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ABSTRACT

Provided herein are methods and apparatuses for performing
precise medical procedures. Provided are methods of provid
ing unitary positioning interfaces for stereotactic devices or
medical devices. The methods include implanting emitters in
a patient, scanning the patient using any Suitable scanning
technique, determining orientation and location data of the
emitters and any suitable anatomic structures, generating a
digital image, and fabricating a solid model from the digital
image. Also provided herein are methods of Verifying medi
cal treatments and systems for performing medical proce
dures.
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PATIENT AND PROCEDURE CUSTOMZED
FXATION AND TARGETING DEVICES FOR
STEREOTACTIC FRAMES
BACKGROUND OF THE INVENTION

0001 1. Field of the Invention
0002 This invention relates to equipment and methods for
performing Surgery, more specifically the invention relates to
a customized fixation and targeting system for stereotactic
frames.

0003 2. Description of Related Art
0004. In many medical procedures, it is of utmost neces
sity that the patient be stabilized in a fixed, unmoving posi
tion. This is particularly true of Surgery that occurs in the
region of the head, neck, and spinal cord. The precise mea
Surements and movements that are involved with Surgery of
this type demand that the patient be immobilized so that a
Surgeon’s movements can be carefully calibrated to a known
safe trajectory through critical regions of, for example, the
cerebral cortex or the spinal column.
0005. An additional consideration for these surgeries, as
alluded to above, is that a safe, known trajectory must exist in
the situations where a Surgeon must reach deep tissue, for
example, the subthalamic nucleus (STN). Given the location
of this brain structure, a Surgeon must plan a careful route for
accessing the region that will not compromise other areas of
the brain that lie between the skull and the deep brain, such as
motor and sensory regions.
0006. As the need for precise surgeries has become more
prevalent, novel means of planning a safe route to deep tissue
and of ensuring that the route remains static during Surgery
have been developed. One of the most common is the stereo
tactic frame, which has been in use in one form or another

since the 1940s. For example, U.S. Pat. No. 4.341.220 dis
closes a frame fixed to a patients head and defining a three
dimensional coordinate system in which a Surgical device
may be precisely positioned. A frame Such as disclosed
therein may also have markers detectable via X-ray, so that
when the frame is attached to the patient’s skull, markers on
the frame are visible on a scan, for example a computed
tomography (CT) scan, along with the brain structure of
interest.

0007. The process of scanning a patient with a stereotactic
frame containing visible markers is referred to as registering
the frame to the patient. The way this registration is accom
plished is to scan the patient with the stereotactic device
attached. The device then acts as a known reference point in
relation to the patients anatomy. A Surgeon may then visual
ize a route to the target by utilizing the coordinates of the
markers and of the brain structure, allowing for a pre-planned
route that avoids other critical areas. In this way, the stereo
tactic frame can be manipulated by the Surgeon to provide a
customized path to the target structure. These procedures,
however, are not without substantial drawbacks.

0008. One common modem device for these surgeries is a
frame such as disclosed in U.S. Pat. No. 5,423,832, which

includes a head ring attached to the patient by four fixation
posts holding pins that screw in to contact the skull. These
pins, such as those disclosed in U.S. Pat. No. 5,300,076, must
be secure enough to hold the weight of the stereotactic frame
and in some cases the weight of the patient's head in a prone
position without slipping. To do this, the pins must penetrate
skin and bone, creating a divot in the skull. This can be a
painful and disturbing process for the patient. Using the
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adjustments available in the fixation posts and the pins, the
Surgeon attempts to align the head ring with known but not
visible anatomical points in the brain that will be visible in the
Scan, and with planes that coincide with anatomical atlases
used to navigate the brain. This is difficult under the circum
stances, and the alignment is never perfect.
0009. In a typical modern cranial surgical procedure, after
the ring is attached, a fiducial box with radiopaque markers or
bars of known geometry is fixed to the ring. Once the patient
has been scanned with the head ring and fiducial box attached,
the images are loaded into a computerized Surgical planning
computer. Here the fiducial markers are plotted and the loca
tion and orientation of the stereotactic frame coordinate sys
tem (FCS) based on the head ring is determined in relation to
the patients anatomy in the images. A Surgical target is
located in the patient images, and an entry point on the skull
is determined. Based on these locations, frame adjustment
settings are determined that will provide a trajectory from the
frame instrument mounting location to the target through the
selected entry point. These calculated settings correct for the
misalignment of the frame to the patients anatomical refer
ence system (PRS) and then find an adjustment setting that
puts the frame's FCS center at the selected target. This sur
gical planning may take Some time, since the Surgeon must
determine a trajectory that avoids blood vessels and areas that
could be damaged by instrument penetration, causing com
plications, injury, or death.
0010 While this surgical path is planned, the patient is in
an awake condition, often experiencing discomfort and anxi
ety. The ring cannot be removed without losing the registra
tion that has been achieved through the previous scanning.
The operating room is prepared for the Surgery, but since the
planning has to be done after the patient is scanned, and the
period of time required varies, it is difficult to schedule the
Surgical procedure exactly, leading to wasted valuable oper
ating room time. After the planning is done the patient is taken
to the operating room, and the adjustable parts of the stereo
tactic frame are set to the calculated settings to reach the
target and then attached to the head ring.
0011. Some stereotactic frame systems have what is called
a “phantom', which is used before attaching the frame to the
patient to verify the correct settings of the frame. The identi
cal settings are dialed into the phantom and its duplicate head
ring. The upper frame portion is then attached to the duplicate
head ring and a probe is used in the adjustable frame portion
to determine that it places the probe tip at the correct target
center. The phantom does not verify targeting, since it has no
reference to patient anatomy. It verifies only that the frame is
set correctly to the calculated figures.
0012. In addition to providing precise paths through brain
tissue, head rings and stereotactic frames described above can
also be used for securing a patient during sensitive irradiation
procedures. The above-described method of registering is
similar. However, rather than attach a stereotactic frame with

an adjustable guide for Surgical procedures, the ring itself is
connected to an irradiation device, immobilizing the patient
in a position calculated based on the known relationship
between the head ring and the patient’s brain structures so a
concentrated focal point of radiation targets, for example, a
tumor or lesion, is in a known position relative to the trajec
tory of irradiation beams. One example of such a device is the
Elekta Gamma Knife(R). Practically, however, this current
method limits the patient to one or a very few number of
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procedures, since repeated treatments require a reapplication
of the head ring, rescanning, and re-planning.
0013. In newer versions of such devices, the traveland size
of the treatment area have been increased to allow the radio

Surgical treatment of tumors and lesions in the neck and
cervical spine. The use of this new device for such treatment
has been limited due to the difficulty of fixating the head and
neck in relation to the upper body of the patient. Since the
neck is capable of a great range of motion, the use of the
current head ring mounting system of the standard stereotac
tic frame does not sufficiently restrain the patient’s neck and
cervical spine enough to allow safe and accurate targeting of
neck and upper spine lesions.
0014. The drawbacks to the existing technology are
numerous. Current head rings rely on fixation posts that pen
etrate skin and bone and exert pressure on the skull of a
patient, resulting in a painful and anxious experience. Initial
placement and alignment of the ring is difficult due to the
Surgeons inability to see the underlying brain structures, and
the relation of the ring to those structures, until after the initial
Scan. Once the ring is attached, it cannot be removed, for
example in a situation where multiple Surgeries or treatments
are required, without the need to re-register the ring to the
patient, followed by time-consuming re-planning of the Sur
gical or treatment route. Once the frame is attached to the
ring, alignment is often inconsistent with the PRS and relies
on an algorithm to correct any misalignment. Additionally, as
new techniques become available for procedures on the neck
and spine, the current frame technology is incapable of safely
securing patients for precise treatment of those areas.
0015. Accordingly, there is a need in the art for a fixation
and targeting system that is less invasive for the patient, but
that provides a high level of precision and accuracy for the
Surgeon engaged in procedures of the head, neck, and spine.
SUMMARY OF THE INVENTION

0016. The present invention provides a method of provid
ing a unitary positioning interface for a stereotactic frame
system. The method is conducted by implanting a plurality of
anchors in a patient’s body, Scanning the patient’s body and
thus providing a three-dimensional scanned image of the
body. The image will contain at least a portion of the
implanted anchors and at least one anatomical point within
the body. The method further includes determining, from the
at least one image, location and orientation data relating to at
least a portion of the anchors and the at least one anatomical
point. At least a portion of this data is then inputted into a
computer system, where a patient reference map is produced.
A pre-determined Stereotactic frame coordinate map is then
positioned in a manner Such that the frame coordinate map is
aligned with the at least one anatomical point, and the frame
coordinate map is then rotated about that anatomical point to
coincide with the patient reference map. From the data, a
digital model is then produced, the digital model containing a
plurality of positioning interface devices, the patient refer
ence system, the frame coordinate system, and the location
and orientation of at least a portion of the plurality of anchors
and the at least one anatomical point. In a Subsequent step, a
plurality of positioning interface devices are fabricated from
the digital model.
0017. In some embodiments, the anchors are detectable
emitters, which may be passive or active. Further, the three
dimensional scanned image may be obtained through a CT
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Scan, a T1-weighted or T2-weighted magnetic resonance
imaging (MRI) scan, or a positron emission topography
(PET) scan.
0018. In some embodiments, the anatomical point of the
scanned image is a brain structure. In non-limiting embodi
ments, the brain structure is the anterior commissure (AC),
posterior commissure (PC), and/or the mid-commissural
point (MCP). In a further embodiment, the patient reference
map originates at the MCP.
0019. The digital model formed from the data of the
scanned image may also contain stereotactic head ring
mounts for the positioning interface devices as well as a
Stereotactic targeting device or fiducial registration device.
Additionally, the digital model may also contain at least one
Surgical entry point.
0020. The three-dimensional scanned image may also
contain at least one target point within the body. In this way,
the orientation and location data, and the digital model, will
each contain the at least one target. When target data is
included, a further step in the method may include calculat
ing, from the frame reference map, patient reference map, and
the location and orientation data of the at least one anatomical

point, at least one target, and at least a portion of the anchors,
Stereotactic frame settings for a medical procedure. The
medical procedure in this embodiment may be directed at the
at least one target.
0021. In addition to fabricating a plurality of positioning
interface devices, the fabricating step may also include fab
ricating a solid physical model of the target. In this way, the
Surgical procedure may be simulated with precision due to the
specific positioning interface devices and the target drawn
specifically to the area of interest of the patient. The fabricat
ing may be by high-speed laser sintering or traditional
machining. High-speed machining may also be utilized. In
certain embodiments, the positioning interface devices are
fixation posts for a stereotactic frame.
0022. Also provided herein are positioning devices
obtained by the method disclosed above.
0023 The present invention also provides a method of
targeting and Verifying a medical procedure using at least one
computer system, wherein the at least one computer system
has at least one processor. The method is performed by
obtaining a three-dimensional scanned image of a patient,
wherein the image includes at least one anatomical reference
point, at least one external reference point, and at least one
anatomical target point. From the image and using the at least
one processor, location and orientation data of the at least one
anatomical reference point, at least one external reference
point, and at least one target point are obtained. From that data
and using the at least one processor, a digital model of the at
least one target point, at least one anatomical reference point,
and at least one positioning interface device is obtained.
Using the digital model, at least one processor, and a user
interface, a user may input information for simulating a medi
cal procedure.
0024. In some embodiments, the three-dimensional
scanned image may be obtained through a CT scan, a
T1-weighted or T2-weighted MRI scan, or a PET scan.
0025. In some embodiments, the anatomical point of the
scanned image is a brain structure. In non-limiting embodi
ments, the brain structure is the AC, PC, and/or MCP.

0026. The digital model formed from the data of the
scanned image may also contain stereotactic head ring
mounts for the positioning interface devices as well as a
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Stereotactic targeting device or fiducial registration device.
Additionally, the digital model may also contain at least one
Surgical entry point.
0027. In some embodiments, the step of simulating a
medical procedure involves Superimposing or placing the
digital model on or in the scanned three-dimensional image.
0028. In some embodiments, the method further includes
a fabrication step, wherein the digital model is fabricated into
a solid physical model. The solid physical model includes the
at least one target point, at least one anatomical reference
point, and at least one positioning interface device.
0029. In some non-limiting embodiments, the medical
procedure to be simulated is an irradiation procedure and
further includes the step of obtaining dosimetry information
on the digital model.
0030. Also provided herein is a solid physical model
obtained by the above method. In some non-limiting embodi
ments, the Solid physical model further includes at least one
of a gel, film, or sensor capable of detecting irradiation.
0031. Also provided herein is a method of providing a
unitary positioning interface for a medical device. The inter
face is non-invasive, meaning it does not need to be attached
to a Subject. The method is performed by implanting a plu
rality of detectable emitters in a patient’s body and scanning
the body, thereby producing a three-dimensional scanned
image of the emitters and the body. The image includes at
least one anatomical point within the body. From the image,
location and orientation data relating to the emitters and the at
least one anatomical point is determined. From that data, a
digital model including a plurality of positioning interface
devices and the location and orientation of the plurality of
emitters and the at least one anatomical point is generated.
The plurality of positioning interface devices includes a plu
rality of sensors that are capable of detecting the emission
from the emitters. The digital model is organized such that the
plurality of sensors is aligned with the emitters. From this
digital model, a Solid physical model of the unitary position
ing interface is fabricated. The unitary positioning interface is
organized Such that the plurality of sensors is capable of
alignment with the emitters in the patient’s body.
0032. In some embodiments, the three-dimensional
scanned image may be obtained through a CT scan, a
T1-weighted or T2-weighted MRI scan, or a PET scan.
0033. In some embodiments, the anatomical point of the
scanned image is a brain structure. In non-limiting embodi
ments, the brain structure is the AC, PC, and/or MCP.

0034. Also provided herein is a unitary positioning inter
face, obtained by the above method.
0035. The invention further provides a system for per
forming a medical procedure on a patient. The system
includes a patient, wherein the patient has a plurality of emit
ters embedded in at least one body part. The emitters of the
system have at least one position. The system also includes a
unitary positioning interface. The unitary positioning inter
face includes a plurality of sensors, and those sensors have at
least one position. The unitary positioning interface is in
communication with a computerized control system such that
data regarding the position of the sensors in relation to the
position of the emitters is communicated from the unitary
positioning interface to the computerized control system. The
system also includes a medical device in communication with
the computerized control system. The computerized control
system transmits data regarding the position of the sensors in
relation to the position of the emitters such that when the
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sensors are near to, or aligned with, the emitters, the medical
device is capable of functioning, but that when the sensors are
not near to the emitters, the device cannot function.
0036. In certain embodiments, the medical device is

capable of irradiating the patient. In other non-limiting
embodiments, the medical device is an orthopedic device.
0037 Also provided herein is a method of providing a
unitary positioning interface for a stereotactic frame system.
The method is conducted by implanting a plurality of anchors
in a patient’s body, Scanning the patient’s body and thus
providing a scanned image of the body. The image will con
tain at least a portion of the implanted anchors and at least one
anatomical point within the body. The method further
includes determining, from the at least one image, location
and orientation data relating to at least a portion of the anchors
and the at least one anatomical point. At least a portion of this
data is then inputted into a computer system. From the data, a
digital model is then produced. In a Subsequent step, a plu
rality of positioning interface devices are fabricated from the
digital model.
0038. In some embodiments, the anchors are detectable
emitters, which may be passive or active. Further, the three
dimensional scanned image may be obtained through a CT
Scan, a T1-weighted or T2-weighted magnetic resonance
imaging (MRI) scan, or a positron emission topography
(PET) scan.
0039. In some embodiments, the anatomical point of the
scanned image is a brain structure. In non-limiting embodi
ments, the brain structure is the AC, PC, and/or MCP
0040. The digital model formed from the data of the
scanned image may also contain stereotactic head ring
mounts for the positioning interface devices as well as a
Stereotactic targeting device or fiducial registration device.
Additionally, the digital model may also contain at least one
Surgical entry point.
0041. The three-dimensional scanned image may also
contain at least one target point within the body. When target
data is included, a further step in the method may include
calculating stereotactic frame settings for a medical proce
dure. The medical procedure in this embodiment may be
directed at the at least one target.
0042. In addition to fabricating a plurality of positioning
interface devices, the fabricating step may also include fab
ricating a solid physical model of the target. In this way, the
Surgical procedure may be simulated with precision due to the
specific positioning interface devices and the target drawn
specifically to the area of interest of the patient. The fabricat
ing may be by high-speed laser sintering or traditional
machining. High-speed machining may also be utilized. In
certain embodiments, the positioning interface devices are
fixation posts for a stereotactic frame.
0043. Also provided herein are positioning devices
obtained by the method disclosed above.
BRIEF DESCRIPTION OF THE DRAWINGS

0044 FIG. 1 is a perspective view of a three-dimensional
scanned image showing alignment of the frame coordinate
map (FCM) and patient reference map (PRM) of the present
invention;

004.5 FIG. 2 is a perspective view of the PRM and FCM
and virtual customized positioning interface devices accord
ing to FIG. 1;
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0055. The invention uses bone anchors or detectable active
or passive emitters implanted in advance of the planning as
both a mounting system and as a patient to stereotactic system
registration device. This allows patient registration and plan
ning from a day to several weeks prior to the Surgical proce
dure. This is not possible with current stereotactic frames and
leads to patient discomfort over long waiting periods, to Sur
geons pressured into making rapid decisions about the Surgi
cal plan, and to inefficient scheduling of hospital resources.
0056 Since the anchors or emitters may remain implanted
after the initial Surgical procedure and are still registered in
the scans and to the stereotactic system, repeated applications
of the stereotactic system are possible and do not require
painful, expensive, and resource consuming head ring reap
plication. Duplicate sets of the customized positioning inter
face devices, or fixation posts, may be used, or another set
manufactured to refocus the stereotactic system for different
targeting without rescanning. The use of permanently
implanted emitters capable of being sensed by customized
fixation devices will allow non-invasive re-application of the

0058. These positioning interfaces or devices can be cre
ated in a planned shape to avoid interference with anatomy,
areas of interest, and apparatus. They can also be provided
with strengthening and stiffening structures or additional
anchor points to increase accuracy that may be compromised
due to the flexing or loosening of traditional fixation posts.
0059 Since the stereotactic system is placed in perfect
location and orientation, and the FCM can be perfectly
aligned with a PRM calculated from the positioning of ana
tomical structures and the anchors, adjustment of frame set
tings for several targets can be done directly and does not
require compensation for frame misalignment.
0060. Unlike any other standard adjustable stereotactic
frame method now used, the invention incorporates indi
vidual and specific patientanatomy of any desired complexity
into its design. Since the anatomy is part of the model, it is
easily displayed in the images of the patient for verification
and for Surgical planning.
0061 Since the patient anatomy is part of the digital
model, it can be realized and fabricated as a unitary object in
itself, similar to a standard stereotactic “phantom', but made
specifically for the patient and procedure, with individual
patient structures and target points incorporated. It can then
be used both for planning verification and for confirmation
and adjustment of the frame settings during the Surgical pro
cedure based on actual patient anatomy.
0062. In some embodiments, the digital model includes
positions of other targets. For example, in non-limiting
embodiments, the digital model includes patientanatomy for
providing a properly scaled and aligned patient image and
further includes tumor locations. In this way, the “phantom’
can be utilized not only for Surgical procedures, but also for
dosimetry, so that a user may plan for irradiation dosing
procedures and be able to calculate the precise amount of
irradiation that may be directed to a certain part of the brain,
increasing patient safety.
0063. While the invention basically describes the creation
of positioning interfaces, also referred to as fixation posts or
fixation devices to place a stereotactic frame head ring in a
known ideal position, there is no reason that more parts of the
stereotactic frame, or substitute parts of similar function but
customized shape better suited to the procedure, could not be
part of the model developed by the planning system.
0064. The positioning interface devices or fixation posts
can be designed to hold related flexible portions of the body,
Such as the neck, shoulders or limbs, in a known and planned
position relative to a scanned position to allow treatment
based on a scanned position.
0065. The computerized digital model, the computerized
planning system and Surgical planning software to display the
images and select the critical points needed to allow the
model to create the customized fixation posts are part of the
invention. A computer based control system designed to trig
ger and stop treatment based on sensor emitter pairs signaling
desired positions of related portions of the body is also part of

Stereotactic device.

the invention.

0057 The invention incorporates surgeon inputs and plan
ning to create these positioning interface structures, allowing
them to place the stereotactic system perfectly for the
intended Surgical procedure. The system placement and tar
geting does not rely on inaccurate Surgeon estimation of
hidden anatomical references, but incorporates these refer
ences into the computed digital model. The digital model may
then be fabricated to create a solid physical model.

0.066 Astandard stereotactic frame includes fixation posts
and pins. In the method of the present invention, a patient is
implanted with a plurality of anchors. In a preferred, non
limiting embodiment, the anchors are implanted in the cra
nium and are positioned in the same general areas used by
standard fixation post pins, such as those provided by Leksell.
Past use of these type of anchors has proved this is a less
traumatic process for the patient. Following implantation, the

0046 FIG. 3 is a side view of the virtual customized
“phantom', virtual fiducial frame bars, and scanned brain
image according to one embodiment of the present invention;
0047 FIG. 4 is a side view of a simulation of a medical
procedure utilizing customized positioning interface devices
and a solid physical-model customized "phantom' according
to one embodiment of the present invention;
0048 FIG.5 is a side view of a medical procedure utilizing
customized positioning interface devices according to one
embodiment of the present invention;
0049 FIG. 6 is a depiction of the computer workspace of
the computerized planning system showing a customized
phantom, virtual customized positioning interface devices,
and a virtual medical procedure according to one embodi
ment of the present invention;
0050 FIG. 7 is a side view of the virtual customized
"phantom' for use in a medical procedure according to one
embodiment of the present invention;
0051 FIG. 8 is a diagram of a computing system environ
ment for use in the present invention; and
0052 FIG.9 is a side view of a medical procedure utilizing
a customized non-invasive positioning interface according to
one embodiment of the present invention.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

0053. The following description is merely exemplary in
nature and is in no way intended to limit the invention, its
application, or uses.
0054 The invention describes a method of providing cus
tomized positioning interfaces to place stereotactic frame
systems more ideally for the intended use and patient. This is
an advantage since it replaces the use of less than ideal stan
dard adjustable fixation posts and pins with patient and pro
cedure-customized fixation devices.
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patient is scanned to produce a three-dimensional image. The
three-dimensional image includes at least a portion of the
anchors and at least one anatomical point within the body.
0067. In non-limiting embodiments, the anchors are
detectable emitters. Emitters of this type may be either active
or passive. In a non-limiting embodiment, the emitters are
radiopaque. The anchors, or emitters, may be made of any
Suitable material, based on the scan type needed and the
procedure desired.
0068. In further non-limiting embodiments, the scan uti
lized to obtain the three-dimensional image is a CT scan, a
T1-weighted MRI scan, a T2-weighted MRI scan, or a PET
Scan. In non-limiting embodiments, the anatomical points in
the anatomical points obtained in the scan are the anterior
commissure (AC), posterior commissure (PC), and the loca
tion of a point on the mid-sagittal plane (MP) to determine the
patient reference map (PRM) originating at the mid-commis
sural point (MCP).
0069. From the scanned image, location and orientation
data relating to at least a portion of the anchors and the at least
one anatomical point are determined. In some embodiments,
the locations of anatomical targets and entry points for Sur
gery or other medical treatments or procedures, and other
anatomical structures will be determined.

0070 From this data, using a computerized planning sys
tem and a standardized frame coordinate map (FCM), the
frame mid point (100,100,100) will be virtually positioned
exactly at the at least one anatomical point. In some embodi
ments, the FCM is virtually positioned exactly at the MCP.
0071. The computerized planning system will then rotate
the FCM about the anatomical point until the FCM exactly
coincides with the PRM. In non-limiting embodiments, the
FCM is positioned at another anatomical location and orien
tation relative to the PRM that is more suitable for a given
treatment protocol.
0072 From the data, a computer customizable digital
model comprising a plurality of positioning interface devices,
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head ring mounting points. In a preferred, non-limiting
embodiment, the digital model comprises four positioning
interface devices to be connected to four stereotactic frame

head ring mounting points. The digital model of the fixation
posts are fixed in shape by the required design inputs and have
no adjustable slots like standard positioning interface
devices, but instead have fixed mounting holes corresponding
to the head ring mounting positions. If additional anatomical
points are entered into the computerized planning system, the
positioning interface devices could also be formed to avoid
blocking areas of interest that standard positioning interface
devices cover and could have interconnecting structures to
make them very rigid, including secondary anchor points.
They avoid interference with anatomy or scanning structures,
and are very close fitting.
0075. The digital model of these virtual patient and pro
cedure specific positioning interface devices can be displayed
in the computerized planning system in place on the patient
with a virtual head ring in two-dimensional and three-dimen
sional views. In non-limiting embodiments, the adjustable
Stereotactic devices and standard fiducial system for the Ste
reotactic frame or a Gamma Knife(R) attachment is virtually
displayed in the images. This allows Surgeon inspection of the
proposed positioning interface device set and allows visual
ization and planning of the procedure. In this way, the Surgeon
can review the placement of the actual head ring and fiducial
device. In non-limiting embodiments with specific target
locations available in the model, the frame settings or radio
therapy device settings required to reach these locations
through specific entry points are computed and virtually
rehearsed.

a portion of the plurality of anchors and the at least one
anatomical point is generated. In some embodiments, the
positioning interface devices are fixation posts with changes
to allow mounting to an anchor screw and Standoff similar to
those used in other customizable fixtures (such as, for
example, the FHCSTarFix microTargeting Platform) instead
of a Leksell pin. These fixation posts may be provided in the
computerized planning system. In some embodiments, the
digital model includes the relative locations of head ring
mounts for the positioning interface devices.
0073. In non-limiting embodiments, the locations of at
least one target within the body and entry points and other
anatomical positions are entered into the model. In some
non-limiting embodiments, the entry points are surgical entry
points. Using a suitable anchor Scan, (preferably a CT scan for
accuracy), loaded into the computerized planning system, the
scan coordinates of these patient specific critical points are
determined. The patient specific anchor coordinates, plus the
AC, PC, and MCP or MP, and the optional locations are
entered into the digital model. In non-limiting embodiments,
several scans containing the at least a portion of the anchors
and at least one anatomical point are merged or registered to
each other to determine the critical point relative locations.
0074 The computerized planning system will create the
required shape of a digital model of a plurality of positioning

0076. In non-limiting embodiments, in addition to the
digital model of the positioning interface devices, a digital
model of the target locations can be computed using the same
anchor location and orientation data and any other critically
identified points. This model consists of points or of seg
mented and rendered anatomical structures. This digital
model is used for target and Surgical equipment verification
prior to Surgery, as a targeting “phantom'. The phantom could
also be displayed in the patient anatomy in the scan images.
The ability to display and utilize a patient specific customized
phantom with anatomical references both in the images and
prior to Surgery is unique, and assists the Surgeon in planning
a Surgical route and verifying the targeting data. Displaying
the phantom in the images in the anatomy of the patient
Verifies its design during planning, just as the positioning
interface devices are verified. When displayed together
against Scan images, they allow visualization of the Surgical
procedure and targeting not possible before. Moreover, a
customized “phantom' allows for verification of the scanned
images utilized for the formation thereof. This is particularly
important when multiple scanned images are utilized in plan
ning a Surgical procedure.
0077. In further non-limiting embodiments, the digital
model further comprises information relating to tumor or
non-tumor sites which are posited to be the target of irradia
tion. In this way, given precise location data possible through
the use of the customized “phantom', dosimetry can be cal
culated and allow for increased patient safety in Such sensitive
and critical medical procedures. The customizable “phan
tom' will allow for precise coordinate measurements, dis

interface devices to connect the anchors to stereotactic frame

tance measurements, Volume measurements, and irradiation

the PRM, the FCM, and the location and orientation of at least
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dose. In terms of dose, optimal absolute dose, relative dose,
and point dose information may be obtained and utilized in
later medical procedures.
0078. When the surgeon is satisfied with the planning and
the digital model displayed, he or she saves the model. The
Subsequent step is fabricating, from the digital model, a Solid
physical model including a plurality of positioning interface
devices. In non-limiting embodiments, the Solid physical
model includes a Solid physical model of the target structure,
or a “phantom'. Fabrication may be achieved by any suitable
method for the production of a solid physical item. In non
limiting embodiments, the fabrication is accomplished
through selective laser lintering, high speed machining, or
any of a number of other high speed techniques. The Solid
physical model may be manufactured in polymer, metal, or
whatever material may be suitable for the specific procedure.
0079. When these positioning interface devices are
attached to the head ring of a stereotactic frame and the head
ring is applied to the patient, the head ring will be in the ideal
pre-planned position on the patient and, unlike current pro
cedures, no scan with the head ring attached need be done,
since the anchor scan fulfills that purpose and completes the
patient to frame registration.
0080. At a minimum, the method provides an ideal loca
tion of a stereotactic frame where common anatomical atlases

exactly correspond with the frame position. What it also does
is eliminate the need to scan the patient with the head ring in
place on the morning of the procedure. The scan may be done
from a day to several weeks in advance. It also allows the
planning for a stereotactic procedure Such as Gamma Knife(R)
radioSurgery or deep brain stimulation to be carefully and
thoughtfully done based on the anchor scan alone, with ster
eotactic frame settings for targeting known in advance of
frame placement, since the registration has been done with
the anchors. For procedures that require repeated attachment
of the frame, the anchors may remain in place under the skin
of the patient and the customized positioning interface
devices can be resterilized or provided in duplicate sets. The
anchors may be designed to be flush with the skull and be
permanently implanted to allow repeated applications over a
period of years. Unlike current practice, no reapplication of
Leksell standard fixation posts and head ring and rescanning
is required. As such, the method advantageously reduces pain
and anxiety for the patient, and increases the precision with
which a Surgeon or other medical technician may complete a
given task.
0081. In further non-limiting embodiments, the custom
ized “phantom' that is fabricated is utilized in a stereotactic
frame for simulation of a medical procedure. This simulation
may include Surgery, irradiation, or any medical procedure
where precise localization is critical. In other non-limiting
embodiments, the Solid physical model customized “phan
tom' is utilized for dosimetry. The solid physical model may
include sensors, gels, and/or films capable of detecting and
quantifying irradiation levels. The Solid physical model cus
tomized “phantom' is inserted into a frame through connec
tion with the customized fixation posts and is irradiated. The
sensors provided therein allow for dosimetry studies to adjust
levels to which a patient is exposed, and to verify targeting.
The sensor may communicate the information through direct
connection with a computer system, through wide area net
work (WAN), or such information may be stored with the
sensors which may later be placed into communication with a
computer system for analysis of dosimetry information.
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I0082 Also provided by the invention are a plurality of
positioning interface devices obtained by the above method.
These devices may be customized fixation posts for use in a
Leksell stereotactic frame. The devices may be made of any
Suitable material. Such as metals, alloys, polymers, or the like.
I0083. Also provided herein is a method of targeting and
Verifying a medical procedure. The method is performed on at
least one computer system, wherein the at least one computer
system has at least one processor. The method is performed by
obtaining at least one three-dimensional scanned image of a
patient. The image may be obtained by any suitable method
known to those in the technology. In non-limiting embodi
ments, the scanned image is obtained by use of a CT scan, T1
or T2-weighted MRI scan, or PET scan.
0084. The Scanned image contains at least one anatomical
reference point and one anatomical target point inside the
patient, and at least one external reference point. In non
limiting embodiments, the at least one external reference
point is at least one anchor embedded in the patient’s body.
The anchors, or emitters, may be made of any suitable mate
rial, based on the scan type needed and the procedure desired.
In non-limiting embodiments, the at least one anchor is
embedded in the patient’s skull. In further non-limiting
embodiments, the at least one anchor is a detectable emitter

that is either passive or active. In preferred non-limiting
embodiments, the detectable emitter is radiopaque.
I0085. Using the at least one processor, location and orien
tation data relating to the at least one anatomical reference
point, at least one target point, and at least one external
reference point are determined from the at least one scanned
image. Using the at least one processor, a digital model com
prising the at least one target point, at least one anatomical
reference point, and at least one positioning interface device
is generated.
I0086. Using the digital model comprising the at least one
target point, at least one anatomical reference point, and at
least one positioning interface device, a user may, by use of an
interface with the at least one computer system, simulate a
medical procedure on the at least one target of the digital
model. In non-limiting embodiments, the medical procedure
is a Surgical procedure. In further non-limiting embodiments,
the medical procedure is neuroSurgery and the at least one
target is a brain structure. In further non-limiting embodi
ments, the medical procedure is an irradiation procedure,
Such as a Gamma Knife(R) procedure.
I0087. In a preferred, non-limiting embodiment, the simu
lating step also includes Superimposing or otherwise display
ing the digital model of the at least one target point, at least
one anatomical reference point, and at least one positioning
interface device on or with the at least one scanned three

dimensional image.
I0088. In a preferred, non-limiting embodiment, the
method further comprises fabricating a solid physical model
of the at least one target point, at least one anatomical refer
ence point, and at least one positioning interface device. In
this way, a user may simulate the medical procedure on the
Solid physical model, and not solely on the digital model. The
at least one positioning interface device, in non-limiting
embodiments a plurality of fixation posts, may be removably
attached to a stereotactic frame, and the accuracy of the mea
surements may be verified on the solid physical model. The
Solid physical model may be made of any suitable material,
Such as metals, alloys, polymers, or the like.
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0089 Also provided herein is a solid physical model
obtained by the above method, the solid physical model
including the at least one target point, at least one anatomical
reference point, and at least one positioning interface device.
The solid physical model may be made of any suitable mate
rial. Such as metals, alloys, polymers, or the like.
0090 Also provided herein, and more suited to radiosur
gical use, though useable in other Stereotactic procedures, is a
method of providing a unitary positioning device that is non
invasive. In this method, a plurality of anchors or mounting
locations are implanted emitters, either active or passive, that
are Surgically placed in the bone of the targeted area. The
anchors, or emitters, may be made of any suitable material,
based on the scan type needed and the procedure desired. In
non-limiting embodiments, the emitters are implanted per
manently in the patient, allowing for repeated treatment regi
mens. In further non-limiting embodiments, the emitters are
implanted in the patient’s skull. In preferred non-limiting
embodiments, the emitters are active or passive. In further
preferred, non-limiting embodiments, the emitters are radio
paque. The emitters are implanted in locations best Suited to
Support the patient's specific body area of interest. In non
limiting embodiments, the emitters are implanted in the head
and neck area. In further non-limiting embodiments, the
wounds from the implantation are allowed to heal. These
emitters need not be in a standard configuration or be placed
in specific locations. A three-dimensional scanned image of
the body is then obtained, the image including at least one
anatomical point and the emitters. The scan may be obtained
by any suitable method known to those in the art. In non
limiting embodiments, the Scanned image is obtained by use
of a CT scan, T1 or T2-weighted MRI scan, or PET scan.
0091. The scanned image of the patient’s body includes
the emitters, and location and orientation data of the emitters

and the at least one anatomical point are determined. This data
is used to generate a digital model of a plurality of positioning
interface devices, the devices bearing a plurality of sensors. In
non-limiting embodiments, the positioning interface devices
are sensor-bearing fixation posts adapted for interaction with
a head ring mount for a stereotactic frame. The digital model
is designed such that sensors in the plurality of positioning
interface devices are aligned with the plurality of emitters in
the patient’s body. A solid physical model of the unitary
positioning interface, which includes the plurality of sensor
bearing positioning interface devices, is then fabricated from
the digital model, the unitary positioning interface formed in
Such a manner that a patient may comfortably be positioned
so that the sensors of the unitary positioning interface are
aligned with the emitters in the patient’s body. The unitary
positioning interface may be made of any suitable material,
Such as metals, alloys, polymers, or the like.
0092. In non-limiting embodiments, a patient-specific
head-holding fixture or a holder for other parts of the body is
custom designed to place sensors over or proximal to the
emitters previously placed in the body. From the digital
model, customized by incorporating the emitter locations and
other critical anatomical inputs, information Sufficent to pro
duce the patient specific sensing positioning interface devices
or head holder using rapid manufacturing techniques is gen
erated. This information is input to a rapid manufacturing
machine, and the custom device or devices built.

0093. Also provided herein is a system for performing a
medical procedure on a patient. For repeated Stereotactic
procedures, or for non-invasive procedures, the patient is
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placed, non-invasively, in the head ring with the sensing posi
tioning interface devices or in a custom-built sensing head
holder of similar principles. The patient has already had emit
ters implanted in his or her body, and has had a customized
unitary positioning interface fabricated, for example, accord
ing to the above method. This head ring or holder contains
custom-positioned embedded or attached sensors designed to
sense the proximity of the emitters in the patient’s body and to
transmit the relationship to a control system. The control
system may be a stand-alone device, and thus capable of
interaction with existing medical equipment. In non-limiting
embodiments, the control system is present in the treatment
device. In non-limiting embodiments, the treatment device is
a device capable of irradiation, Such as a Gamma Knife(R).
0094. As the patient is placed non-invasively in the unitary
positioning interface, in non-limiting embodiments a head
holder, the control system is in communication with the posi
tioning interface and the device. The control system transmits
data and does not allow treatment to be triggered unless the
proximity of the sensors to the emitters was such that the head
or treated area was in a pre-planned location and orientation
to a specific degree of precision. In preferred, non-limiting
embodiments, at least three and preferably four or more
implanted emitters and corresponding sensors in the custom
manufactured posts or head holder are used to determine the
orientation and location of the treated area in the head. More

emitters and sensors may be implanted and fabricated if treat
ing flexible or jointed areas of the body, such as the spine or
limbs. In such areas, the custom holding or positioning device
assures that the flexible parts of the body are constrained in
either the same position that the body was in during the scan,
or in a desired known calculated position relative to that
scanned position.
0095. In non-limiting embodiments, the aforementioned
is used for treatment of the cervical neck and spine in the
Gamma Knife(R) or similar devices. The problem of fixating
the neck and spine relative to the head is addressed by using
a combination of anchors/attachments and emitter/sensor

pairs in the body and in the unitary positioning interface or
custom head holder, to be used with the above control system.
The head is held by the anchored or sensor placed fixation
posts or head holder, and previously placed emitters or
anchors in the upper spine or bones of the shoulder and neck
area signal the position of the neck and upper spine. The
customized interface device or head holder uses extensions

planned in the solid physical model based on the anchor or
emitter locations to place sensors oranchor attachments at or
proximal to the desired positions of the implanted anchors or
emitters in the body. These extensions may, for example, be
part of the unitary device extending from the base ring mount
ing locations in an opposite direction from the upper portion
of the posts that mate with the head locations, and extend
down to the neck and shoulder area. Treatment is triggered by
a signal from the emitter/sensor pairs indicating correct posi
tioning of the neck and spine relative to the head based on the
scanned position used to plan the treatment. Any movement
of the neck or spine out of the desired treatment position stops
the therapy. Alternatively, when using only anchors and
attachment pairs, the neck is physically constrained from
moving from the desired position.
0096. This embodiment describes the use of the invention
with the Elekta Leksell stereotactic frame, either for Gamma

Knife(R) Surgeries, or when using the Leksell stereotactic arc
system, but it will be obvious that any stereotactic device or
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frame that relies on Scanning the patient with a fiducial ring in
place would benefit from this invention. As such, this inven
tion is not to be limited to use in a Leksell stereotactic frame
or Gamma Knife(R).

0097 Turning to the appended figures, in which like num
bers indicate like elements throughout, FIG. 1 provides a
perspective view of a three-dimensioanl Scanned image 10 of
an embodiment of the present invention. Note that while for
demonstrative purposes the figures depict implantation into
and medical procedures performed on a human head, the
invention provided herein may be utilized in any medical
technology where precision is required, including orthopedic
procedures, irradiation procedures, and Surgical procedures,
amongst many non-limiting examples.
0098. A patient (not numbered) is implanted with a plu
rality of emitters or anchors 20. Such implantation occurs in
the skull. In instances where customized fixation posts are to
be fabricated, the patient has anchors 20 embedded in the
skull. The anchors 20 are preferably radiopaque, but in any
event detectable in a scanned three-dimensional image pro
duced through any suitable type of imaging including T1 and
T2-weighted MRI, CT, and PET.
0099. In instances where fixation posts are not fabricated
and non-invasive techniques are contemplated, emitters 20
may be implanted. These emitters may be passive or active or
the emitters may act as triggers for sensors or other devices
built into external devices, for example a customized fixture
produced according to the present invention. In non-limiting
embodiments, the emitter requires no power source, and is
powered by proximity to an external device, for instance an
irradiation or orthapedic device or a customized fixture pro
duced according to the present invention. In non-limiting
embodiments they are radiopaque. In other non-limiting
embodiments the emitter is a radio-frequency identification
(RFID)-based emitter. In other non-limiting embodiments the
emitter is an ultrasonic emitter, for example as disclosed in
U.S. Pat. No. 7,857.766. In other non-limiting embodiments
the emitter is a magnetic resonance-compatible emitter. Such
as that disclosed in U.S. Pat. No. 5,016,639.

0100 Referring further to FIG. 1, upon implantation of
anchors or emitters 20, the patient is scanned utilizing any
Suitable Scanning technology. The scan detects anchors or
emitters 20 and at least one anatomical point within the sub
ject. In non-limiting embodiments, the anatomical points
include the anterior commisure 60 and posterior commisure
70. Utilizing the positions of the anchors or emitters 20 and
the anatomical points, a patient reference map 40 is gener
ated. In non-limiting embodiments, the patient reference map
(PRM) originates at the mid-commissural point (MCP) 50.
0101 The three-dimensional scanned image of FIG. 1
may then be manipulated by a user on any suitable computer
system. A user may input a standardized frame coordinate
map (FCM)30 and manipulate the FCM30 so that the FCM
30 is aligned with the at least one anatomical point 60, 70. The
FCM30 is then rotated so that it coincides with the PRM 40.

In non-limiting embodiments, the FCM30 is aligned with the
MCP50 prior to rotation to align with the PRM 40.
0102 Turning to FIG. 2, utilizing at least a portion of the
data from the FCM 30, PRM 40, anchors or emitters 20, and

the at least one anatomical point (for example, 60.70), virtual
positioning interface devices 80 may be introduced into the
model produced from the scanned images. The FCM may
have coordinates as in a typical three-dimensional coordinate
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system. In some non-limiting embodiments, the FCM has an
originat (0, 0, 0) and the MCP is at (100, 100, 100).
0103) The devices 80 are customized based on patient
anatomy generated from the scanned images. For the digital
model produced from the data, customized interface devices
80 may also include a virtual standardized stereotactic frame
ring 90. The virtual model includes virtual removable con
nections between virtual customized positioning interface
devices 80 and virtual standardized stereotactic frame ring
90.

0104. Utilizing the digital model described above and
depicted in FIG. 2, solid physical models may be fabricated
from any suitable material. In non-limiting embodiments, the
solid physical model is fabricated through selective laser
sintering or high-speed machining. An example of Such a
solid physical model is illustrated in FIGS. 4-5. In this way,
customized interface devices 180 are fabricated and may be
removably attached to the anchors 20 implanted in the
patient’s body. Customized interface devices 180 may be
connected to anchors 20 through any suitable means for
attachment 185. In non-limiting embodiments, standardized
screws are utilized to connect customized interface devices

180 to anchors 20 implanted in the patient. The customized
interface devices 180 are fabricated in such a way that they
provide for customized targeting and simple, reliable attach
ment to a standardized stereotactic head frame ring 190.
0105 Turning to FIG.3, utilizing the digital model formed
from the data of the anchors 20, at least one anatomical point
(for example 60, 70), and the FCM30 and PRM40, a virtual
“phantom' 110 may be produced. The virtual phantom 110
may include a plurality of anatomic points (for example ante
rior commissure 60, posterior commissure 70), and may addi
tionally include at least one target 100 that is to be the focus
of a medical procedure. The digital model may further
include virtual fiducial stereotactic frame bars 120 for use in

Verifying positioning and targeting for a medical procedure
directed at the at least one target 100. The digital model,
including virtual “phantom' 110, may be used for simulating
a medical procedure.
0106 Turning to FIG. 4, as with the virtual customized
positioning interface devices 80, a solid physical customized
“phantom 210 of the virtual customized “phantom' 110 may
also be fabricated through any suitable means. In non-limit
ing embodiments the customized phantom 210 is fabricated
through selective laser sintering or high-speed machining.
The customized phantom 210 may include at least one target
1000 that allows for verification of targeting, and for simula
tion of a medical procedure. In a non-limiting embodiment,
the medical procedure is an irradiation procedure. With ref
erence to FIG. 4, an irradiation device 300 and table or plat
form 310 for use therein are provided. The customized “phan
tom' 210 as well as customized positioning interface devices
180 are also provided, and through interaction with each
other, and of devices 180 with stereotactic head frame ring
190, are secured to table or platform 310 by any suitable
means 95. In non-limiting embodiments, the head frame ring
190 is secured to table or platform 310 through use of stan
dardized screws. In FIG. 4, it can be appreciated that the
customized “phantom' 210 including at least one target 1000
may be irradiated, mimicking a medical procedure. In non
limiting embodiments, customized “phantom 210 includes
means for detecting and evaluating or quantifying the dose of
radiation received from device 300 for use in dosimetry. In
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non-limiting embodiments, detection is achieved through
sensors, gels, films, or the like.
0107 Turning to FIG. 5, the customized positioning inter
face devices 180 may be utilized in a medical procedure as
illustrated. This may occur after verification of dose and
targeting through use of the customized “phantom 210, as
described above and shown in FIG. 4. With reference to FIG.

5, in non-limiting embodiments an irradiation device 300 and
table or platform 310 for use therein are provided. Patient is
placed on platform or table 310 and if customized positioning
interface devices 180 are provided, patient may be attached to
devices 180 through removable connection with implanted
anchors 20 by any suitable means for attachment 185.
Devices 180 may then be removably connected to a standard
ized stereotactic head frame ring 190, which may be remov
ably connected to table or platform 310. Irradiation may be
focused on target 100, which may or may not be previously
verified for location and dose through use of the customized
“phantom 210 as illustrated in FIG. 4.
0108. In non-limiting embodiments, platform or table 310
is an integral positioning table that is part of irradiation device
300. In such a non-limiting embodiment, the table 310 and
irradiation device 300 are an integral system and the patient is
positioned appropriately on the table 310 based on the FCM.
In this way, the customized positioning interface device 180,
table 310, and irradiation device 300 function seamlessly to
align the patient and communicate proper or improper align
ment for initiation, continuation, and cessation of a medical

procedure. The non-invasive aspects of this embodiment
reduce patient discomfort and stress.
0109. In non-limiting embodiments, for example, as illus
trated in FIG. 9, a non-invasive positioning device 1080 is
provided. Such a device is obtained in a similar manner as the
customized positioning interface devices 180. However, such
a non-invasive device 1080 may be unitary in construction
and may not be invasive. More specifically, such a device
1080 need not be attached to the patient. In non-limiting
embodiments, non-invasive device 1080 is provided with sen
sors 400 and fabricated in such a manner that sensors 400 may
be aligned with emitters 20 implanted in the patient.
0110. These emitters 20 may be passive or active or the
emitters may act as triggers for sensors or other devices built
into external devices, for example a non-invasive position
device 1080 or customized fixture produced according to the
present invention. In non-limiting embodiments, the emitter
requires no power source, and is powered by proximity to an
external device, for instance an irradiation or orthapedic
device or a customized fixture produced according to the
present invention. In non-limiting embodiments they are
radiopaque. In other non-limiting embodiments the emitter is
an RFID-based emitter. In other non-limiting embodiments
the emitter is an ultrasonic emitter, for example as disclosed
in U.S. Pat. No. 7.857.766. In other non-limiting embodi
ments the emitter is a magnetic resonance-compatible emit
ter, such as that disclosed in U.S. Pat. No. 5,016,639.

0111 Non-invasive device 1080 may be in communica
tion with the computer system (not shown) controlling medi
cal device 300, for example, an irradiating device. Sensors
400 may provide data as to location and orientation in relation
to emitters 20, and the computer system utilizes Such data to
communicate to device 300 whether the procedure may be
begun, or whether it may continue. If the patient shifts or is
moved such that emitters 20 are not proximal to sensors 400,
that data is communicated to the computer system and shuts
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off device 300, ensuring precision and safety in a medical
procedure in a non-invasive manner.
0112. In other non-limiting embodiments, the non-inva
sive positioning device 1080 may be utilized in other medical
procedures, for example in those involving orthopedics.
Those skilled in the art will recognize that the inventions
described herein, particularly the non-invasive device 1080,
may be utilized in any medical manner that requires precision
of localization. In non-limiting embodiments, such a device
1080 may be utilized in knee or hip replacement surgeries.
Implanted emitters 20 and sensors 400 may be used to verify
proper orientation and positioning of limbs following
replacement of Such joints.
0113 Turning to FIG. 6, provided is a depiction of a pos
sible computerized workspace 600 for use in an embodiment
of the present invention. The workspace 600 may be utilized
to form the digital model incorporated from the FCM 30,
PRM40, anchors or emitters 20, at least one anatomical point
(such as AC, 60), and in non-limiting embodiments, at least
one target 100. A digital model may be utilized to form virtual
customized positioning interface devices 80 and virtual cus
tomized “phantom' 110. A medical procedure may be simu
lated in the digital model using the workspace 600. In non
limiting embodiments, a Surgical procedure is simulated
utilizing probes 610 or other surgical tools designed for use in
precision Surgeries.
0114. In other non-limiting embodiments, illustrated in
FIG. 7, simulation of irradiation or other medical procedures
may be carried out using workspace 700, and may include
dosimetry. The digital model may or may not utilize three
dimensional scanned images of the patient. In this non-lim
iting embodiment, “phantom' 110 may include tumor 710
information for use in planning radiation therapy. This plan
ning may include precision localization, dosimetry, and the
like.

0115 The present invention may be implemented on a
variety of computing devices and systems, wherein these
computing devices include the appropriate processing
mechanisms and computer-readable media for storing and
executing computer-readable instructions, such as program
ming instructions, code, and the like. As shown in FIG. 8,
personal computers 900, 944, in a computing system envi
ronment 902 are provided. This computing system environ
ment 902 may include, but is not limited to, at least one
computer 900 having certain components for appropriate
operation, execution of code, and creation and communica
tion of data. For example, the computer 900 includes a pro
cessing unit 904 (typically referred to as a central processing
unit or CPU) that serves to execute computer-based instruc
tions received in the appropriate data form and format. Fur
ther, this processing unit 904 may be in the form of multiple
processors executing code in series, in parallel, or in any other
manner for appropriate implementation of the computer
based instructions.

0116. In order to facilitate appropriate data communica
tion and processing information between the various compo
nents of the computer 900, a system bus 906 is utilized. The
system bus 906 may be any of several types of bus structures,
including a memory bus or memory controller, a peripheral
bus, or a local bus using any of a variety of bus architectures.
In particular, the system bus 906 facilitates data and informa
tion communication between the various components
(whether internal or external to the computer 900) through a
variety of interfaces, as discussed hereinafter.
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0117 The computer 900 may include a variety of discrete
computer-readable media components. For example, this
computer-readable media may include any media that can be
accessed by the computer 900, such as volatile media, non
Volatile media, removable media, non-removable media, etc.

As a further example, this computer-readable media may
include computer storage media, Such as media implemented
in any method or technology for storage of information, Such
as computer-readable instructions, data structures, program
modules, or other data, random access memory (RAM), read
only memory (ROM), electrically erasable programmable
read only memory (EEPROM), flash memory, or other
memory technology, CD-ROM, digital versatile disks
(DVDs), or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage, or other magnetic Stor
age devices, or any other medium which can be used to store
the desired information and which can be accessed by the
computer 900. Further, this computer-readable media may
include communications media, Such as computer-readable
instructions, data structures, program modules, or other data
in a modulated data signal. Such as a carrier wave or other
transport mechanism and include any information delivery
media, wired media (Such as a wired network and a direct
wired connection), and wireless media (such as acoustic sig
nals, radio frequency signals, optical signals, infrared signals,
biometric signals, bar code signals, etc.). Of course, combi
nations of any of the above should also be included within the
Scope of computer-readable media.
0118. The computer 900 further includes a system
memory 908 with computer storage media in the form of
volatile and non-volatile memory, such as ROM and RAM. A
basic input/output system (BIOS), with appropriate com
puter-based routines, assists in transferring information
between components within the computer 900 and is nor
mally stored in ROM. The RAM portion of the system
memory 908 typically contains data and program modules
that are immediately accessible to or presently being operated
on by processing unit 904, e.g., an operating system, appli
cation programming interfaces, application programs, pro
gram modules, program data, and other instruction-based
computer-readable codes.
0119. With continued reference to FIG. 8, the computer
900 may also include other removable or non-removable,
Volatile or non-volatile computer storage media products. For
example, the computer 900 may include a non-removable
memory interface 910 that communicates with and controls a
hard disk drive 912, i.e., a non-removable, non-volatile mag
netic medium; and a removable, non-volatile memory inter
face 914 that communicates with and controls a magnetic disk
drive unit 916 (which reads from and writes to a removable,
non-volatile magnetic disk 918); an optical disk drive unit
920 (which reads from and writes to a removable, non-vola
tile optical disk 922, such as a CD ROM); a Universal Serial
Bus (USB) port 921 for use in connection with a removable
memory card, etc. However, it is envisioned that other remov
able or non-removable, volatile or non-volatile computer
storage media can be used in the exemplary computing sys
tem environment 902, including, but not limited to, magnetic
tape cassettes, DVDs, digital video tape, solid state RAM,
solid state ROM, etc. These various removable or non-remov

able, Volatile or non-volatile magnetic media are in commu
nication with the processing unit 904 and other components
of the computer 900 via the system bus 906. The drives and
their associated computer storage media discussed above and
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illustrated in FIG. 8 provide storage of operating systems,
computer-readable instructions, application programs, data
structures, program modules, program data, and other
instruction-based computer-readable code for the computer
900 (whether duplicative or not of this information and data in
the system memory 908).
0120 A user may enter commands, information, and data
into the computer 900 through certain attachable or operable
input devices, such as a keyboard 924, a mouse 926, etc., via
a user input interface 928. Of course, a variety of such input
devices may be utilized, e.g., a microphone, a trackball, a
joystick, a touchpad, a touch-screen, a scanner, etc., including
any arrangement that facilitates the input of data, and infor
mation to the computer 900 from an outside source. As dis
cussed, these and other input devices are often connected to
the processing unit 904 through the user input interface 928
coupled to the system bus 906, but may be connected by other
interface and bus structures, such as aparallel port, game port,
or a universal serial bus (USB). Still further, data and infor
mation can be presented or provided to a user in an intelligible
form or format through certain output devices, such as a
monitor 930 (to visually display this information and data in
electronic form), a printer 932 (to physically display this
information and data in print form), a speaker 934 (to audibly
present this information and data in audible form), etc. All of
these devices are in communication with the computer 900
through an output interface 936 coupled to the system bus
906. It is envisioned that any such peripheral output devices
may be used to provide information and data to the user.
I0121 The computer 900 may operate in a network envi
ronment 938 through the use of a communications device
940, which is integral to the computer or remote therefrom.
This communications device 940 is operable by and in com
munication with the other components of the computer 900
through a communications interface 942. Using Such an
arrangement, the computer 900 may connect with or other
wise communicate with one or more remote computers. Such
as a remote computer 944, which may be a personal com
puter, a server, a router, a network personal computer, a peer
device, or other common network nodes, and typically
includes many or all of the components described above in
connection with the computer 900. Using appropriate com
munication devices 940, e.g., a modem, a network interface or
adapter, etc., the computer 900 may operate within and com
municate through a local area network (LAN) and a wide area
network (WAN), but may also include other networks such as
a virtual private network (VPN), an office network, an enter
prise network, an intranet, the Internet, etc. It will be appre
ciated that the network connections shown are exemplary and
other means of establishing a communications link between
the computers 900, 944 may be used.
I0122. As used herein, the computer 900 includes or is
operable to execute appropriate custom-designed or conven
tional Software to perform and implement the processing
steps of the method and system of the present invention,
thereby forming a specialized and particular computing sys
tem. Accordingly, the presently-invented method and system
may include one or more computers 900 or similar computing
devices having a computer-readable storage medium capable
of storing computer-readable program code or instructions
that causes the processing unit 904 to execute, configure, or
otherwise implement the methods, processes, and transfor
mational data manipulations discussed hereinafter in connec
tion with the present invention. Still further, the computer 900
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may be in the form of a personal computer, a personal digital
assistant, a portable computer, a laptop, a palmtop, a mobile
device, a mobile telephone, a server, or any other type of
computing device having the necessary processing hardware
to appropriately process data to effectively implement the
presently-invented computer-implemented method and sys
tem.

0123. It will be apparent to one skilled in the relevant art(s)
that the system may utilize databases physically located on
one or more computers which may or may not be the same as
their respective servers. For example, programming Software
on computer 900 can control a database physically stored on
a separate processor of the network or otherwise.
0.124 While this disclosure has been described as having
exemplary designs, the present disclosure can be further
modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses,
or adaptations of the disclosure using its general principles.
Further, this application is intended to cover Such departures
from the present disclosure as come within known or custom
ary practice of those skilled in the art to which this disclosure
pertains and which fall within the limits of the appended
claims.

1. A method of providing a unitary positioning interface for
a stereotactic frame system comprising:
implanting a plurality of anchors in a patient's body;
providing at least one three-dimensional scanned image
comprising at least a portion of the anchors and at least
one anatomical point within the body;
determining, from the at least one image, location and
orientation data relating to at least a portion of the
anchors and the at least one anatomical point;
inputting at least a portion of the data into a computer
system;

generating, from at least a portion of the data, a frame
coordinate map and a patient reference map:
positioning a predetermined Stereotactic frame coordinate
map Such that the frame coordinate map is aligned with
the at least one anatomical point;
rotating the frame coordinate map about the at least one
anatomical point such that the frame coordinate map
coincides with the patient reference map:
generating, from the data, a digital model comprising a
plurality of positioning interface devices, the patient
reference map, the frame coordinate map, and the loca
tion and orientation of at least a portion of the plurality of
anchors and the at least one anatomical point; and
fabricating, from the digital model, at least one positioning
interface device.

2. The method of claim 1, wherein the anchors are detect
able emitters, and wherein the emitters are active emitters or

passive emitters.
3-4. (canceled)
5. The method of claim 1, wherein the three-dimensional

image is provided by one of a CT scan, T1-weighted MRI
scan, T2-weighted MRI scan, and PET scan.
6. The method of claim 1, wherein the at least one anatomi

cal point is at least one of the anterior commissure, posterior
commissure, and mid-commissural point.
7. The method of claim 1, wherein the patient reference
map originates at the mid-commissural point.
8. The method of claim 1, wherein the digital model further
comprises stereotactic head ring mounts for the positioning
interface devices.
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9. The method of claim 1, wherein the digital model further
comprises at least one Surgical entry point.
10. The method of claim 1, wherein the digital model
further comprises at least one stereotactic targeting device
and at least one fiducial registration device.
11. The method of claim 1, wherein the image further
comprises at least one target within the body Such that the
location and orientation data and the digital model further
comprise the at least one target.
12. The method of claim 11, further comprising the step of
calculating, from the frame reference map, the patient refer
ence map, and the location and orientation data of the at least
one anatomical point, at least one target, and at least a portion
of the anchors, stereotactic frame settings for a medical pro
cedure, wherein the medical procedure is directed towards the
at least one target.
13. The method of claim 11, wherein the fabricating step
further comprises fabricating a solid physical model of the at
least one target using laser sintering or high-speed machining.
14. (canceled)
15. The method of claim 1, wherein the positioning inter
face devices are fixation posts.
16. A plurality of positioning interface devices obtained by
the method of claim 1.

17-22. (canceled)
23. A method of providing a unitary positioning interface
for a medical device comprising:
implanting a plurality of detectable emitters in a patients
body;
providing at least one three-dimensional scanned image
comprising the emitters and the body, wherein the image
comprises at least one anatomical point within the body;
determining, from the image, location and orientation data
of the emitters and the at least one anatomical point;
generating, from the data, a digital model comprising a
plurality of positioning interface devices and the loca
tion and orientation of the plurality of emitters and the at
least one anatomical point, wherein the plurality of posi
tioning interface devices comprise sensors, and wherein
the model is organized such that the sensors are aligned
with the emitters; and

fabricating, from the model, a unitary positioning inter
face, wherein the sensors are capable of alignment with
the plurality of emitters on the patient’s body.
24. A unitary positioning interface obtained by the method
of claim 23.

25-27. (canceled)
28. A method of providing a unitary positioning interface
for a stereotactic frame system comprising:
implanting a plurality of anchors in a patient’s body;
providing at least one scanned image comprising at least a
portion of the anchors and at least one anatomical point
within the body;
determining, from the at least one image, location and
orientation data relating to at least a portion of the
anchors and the at least one anatomical point;
inputting at least a portion of the data into a computer
system;

generating, from the data, a digital model; and
fabricating, from the digital model, at least one positioning
interface device.

