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(57) ABSTRACT 

In a distal targeting system a hand-held location pad is 
integral With a guide section for a drill or similar surgical 
instrument, and has a plurality of magnetic ?eld generators. 
Asensor, such as a Wireless sensor, having a plurality of ?eld 
transponders, is disposed in an orthopedic appliance, such as 
an intrarnedullary nail. The sensor is capable of detecting 
and discriminating the strength and direction of the different 
?elds generated by the ?eld generators. Control circuitry, 
preferably located in the location pad is responsive to a 
signal of the sensor, and determines the displacement and 
relative directions of an aXis of the guide section, and a bore 
in the orthopedic appliance. A screen display and optional 
speaker in the location pad provide an operator-perceptible 
indication that enables the operator to adjust the position of 
the guide section so as to align its position and direction With 
the bore. 
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MEDICAL SENSOR HAVING POWER COIL, 
SENSING COIL AND CONTROL CHIP 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to intramedullary nails for 
use in fracture management. More particularly, this inven 
tion relates to placement of locking members in intramed 
ullary nails by improved intraoperative distal targeting. 

[0003] 2. Description of the Related Art 

[0004] Since the development of intramedullary nails for 
use in orthopedic surgery to manage bone fractures, it has 
been common practice to ?x the bone With respect to the nail 
by placing locking members through holes drilled through 
cortical bone in alignment With holes that are pre-drilled 
transversely in the nail. The procedure has presented tech 
nical dif?culties, as the pre-drilled holes in the nail are not 
generally visible to the surgeon, and are dif?cult to localiZe 
and to align With surgical drills and placement instruments, 
so as to receive the locking members. 

[0005] Placement of the holes in the cortical bone under 
X-ray or ?uoroscopic guidance has been undertaken in the 
past, often in combination With complex mechanical align 
ment devices such C-arms, and stereotactic frames. This 
approach has proven to be unsatisfactory, due to dif?culties 
in obtaining precise alignment, and maintaining alignment 
Without unduly increasing radiation exposure of the opera 
tor, other operating room personnel, and the patient. 
Attempts to limit radiation exposure by offsetting the drill 
from the X-ray beam have also not been entirely successful. 
The use of such procedures has often extended operating 
time and has increased operative risk and mortality. 

[0006] Sensors have long been employed to aid in posi 
tioning surgical instruments and manipulators. For example, 
in US. Pat. No. 5,279,309, it is proposed to place light 
emitting beacons on a patient’s body in order to establish a 
frame of reference to locate the relative position of a sensor 
relative to the beacons in three dimensions. This disclosure 
is advantageous in situations Where direct vision is possible, 
for example, for robotic manipulators. 

[0007] More recently magnetic ?eld sensors have been 
employed in conjunction With intramedullary nails in order 
to improve localiZation of the locking holes, and alignment 
of the locking members. 

[0008] The patent document WO 93/02626 proposes the 
use of tWo or more magnetic driver coils inside a probe that 
is insertable into a holloW splint such as a nail. A yoke 
having detection coils on opposite sides of the splint detects 
the magnetic ?elds. A maximum signal indicates alignment 
With a hole in the splint. 

[0009] The patent document WO 97/13467 discloses the 
?xation of tWo electromagnetic drivers in a rod, Which is 
then introduced along an intramedullary nail. In a variation 
of this arrangement, a neodymium magnet is positioned on 
the rod, or as plugs to the nail hole. A detector having four 
coils is used to determine the direction the probe needs to 
move in order to be centered on the nail hole. Use of a 
second detector, disposed at a 45-degree angle to the ?rst, 
permits 3-dimensional localiZation of the probe. 
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[0010] US. Pat. No. 5,411,503 discloses the use of a 
probe, Which is insertable into an intramedullary nail after a 
fracture has been reduced and the nail has been implanted. 
A hand-held guide moved about by the surgeon is used to 
achieve and maintain the proper alignment of a drill or other 
instrument used in the placement of transverse locking 
screWs. A display unit, connected by electronic cables to the 
probe and guide, presents visual images that graphically 
indicate the manner in Which the guide must be moved to 
bring it into proper alignment. TWo orthogonal electromag 
netic drive coils are embedded near one end of the nail, each 
having a magnetic axis in parallel alignment With, and at a 
?xed distance from the axis of a transverse hole. The coils 
are intermittently driven in non-overlapping time intervals. 
Multiple receiving coils or Hall effect transducers are placed 
in the guide, and alignment of the guide is indicated by null 
signals. 
[0011] US. Pat. No. 5,127,913 proposes to dispose neody 
mium magnets in a probe that is inserted in the holloW 
interior of an intramedullary nail. The probe carries a 
plurality of high-energy magnets having magnetic poles 
oriented along an axis transverse to a longitudinal axis of the 
probe, and concentric With an axis of the distal locking holes 
of the intramedullary nail. An indicator aligns the insert 
member and the magnets at an aligned position so that the 
axes of the magnets and distal locking holes are aligned. A 
single detector magnet for detecting a magnetic ?eld gen 
erated by the aligned high-energy magnets through the distal 
locking holes is disposed exterior to the bone, enabling the 
operator to mark the location of the locking holes. This 
arrangement does not provide an indication of a desired 
direction to move a surgical tool, and is relatively insensitive 
to deviations When the tool is near an optimum location. 

[0012] In US. Pat. No. 5,584,838 an arrangement is 
proposed for generating a magnetic ?eld Within an intramed 
ullary nail, Which has a maximum strength along an axis of 
a transverse locking hole, and Which decreases in strength in 
directions radially aWay from the axis. Adrill guide has tWo 
mounted sensor arrangements at axially spaced locations, 
each of Which has a plurality of sensors at angularly spaced 
locations, and spaced radially from an opening through the 
drill guide. This arrangement is responsive to a deviation of 
the drill opening in the drill guide from coaxial alignment 
With the axis of the locking hole, and provides a perceptible 
indication of a radial direction from the drill opening to the 
axis. 

[0013] US. Pat. No. 6,074,394 proposes using a targeting 
device having at least tWo magnetic ?eld communication 
units to achieve distal targeting. The device consists of a 
receiver and a transmitter producing multi-axis pulsed direct 
current magnetic signals in each of three orthogonal planes. 
One of the communication units is carried in a ?xed position 
by a drill guide and a second of the communication units is 
in a ?xed, offset position relative to an implant connector. 
The position and orientation of the drill guide relative to the 
implant connector are determined by the transmission of the 
pulsed direct current magnetic signal from the transmitting 
unit and receiving that signal at the receiver. The signals 
provide the position and location of the communication units 
in relation to one another. Alignment of the drill guide With 
the connector is aided by vieWing a virtual representation of 
the position and orientation of the connector and drill guide 
on a console having a ?xed location. This arrangement is 
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somewhat inconvenient for the operator, as it is continually 
necessary to reference the display, or to obtain callouts from 
an assistant viewing the ?xed console. 

SUMMARY OF THE INVENTION 

[0014] It is therefore a primary object of some aspects of 
the present invention to provide a compact handheld unit 
including magnetic ?eld generators to localiZe bores in an 
orthopedic appliance such as an intrarnedullary nail. 

[0015] It is another object of some aspects of the present 
invention to provide a distal targeting system having a 
handheld location pad Which is insensitive to rnagnetically 
responsive material in its area of operation. 

[0016] It is a further object of some aspects of the present 
invention to provide a distal targeting system having a 
handheld location pad Which provides an operator-percep 
tible indication of the relative displacement and directional 
alignment of a guide for a drill or other surgical instrument 
with respect to a bore of an orthopedic appliance. 

[0017] It is yet another object of some aspects of the 
present invention to provide a distal targeting system having 
a handheld location pad Which provides an operator-percep 
tible indication of the position and directional alignment of 
a guide for a surgical instrument with respect to a bore of an 
orthopedic appliance. 
[0018] These and other objects of the present invention are 
attained by a distal targeting system, Wherein a hand-held 
location pad is integral With a guide section for a drill or 
similar surgical instrument. The system ernploys rnagnetic 
?eld generators and magnetic ?eld sensors, Which can be 
Wired or Wireless. Either a sensor or a generator is disposed 
in an orthopedic appliance, such as an intrarnedullary nail. 
The sensor is capable of detecting and discrirninating the 
strength and direction of a magnetic ?eld. Control circuitry, 
preferably located in the location pad is responsive to a 
signal of the sensor, and determines the displacement and 
relative directions of an axis of the guide section and a bore 
in the orthopedic appliance. A screen display and optional 
speaker in the location pad provide an operator-perceptible 
indication that enables the operator to adjust the position of 
the guide section so as to align its position and direction With 
the bore. 

[0019] The invention provides a distal targeting system for 
determining the location and orientation of an instrument 
relative to a target, including a movable guide assembly for 
guiding the instrument toWard the target, a plurality of ?eld 
generators in the guide assembly that generate knoWn dis 
tinguishable ?elds in response to drive signals, and one or 
more sensors disposed at knoWn locations With respect to the 
target that generate sensor signals in response to the ?elds. 
The sensors have knoWn alignrnents With an axis of the 
target, The system includes a signal processor responsive to 
the drive signals and the sensor signals for producing three 
location coordinates of a point on the guide assembly, and 
tWo orientation coordinates of an axis of the guide assembly. 
The system includes a display responsive to the signal 
processor that provides an indication of a location of the 
point With respect to the target and of an alignment betWeen 
the axis of the guide assembly and the axis of the target. 

[0020] According to an aspect of the distal targeting 
system, the display is integral With the guide assernbly. 
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[0021] According to a further aspect of the distal targeting 
system, the display includes a ball-and-crosshairs indication. 

[0022] According to one aspect of the distal targeting 
system, the sensors are Wireless sensors. 

[0023] One aspect of the distal targeting system includes 
a control unit, and a plurality of external ?eld generators 
responsive to control signals of the control unit, Wherein 
external ?elds generated by the external ?eld generators 
provide poWer to the sensors. 

[0024] According to still another aspect of the distal 
targeting system, the external ?elds further provide the drive 
signals to the ?eld generators in the guide assembly. 

[0025] According to another aspect of the distal targeting 
system, the indication includes ?ve positional and orienta 
tion coordinates. 

[0026] According to a further aspect of the distal targeting 
system, the target is a holloW appliance, and the sensors are 
insertable therein. 

[0027] According to yet another aspect of the distal tar 
geting system, the target is an intrarnedullary nail. 

[0028] According to one aspect of the distal targeting 
system, the sensors are integral With the target. 

[0029] Still another aspect of the distal targeting system 
includes a plurality of locating elements having location 
?eld detectors therein. The locating elements are disposed at 
knoWn locations With respect to a ?xed frame of reference. 
The signal processor is responsive to the locating elements 
to determine a corrected indication of the location of the 
point. 

[0030] The invention provides a distal targeting system for 
determining the location and orientation of an instrument 
relative to a target, including a movable guide assembly for 
guiding an instrument toWard a target, a plurality of ?eld 
generators in the guide assembly that generate knoWn dis 
tinguishable ?elds in response to drive signals, and one or 
more sensors disposed at knoWn locations With respect to the 
target that generate sensor signals in response to the ?elds. 
The sensors have knoWn alignrnents With an axis of the 
target. The system includes a signal processor responsive to 
the drive signals and the sensor signals for producing three 
location coordinates of a point on the guide assembly and 
tWo orientation coordinates of an axis of the guide assembly. 
The system includes a location pad attached to the guide 
assembly and rnoveable thereWith, responsive to the signal 
processor that provides a quantitative indication of a dis 
tance and a location of the point With respect to the target 
and of an alignment betWeen the axis of the guide assembly 
and the axis of the target. 

[0031] According to an aspect of the distal targeting 
system, the sensors are Wireless sensors. 

[0032] Still another aspect of the distal targeting system 
includes a control unit, and a plurality of external ?eld 
generators responsive to control signals of the control unit, 
Wherein external ?elds generated by the external ?eld gen 
erators provide poWer to the sensors. 

[0033] According to an additional aspect of the distal 
targeting system, the external ?elds further provide the drive 
signals to the ?eld generators in the guide assernbly. 
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[0034] According to one aspect of the distal targeting 
system, the quantitative indication includes ?ve positional 
and orientation coordinates. 

[0035] According to another aspect of the distal targeting 
system, the target is a holloW appliance, and the sensors are 
insertable therein. 

[0036] According to a further aspect of the distal targeting 
system, the appliance is an intramedullary nail. 

[0037] According to yet another aspect of the distal tar 
geting system, the sensors are integral With the target. 

[0038] An additional aspect of the distal targeting system 
includes a plurality of locating elements having location 
?eld detectors therein. The locating elements are disposed at 
knoWn locations With respect to a ?xed frame of reference. 
The signal processor is responsive to the locating elements 
to determine a corrected indication of the location of the 
point. 
[0039] The invention provides a distal targeting system for 
determining the location and orientation of an instrument 
relative to a target, including a hand-held movable guide 
assembly for guiding an instrument toWard a target, a 
plurality of ?eld generators in the guide assembly that 
generate knoWn distinguishable ?elds in response to drive 
signals, a plurality of sensors disposed at knoWn locations 
With respect to the target that generate sensor signals in 
response to the ?elds, the sensors has knoWn alignments 
With an axis of the target, a signal processor disposed in the 
guide assembly responsive to the drive signals and the 
sensor signals for producing three location coordinates of a 
point on the guide assembly and tWo orientation coordinates 
of an axis of the guide assembly, and a location pad disposed 
in the guide assembly, responsive to the signal processor that 
provides a quantitative indication of a distance and a loca 
tion of the point With respect to the target and of an 
alignment betWeen the axis of the guide assembly and the 
axis of the target, the location pad has a visual display for 
providing the quantitative indication. 

[0040] According to an aspect of the distal targeting 
system, the display is integral With the guide assembly. 

[0041] According to yet another aspect of the distal tar 
geting system, the display includes a ball-and-crosshairs 
indication. 

[0042] According to a further aspect of the distal targeting 
system, the sensors are Wireless sensors. 

[0043] According to one aspect of the distal targeting 
system, the visual display further provides a qualitative 
indication of a misalignment betWeen the axis of the guide 
assembly and the axis of the target. 

[0044] An additional aspect of the distal targeting system 
includes a control unit, and a plurality of external ?eld 
generators responsive to control signals of the control unit, 
Wherein external ?elds generated by the external ?eld gen 
erators provide poWer to the sensors. 

[0045] The invention provides a distal targeting system for 
determining the location and orientation of an instrument 
relative to a target, including a movable guide assembly for 
guiding an instrument toWard a target, a plurality of ?eld 
generators in the guide assembly that generate knoWn dis 
tinguishable ?elds in response to drive signals, one or more 
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sensors disposed at knoWn locations With respect to the 
target that generate sensor signals in response to the ?elds. 
The sensors have knoWn alignments With an axis of the 
target, a signal processor disposed in the guide assembly 
responsive to the drive signals and the sensor signals has a 
?rst output responsive to a difference betWeen a location of 
the target and a location of the guide assembly and second 
output responsive to a difference betWeen a direction of an 
axis of the guide assembly and a direction of the axis of the 
target, and a display disposed in the guide assembly respon 
sive to the signal processor that provides a qualitative 
indication of the ?rst output and the second output. 

[0046] According to an aspect of the distal targeting 
system, the display is integral With the guide assembly. 

[0047] According to still another aspect of the distal 
targeting system, the display includes a ball-and-crosshairs 
indication. 

[0048] The invention provides a distal targeting system for 
determining the location and orientation of an instrument 
relative to a target, including a movable guide assembly for 
guiding an instrument toWard a target, a magnet disposed at 
a knoWn location With respect to the target that has a knoWn 
alignment With an axis of the target, a plurality of ?eld 
detectors in the guide assembly producing ?eld detector 
signals responsive to a ?eld of the magnet. A signal proces 
sor disposed in the guide assembly responsive to the ?eld 
detector signals has outputs representative of a difference 
betWeen a location of the target and a location of the guide 
assembly and a difference betWeen a direction of an axis of 
the guide assembly and a direction of the axis of the target. 
The system includes a display disposed in the guide assem 
bly responsive to the signal processor that provides a ?rst 
indication of the difference betWeen the location of the target 
and a second indication of the difference betWeen the 
direction of the axis of the guide assembly. 

[0049] The invention provides a distal targeting system for 
determining the location and orientation of an instrument 
relative to a target, including a movable guide assembly for 
guiding the instrument toWard the target. The system 
includes one or more ?rst ?eld elements in the guide 
assembly, and one or more second ?eld elements disposed at 
knoWn locations With respect to the target. The ?rst ?eld 
elements and the second ?eld elements are either sensors or 
?eld generators, at least one of the ?rst ?eld elements and the 
second ?eld elements being sensors. The ?eld generators 
produce knoWn distinguishable ?elds in response to drive 
signals, and the sensors produce sensor signals in response 
to the ?elds. The sensors have knoWn alignments With an 
axis of the target. The system includes one or more third 
?eld elements, Wherein the third ?eld elements are ?eld 
generators. The system includes a signal processor respon 
sive to the drive signals and the sensor signals for producing 
three location coordinates of a point on the guide assembly 
and tWo orientation coordinates of an axis of the guide 
assembly. The system includes a display responsive to the 
signal processor that provides an indication of a location of 
the point With respect to the target and of an alignment 
betWeen the axis of the guide assembly and the axis of the 
target. 

[0050] According to an aspect of the distal targeting 
system, the ?rst ?eld elements are the ?eld generators, and 
the second ?eld elements are sensors. The second ?eld 
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elements are responsive to distinguishable ?elds of the ?rst 
?eld elements and the third ?eld elements. 

[0051] According to yet another aspect of the distal tar 
geting system, the ?rst ?eld elements are the sensors, and the 
second ?eld elements are the ?eld generators. The ?rst ?eld 
elements are responsive to distinguishable ?elds of the 
second ?eld elements and the third ?eld elements. 

[0052] According to an additional aspect of the distal 
targeting system, the ?rst ?eld elements and the second ?eld 
elements are the sensors. 

[0053] According to one aspect of the distal targeting 
system, the ?rst ?eld elements and the second ?eld elements 
are Wireless and poWered by ?elds of the third ?eld ele 
ments. 

[0054] According to an additional aspect of the distal 
targeting system, the display is integral With the guide 
assembly. 

[0055] According to one aspect of the distal targeting 
system, the display includes a ball-and-crosshairs indication. 

[0056] According to another aspect of the distal targeting 
system, the sensors are Wireless sensors. 

[0057] According to a further aspect of the distal targeting 
system, the indication includes ?ve positional and orienta 
tion coordinates. 

[0058] According to yet another aspect of the distal tar 
geting system, the target is a holloW appliance, and the 
sensors are insertable therein. 

[0059] According to still another aspect of the distal 
targeting system, the target is an intramedullary nail. 

[0060] According to an additional aspect of the distal 
targeting system, the sensors are integral With the target. 

[0061] Another aspect of the distal targeting system 
includes a plurality of locating elements having location 
?eld detectors therein. The locating elements are disposed at 
knoWn locations With respect to a ?xed frame of reference, 
Wherein the signal processor is responsive to the locating 
elements to determine a corrected indication of the location 
of the point. 

[0062] The invention provides a method for determining 
the location and orientation of an instrument relative to a 
target, including generating one or more distinguishable 
?elds, sensing a strength and an orientation of each of the 
?elds at knoWn locations With respect to the target, provid 
ing a movable hand-held guide assembly for directing the 
instrument to the target, and providing a display on the 
assembly. The display indicates a location of a point of the 
assembly relative to the target and of an alignment betWeen 
an axis of the assembly and an axis of the target. After 
sensing, the method includes calculating three location 
coordinates of the point relative to the target. 

[0063] According to an aspect of the method, the display 
indicates the location of the point using a ball-and-crosshairs 
indication. 

[0064] In still another aspect of the method, sensing is 
performed using Wireless sensors. 

Jan. 22, 2004 

[0065] According to one aspect of the method, the target 
is a holloW appliance, and the Wireless sensors are insertable 
therein. 

[0066] According to another aspect of the method, the 
target is an intramedullary nail. 

[0067] According to a further aspect of the method, the 
Wireless sensors are integral With the target. 

[0068] According to an additional aspect of the method, 
the display indicates ?ve positional and orientation coordi 
nates. 

[0069] In still another aspect of the method, the ?elds are 
generated in a proximity of the target, and sensing is 
performed remote from the target. 

[0070] In an additional aspect of the method, the ?elds are 
generated remote from the target, and sensing is performed 
in a proximity of the target. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0071] For a better understanding of these and other 
objects of the present invention, reference is made to the 
detailed description of the invention, by Way of example, 
Which is to be read in conjunction With the folloWing 
draWings, Wherein: 

[0072] FIG. 1 is a schematic illustration of a distal tar 
geting system Which is constructed and operative in accor 
dance With a preferred embodiment of the invention; 

[0073] FIG. 2 illustrates a transponder of a sensor of the 
distal targeting system shoWn in FIG. 1; 

[0074] FIG. 3 is a schematic block diagram of driving and 
processing circuits of the transponder shoWn in FIG. 2; 

[0075] FIG. 4 is an enlarged fragmentary schematic vieW 
of a sensor used in the distal targeting system shoWn in FIG. 
1; 
[0076] FIG. 5 is an exemplary screen of a screen display 
of the distal targeting system shoWn in FIG. 1; 

[0077] FIG. 6 is another exemplary screen of a screen 
display similar to FIG. 5; 

[0078] FIG. 7 is a schematic illustration of a distal tar 
geting system Which is constructed and operative in accor 
dance With an alternate embodiment of the invention, in 
Which a sensor therein is poWered by electrical leads; 

[0079] FIG. 8 is an enlarged fragmentary schematic vieW 
of a sensor used in the distal targeting system shoWn in FIG. 
7; 

[0080] FIG. 9 is a schematic illustration of a distal tar 
geting system Which is constructed and operative in accor 
dance With an alternate embodiment of the invention, 
Wherein a sensor and magnetic ?eld modules are poWered by 
Wireless poWer transmission from external ?eld generators; 

[0081] FIG. 10 is a schematic illustration of a distal 
targeting system Which is constructed and operative in 
accordance With an alternate embodiment of the invention, 
Wherein a permanent magnet is used in place of a sensor; and 

[0082] FIG. 11 is a schematic illustration of a distal 
targeting system Which is constructed and operative in 
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accordance With an alternate embodiment of the invention, 
Which includes locating elements to improve metal immu 
nity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0083] In the following description, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It Will be apparent to one 
skilled in the art, hoWever, that the present invention may be 
practiced Without these speci?c details. In other instances 
Well-knoWn circuits, control logic, and the details of com 
puter program instructions for conventional algorithms and 
processes have not been shoWn in detail in order not to 
unnecessarily obscure the present invention. 

[0084] First Embodiment 

[0085] Turning noW to the draWings, reference is made to 
FIG. 1, Which is a schematic illustration of a distal targeting 
system Which is constructed and operative in accordance 
With a preferred embodiment of the invention. A holloW 
appliance, preferably an intramedullary nail 10, is suitably 
dimensioned to a medullary cavity 12 of a bone 14 for the 
purpose of stabiliZing a fracture 16. The intramedullary nail 
10 is provided With at least one bore 18 for receiving a 
locking member 20 therethrough. The 15 locking member 
20 is typically realiZed as a Wire or set screW, and must be 
inserted by the operator Without bene?t of direct visualiZa 
tion of the bore 18. 

[0086] A magnetic ?eld positioning arrangement 22 
enables the operator to localiZe the bore 18 and to align the 
locking member 20 With the bore 18 prior to insertion 
therein. A miniature magnetic sensor 24 is disposed in the 
intramedullary nail 10, at knoWn positional and rotational 
offsets from a principal aXis 64 of the bore 18. In a preferred 
embodiment of the invention, the sensor 24 is a magnetic 
?eld receiver, Which is sensitive to the presence of a mag 
netic ?eld and to the orientation of ?uX lines of the magnetic 
?eld. The sensor 24 is preferably a miniature sensor such as 
is disclosed in the patent documents US. Pat. No. 5,913,820 
to Bladen et al. or WO 96/05768 to Ben-Haim et al., Which 
are herein incorporated by reference. 

[0087] Preferably the sensor 24 is slidably insertable into 
the intramedullary nail 10, and may be optionally removed 
folloWing completion of the surgical procedure. Alterna 
tively, the sensor 24 can be integral With the intramedullary 
nail 10. 

[0088] It is preferred that the sensor 24 be an independent, 
Wireless unit, poWered by energy radiated from outside the 
patient’s body. The sensor 24 is provided With a plurality of 
Wireless transponders, details of Which are disclosed here 
inbeloW. A location pad 28 is provided With an antenna 66, 
and With a control unit 68 having driving and receiving 
circuitry, Which are adapted to eXchange Wireless signals 70 
With the sensor 24, the output of the sensor 24 being 
responsive to the strength and orientation of an externally 
applied magnetic ?eld ?uX. A principal aXis 72 of a guide 
section 74 of the location pad 28 is indicated by an “X” in 
FIG. 1. The location pad 28 is preferably af?Xed to a guide 
section 74, Which is disclosed in further detail beloW. 

[0089] To minimiZe interference With the operation of the 
magnetic ?eld positioning arrangement 22, the intramedul 
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lary nail 10 is preferably composed of a suitable non 
interfering material, for eXample titanium. HoWever, as Will 
be apparent from the disclosure hereinbeloW, even magneti 
cally-responsive nails can be accommodated using the 
teachings of the present invention. 

[0090] In a preferred embodiment, the handheld location 
pad 28 has a plurality of magnetic ?eld generator modules 
30, typically comprising coils, each operating at a different 
frequency or at a different time. Preferably, there are four 
magnetic ?eld generator modules 30. Additionally, an aper 
ture 34 of location pad 28 is provided for insertion of the 
locking member 20 therethrough. The sensor 24 is poWered 
by Wireless poWer transmission from the antenna 66 of the 
location pad 28. 

[0091] The control unit 68 alloWs the determination of the 
positions and directional orientations of the sensor 24 rela 
tive to each of the ?eld generator modules 30. Then, the 
relative position of the aperture 20 of the location pad 28 and 
hence the locking member 20 With respect to the bore 18 can 
be calculated. 

[0092] Readouts, responsive to the calculation of the rela 
tive positions of location pad 28 and the sensor 24, are 
displayed on a screen display 36. Using feedback provided 
by the screen display 36, the sensor 24 can be accurately 
localiZed. LocaliZation of the sensor 24 enables the position 
of the bore 18 to be accurately determined, by making 
appropriate adjustments for the offsets betWeen the bore 18 
and the sensor 24. Directional alignment of the location pad 
28 With the bore 18 is also determined, as the sensor 24 is 
sensitive to the directional orientation of the magnetic ?elds 
that are produced by the magnetic ?eld generator modules 
30. 

[0093] The screen display 36 and the guide section 74 are 
both integral in the location pad 28. The screen display 36 
provides a real-time visual indication of the amount and the 
nature of any misalignment, preferably by means of a 
ball-and-crosshairs display 76. Many other operator-percep 
tible indicators of positional and angular alignment can also 
be employed. The location pad 28 is also provided With 
audio circuitry and a small loudspeaker 38 Which provides 
an audible indication of the current misalignment in real 
time. Alternatively or additionally, the screen display 36 can 
be realiZed as a computer monitor connected to a computer 
or directly to the control unit 68. 

[0094] Reference is noW made to FIG. 2, Which schemati 
cally shoWs details of a transponder 78, Which is a compo 
nent of the sensor 24 (FIG. 1) in accordance With a preferred 
embodiment of the invention. As shoWn in FIG. 2, the 
transponder 78 comprises a poWer coil 80 and a sensing coil 
82, coupled to a control chip 84. Preferably, the chip 84 
includes a voltage-to-frequency (V/F) converter 86, Which 
generates a RF signal, the frequency of Which is proportional 
to the voltage produced by current through the sensor coil 82 
?oWing across a load (not shoWn). The poWer coil 80 is 
preferably optimiZed to receive and transmit high-frequency 
signals, in the range above 1 MHZ. The sensor coil 82, on the 
other hand, is preferably designed for operation in the range 
of 1-3 kHZ, the frequencies at Which the magnetic ?eld 
generation modules 30 (FIG. 1) generate their electromag 
netic ?elds. Alternatively, other frequency ranges may be 
used, as dictated by application requirements. The entire 
transponder 78 is typically 2-5 mm in length and 2-3 mm in 
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outer diameter, enabling it to ?t conveniently inside the 
intramedullary nail 10 (FIG. 1). 

[0095] Reference is noW made to FIG. 3, Which schemati 
cally shows driving and processing circuits for the transpon 
der 78 (FIG. 2) in accordance With a preferred embodiment 
of the invention. This circuitry is preferably integral With the 
location pad 28 (FIG. 1) and is typically included in the 
control unit 68. In some embodiments, the circuitry may be 
external to the location pad 28. The location pad 28 includes 
a RF poWer driver 88, Which drives the antenna 66 to emit 
a poWer signal, preferably in the 2-10 MHZ range. The 
poWer signal causes a current to How in the poWer coil 80, 
Which is recti?ed by the chip 84 and used to poWer its 
internal circuits. MeanWhile, the electromagnetic ?elds pro 
duced by the magnetic ?eld generator modules 30 (FIG. 1), 
here embodied as generator coils 90, cause a current to How 
in the sensor coil 82. This current has frequency components 
at the same frequencies as the driving currents ?oWing 
through the generator coils. The current components are 
proportional to the strengths of the components of the 
respective magnetic ?elds produced by the ?eld generator 
coils 90 in a direction parallel to the sensor coil aXis. Thus, 
the amplitudes of the currents indicate the position and 
orientation of the sensor coil 82 relative to the ?eld generator 
coils 90. 

[0096] Preferably, a clock synchroniZer 92 is used to 
synchroniZe control circuits 94 and the driver 88, Which can 
be disposed either integral With or external to the location 
pad 28, as is disclosed further herein. Most preferably, the 
frequency of the RF driving signal produced by the driver 88 
is set to be an integer multiple of the magnetic ?eld 
frequencies of the magnetic ?eld generator coils 90 (FIG. 
1). The clock synchroniZation enables the chip 84 (FIG. 2) 
to use phase-sensitive detection in order to enhance the 
signal/noise ratio of the signal from the sensor coil 82. The 
phase of the sensor signals is preferably also used to resolve 
ambiguity that Would otherWise occur in the signals under 
180° reversal of the aXis of the sensor coil 82. 

[0097] Referring again to FIG. 2, the chip 84 measures the 
currents ?oWing in sensor coil 82 at the different ?eld 
frequencies. It encodes this measurement in a high-fre 
quency signal, Which it then transmits back via the poWer 
coil 80 to the antenna 66. Preferably, the RF signal produced 
by the chip 84 has a carrier frequency in the 50-150 MHZ 
range. The RF signal produced in this manner is modulated 
With three different frequency modulation (FM) components 
that vary over time at the respective frequencies of the ?elds 
generated by the ?eld generator coils 90 (FIG. 3). The 
magnitude of the modulation is proportional to the current 
components at the three frequencies. An advantage of using 
frequency modulation, rather than amplitude modulation, to 
convey the amplitude measurements of the sensor coil 82 
from the transponder 78 to the antenna 66 is that the 
information in the signal is unaffected by the variable 
attenuation of the body tissues through Which the signal 
must pass. 

[0098] Alternatively, the chip 84 may comprise a sampling 
circuit and analog/digital (A/D) converter (not shoWn), 
Which digitiZes the amplitude of the current ?oWing in the 
sensor coil 82. In this case, the chip 84 generates a digitally 
modulated signal, and RF-modulates the signal for trans 
mission by the poWer coil 80. Any suitable method of digital 
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encoding and modulation may be used for this purpose. 
Other methods of signal processing and modulation Will be 
apparent to those skilled in the art. 

[0099] The frequency modulated or digitally modulated 
signal transmitted by the poWer coil 80 is picked up by a 
receiver 96, coupled to the antenna 66. The receiver 96 
demodulates the signal to generate a suitable input to a 
position and orientation processor 98. Typically, the receiver 
96 ampli?es, ?lters and digitiZes the signals 70 (FIG. 1) 
from the transponder 78. The digitiZed signals are received 
and used by the position and orientation processor 98 to 
derive the position and orientation of the bore 18 (FIG. 1) 
from a computation of the position and orientation of the 
transponder 78. The position and orientation of the tran 
sponder 78 is determined relative to the ?eld generator coils 
90. Since the ?eld generator coils 90 are in knoWn positions 
and orientations relative to the bore 18, the position and 
orientation of the bore 18 can readily be determined. Typi 
cally, the position and orientation processor 98 can be 
realiZed as a general-purpose computer (not shoWn) or as an 
embedded microprocessor in the control unit 68 (FIG. 1), 
Which is programmed and equipped With appropriate input 
circuitry for processing the signals from the receiver 96. The 
information derived by the position and orientation proces 
sor 98 is used to generate an image on the screen display 36 
(FIG. 1), for eXample, or to provide other diagnostic infor 
mation or guidance to the operator. 

[0100] Reference is noW made to FIG. 1 and to FIG. 4, 
Which is an enlarged fragmentary schematic vieW of the 
sensor 24 (FIG. 1), in accordance With a preferred embodi 
ment of the present invention. In this embodiment, three 
identical copies of the transponder 78 are disposed Within 
the sensor 24, and are preferably mutually orthogonal, as 
indicated by the coordinate aXes in FIG. 4. It is thus possible 
for siX positional and orientation coordinates to be unan 
biguously identi?ed, in accordance With the algorithms 
disclosed in the International Patent Publication WO 
94/04938, Which is incorporated herein by reference. These 
coordinates include the X, Y, Z coordinates of a predeter 
mined point on the guide section 74, and the angles betWeen 
the principal aXis 64 and the principal aXis 72 in the XY, YZ 
and XZ planes. Alternatively, the sensor 24 may comprise 
only a single transponder 78, Which is sufficient (together 
With multiple ?eld generator coils 90 to determine the X, Y, 
Z coordinates and the angles betWeen the principal aXis 64 
and the principal aXis 72 in the YZ and XZ planes. 

[0101] Further details of the sensor 24 are disclosed in 
application Ser. No. 10/029,473 entitled, “Wireless Position 
Sensor,” ?led Dec. 21, 2001, Which is assigned to the 
assignee of the present patent application and is incorporated 
herein by reference. 

[0102] Referring again to FIG. 1 and FIG. 3, the position 
and orientation processor 98, using the algorithms disclosed 
in the above-noted patent documents WO 96/05768 and WO 
94/04938, and the information received from the sensor 24, 
determines the relative displacement betWeen the bore 18 
and the aperture 34 on the location pad 28, and the angular 
deviation betWeen the principal aXis 64 of the bore 18 and 
the principal aXis 72 of the guide section 74. Readouts and 
visual displays are provided on the screen display 36. The 
readouts may provide a quantitative measure of both the 
linear displacement and angular deviations betWeen the 
principal aXes. 
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[0103] Reference is noW made to FIG. 1 and FIG. 5. FIG. 
5 is an exemplary screen 100, Which is displayed on the 
screen display 36 (FIG. 1). A cross-hair intersection 102 
represents the location of the bore 18 (FIG. 1), or another 
target. The location of a circle 104 represents the linear 
displacement of the principal axis 72 of the guide section 74 
relative to the principal axis 64 of the bore 18. A closing 
vector 106 provides an operator-perceptible indication of 
angular misalignment, betWeen vectors representing the tWo 
principal axes. The non-Zero magnitude of the vector 106 in 
FIG. 5 indicates an actual angular misalignment betWeen 
the guide section 74 and the bore 18. It is also possible to 
further represent components of a difference vector betWeen 
the tWo principal axes in the XY, XZ, and YZ planes. 

[0104] Reference is noW made to FIG. 1 and FIG. 6, 
Which is another screen 108, similar to the screen 100, 
Wherein like elements are given like reference numerals. 
When compared to the screen 100, the screen 108 indicates 
that linear displacement of the principal axis 72 of the guide 
section 74 and the principal axis 64 of the bore 18 is 
unchanged. HoWever the guide section 74 has been rotated, 
such that the principal axes are parallel. The vector 106 
(FIG. 5) is noW perpendicular to the screen 108, and appears 
simply as a point 110. 

[0105] Operation 

[0106] To use the magnetic ?eld positioning arrangement 
22, all required surgical incisions, creation of an entry portal 
in the bone 14, and preparation of the medullary cavity 12 
are ?rst accomplished by the operator using conventional 
invasive technique or minimally invasive technique as 
appropriate. The intramedullary nail 10 is introduced into 
the medullary cavity 12 across the fracture 16. Care is 
preferably taken to remove magnetically interfering objects 
from the operative ?eld, although techniques for achieving 
metal immunity may also be used, as described above. The 
operator enters any required offset information into the 
location pad 28, places the location pad 28 at an estimated 
position of the bore 18, and aims the aperture 34 in the 
general direction of the bore 18. The sensor 24 and the 
magnetic ?eld generator modules 30 are energiZed. Audio 
visual indications provided by the screen display 36 and the 
loudspeaker 38 are then exploited by the operator to opti 
miZe the position and orientation of the location pad 28. 
When an optimum alignment has been achieved, the loca 
tion pad 28 is held in position, and a hole is drilled through 
the cortex of the bone 14, preferably using the aperture 34 
of the location pad 28 as a drill guide. The locking member 
20 is inserted and emplaced in the bore 18. The location pad 
28 is thereafter disengaged from the locking member20 and 
removed from the operative ?eld. The surgical operation is 
then completed routinely. 

[0107] The sensor 24 used in this and folloWing embodi 
ments may similarly be mounted on an insertable probe 
rather than being permanently implanted in the nail 10, so 
long as the position of the sensor 24 relative to the bore 18 
is knoWn. 

[0108] Second Embodiment 

[0109] Reference is noW made to FIG. 7, Which is a 
schematic illustration of a distal targeting system Which is 
constructed and operative in accordance With an alternate 
embodiment of the invention. Elements in FIG. 7 that are 
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identical to those of FIG. 1 are given like reference numer 
als. In this embodiment, a magnetic ?eld positioning 
arrangement 112 has a Wired magnetic sensor 114, in place 
of the Wireless sensor 24 (FIG. 1). Leads 26 are provided for 
poWering the sensor 114 and obtaining a readout or other 
data therefrom. Leads 32 are provided to carry signals to a 
location pad 118 from the sensor 114. The location pad 118 
is similar to the location pad 28 (FIG. 1), except that the 
location pad 118 requires no antenna or Wireless receiving 
circuitry. 

[0110] Reference is noW made to FIG. 8, Which is an 
enlarged fragmentary schematic vieW of the sensor 114 
(FIG. 7). Three identical sensor coils 120, Which can be 
Wound on air cores or magnetic cores, are disposed Within 
the sensor 114, and are preferably mutually orthogonal, as 
indicated by the coordinate axes in FIG. 8. The leads 26 are 
preferably tWisted pairs, and can be electrically shielded to 
reduce stray pickup. Operation of the sensor 114 is otherWise 
similar to that of the sensor 24 (FIG. 1). Further details of 
the sensor 114 are disclosed in the above-noted patent 
document WO 96/05768. 

[0111] Third Embodiment 

[0112] Reference is noW made to FIG. 9, Which is a 
schematic illustration of a distal targeting system Which is 
constructed and operative in accordance With an alternate 
embodiment of the invention. Elements in FIG. 9 that are 
identical to those of FIG. 1 are given like reference numer 
als. A magnetic ?eld positioning arrangement 122 is similar 
to the magnetic ?eld positioning arrangement 22 (FIG. 1), 
except noW, there are three or more external ?eld generators 
124, driven by a control unit 126. The ?eld generators 124 
are preferably ?xed to the operating table or to another 
non-moving ?xture, and provide an absolute frame of ref 
erence. Using this embodiment, an absolute position of the 
sensor can be obtained. As is explained in further detail 
beloW, different variations of this embodiment are possible. 
It is possible to exchange the roles of the sensor and the 
magnetic ?eld generator modules. Thus in one variation, 
magnetic ?eld generator modules and sensor can be located 
as in the embodiment of FIG. 1. In another variation, the 
magnetic ?eld can be generated from Within or in the 
proximity of the intramedullary nail, and a plurality of 
sensors can be disposed in the location pad. 

[0113] The magnetic ?eld positioning arrangement 122 
features a plurality of Wireless magnetic ?eld elements 128 
in a location pad 130. A miniature magnetic ?eld element 
132 is disposed in the intramedullary nail 10, at knoWn 
positional and rotational offsets from a principal axis 64 of 
the bore 18. In one variation, the ?eld elements 128 are 
magnetic ?eld generating elements, and the ?eld element 
132 is a sensor. In another variation the ?eld elements 128 
are sensors and the ?eld element 132 is a magnetic ?eld 
generating element. 

[0114] In a further variation both the ?eld elements 128 
and the ?eld element 132 are sensors, all of Which sense 
magnetic ?elds that are generated by the ?eld generators 
124. 

[0115] In further variations, some or all of the ?eld ele 
ments 128 and the ?eld element 132 are poWered by intense, 
high frequency magnetic ?elds generated by the ?eld gen 
erators 124, in Which case some or all of the ?eld elements 
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128 and the ?eld element 132 can be Wireless. A further 
advantage of this embodiment is the reduction to a minimum 
of the siZe and Weight of the circuitry required in the location 
pad 130. 

[0116] Fourth Embodiment 

[0117] Reference is noW made to FIG. 10, Which is a 
schematic illustration of a distal targeting system Which is 
constructed and operative in accordance With an alternate 
embodiment of the invention. Elements in FIG. 10 that are 
identical to those of FIG. 1 are given like reference numer 
als. A magnetic ?eld positioning arrangement 134 is similar 
to the magnetic ?eld positioning arrangement 22 (FIG. 1). 
HoWever, a permanent magnet 136 noW replaces the sensor 
24 Within the intramedullary nail 10. The magnet 136 can be 
1.5-2 mm. OD by 5 mm. long. NB45 magnets are suitable. 
The magnet 136 can be permanently emplaced in the 
intramedullary nail 10, but preferably is insertable therein by 
attaching the magnet 136 to a calibrated probe 138 having a 
suitable mechanical stop (not shoWn). When the probe 138 
is inserted into the intramedullary nail 10, the operative 
position of the magnet 136 is at a knoWn location With 
respect to the bore 18. 

[0118] Four magnetic ?eld detectors 140 are incorporated 
in a location pad 142, Which is generally similar to the 
location pad 28 (FIG. 1). The ?eld detectors 140 detect the 
?eld strength and orientation of the magnetic ?eld of the 
magnet 136. Signal processing circuitry, preferably located 
in the control unit 68, is coupled to the ?eld detectors 140. 
Using the algorithms and techniques disclosed in the 
abovenoted international Patent Publication WO 94/04938, 
the disposition of the location pad 142 With respect to the 
bore 18 and the angular misalignment betWeen the principal 
aXis 72 and the principal aXis 64 can be determined and 
displayed on the screen display 36, as a quantitative or a 
qualitative indication as disclosed hereinabove. 

[0119] Fifth Embodiment 

[0120] When a metal or other magnetically-responsive 
article is brought into the vicinity of the target being tracked, 
or if the target itself, such as the nail 10, is magnetically 
responsive, the magnetic ?elds in the vicinity of the target 
are distorted, due to eddy currents that produce parasitic 
magnetic ?elds. Such parasitic ?elds and other types of 
distortion can lead to errors in determining the position of 
the object being tracked. Whereas, in the above-noted US. 
Pat. No. 6,074,394, the use of pulsed direct current is 
disclosed in order to attain “metal immunity” (i.e., the ability 
to determine the position of the object accurately notWith 
standing the magnetic ?eld distortion), this embodiment of 
the present invention is capable of overcoming this dif?culty 
and achieving metal immunity using alternating current. 

[0121] Reference is noW made to FIG. 11, Which is a 
schematic illustration of a distal targeting system Which is 
constructed and operative in accordance With an alternate 
embodiment of the invention. Elements in FIG. 11 that are 
identical to those of FIG. 1 are given like reference numer 
als. A magnetic ?eld positioning arrangement 144 is similar 
to the magnetic ?eld positioning arrangement 22 (FIG. 1), 
eXcept noW, a plurality of locating elements 146 are present. 
The absolute position of each of the locating elements 146 
is preferably knoWn, e.g., by attaching the elements to a 
reference frame (not shoWn) Which could be attached, for 
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eXample to an operating table or the like. The locating 
elements 146 can be Wireless sensors similar to the sensor 
24, or conventional Hall effect sensors. The positions of the 
locating elements 146 are determined using the same tech 
niques disclosed hereinabove. Any subsequent changes in 
the measured positions of the locating elements 146, there 
fore, re?ect an error in the measuring procedure, typically 
due to ?eld distortion by a magnetic object in the area of 
operations. The change in the position coordinates of the 
?Xed locating elements 146 can then be used to compensate 
for the effects of distortion on the coordinates of the sensor 
24, using spatial interpolation. While four locating elements 
146 are shoWn in FIG. 11, more locating elements, Which 
are preferably non-coplanar, can be added to improve the 
accuracy of linear or non-linear interpolation. It is preferable 
that the locating elements 146 should surround the sensor 24 
in 3-dimensions, in order that one of the locating elements 
146 is alWays situated betWeen the magnetic object and the 
sensor 24. 

[0122] In a preferred embodiment, changes in the sensed 
positions of four or more non-coplanar locator elements 22 
are calculated, and are used as inputs to a spatial interpola 
tion algorithm. A simple linear eXample is shoWn in Table 
Table 1, in Which the sensor 24 is initially located betWeen 
tWo of the locating elements 146, and the guide section 74 
is moved from an initial position to a ?nal position. 

TABLE 1 

Initial Measurement Final Measurement 

(cm) (cm) Corrected 

Element #1 0 cm 0.1 cm 0 cm 

Guide 0.1 cm 0.5 cm 0.4 cm 

Element #2 10 cm 10 cm 10 cm 

[0123] Application of the techniques of this embodiment 
of the present invention shoWs that the guide section 74 and 
the location pad 28 move a different distance relative to the 
sensor 24, from that Which Would have been determined 
Without the use of the locating elements 146. Advanta 
geously, the magnetic ?eld positioning arrangement 144 
provides compensation even for real-time movements of 
metal objects Within its operational space. Since tools and 
support equipment are frequently moved during medical 
procedures, it is preferable to update the measured positions 
of the locating elements 146 substantially each time that a 
movement of the guide section 74 relative to the sensor 24 
is made, Which is accomplished automatically by the signal 
processing circuitry in the control unit 68. 

[0124] Since the locating elements 146 have knoWn posi 
tions, it is possible to relate the locations of the locating 
elements 146 to the locations of the guide section 74 and the 
bore 18. The absolute coordinates of the guide section 74 
and the bore 18 and their displacements With respect to each 
other using a ?Xed coordinate system can then be displayed. 

[0125] The second, third and fourth embodiments dis 
closed hereinabove can also be readily modi?ed to employ 
the technique disclosed of this embodiment, in order to 
achieve metal immunity. 

[0126] It Will be appreciated by persons skilled in the art 
that the present invention is not limited to What has been 
particularly shoWn and described hereinabove. Rather, the 
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scope of the present invention includes both combinations 
and subcombinations of the various features described here 
inabove, as Well as variations and modi?cations thereof that 
are not in the prior art Which Would occur to persons skilled 
in the art upon reading the foregoing description. 

1. A distal targeting system for determining the location 
and orientation of an instrument relative to a target, com 
prising: 

a movable guide assembly for guiding an instrument 
toWard a target; 

a plurality of ?eld generators in said guide assembly that 
generate knoWn distinguishable ?elds in response to 
drive signals; 

one or more sensors disposed at knoWn locations With 

respect to said target that generate sensor signals in 
response to said ?elds, said sensors having knoWn 
alignments With an axis of said target; 

a signal processor responsive to said drive signals and 
said sensor signals for producing three location coor 
dinates of a point on said guide assembly and tWo 
orientation coordinates of an axis of said guide assem 
bly; and 

a display responsive to said signal processor that provides 
an indication of a location of said point With respect to 
said target and of an alignment betWeen said axis of 
said guide assembly and said axis of said target. 

2. The distal targeting system according to claim 1, 
Wherein said display is integral With said guide assembly. 

3. The distal targeting system according to claim 1, 
Wherein said display comprises a ball-and-crosshairs indi 
cation. 

4. The distal targeting system according to claim 1, 
Wherein said sensors are Wireless sensors. 

5. The distal targeting system according to claim 1, further 
comprising: 

a control unit; and 

a plurality of external ?eld generators responsive to 
control signals of said control unit, Wherein external 
?elds generated by said external ?eld generators pro 
vide poWer to said sensors. 

6. The distal targeting system according to claim 5, 
Wherein said external ?elds further provide said drive sig 
nals to said ?eld generators in said guide assembly. 

7. The distal targeting system according to claim 1, 
Wherein said indication comprises ?ve positional and ori 
entation coordinates. 

8. The distal targeting system according to claim 1, 
Wherein said target comprises a holloW appliance, and said 
sensors are insertable therein. 

9. The distal targeting system according to claim 8, 
Wherein said target comprises an intramedullary nail. 

10. The distal targeting system according to claim 1, 
Wherein said sensors are integral With said target. 

11. The distal targeting system according to claim 10, 
Wherein said target comprises an intramedullary nail. 

12. The distal targeting system according to claim 1, 
further comprising a plurality of locating elements having 
location ?eld detectors therein, said locating elements being 
disposed at knoWn locations With respect to a ?xed frame of 
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reference, Wherein said signal processor is responsive to said 
locating elements to determine a corrected indication of said 
location of said point. 

13. A distal targeting system for determining the location 
and orientation of an instrument relative to a target, com 
prising: 

a movable guide assembly for guiding the instrument 
toWard the target; 

a plurality of ?eld generators in said guide assembly that 
generate knoWn distinguishable ?elds in response to 
drive signals; 

one or more sensors disposed at knoWn locations With 
respect to said target that generate sensor signals in 
response to said ?elds, said sensors having knoWn 
alignments With an axis of said target; 

a signal processor responsive to said drive signals and 
said sensor signals for producing three location coor 
dinates of a point on said guide assembly and tWo 
orientation coordinates of an axis of said guide assem 
bly; and 

a location pad attached to said guide assembly and 
moveable thereWith, responsive to said signal processor 
that provides a quantitative indication of a distance and 
a location of said point With respect to said target and 
of an alignment betWeen said axis of said guide assem 
bly and said axis of said target. 

14. The distal targeting system according to claim 13, 
Wherein said sensors are Wireless sensors. 

15. The distal targeting system according to claim 13, 
further comprising: 

a control unit; and 

a plurality of external ?eld generators responsive to 
control signals of said control unit, Wherein external 
?elds generated by said external ?eld generators pro 
vide poWer to said sensors. 

16. The distal targeting system according to claim 15, 
Wherein said external ?elds further provide said drive sig 
nals to said ?eld generators in said guide assembly. 

17. The distal targeting system according to claim 13, 
Wherein said quantitative indication comprises ?ve posi 
tional and orientation coordinates. 

18. The distal targeting system according to claim 13, 
Wherein said target comprises a holloW appliance, and said 
sensors are insertable therein. 

19. The distal targeting system according to claim 18, 
Wherein said appliance comprises an intramedullary nail. 

20. The distal targeting system according to claim 13, 
Wherein said sensors are integral With said target. 

21. The distal targeting system according to claim 20, 
Wherein said target comprises an intramedullary nail. 

22. The distal targeting system according to claim 13, 
further comprising a plurality of locating elements having 
location ?eld detectors therein, said locating elements being 
disposed at knoWn locations With respect to a ?xed frame of 
reference, Wherein said signal processor is responsive to said 
locating elements to determine a corrected indication of said 
location of said point. 

23. A distal targeting system for determining the location 
and orientation of an instrument relative to a target, com 
prising: 
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a hand-held movable guide assembly for guiding the 
instrument toward the target; 

a plurality of ?eld generators in said guide assembly that 
generate known distinguishable ?elds in response to 
drive signals; 

a plurality of sensors disposed at knoWn locations With 
respect to said target that generate sensor signals in 
response to said ?elds, said sensors having knoWn 
alignments With an axis of said target; 

a signal processor disposed in said guide assembly 
responsive to said drive signals and said sensor signals 
for producing three location coordinates of a point on 
said guide assembly and tWo orientation coordinates of 
an axis of said guide assembly; and 

a location pad disposed in said guide assembly, responsive 
to said signal processor that provides a quantitative 
indication of a distance and a location of said point With 
respect to said target and of an alignment betWeen said 
axis of said guide assembly and said axis of said target, 
said location pad having a visual display for providing 
said quantitative indication. 

24. The distal targeting system according to claim 23, 
Wherein said display is integral With said guide assembly. 

25. The distal targeting system according to claim 23, 
Wherein said display comprises a ball-and-crosshairs indi 
cation. 

26. The distal targeting system according to claim 23, 
Wherein said sensors are Wireless sensors. 

27. The distal targeting system according to claim 23, 
Wherein said visual display further provides a qualitative 
indication of a misalignment betWeen said axis of said guide 
assembly and said axis of said target. 

28. The distal targeting system according to claim 23, 
further comprising: 

a control unit; and 

a plurality of external ?eld generators responsive to 
control signals of said control unit, Wherein external 
?elds generated by said external ?eld generators pro 
vide poWer to said sensors. 

29. The distal targeting system according to claim 28, 
Wherein said external ?elds further provide said drive sig 
nals to said ?eld generators in said guide assembly. 

30. The distal targeting system according to claim 23, 
Wherein said quantitative indication comprises ?ve posi 
tional and orientation coordinates. 

31. The distal targeting system according to claim 23, 
Wherein said target comprises a holloW appliance, and said 
sensors are insertable therein. 

32. The distal targeting system according to claim 31, 
Wherein said appliance comprises an intramedullary nail. 

33. The distal targeting system according to claim 23, 
Wherein said sensors are integral With said target. 

34. The distal targeting system according to claim 33, 
Wherein said target comprises an intramedullary nail. 

35. The distal targeting system according to claim 23, 
further comprising a plurality of locating elements having 
location ?eld detectors therein, said locating elements being 
disposed at knoWn locations With respect to a ?xed frame of 
reference, Wherein said signal processor is responsive to said 
locating elements to determine a corrected indication of said 
location of said point. 
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36. A distal targeting system for determining the location 
and orientation of an instrument relative to a target, com 
prising: 

a movable guide assembly for guiding the instrument 
toWard the target; 

a plurality of ?eld generators in said guide assembly that 
generate knoWn distinguishable ?elds in response to 
drive signals; 

one or more sensors disposed at knoWn locations With 
respect to said target that generate sensor signals in 
response to said ?elds, said sensors having knoWn 
alignments With an axis of said target; 

a signal processor disposed in said guide assembly 
responsive to said drive signals and said sensor signals 
having a ?rst output responsive to a difference betWeen 
a location of said target and a location of said guide 
assembly and second output responsive to a difference 
betWeen a direction of an axis of said guide assembly 
and a direction of said axis of said target; and 

a display disposed in said guide assembly responsive to 
said signal processor that provides a qualitative indi 
cation of said ?rst output and said second output. 

37. The distal targeting system according to claim 36, 
Wherein said display is integral With said guide assembly. 

38. The distal targeting system according to claim 36, 
Wherein said display comprises a ball-and-crosshairs indi 
cation. 

39. The distal targeting system according to claim 36, 
Wherein said sensors are Wireless sensors. 

40. The distal targeting system according to claim 36, 
further comprising: 

a control unit; and 

a plurality of external ?eld generators responsive to 
control signals of said control unit, Wherein external 
?elds generated by said external ?eld generators pro 
vide poWer to said sensors. 

41. The distal targeting system according to claim 40, 
Wherein said external ?elds further provide said drive sig 
nals to said ?eld generators in said guide assembly. 

42. The distal targeting system according to claim 36, 
Wherein said target comprises a holloW appliance, and said 
sensors are insertable therein. 

43. The distal targeting system according to claim 42, 
Wherein said target comprises an intramedullary nail. 

44. The distal targeting system according to claim 36, 
Wherein said sensors are integral With said target. 

45. The distal targeting system according to claim 44, 
Wherein said target comprises an intramedullary nail. 

46. The distal targeting system according to claim 36, 
further comprising a plurality of locating elements having 
location ?eld detectors therein, said locating elements being 
disposed at knoWn locations With respect to a ?xed frame of 
reference, Wherein said signal processor is responsive to said 
locating elements to determine a corrected indication of said 
location of said target. 

47. A distal targeting system for determining the location 
and orientation of an instrument relative to a target, com 
prising: 

a movable guide assembly for guiding the instrument 
toWard the target; 
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a magnet disposed at a known location With respect to said 
target and having a knoWn alignment With an aXis of 
said target; 

a plurality of ?eld detectors in said guide assembly 
producing ?eld detector signals responsive to a ?eld of 
said magnet; 

a signal processor disposed in said guide assembly 
responsive to said ?eld detector signals having outputs 
representative of a difference betWeen a location of said 
target and a location of said guide assembly and a 
difference betWeen a direction of an aXis of said guide 
assembly and a direction of said aXis of said target; and 

a display disposed in said guide assembly responsive to 
said signal processor that provides a ?rst indication of 
said difference betWeen said location of said target and 
a second indication of said difference betWeen said 
direction of said aXis of said guide assembly. 

48. The distal targeting system according to claim 47, 
Wherein said display is integral With said guide assembly. 

49. The distal targeting system according to claim 47, 
Wherein said ?rst indication and said second indication 
comprise a ball-and-crosshairs display. 

50. The distal targeting system according to claim 47, 
Wherein said target comprises a holloW appliance, and said 
magnet is insertable therein. 

51. The distal targeting system according to claim 50, 
Wherein said appliance comprises an intramedullary nail. 

52. The distal targeting system according to claim 47, 
Wherein said magnet is integral With said target. 

53. The distal targeting system according to claim 52, 
Wherein said target comprises an intramedullary nail. 

54. The distal targeting system according to claim 47, 
further comprising a plurality of locating elements having 
location ?eld detectors therein, said locating elements being 
disposed at knoWn locations With respect to a ?Xed frame of 
reference, Wherein said signal processor is responsive to said 
locating elements to determine a corrected indication of said 
location of said target. 

55. A distal targeting system for determining the location 
and orientation of an instrument relative to a target, com 
prising: 

a movable guide assembly for guiding the instrument 
toWard the target; 

one or more ?rst ?eld elements in said guide assembly; 
one or more second ?eld elements disposed at knoWn 
locations With respect to said target, said ?rst ?eld 
elements and said second ?eld elements being sensors 
or ?eld generators, Wherein at least one of said ?rst 
?eld elements and said second ?eld elements is a said 
sensor, said ?eld generators generating knoWn distin 
guishable ?elds in response to drive signals, and said 
sensors producing sensor signals in response to said 
?elds, said sensors having knoWn alignments With an 
aXis of said target; 

one or more third ?eld elements, said third ?eld elements 
being said ?eld generators; 

a signal processor responsive to said drive signals and 
said sensor signals for producing three location coor 
dinates of a point on said guide assembly and tWo 
orientation coordinates of an aXis of said guide assem 
bly; and 
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a display responsive to said signal processor that provides 
an indication of a location of said point With respect to 
said target and of an alignment betWeen said aXis of 
said guide assembly and said aXis of said target. 

56. The distal targeting system according to claim 55, 
Wherein said ?rst ?eld elements are said ?eld generators, and 
said second ?eld elements are said sensors, said second ?eld 
elements being responsive to distinguishable ?elds of said 
?rst ?eld elements and said third ?eld elements. 

57. The distal targeting system according to claim 55, 
Wherein said ?rst ?eld elements are said sensors, and said 
second ?eld elements are said ?eld generators, said ?rst ?eld 
elements being responsive to distinguishable ?elds of said 
second ?eld elements and said third ?eld elements. 

58. The distal targeting system according to claim 55, 
Wherein said ?rst ?eld elements and said second ?eld 
elements are said sensors. 

59. The distal targeting system according to claim 58, 
Wherein said ?rst ?eld elements and said second ?eld 
elements are Wireless and poWered by ?elds of said third 
?eld elements. 

60. The distal targeting system according to claim 55, 
Wherein said display is integral With said guide assembly. 

61. The distal targeting system according to claim 55, 
Wherein said display comprises a ball-and-crosshairs indi 
cation. 

62. The distal targeting system according to claim 55, 
Wherein said sensors are Wireless sensors. 

63. The distal targeting system according to claim 55, 
Wherein said indication comprises ?ve positional and ori 
entation coordinates. 

64. The distal targeting system according to claim 55, 
Wherein said target comprises a holloW appliance, and said 
sensors are insertable therein. 

65. The distal targeting system according to claim 64, 
Wherein said target comprises an intramedullary nail. 

66. The distal targeting system according to claim 55, 
Wherein said sensors are integral With said target. 

67. The distal targeting system according to claim 66, 
Wherein said target comprises an intramedullary nail. 

68. The distal targeting system according to claim 55, 
further comprising a plurality of locating elements having 
location ?eld detectors therein, said locating elements being 
disposed at knoWn locations With respect to a ?Xed frame of 
reference, Wherein said signal processor is responsive to said 
locating elements to determine a corrected indication of said 
location of said point. 

69. Amethod for determining the location and orientation 
of an instrument relative to a target, comprising the steps of: 

generating one or more distinguishable ?elds; 

sensing a strength and an orientation of each of said ?elds 
at knoWn locations With respect to said target; 

providing a movable hand-held guide assembly for direct 
ing said instrument to said target; 

providing a display on said assembly, said display indi 
cating a location of a point of said assembly relative to 
said target and of an alignment betWeen an aXis of said 
assembly and an aXis of said target; and 

after performing said step of sensing, calculating three 
location coordinates of said point relative to said target. 




