plu 
rality of frequencies include frequencies in a range between 
15 KHZ and 100 MHZ. 

5. The surgical instrument of claim 4, Wherein the plu 
rality of frequencies include frequencies in a range betWeen 
20 KHZ to approximately 20 MHZ. 

6. The surgical instrument of claim 1, Wherein the energy 
source uses RF energy. 

7. The surgical instrument of claim 1 Wherein the energy 
source uses light energy. 

8. The surgical instrument of claim 1, further including a 
longitudinal axis extending substantially betWeen the grip 
ping portion and the sensor portion, Wherein at least the 
sensor portion is adapted to be rotated about the longitudinal 
axis. 

9. The surgical instrument of claim 8, further including an 
accelerometer adapted to monitor the relative rotation of the 
sensor portion about the longitudinal axis. 

10. The surgical instrument of claim 8, further including 
a gyroscope adapted to monitor the relative rotation of the 
sensor portion about the longitudinal axis. 

11. The surgical instrument of claim 1, further including 
?ducial markers adapted to provide data for producing a 
three-dimensional image of the lesion and the three-dimen 
sional location of the lesion. 

12. The surgical instrument of claim 1, further including 
a plurality of energy sources. 

13. The surgical instrument of claim 12, Wherein each of 
the plurality of energy sources are adapted to emit acoustic 
signals at a different frequency. 

14. The surgical instrument of claim 12, Wherein the 
plurality of energy sources are adapted to emit acoustic 
signals as a phased array. 

15. The surgical instrument of claim 1, further including 
an output mechanism adapted to produce an indicator of the 
volume of the lesion in human intelligible form. 

16. The surgical instrument of claim 15, Wherein the 
output mechanism is a visual display. 

17. The surgical instrument of claim 15, Wherein the 
indicator is an audible signal. 
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18. The surgical instrument of claim 15, Wherein the 
processor is controlled to determine the volume of the lesion 
in a bone based upon at least a ?rst volume threshold and a 
second volume threshold, the second volume threshold 
being greater than the ?rst volume threshold. 

19. The surgical instrument of claim 18, Wherein a lesion 
volume less than the ?rst volume threshold corresponds With 
a ?rst container of bone void ?ller, a lesion volume greater 
than the ?rst volume threshold and less than the second 
volume threshold corresponds to a second container of bone 
void ?ller larger than the ?rst container, and a lesion volume 
greater than the second volume threshold corresponds to a 
third container of bone void ?ller larger than the second 
container. 

20. The surgical instrument of claim 19, Wherein the 
output mechanism is adapted to produce an indicator of the 
?rst, second, or third container corresponding to the lesion 
volume. 

21. The surgical instrument of claim 20, Wherein the bone 
void ?ller is one of an osteoinductive material, an osteo 
conductive material, an allograft, or an autograft. 

22. The surgical instrument of claim 1, Wherein at least 
one of the housing, energy source, sensor, or processor is 
adapted to degrade during steriliZation to limit the surgical 
instrument to single use applications. 

23. A method of determining the siZe of a lesion of a 
tissue, comprising: 

placing an acoustic transducer and a sensor in conductive 
contact With the lesion, the acoustic transducer adapted 
to emit acoustic signals and the sensor adapted to 
receive re?ected acoustic signals; 

emitting an acoustic signal into the lesion, the acoustic 
signal adapted to pass through the lesion and at least 
partially re?ect off a boundary of the lesion adjacent the 
tissue; 

receiving at least a portion of the re?ected signal at the 
sensor; and 

determining the volume of the lesion based on the portion 
of the re?ected signal received. 

24. The method of claim 23, further including emitting a 
plurality of acoustic signals into the lesion and receiving a 
plurality of re?ected signals. 

25. The method of claim 24, Wherein the acoustic trans 
ducer is associated With a housing having a longitudinal axis 
and further including rotating the ultrasonic transducer about 
the longitudinal axis. 

26. The method of claim 25, Wherein rotating the ultra 
sonic transducer about the longitudinal axis includes a 360 
degree rotation. 

27. The method of claim 26, further including providing 
an accelerometer to determine When the 360 degree rotation 
is complete and notifying the user of a complete revolution. 

28. The method of claim 26, Wherein the plurality of 
acoustic signals are sent and the plurality of re?ected signals 
are received at a plurality of points of rotation. 

29. The method of claim 28, Wherein at least 3 re?ected 
signals are received at different points of rotation. 

30. The method of claim 29, Wherein at least 5 re?ected 
signals are received at different points of rotation. 

31. The method of claim 24, Wherein the plurality of 
acoustic signals are emitted by an array of acoustic trans 
ducers. 
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32. The method of claim 31, wherein the array of acoustic 
transducers are a phased array. 

33. The method of claim 24, further including: 

calculating a plurality of ?rst points identifying a bound 
ary of the lesion based on the re?ected signals; 

moving the acoustic transducer With respect to the lesion; 

emitting a second plurality of acoustic signals into the 
lesion; 

receiving a second plurality of re?ected signals; and 

calculating a plurality of second points identifying the 
boundary of the lesion based on the second plurality of 
re?ected signals. 

34. The method of claim 33, Wherein said determining 
includes selecting at least one three-dimensional geometric 
shape as the best ?t for the plurality of ?rst and second 
points. 

35. The method of claim 34, Wherein the three-dimen 
sional geometric shape is selected from the group of sphere, 
pyramid, cylinder, cube or cone. 

36. A method of removing of a lesion of a bone, com 
prising: 

determining the volume of the lesion void by placing a 
hand-held ultrasonic device Within the lesion void; and 

debriding the lesion to produce a cavity in the bone 
substantially free of lesion. 

37. The method of claim 33, further including after said 
debriding, detecting any remaining lesion With the ultrasonic 
device. 

38. The method of claim 34, further including removing 
any remaining lesion from the bone. 

39. The method of claim 35, further including ?lling the 
void With a bone void ?ller corresponding to the volume 
determined by the ultrasonic device. 

40. The method of claim 34, further including at least 
partially ?lling the void With a conductive substance after 
said debriding and before said detecting. 

41. The method of claim 37, Wherein said conductive 
substance is a saline solution. 

42. The method of claim 37, Wherein the conductive 
substance is a ?oWable material packed into the bone cavity. 

43. The method of claim 39, Wherein the ?oWable mate 
rial is a bone groWth promoting substance. 

44. The method of claim 37, Wherein said determining 
includes alerting the user to presence of materials other than 
bone and the conductive substance. 

45. The method of claim 33, further including ?lling the 
void With a bone void ?ller. 

46. The method of claim 42, Wherein the bone void ?ller 
is an osteoinductive material. 

47. The method of claim 42, Wherein the bone void ?ller 
is an osteoconductive material. 

48. The method of claim 42, Wherein the bone void ?ller 
includes autograft bone. 

49. The method of claim 42, Wherein the bone void ?ller 
includes allograft bone. 

50. A surgical instrument for sensing and manipulation, 
comprising: 

a tissue manipulation device having a proximal end 
adapted for engaging tissue; 
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an energy source disposed on said tissue manipulation 
device adjacent said proximal end and adapted for 
emitting an energy signal into the tissue, the energy 
signal con?gured to pass through the tissue and at least 
partially re?ect off a boundary betWeen the tissue and 
a substance different than the tissue; 

a sensor adapted for detecting the re?ected signal; and 

a processor for determining the presence of the substance 
different than the tissue based on the re?ected signal. 

51. The surgical instrument of claim 47, Wherein said 
tissue manipulation device is a tamp. 

52. The surgical instrument of claim 47, Wherein said 
tissue manipulation device is a tissue removal device. 

53. The surgical instrument of claim 47, Wherein said 
tissue manipulation device is a grasper. 

54. The surgical instrument of claim 47, further including 
an optic lens disposed adjacent said tissue manipulation 
device and con?gured at least in part for vieWing said 
proximal end. 

55. A kit for treatment of a lesion of a bone, comprising: 

a ?rst container adapted for holding a ?rst volume of bone 
void ?ller; 

a second container adapted for holding a second volume 
of bone void ?ller, the second volume being greater 
than the ?rst volume; and 

a hand-held ultrasonic device adapted for determining the 
volume of a lesion of a bone and indicating Which of 
the ?rst container or the second container corresponds 
to the volume of the lesion. 

56. The kit of claim 55, further including a third container 
adapted for holding a third volume of bone void ?ller, the 
third volume being greater than the second volume, Wherein 
the hand-held ultrasonic device is adapted for determining 
the volume of a lesion of a bone and indicating Which of the 
?rst container, second container, or third container corre 
sponds to the volume of the lesion. 

57. A system for detection and removal of a lesion in a 
tissue, comprising: 

an energy source adapted for emitting an energy signal 
into the lesion, the energy signal con?gured to pass 
through the lesion and at least partially return a 
re?ected signal off a boundary betWeen the lesion and 
the tissue; 

a sensor adapted for detecting the re?ected signal; 

a processor adapted for determining the three-dimen 
sional location and approximate volume of the lesion 
based on the re?ected signal and providing a control 
signal; and 

an automated lesion removal tool, said automated lesion 
removal tool guided by said control signal to remove 
the lesion from the tissue. 

58. A handheld surgical instrument for use in detecting a 
foreign body Within a tissue, comprising: 

a housing having an external gripping portion and a 
sensor portion having a conductive surface, the sensor 
portion adapted to be in conductive contact With a 
surface of the tissue; 

an energy source adapted for emitting an energy signal 
into the tissue, the energy signal con?gured to pass 



US 2007/0197895 A1 

through the tissue and at least partially re?ect off a 
boundary between the foreign body and the tissue; 

a sensor adapted for detecting the re?ected signal; and 

a processor for determining a characteristic of the foreign 
body based on the re?ected signal. 

59. The surgical instrument of claim 58, Wherein the 
energy source and the sensor are components of an ultra 
sonic transducer. 

60. The surgical instrument of claim 58, Wherein the 
energy source is con?gured to emit acoustic signals at a 
plurality of frequencies. 

61. The surgical instrument of claim 60, Wherein the 
plurality of frequencies include frequencies in a range 
between 15 KHZ and 100 MHZ. 

62. The surgical instrument of claim 61, Wherein the 
plurality of frequencies include frequencies in a range 
betWeen 20 KHZ to approximately 20 MHZ. 

63. The surgical instrument of claim 58, Wherein the 
energy source uses RF energy. 

64. The surgical instrument of claim 58, Wherein the 
energy source uses light energy. 

65. The surgical instrument of claim 58, Wherein the 
energy source uses electromagnetic energy. 

66. The surgical instrument of claim 58, further including 
an accelerometer adapted to monitor the relative position of 
the surgical instrument With respect to an initial reference 
point. 

67. The surgical instrument of claim 58, further including 
a gyroscope adapted to monitor the relative position of the 
surgical instrument With respect to an initial reference point. 

68. The surgical instrument of claim 58, further including 
?ducial markers adapted to provide data for producing a 
three-dimensional image of the foreign body Within the 
tissue. 

69. The surgical instrument of claim 58, further including 
a plurality of energy sources. 

70. The surgical instrument of claim 69, Wherein each of 
the plurality of energy sources are adapted to emit acoustic 
signals at a different frequency. 

71. The surgical instrument of claim 69, Wherein the 
plurality of energy sources are adapted to emit acoustic 
signals as a phased array. 

72. The surgical instrument of claim 58, further including 
an output mechanism adapted to produce an indicator of the 
presence of the foreign body. 

73. The surgical instrument of claim 72, Wherein the 
output mechanism is a visual display. 

74. The surgical instrument of claim 72, Wherein the 
indicator is an audible signal. 

75. The surgical instrument of claim 72, Wherein the 
characteristic of the foreign body determined by the signal 
process is a volume of the foreign body. 

76. The surgical instrument of claim 58, Wherein at least 
one of the housing, energy source, sensor, or processor is 
adapted to degrade during steriliZation to limit the surgical 
instrument to single use applications. 
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77. A method of detecting a foreign body Within a tissue, 
comprising: 

placing an energy transducer and a sensor in conductive 
contact With the tissue, the energy transducer adapted to 
emit energy signals and the sensor adapted to receive 
re?ected energy signals, the energy transducer and the 
sensor positioned Within a portable handheld device; 

emitting an energy signal into the tissue, the energy signal 
adapted to pass through the tissue and at least partially 
re?ect off a boundary of the foreign body Within the 
tissue; 

receiving at least a portion of the re?ected signal at the 
sensor; and 

determining a characteristic of the foreign body based on 
the portion of the re?ected signal received. 

78. The method of claim 77, further including emitting a 
plurality of energy signals into the lesion and receiving a 
plurality of re?ected signals. 

79. The method of claim 78, further comprising moving 
the portable handheld device about surface of the tissue 
While emitting the plurality of energy signals and receiving 
the plurality of re?ected signals. 

80. The method of claim 79, further comprising utiliZing 
an accelerometer to determine the position of the handheld 
device relative to an initial point. 

81. A method of removing a foreign body from a tissue, 
comprising: 

detecting the presence of the foreign body Within the 
tissue by placing a hand-held device in conductive 
contact With the tissue, the hand-held device compris 
ing 

an energy source adapted for emitting an energy signal 
into the tissue, the energy signal con?gured to pass 
through the tissue and at least partially re?ect off a 
boundary betWeen the foreign body and the tissue; 

a sensor adapted for detecting the re?ected signal; and 

a processor for determining a characteristic of the 
foreign body based on the re?ected signal; 

determining the location and volume of the foreign body 
using the hand-held device; 

utiliZing the location and volume of the foreign body to 
guide a surgical instrument to the foreign body; and 

removing the foreign body With the surgical instrument. 
82. The method of claim 81, Wherein the surgical instru 

ment is electronically guided to the foreign body using the 
location and volume information of the foreign body. 

83. The method of claim 81, further comprising coupling 
the hand-held device to the surgical instrument prior to 
removing the foreign body With the surgical instrument. 

* * * * * 


