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The present invention discloses a two-stage locating device
and the method thereof. In stage-one, the preliminary locating
device finds the approximate area of the locking hole
encircled with the magnetic material on the intramedullary
nail. In stage-two, the pinpoint device has a plurality of tar-
geting devices and includes a transparent plate with a plural-
ity of alignment lines. According to the deviations between
each pointing device and the alignment lines, the direction of
the pinpoint device for further adjustment can be determined.
The present invention can determine the position and the
orientation of the locking hole on the intramedullary nail
quickly and precisely to shorten the time spent to implant the
intramedullary nail. Furthermore, the present invention can
also have a conductive circuit to connect to an alarm device.
Thus, the precise location can be determined through the
different alarm signals based on the contact conditions
between each directing devices and the conductive circuit.
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LOCATING SYSTEM FOR LOCKING HOLE
OF INTRAMEDULLARY NAIL

RELATED APPLICATIONS

[0001] This application claims the benefit of Taiwan Patent
Application No. 103107101, filed on Mar. 3, 2014, at the
Taiwan Intellectual Property Office, the entire disclosure of
which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention discloses a system including
two location apparatuses for the intramedullary nail and a
location method thereof and specifically refers to the location
apparatuses for a locking hole of an intramedullary nail and a
location method thereof which are applied to a two-stage
location procedure. The location apparatus takes advantages
of the force at a distance generated from magnetic fields or
electromagnetic fields to detect the position and the orienta-
tion of the locking hole of an intramedullary nail.

BACKGROUND OF THE INVENTION

[0003] At present, An intramedullary nail is the main
method to fix a fractured long bone to let it heal at present. As
shown in FIG. 1, the basic structure of the intramedullary nail
includes a long intramedullary nail 11 having an intramedul-
lary nail locking hole 12, and a locking screw 22 correspond-
ing to the intramedullary nail locking hole 12. In the pro-
cesses to re-connect a broken portion 13 of the long bone 14
and to fasten the intramedullary nail 11, the locking screw 22
has to pass through the intramedullary nail locking hole 12 on
the intramedullary nail 11, and has to be locked at one end of
the fractured long bone 14. In the situation that the intramed-
ullary nail 11 cannot be seen, it is usually the most time-
consuming step in the whole processes to find the exact posi-
tion and the orientation of the intramedullary nail locking
hole 12 which is already inserted into the interior of the long
bone 14.

[0004] Inclinical situations, there are two methods to locate
the intramedullary nail locking hole. The first method uses a
parallel mechanism to assist in determining the location. The
method takes one end of the intramedullary nail that is not
inserted into the long bone marrow as a reference point, which
is connected to a parallel mechanism to guide to the location.
However, the intramedullary nail is forced during the surgery,
and thus it is easy for it to be deformed or twisted. For that
reason, a location error to the intramedullary nail locking hole
can easily be made. Hence, this method is not suitable to a
situation where the intramedullary nail locking hole is
inserted into the deep interior of long bone marrow. The other
method uses X-ray imaging to assist in the location. The
photograph of long bone is taken by X-ray, and then the
position of the intramedullary nail locking hole in the long
bone can be observed directly on the photograph. However,
this method causes the patients and the medical personnel to
be exposed to radiation, and it causes concern that this
method may jeopardize the health of the medical personnel
who frequently use this method frequently.

[0005] Mostlocation methods without radiation in the prior
art can only find the position of intramedullary nail locking
hole, but cannot quickly determine the accurate orientation of
the intramedullary nail locking hole. Taking the optical loca-
tion method as an example, a light source is inserted from the
end of the intramedullary nail locking hole that does not enter
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the long bone marrow. When the light source is put at the
place near the intramedullary nail locking hole, the light from
the light source can be emitted through the intramedullary
nail locking hole and through the bone, the tissue and the skin.
Finally, a light spot can be seen on the surface of the limb of
the patients. The advantage of this location method is that it
can be performed quickly, but the disadvantage thereofis that
the light spot becomes too large after passing through the
tissue and the skin to determine the accurate position and
orientation of the intramedullary nail locking hole due to the
diffusion of the light spot.

[0006] Apart from this, the methods disclosed by the pat-
ents that apply the principle of magnetics as the location
method are still unable to locate the position and the orienta-
tion of the locking hole. For example, a location method
disclosedin U.S. Pat. No. 5,411,503 is that during the location
procedure, two electromagnets are inserted into the intramed-
ullary nail, and are conducted with the alternating current to
generate two alternating electromagnetic fields. The coils
aligned in perpendicular to one another outside the intramed-
ullary nail are used 1o induct the alternating electromagnetic
fields. When the induction current in the coils is zero, the
location procedure is completed. In this method, the device
with high intensity current has to be placed into the body. That
causes a safety risk of electric shock. Furthermore, it is nec-
essary to use four outer coils in this method. However, the
magnetic fields generated by these outer coils interfere with
one another, which could lead to a location error. In addition,
during the location procedure, the proper adjustment direc-
tion to the location device cannot be obtained. The reduction
of the location time is limited due to the trial and error steps
that are necessary with this method.

[0007] U.S. Pat.No. 5,049,151 discloses an intramedullary
nail equipped in its interior with a permanent magnet, and its
location device is a magnet set on a universal joint to freely
rotate. When the location device gets close to the permanent
magpnet inside the intramedullary nail, the magnet on the
location device is attracted to complete the location proce-
dure. However, in fact, when only a single magnet is adopted
in the location device, the given direction only represents the
gradient direction of the magnetic field of the permanent
magnet. That is not the necessary direction in which the long
bone should be drilled. Furthermore, when the single magnet
on the location device is attracted by the permanent magnet
onto the surface of the long bone, the direction of the single
magnet also fails to identify the direction which should be
followed to drill. There is still a problem to locate the orien-
tation of the locking hole because the direction which should
be followed may not be vertical to the surface of the long bone
where the single magnet is attracted.

[0008] U.S. Pat. No. 5,514,145, similar to U.S. Pat. No.
5,049,151, discloses that a single magnet is set on a universal
joint and an additional location needle. After the location
procedure is completed, the location needle is launched to the
long bone. However, this method also has the same disadvan-
tages as U.S. Pat. No. 5,049,151.

[0009] U.S.Pat.No. 6,162,228 improves the position of the
permanent magnet. A slender stick is inserted into an
intramedullary nail from the end of the intramedullary nail
outside the marrow, and a permanent magnet enters the
intramedullary nail along with the slender stick. The position
of the permanent magnet deviates a distance from the locking
hole, and thus the permanent magnet does not prevent the drill
from passing through the locking hole. That allows the bone
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to be drilled immediately after the location procedure is com-
pleted. However, the magnetic location device detects the
magnetic field by one single outer magnetic rod as well. It is
similar to U.S. Pat. No. 5,049,151 and U.S. Pat. No. 5,514,
145. When the single magnetic rod is attracted by the mag-
netic field, the single magnetic rod indicates only the gradient
direction of the magnetic field of the permanent magnet. It
only determines the position of the locking hole, but cannot
determine the orientation of the locking hole.

[0010] InU.S.Pat. No. 7,753,913, an active magnetic sen-
sor array is used, and they are arranged according to the shape
ofthe magnetic field generated by the implanted magnet. The
sensor array determines the direction of the magnetic field
according to the various magnitudes of the magnetic flux in
different positions. When the sensor array detects the same
magnetic flux, the location procedure is completed. Operat-
ing this system is more complicated and is not direct. The
reduction in location time is limited due to the trial and error
steps that are necessary when using this device.

SUMMARY OF THE INVENTION

[0011] The present invention discloses a location system
including a targeting apparatus. The targeting apparatus has
multiple magnetic rods, which is characterized in that it is
easy to determine the orientation that should be adjusted to
the targeting apparatus in the locating process. In addition, the
targeting apparatus can find the position and orientation of the
locking hole quickly and precisely. According to the concept,
the Applicant discloses the contents of the present invention
as follows.

[0012] In accordance with an aspect of the present inven-
tion, a location system for a locking hole of an intramedullary
nail and a location method thereof are disclosed. The system
and method take advantage of magnetic location in a two-
stage approach which can reduce the range to search and
determine the orientation that should be adjusted to the tar-
geting apparatus during the locating process. Thus, the posi-
tion and orientation of the locking hole of the intramedullary
nail can be determined precisely. The system includes:

[0013] An intramedullary nail: the intramedullary nail dis-
closed in the present invention has a special locking hole. The
locking hole is circled with magnetic material in which the
directions of the poles in the magnetic material are parallel to
the entrance direction of the locking screw. After the
intramedullary nail is implanted into the intramedullary of a
long bone, the location is performed. After the location, the
drilling can be immediately performedusing the lock and
connection between the locking screw and the locking hole of
the intramedullary nail, the fracture of the long bone can be
fixed with the intramedullary nail.

[0014] Preliminary locating apparatus: this is composed of
an elastomer having a locating hole and a plurality of magnets
fastened with the elastomer around the locating hole. The
plurality of magnets are used to quickly look for the approxi-
mate range of the magnetic material circling the locking hole
to reduce the search area to the following location.

[0015] Pinpoint apparatus: this is composed of a transpar-
ent bearing plate and a plurality of pointing devices including
the magnetic rods, wherein the transparent bearing plate has
alignment lines corresponding to the pointing devices to
determine the position and the orientation of the locking hole
of the intramedullary nail. During location with the pinpoint
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apparatus, the orientation that should be adjusted to the pin-
point apparatus can be determined to reduce the search time to
the location.

[0016] In accordance with another aspect of the present
invention, a magnetic targeting apparatus is disclosed. The
magnetic targeting apparatus includes: (A) atransparent bear-
ing plate having a top surface, a bottom surface, and three
containing through holes equally distant from one another
extending from the top surface to the bottom surface, each of
which is divided into an upper section, a lower section, and a
middle section having a diameter larger than that of the lower
section, and three pointing devices, each of which includes:
(Al) a spherical embedded portion disposed in the middle
section of the respective containing through hole; (A2) a first
pointing end having one magnetic pole, passing through the
upper section of the respective containing through hole, and
connected to the spherical embedded portion; (A3) a second
pointing end having the other magnetic pole, passing through
the lower section of the respective containing through hole,
coaxial with the first pointing end, and connected to the
spherical embedded portion; and (A4) a conductive layer
covering the spherical embedded portion, the first pointing
end and the second pointing end; (B) a first conductive circuit
disposed on the transparent bearing plate and electrically
coupled to the conductive layer; and (C) a transparent posi-
tioning plate disposed on the transparent bearing plate in
parallel, having three positioning through holes and includ-
ing: (C1) a height adjuster that adjusts the height as measured
from the transparent bearing plate to the transparent position-
ing plate; (C2) three hole walls defining the three positioning
through holes, which correspond to the three containing
through holes respectively, and each of which passes there-
through a respective one of the first pointing ends and the
second pointing ends; and (C3) a second conductive circuit
having three tubular conductors electrically coupled to one
another and disposed on the three hole walls respectively.

[0017] In accordance with a further aspect of the present
invention, a magnetic targeting apparatus is disclosed. The
magnetic targeting apparatus includes: (A) a bearing compo-
nent having a first surface, a second surface opposite to the
first surface, and three containing through holes extending
from the first surface to the second surface; and (B) three
pointing devices, each of which includes: (B1) a spherical
portion embedded in the respective containing through hole;
(B2) a first pointing end having a first magnetic pole and
protruding from the spherical portion to the first surface; and
(B3) a second pointing end having a second magnetic pole
and protruding from the spherical portion to the second sur-
face.

[0018] Inaccordance with yet another aspect of the present
invention, a magnetic targeting apparatus is disclosed. The
magnetic targeting apparatus includes: (A) a positioning ring
having an exterior surface; (B) a plurality of pointing devices
coplanar with the positioning ring, and each of which
includes: (B1) a ball-joint bearing portion having a through
hole with a symmetrical axis, and a ball-like space having a
center located on the symmetrical axis; and (B2) a ball-joint
embedded portion which has a ball-like body embedded in the
ball-like space and passing therethrough a magnetic rod pass-
ing through the through hole; and (C) a plurality of connect-
ing shafts, each of which has a first end connected to the
positioning ring and a second end portion pivotally connected
to the respective pointing device.
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[0019] The above objects and advantages of the present
invention will become more readily apparent to those ordi-
narily skilled in the art after reviewing the following detailed
descriptions and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows the internal configuration of the prior
art intramedullary nail.

[0021] FIG.2A shows the intramedullary nail of the present
invention.

[0022] FIG. 2B and FIG. 2C are the longitudinal section
views of the configurations of the intramedullary nail of the
present invention.

[0023] FIG. 3A is the side view of the preliminary locating
apparatus of the present invention.

[0024] FIG. 3B is the top view of the preliminary locating
apparatus of the present invention.

[0025] FIG. 3Cisthecross-section view of the preliminary
locating apparatus when it performs the stage-one location
onto a locking hole circled with a magnetic material.

[0026] FIG. 4 shows one embodiment of the pinpoint appa-
ratus of the present invention.

[0027] FIG.S5 is the longitudinal section view of the point-
ing device of one embodiment of the present invention.
[0028] FIG. 6 is the longitudinal section view along one
alignment line, the sigh hole and anyone of the rest alignment
lines of an embodiment of the pinpoint apparatus of the
present invention when it performs the stage-two location
onto a locking hole enclosed with a magnetic material.
[0029] FIGS. 7A to 7C are the top views of an embodiment
of the pinpoint apparatus of the present invention when it
performs the stage-two location onto a locking hole enclosed
with a magnetic material.

[0030] FIG. 8 shows an embodiment of the pinpoint appa-
ratus of the present invention when it is installed with an
additional alarm device.

[0031] FIGS.9A t09C are the circuit diagrams of the alarm
device of an embodiment of the present invention when it is
operated to determine the location and orientation of the
locking hole.

[0032] FIGS.10A to 10C show an embodiment of the pin-
point apparatus of the present invention when it is installed
with the additional alarm device and a relay circuit.

[0033] FIGS. 11A to 11B show the implementation of
adjusting the location accuracy of the positioning plate.
[0034] FIGS. 12A to 12B show the configuration of the
pointing devices to calibrate the minimum distance between
them.

[0035] FIG. 13 is the calibration result of the minimum
distance between the pointing devices.

[0036] FIG. 14 is the calibration result of the horizontal
accuracy of the pinpoint apparatus.

[0037] FIG. 15 shows the configuration of the pinpoint
apparatus when calibrating the angle accuracy of the pinpoint
apparatus.

[0038] FIG. 16 is the calibration result of the angle accu-
racy of the pinpoint apparatus.

[0039] FIGS.17A to 17C show another embodiment of the
pinpoint apparatus of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] The present invention will now be described more
specifically with reference to the following embodiments. It
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for the
purposes of illustration and description only; they are not
intended to be exhaustive or to be limited to the precise form
disclosed.

[0041] When the intramedullary nail 11 having the
intramedullary nail locking hole 12 circled with the magnetic
material 21 is implanted into the intramedullary of the long
bone 14, the possible section of the long bone 14 covering the
intramedullary nail locking hole 12 can be estimated by the
intrinsic length of the intramedullary nail 11, and then the
preliminary (stage-one) location, as shown in FIG. 3(c), is
performed by the preliminary locating apparatus 30 as shown
in FIGS. 3(a) and 3(b). The coupling between the magnetic
fields generated by the plurality of magnets 31 of the prelimi-
nary locating apparatus 30 and magpetic fields generated by
the magnetic material 21 causes the preliminary locating
apparatus to target the location and stay in the same area on
the long bone 14 which is to be drilled. After that, the area to
be pinpointed subsequently by the pinpoint apparatus can be
determined with the preliminary locating hole 33.

[0042] The operation principle of the pinpoint apparatus
can be understood by referring to FIGS. 4 and 5. The pinpoint
apparatus has three identical containing through holes 53 to
hold three magnetic rod type pointing devices 50. These three
pointing devices 50 are installed in the same magnetic direc-
tion on a hypothetical circle on the transparent bearing plate
42, in which the center of the hypothetical circle is a through
sighthole 43. The transparent bearing plate 42 is marked with
three alignment lines 44 corresponding to the pointing
devices 50. The user carries out the location procedure by
adjusting the position and orientation of the transparent bear-
ing plate 42 to cause each pointing device 50 to align with
each corresponding alignment line 44. When the location
procedure is completed, the through sight hole 43 aligns with
the position and orientation of the magnetic material 21 cir-
cling the intramedullary nail locking hole 12 as shown in FIG.
2 and aligns with the position and orientation of the intramed-
ullary nail locking hole 12. Finally, the user can drill accord-
ing to the position and orientation.

[0043] FIG.5is the longitudinal section view of an embodi-
ment of the pointing device. Each pointing devices 50 is
composed ofa spherical embedded portion 51 and a magnetic
rod 52 passing through the center of the spherical embedded
portion 51 and connecting to the spherical embedded portion
51. Itis conducive to the location procedure that the influence
of gravity is diminished by making the center of gravity of the
entire pointing device 50 superimpose on the center of gravity
of the spherical embedded portion 51. The spherical embed-
ded portion 51 is embedded in the containing through hole 53
of the transparent bearing plate 42 to allow the spherical
embedded portion 51 to rotate freely but not change its posi-
tion. Therefore, when each pointing devices 50 enters the
effective magpetic field of the magnetic material 21 circling
the intramedullary nail locking hole 12, the magnetic rod 52
of each pointing devices 50 is attracted by the magnetic
material 21 to cause each pointing devices 50 to swing with
respect to the gravity centers of each pointing device 50.
Finally, the pointing devices 50 are going to direct themselves
toward the intramedullary nail locking hole 12.
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[0044] FIG. 6 shows the magnetic field with a symmetrical
axis in the surrounding space generated by the magnetic
material 21 circling the intramedullary nail locking hole 12.
When each pointing devices 50 is influenced by the magnetic
field 61 to move to the same swing angle toward the through
sight hole 43 of the transparent bearing plate 42, the direction
ofthe through sight hole 43 is the direction of the locking hole
12, which allows allowing the locking screw 22 to screw into.

[0045] During the location procedure, the transparent bear-
ing plate 42 allows the user to observe the portions of the
pointing devices 50 under the transparent bearing plate 42.
The user can determine the adjustment position, direction and
angle desired to the pinpoint apparatus by the relative direc-
tions between each pointing device 50 and each correspond-
ing alignment line 44 to diminish the adjustment time of the
location procedure.

[0046] The method to determine how to adjust the position
of the pinpoint apparatus is demonstrated in FIGS. 7(a) and
7(b). When each pointing devices 50 does not align with each
corresponding alignment lines 44 as shown in FIG. 7(a), the
pinpoint apparatus is moved toward the position directed by
the three magnetic rods 52. When the three magnetic rods 52
approximately target the through sight hole 43, approxi-
mately align with the corresponding alignment lines 44 and
cannot further align with the alignment lines 44 as shown in
FIG.7(b), the tilt of the pinpoint apparatus is tuned by rotating
along the direction 72 with respect to the horizontal axis 71 to
finely adjust the position and orientation of the pinpoint appa-
ratus. According to the change of the swing angle of each
magnetic rod 52, the position and orientation of the transpar-
ent bearing plate 42 can be adjusted to cause each magnetic
rod 52 and each corresponding alignment line 44 to com-
pletely align. The steps above may have to be repeated until
the through sight hole 43 is completely coaxial with the
intramedullary nail locking hole 12 as shown in FIG. 7(c).

[0047] The function of three pointing devices can be com-
pleted by setting only two pointing devices and adjusting the
transparent bearing plate 42 based on the corresponding
alignment lines 44 because all the pointing devices 50 can
freely rotate with respect to the transparent bearing plate 42.
However, the configuration of two pointing devices increases
the difficulty of the alignment and may not obtain the exact
orientation of the intramedullary nail locking hole 12. The
third pointing device 50 causes the extension directions of the
three pointing devices to converge to form a narrow area
under the transparent bearing plate 42. That allows the exact
position and orientation of the intramedullary nail locking
hole to be determined quickly and precisely.

[0048] This location approach is easily determines the
adjustment direction which should be adopted for the pin-
point apparatus. Therefore, the position and orientation of the
intramedullary nail locking hole 12 can be determined
quickly and the location time can be decreased. Preferably,
the weight of both ends of each magnetic rod 52 with respect
to its center in the pointing devices 50 is configured to be
equal. During the location procedure, it is not necessary for
the pinpoint apparatus to be horizontal and it is adjustable to
adapt to the position of the surgical patient to perform the
location procedure in different orientations because any
errors caused by gravity can be minimized because each
magnetic rods 52 in the pointing devices 50 has an equal
weight at both ends with respect to its center.
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[0049] The pinpoint apparatus may further include an
alarm device to assist with the determination of the precise
location procedure with the signals in the form of sounds or
lights.

[0050] It can be understood by referring to FI1G. 8 that the
configuration of the alarm device is related to the positioning
plate 82 corresponding to the transparent bearing plate 42, the
height adjustor 81, the first conductive circuit 85 and the
second conductive circuit 86 shown in FIG. 8. The bold lines
in the figure are the conductive circuits 85 and 86. The first
conductive circuit 85 can be deposed on the top surface or the
bottom surface of the transparent bearing plate 42. The first
conductive circuit 85 always contacts each pointing device 50
which is coated with a conductive layer and the first conduc-
tive circuit 85 can be electrically coupled to the second con-
ductivecircuit 86 by the switch served by any one the pointing
devices 50.

[0051] The positioning plate 82 is suitable for different
height adjustors 81 with various heights to change the height
between the positioning plate 82 and the transparent bearing
plate 42.

[0052] Itis preferable that the diameter of the through sight
hole 43 matches the diameter of the corresponding through
sight hole 83 of the positioning plate 82. Therefore, the posi-
tioning plate 82 should be made with transparent material
because an opaque positioning plate having the diameter of
the corresponding through sight hole 83 similar to the diam-
eter of the through sight hole 43 leaves no gaps to observe the
portions of the pointing devices 50 below the opaque posi-
tioning plate from the top of the entire pinpoint apparatus.
[0053] Thealarm device can further include a light emitting
diode (LED) and adirect-current (DC) power supply, and thus
during the location procedure, the completion of the location
can be determined by the on and off condition of the LED that
is the result of the different conductive conditions between
the first conductive circuit 85 and the second conductive
circuit 86 which can be electrically coupled to any one of the
pointing devices 50 coated with a conductive layer.

[0054] The other way to implement the second conductive
circuit 86 is to make the transparent bearing plate 42 with
conductive material to form the first conductive circuit 85 as
shown in FIG. 9(a).

[0055] The way to determine the location of the alarm
device is demonstrated in FIGS. 9(a)~9(c). When there is a
horizontal deviation between the pinpoint apparatus and the
locking hole 12, the magnetic field of the magnetic material
21 deflects the pointing devices. Any one of the deflected
pointing devices 50 can electrically connect to the first con-
ductive circuit 85 and the second conductive circuit 86 to
enable the alarm device such as the first LED 91 as shown in
FIG. 9(a). When there is an angular deviation between the
pinpoint apparatus and the locking hole 12, at least one of the
deflected pointing devices 50 can electrically connect to the
first conductive circuit 85 and the second conductive circuit
86 to enable the alarm device such as the first LED 91 as
shown in FIG. 9(b). When the location procedure is com-
pleted, all of the three magnetic rods 52 directs to the mag-
netic material 21. None of the pointing devices 50 are
deflected to electrically connect to the first conductive circuit
85 and the second conductive circuit 86. The alarm device
such as the first LED 91 is disabled as shown in FIG. 9(c).
[0056] Therefore, when there is any deviation during the
stage-two location procedure, the alarm device is active.
When the location procedure is completed, the alarm device
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becomes inactive, and the intuitional alarm function is
achieved. The optical alarm device shown in FIGS. 9(a)~9(c)
can also be replaced by a sound alarm device.

[0057] The alarm device can further include a relay circuit
101 to cooperate with the first conductive circuit 85 and the
second conductive circuit 86 to form a double alarm device.
The relay circuit 101 includes LEDs to accomplish the func-
tion of the double alarm device, in which, the user can moni-
tor the current progress of the location procedure through the
signals of the different lights. The circuit diagrams are shown
as FIGS. 10(a) and 10(b), in which, the first conductive circuit
85 and the second conductive circuit 86 cooperate with the
alarm device and are electrically coupled to the relay circuit
101.

[0058] As shown in FIGS. 10(a) and 10(5), when the loca-
tion procedure is still in progress, the first conductive circuit
85, the second conductive circuit 86 and the alarm device are
electrically connected due to the deflection of the pointing
devices 50 caused by the magnetic rods 52. Therefore, the first
LED 102 is active and the second LED 103 attached to the
relay is inactive. The first LED 102 provides not only the
confirmation that the location procedure is not completed yet,
but also the confirmation that the first conductive circuit 85
and the second conductive circuit 86 are electrically con-
nected and the circuits are functioning properly. As shown in
FIG. 10(c), when the location procedure is completed, the
magnetic rods 52 of the of the pointing devices 50 do not
contact the second conductive circuit 86 on the positioning
plate 82, and thus the first conductive circuit 85 and the
second conductive circuit 86 are an open circuit. For that
reason, the first LED 102 is inactive and the second LED 103
on the other loop of the relay circuit 101 is active, which
means that the drilling may proceed.

[0059] In conclusion, during the location procedure per-
formed with the pinpoint apparatus, there are two factors to
determine whether the location procedure is accomplished or
not. (1) the activation of the light of the alarm device changes
from the first LED 102 to the second LED 103; and (2) the
alignment between the magnetic rods 52 and the alignment
lines 44. In which, before the location procedure is accom-
plished, the angular deviations between the magnetic rods 52
and the alignment lines 44 can be seen clearly. Thus, the
position and the angle of the pinpoint apparatus can be further
adjusted according to the direction indicated by the pointing
devices 50.

[0060] The alarm device has the function to turn on the
alarm and the positioning plate cooperating with the alarm
device has the function to adjust the accuracy of the pinpoint
apparatus. As shown in FIGS. 11(a) and 11(b), the intersec-
tion 111 (or 111" is defined by the swing range of each
magnetic rod 52, which is the possible location space of the
intramedullary nail locking hole 12. The size of the location
space is limited by the diameter of the positioning through
hole 113 (or 113"). In the situation shown in FIG. 11(a), the
diameter d of the positioning through hole 113 is larger, and
thus the intersection 111 is larger. In the situation shown in
FIG. 11(d), the diameter d' of the positioning through hole
113' is smaller, and thus the intersection 111 is narrower, and
the accuracy of the pinpoint apparatus is increased.

[0061] There are three pointing devices in the present
invention, wherein each pointing device has a magnetic rod
52.To avoid the interference between the magnetic rods 52 of
the pointing devices 50, the horizontal distance without inter-
ference with one another between two pointing devices has to
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be measured and calibrated. The setting of two pointing
devices during the measurement is shown as FIGS. 12(@) and
12(b). Two pointing devices 50 are set on the test platform
121, in which the pointing devices 50 can horizontally slide
on the test platform 121 and the magnetic directions of both
the pointing devices 50 are the same. For example, both
magnetic north poles of the pointing devices 50 are up. Fol-
lowing this, the pointing devices 50 are separated from each
other far enough to avoid the interference of their magnetic
fields, and the top ends of the pointing devices 50 are set as
pointing to each other as much as possible. In the next step,
the pointing devices 50 are pushed closer to each other. When
the top end of the magnetic rods 52 of the pointing devices 50
are repel to each other as shown in FIG. 12(5), the distance X
between the pointing devices 50 and 50' is measured and
recorded.

[0062] The results of ten measurements are charted in FIG.
13. The results show that the effective horizontal distance of
the repelling forces between the magnetic rods 52 of the
pointing devices 50, in which the minimum effective horizon-
tal distance is 32 mm. This means that there is no interference
between the magnetic rods 52, when the pointing devices 50
and 50' are separated from each other more than at least this
distance.

[0063] The accuracy of the present invention was verified
by location accuracy measurements which include the hori-
zontal accuracy measurement and angular accuracy measure-
ment.

[0064] In the condition that the magnetic material 21 cir-
cling around the locking hole 12 is parallel to the pinpoint
apparatus, the horizontal accuracy measurement verified the
horizontal accuracy when the location procedure is accom-
plished. The pinpoint apparatus is fixed, the double alarm
device is turned on, and magnetic material 21 is placed far
away from the pinpoint apparatus as shown in FIG. 10(a). At
this time, the first LED 102 is active, and then, the magnetic
material 21 is moved to get close to the position directly
below the sight hole 43. When the first LED 102 is inactive,
the second LED 103 is active, all the magnetic rods 52 align
with the alignment lines 84 (or 44), and the horizontal dis-
tance Xp between the center of the pinpoint apparatus and the
magnetic material 21 is recoded. After that, the magnetic
material 21 is moved away from the pinpoint apparatus
through the projection of the sight hole 43 to the opposite
direction. When the first LED 102 is active and the second
LED 103 is inactive, the horizontal distance Xp between the
center of the pinpoint apparatus and the magnetic material 21
is recoded again.

[0065] The results are plotted as FIG. 14. The results show
that when the height between magnetic material 21 and the
pinpoint apparatus is 16~20 mm, the error value of the hori-
zontal accuracy is less than 2.1 mm.

[0066] When the magnetic material 21 circling around the
locking hole 12 is roughly aligned to the sight hole 43 of the
pinpoint apparatus as shown in FIG. 7(b), the angular accu-
racy measurement is used to determine the angular accuracy
based on the angle of dip of the magnetic material 21 as the
location procedure is accomplished.

[0067] As shown in FIG. 15, the magnetic material 21 used
to circle the intramedullary nail locking hole 12 is fixed on an
rotational platform which can rotate along the direction 153
with respect to a horizontal axis and the double alarm device
(not shown) is turned on. In the initial state of the angular
accuracy measurement, the central axis 151 of the magnetic
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material 21 is set as vertical to the central axis 152 of the
pinpoint apparatus, and the first LED 102 is active at that time.
The rotational platform is rotated to make the central axis 151
10 be superimposed on the central axis 152. When the first
LED 102 is inactive, the second LED 103 1s active and all the
magnetic rods 52 of three pointing devices 50 align with the
alignment lines 84 (or 44), the included angle Op between the
central axis 151 and central axis 152 is recorded. Then, the
rotation continues till the first LED 102 is active and the
second LED 103 is inactive. At this time, the included angle
Op between the central axis 151 and central axis 152 is
recorded again. The included angle Op is equal to the angle of
dip of the magnetic material 21. The results are plotted in FIG.
16. The results show that the error value of the angular accu-
racy is less than 7 degrees when the vertical distance between
the magnetic material 21 and the pinpoint apparatus is 16~20
mm.

[0068] Tibias form pigs were used to perform the drilling
test as follows. First, the approximate area of the magnetic
material 21 circling the intramedullary nail locking hole 12
was located with the preliminary location apparatus, and then
the position and the orientation of the intramedullary nail
locking hole 12 was determined with the pinpoint apparatus.
After the location procedure was completed, the additional
fastening mechanism was applied to fasten the pinpoint appa-
ratus, and the drilling was performed. The time to locate, the
time to drill and whether the drill passed through the
intramedullary nail locking hole 12 inside the pig tibia were
recorded.

[0069] Each oftwo different operators performed the drill-
ing test 5 times, and results are in the following table. The drill
passed through the intramedullary nail locking hole 12 every
time. The time to perform the stage-one location was 4~10
sec, the time to perform the stage-two location was 32~238
sec and the time to perform the entire location procedure was
36~248 sec, which is less than 5 min. The time to drill was
29~295 sec. The total of the time to drill plus the time to
perform the entire location procedure is 109~450 sec, which
is less than 8 min.

[0070] Results of the drilling test of the pig tibia:

Test No. Stage-one location  Stage-two location  Drilling  Total
The first operator
1 8 238 204 450
2 5 185 78 268
3 5 109 49 163
4 4 102 81 187
5 9 114 217 340
The second operator

1 10 32 160 202
2 9 93 108 210
3 5 51 53 109
4 6 169 29 204
5 10 97 295 402

Unit: second

[0071] As shown in FIG. 17, the concept of the present
invention can also be implemented with a magnetic location
apparatus having the following structure, which includes: (a)
an positioning ring 171; (b) a plurality of magnetic pointing
device 172 separated from one another by the same distance,
wherein each of which includes (b1) a ball-joint bearing
portion 173 having (b11) a through hole which has two
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entrances 174 and 174' on the surface of the ball-joint bearing
portion 172, penetrates the ball-joint bearing portion 172 and
has a symmetric axis, and (b12) a ball-like space 175 which is
inside the ball-joint bearing portion 173 having a center
superimposed on the symmetric axis; and (b2) a ball-joint
embedded portion having (b21) a ball-like body 176 embed-
ded in the ball-like space 175 and (b22) a magnetic rod 177
which is connected to the ball-like body 176 passing through
both of the entrances 174 and 174'; and (c) a plurality of
connecting shafts 178, each of which has one end to connect
to the positioning ring 171 and the other end portion to ver-
tically pivot only one ball-joint bearing portion 173.

[0072] Inwhich, each balljoint embedded portion is made
up of conductors and each ball-joint embedded portion fur-
ther includes two conductive rings 179 and 179" disposed
along the two entrances 174 and 174' and an alarm device
electrically coupled to the two conductive rings 179 and 179'.
[0073] Furthermore, each connecting shaft 178 can be
composed of a stretchable sleeve joint. Thus, each distance
between each of the magnetic pointing devices and the posi-
tioning ring can be modified to fit various surgical situations.
[0074] All the measurements and calibrations mentioned
above are suitable to this embodiment. However, in this
embodiment, the suitable angle of dip to every ball-joint
embedded portion 173 and the suitable length of every con-
necting shaft 178 is determined in advance and correspond-
ingly the desired range of the inclination angle ¢ of every
magnetic rod 177 is set.

[0075] Comparing FIG. 17 and FIG. 8, it can be seen that
the two conductive rings 179 and 179' are functionally
equivalent to the first conductive circuit 85 and the second
conductive circuit 86, and the ball-joint embedded portion is
functionally equivalent to the pointing device 50.

[0076] The main difference between this embodiment and
the embodiments mentioned above is that the angle of dip for
each ball-joint embedded portion can be adjusted during the
location procedure. Therefore, the angle of dip for each ball-
joint embedded portion can be used to limit the range of the
inclination angle ¢ of each magnetic rod 177. This change can
be carried out easily even during the location procedure in the
surgery. In other embodiments, the range of the inclination
angle of each pointing device 50 has to be limited by the
positioning through hole 80 of the positioning plate 82.
Change of the range of the inclination angle of each pointing
device 50 means that the surgery has to be interrupted to
change to a different positioning plate. Thus, the convenience
when the configuration of this apparatus has to be changed is
the clearest advantage of this embodiment.

EMBODIMENTS

[0077] 1. A magnetic targeting apparatus, comprising: (A)
a transparent bearing plate having a top surface, a bottom
surface, and three containing through holes equally distant
fromone another extending from the top surface to the bottom
surface, each of which is divided into an upper section, a
lower section, and a middle section having a diameter larger
than that ofthe lower section, and three pointing devices, each
of which includes: (A1) a spherical embedded portion dis-
posed in the middle section of the respective containing
through hole; (A2) a first pointing end having one magnetic
pole, passing through the upper section of the respective
containing through hole, and connected to the spherical
embedded portion; (A3) a second pointing end having the
other magnetic pole, passing through the lower section of the
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respective containing through hole, coaxial with the first
pointing end, and connected to the spherical embedded por-
tion; and (A4) a conductive layer covering the spherical
embedded portion, the first pointing end and the second point-
ing end; (B) a first conductive circuit disposed on the trans-
parent bearing plate and electrically coupled to the conduc-
tive layer; and (C) a transparent positioning plate disposed on
the transparent bearing plate in parallel, having three posi-
tioning through holes and including: (C1) a height adjuster
adjusting a height as measured from the transparent bearing
plate to the transparent positioning plate; (C2) three hole
walls defining the three positioning through holes, which
correspond to the three containing through holes respectively,
and each of which passes therethrough one of the first point-
ing ends and the second pointing ends; and (C3) a second
conductive circuit having three tubular conductors electri-
cally coupled to one another and disposed on the three hole
walls.

[0078] 2.The magnetic targeting apparatus of Embodiment
1, wherein the transparent positioning plate is disposed on the
top surface of the transparent bearing plate.

[0079] 3. The magnetic targeting apparatus of any one of
Embodiments 1-2, wherein the transparent bearing plate has
a through sight hole extending from the top surface to the
bottom surface. and equally distant from the three containing
through holes; and the transparent positioning plate has a
corresponding through sight hole coaxial with the sight hole.
[0080] 4. The magnetic targeting apparatus of any one of
Embodiments 1 to 3, wherein when compared to a respective
containing through hole, the respective positioning through
hole has a center more distant from that of the corresponding
sight hole.

[0081] 5. The magnetic targeting apparatus of any one of
Embodiments 1 to 4, wherein the distance is a radius of the
spherical embedded portion.

[0082] 6. The magnetic targeting apparatus of any one of
Embodiments 1 to 5, further comprising a voltage/current
source electrically coupled to the first conductive circuit and
the second conductive circuit.

[0083] 7. The magnetic targeting apparatus of any one of
Embodiments 1 to 6, further comprising an alarm device
electrically coupled to the first conductive circuit and the
second conductive circuit, and emitting signals according to
one of a current change and a voltage change between the first
conductive circuit and the second conductive circuit.

[0084] 8. The magnetic targeting apparatus of any one of
Embodiments 1 to 7, wherein the signals are sounds having
different frequencies.

[0085] 9. The magnetic targeting apparatus of any one of
Embodiments 1 to 8, wherein the signals are lights having
different colors.

[0086] 10. The magnetic targeting apparatus of any one of
Embodiments 1 to 9, further comprising: an intramedullary
nail having a locking through hole; and a ring-like magnetic
material circling and coaxial with the locking through hole
and having a ring-like pole magnetically coupled to one of the
first pointing end and the second pointing end.

[0087] 11.A magnetic targeting apparatus, comprising: (A)
a bearing component having a first surface, a second surface
opposite to the first surface, and three containing through
holes extending from the first surface to the second surface;
and (B) three pointing devices, each of which comprises: (B1)
a spherical portion embedded in the respective containing
through hole; (B2) a first pointing end having a first magnetic
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pole and protruding from the spherical portion to the first
surface; and (B3) a second pointing end having a second
magnetic pole and protruding from the spherical portion to
the second surface.

[0088] 12. The magnetic targeting apparatus of Embodi-
ment 11, further comprising: a positioning plate disposed on
the bearing component and having three positioning through
holes, wherein the three positioning through holes corre-
spond to the three containing through holes to allow the first
pointing ends and the second pointing ends to pass through.
[0089] 13. The magnetic targeting apparatus of any one of
Embodiment 11 and 12, wherein the bearing component and
the three pointing devices are electrically coupled to one
another to form a first conductive circuit.

[0090] 14. The magnetic targeting apparatus of any one of
Embodiments 11 to 13, further comprising three conductive
rings, wherein each of the three positioning through holes has
an opening, each of the three conductive rings is disposed
around the opening, and the three conductive rings are elec-
trically coupled to one another to form a second conductive
circuit.

[0091] 15. The magnetic targeting apparatus of any one of
Embodiments 11 to 14, further comprising an alarm device
electrically coupled to the first conductive circuit and the
second conductive circuit, and emitting signals according to
conductive conditions between the first conductive circuit
and the second conductive circuit.

[0092] 16. The magnetic targeting apparatus of any one of
Embodiments 11 to 15, wherein the signals are sounds having
different frequencies.

[0093] 17. The magnetic targeting apparatus of any one of
Embodiments 11 to 16, wherein the signals are lights having
different colors.

[0094] 18. A magnetic targeting apparatus, comprising: (A)
apositioning ring having an exterior surface; (B) a plurality of
pointing devices coplanar with the positioning ring, each of
which comprises: (B1) a ball-joint bearing portion having a
through hole with a symmetrical axis, and a ball-like space
having a center located on the symmetrical axis; and (B2) a
ball-joint embedded portion which has a ball-like body
embedded in the ball-like space and a magnetic rod passing
through the through hole; and (C) a plurality of connecting
shafts, each of which has a first end connected to the posi-
tioning ring and a second end pivotally connected with the
respective pointing device.

[0095] 19. The magnetic targeting apparatus of Embodi-
ment 18, wherein the first end has a connecting end connected
to the positioning ring, and an opposite containing end having
a blind hole extended toward the positioning ring, and the
second end portion has a joint end pivotally connected with
the pointing device, and a sleeving end which fits inside and
can move within the blind hole.

[0096] 20. The magnetic targeting apparatus of any one of
Embodiments 18 and 19, wherein the through hole has two
ends, and each of the plurality of pointing devices is conduc-
tive and further comprises: two conductive rings disposed
around the two ends of the through hole respectively; and an
alarm device electrically coupled to the two conductive rings
and triggered by a conductive condition between the two
conductive rings.

[0097] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred Embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed Embodiments. On
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the contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims, which are to be accorded with the
broadest interpretation so as to encompass all such modifica-
tions and similar structures.

What is claimed is:

1. A magnetic targeting apparatus, comprising:

a transparent bearing plate having a top surface, a bottom
surface, and three containing through holes equally dis-
tant from one another extending from the top surface to
the bottom surface, each of which is divided into an
upper section, a lower section, and a middle section
having a diameter larger than that of the lower section,
and three pointing devices, each of which includes:

a spherical embedded portion disposed in the middle
section of the respective containing through hole;

a first pointing end having one magnetic pole, passing
through the upper section of the respective containing
through hole, and connected to the spherical embed-
ded portion;

a second pointing end having the other magnetic pole,
passing through the lower section of the respective
containing through hole, coaxial with the first point-
ing end, and connected to the spherical embedded
portion; and

aconductive layer covering the spherical embedded por-
tion, the first pointing end and the second pointing
end;

a first conductive circuit disposed on the transparent bear-
ing plate and electrically coupled to the conductive
layer; and

a transparent positioning plate disposed on the transparent
bearing plate in parallel, having three positioning
through holes and including:

a height adjuster adjusting a height as measured from the
transparent bearing plate to the transparent position-
ing plate;

three hole walls defining the three positioning through
holes, which correspond to the three containing
through holes respectively, and each of which passes
therethrough a respective one of the first pointing ends
and the second pointing ends; and

asecond conductive circuit having three tubular conduc-
tors electrically coupled to one another and disposed
on the three hole walls respectively.

2. The magnetic targeting apparatus of claim 1, wherein the
transparent positioning plate is disposed on the top surface of
the transparent bearing plate.

3. The magnetic targeting apparatus of claim 1, wherein the
transparent bearing plate has a through sight hole extending
from the top surface to the bottom surface, and equally distant
from the three containing through holes; and the transparent
positioning plate has a corresponding through sight hole
coaxial with the sight hole.

4. The magnetic targeting apparatus of claim 3, wherein
when compared to a respective containing through hole, the
respective positioning through hole has a center more distant
from that of the corresponding sight hole for a distance.

5. The magnetic targeting apparatus of claim 4, wherein the
distance is a radius of the spherical embedded portion.

6. The magnetic targeting apparatus of claim 1, further
comprising a voltage/current source electrically coupled to
the first conductive circuit and the second conductive circuit.
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7. The magnetic targeting apparatus of claim 1, further
comprising an alarm device electrically coupled to the first
conductive circuit and the second conductive circuit, and
emitting signals according to one of a current change and a
voltage change between the first conductive circuit and the
second conductive circuit.

8. The magnetic targeting apparatus of claim 7, wherein the
signals are sounds having different frequencies.

9. The magnetic targeting apparatus of claim 7, wherein the
signals are lights having different colors.

10. The magnetic targeting apparatus of claim 1, further
comprising;

an intramedullary nail having a locking through hole; and

a ring-like magnetic material circling and coaxial with the
locking through hole and having a ring-like pole mag-
netically coupled to one of the first pointing end and the
second pointing end.

11. A magnetic targeting apparatus, comprising:

a bearing component having a first surface, a second sur-
face opposite to the first surface, and three containing
through holes extending from the first surface to the
second surface; and

three pointing devices, each of which comprises:

a spherical portion embedded in the respective contain-
ing through hole;

a first pointing end having a first magnetic pole and
protruding from the spherical portion to the first sur-
face; and

a second pointing end having a second magnetic pole
and protruding from the spherical portion to the sec-
ond surface.

12. The magnetic targeting apparatus of claim 11, further
comprising;

a positioning plate disposed on the bearing component and
having three positioning through holes, wherein the
three positioning through holes correspond to the three
containing through holes respectively to each pass there-
through a respective one of the first pointing ends and the
second pointing ends to pass through.

13. The magnetic targeting apparatus of claim 12, wherein
the bearing component and the three pointing devices are
electrically coupled to one another to form a first conductive
circuit.

14. The magnetic targeting apparatus of claim 13, further
comprising three conductive rings, wherein each of the three
positioning through holes has an opening, each of the three
conductive rings is disposed around the respective opening,
and the three conductive rings are electrically coupled to one
another to form a second conductive circuit.

15. The magnetic targeting apparatus of claim 14, further
comprising an alarm device electrically coupled to the first
conductive circuit and the second conductive circuit, and
emitting signals according to conductive conditions between
the first conductive circuit and the second conductive circuit.

16. The magnetic targeting apparatus of claim 15, wherein
the signals are sounds having different frequencies.

17. The magnetic targeting apparatus of claim 15, wherein
the signals are lights having different colors.

18. A magnetic targeting apparatus, comprising:

a positioning ring having an exterior surface;

a plurality of pointing devices coplanar with the position-

ing ring, and each of which comprises:
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a ball-joint bearing portion having a through hole with a
symmetrical axis, and a ball-like space having a cen-
ter located on the symmetrical axis; and

aball-joint embedded portion which has a ball-like body
embedded in the ball-like space and passing there-
through a magpnetic rod passing through the through
hole; and

a plurality of connecting shafts, each of which has a first

end portion connected to the positioning ring and a sec-

ond end portion pivotally connected with the respective
pointing device.

19. The magnetic targeting apparatus of claim 18, wherein
the first end portion has a connecting end connected to the
positioning ring, and an opposite containing end having a
blind hole extended toward the positioning ring, and the sec-
ond end portion has a joint end pivotally connected with the
respective pointing device, and a sleeving end sleevable in the
blind hole.

20. The magpnetic targeting apparatus of claim 18, wherein
the though hole has two ends, and each of the plurality of
pointing devices is conductive and further comprises:

two conductive rings disposed around the two ends of the

through hole respectively; and

an alarm device electrically coupled to the two conductive

rings and triggered by a conductive condition between

the two conductive rings.
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