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(57) ABSTRACT 

A customized positioning fixture is fabricated Specifically 
for a patient the purpose of positioning a portion, or all, of 
the patient's body relative to a medical apparatus. The 
customized positioning fixture is fabricated Such that the 
relative position of the patent to the medical apparatus is 
predetermined before a procedure is performed on the 
patient using the apparatus. The positioning fixture is fab 
ricated using a computer-aided or an automated computer 
controlled process according to data determined for that 
patient, for example, using a rapid prototyping and tooling 
(RPT) technique. In Some embodiments, the positioning 
fixture is designed to be repeatedly removed and reattached 
to the patient, thereby allowing the patient to be repeatedly 
precisely re-positioned in the medical device is separated 
Sessions. A Second positioning fixture can also be fabricated 
So that the patient can be positioned relative to a Second 
apparatus in a way that the patient's position in the two 
different apparatuses is related in a desired manner. 
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CUSTOMIZABLE FIXTURE FOR PATIENT 
POSITONING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 09/110,070, filed Jul. 6, 1999. This 
application also claims the benefit of U.S. Provisional Appli 
cation No. 60/162,721 filed Oct. 29, 1999. Both applications 
are incorporated herein by reference. 

BACKGROUND 

0002 This invention relates to positioning a patient using 
a fixture that is customized for that patient. 
0003. In many medical procedures, it is desirable or 
necessary for a patient to be fixed in position (location and 
orientation) relative to a medical apparatus during the pro 
cedure. For example, a patient's head may be restrained 
during a Scanning procedure in a device Such as a CT or MRI 
Scanner. After Such a Scanning procedure, a coordinate 
System of the Scanned image is often mapped, or “regis 
tered, to a physical coordinate System to provide a way of 
physically locating features that are visible in the Scanned 
image. Fiducial markers, which can be anatomical Structures 
or devices attached to the body, Serve as reference points for 
the physical coordinate System. If a Subsequent Scan is 
performed, for example using a different Scanning tech 
nique, the multiple Scans can be registered to a common 
physical coordinate System in order to view the same 
features in the different Scanned images. 
0004. In some medical procedures, it is also desirable or 
necessary to repeatedly position a patient in a particular 
location and orientation relative to the medical apparatus on 
a number of Separate occasions. For example, a patient may 
return on multiple days for radiation therapy (radiotherapy) 
in which a beam of radiation is directed toward a particular 
feature in the body (a "target”) Such as a cancerous tumor. 
One approach to targeting the same feature at each Session 
is, at each Session, to first restrain the patient relative to the 
apparatus and then to determine the location of the target 
relative to the apparatus, for example, using the locations of 
fiducial markers on patient. In one approach, a “bite plate' 
with trackable markers is used to determine the position of 
the patient relative to a medical apparatus using a remote 
Sensing System. The medical apparatus is adjusted according 
to the Sensed position of the patient. Another approach to 
targeting the same feature at each Session is to restrain the 
patient in precisely the same position relative to the appa 
ratus at each Session. In one Such approach, a complex, 
cumberSome, and often painful positioning device, Such as 
a Stereotactic head frame, is fixed to a patient prior to 
Scanning. The device is left in place after Scanning to later 
position or register the patient in the medical apparatus. In 
another approach to repeatable positioning, a molded Syn 
thetic cast of a patient's head is made, and split in half to 
allow removal and Subsequent re-attachment to the head. A 
Stereotactic frame is attached to the mold, thereby allowing 
repeatable positioning of the Stereotactic frame. Features in 
the body are then targeted relative to the Stereotactic frame. 

SUMMARY 

0005. In one aspect, in general, the invention is a method 
for positioning a body in relation to a medical apparatus 
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using a customized positioning fixture. Mounting data that 
characterizes positions of a number of mounting locations 
on the body is first determined. Using this mounting data, a 
digital model of the positioning fixture is computed. The 
digital model characterizes a shape of the positioning fixture 
Such that the shape includes a first Set of mounting Structures 
that mate with the mounting locations on the body, and a 
Second Set of mounting Structures for attaching the position 
ing fixture to the medical apparatus. The positioning fixture 
is then fabricated according to the digital model. The body 
is fixed to the medical apparatus in a predetermined position 
of the body relative to the medical apparatus. This involves 
mating the first Set of mounting Structures with the mounting 
locations on the body, and attaching the positioning fixture 
to the medical apparatus using the Second Set of mounting 
StructureS. 

0006 The invention can include one or more of the 
following features. 
0007 Fabricating the positioning fixture includes form 
ing a unitary Structure using a computer-controlled process. 
The unitary Structure is formed using a rapid prototyping 
and tooling (RPT) technique. 
0008. The method includes, after fixing the body to the 
medical apparatus in the predetermined position, releasing 
the body from the positioning fixture. Then, the steps of 
fixing the body to and then releasing the body from the 
medical apparatus are repeated. At each repetition, the body 
is fixed in the same predetermined position relative to the 
medical apparatus. 
0009. The method includes forming a three-dimensional 
Scanned image of the body. In order to determine the 
mounting data, the mounting locations are identified in the 
Scanned image. 
0010. The method includes attaching a set of mounting 
devices to the body prior to forming the Scanned image. 
These mounting devices form the mounting locations on the 
body to which the position fixture will be fixed. The mount 
ing devices can include bone anchors, which can be Subcu 
taneous bone anchors. 

0011 Identifying the mounting locations in the scanned 
image includes identifying points on an anatomical Structure 
of the body to which the positioning fixture will be fixed. 
0012. The shape of the positioning fixture forms a num 
ber of Separate Segments that together form a clamp, or other 
Structure which mates with the anatomical Structure when 
the positioning fixture is fixed to the body. 
0013 The medical apparatus is a scanning device. For 
instance, the Scanning device is a CT or an MRI scanner. 
0014. The method includes determining a location of a 
target within the body. Using the determined location of the 
target, the predetermined position of the body is determined 
in order to position the target at a predetermined position 
relative to medical apparatus when the body is fixed to the 
apparatus using the positioning fixture. 

0015 The medical apparatus includes a radiation therapy 
device. 

0016. The method includes determining a second posi 
tion of the body relative to a Second medical apparatus. The 
mounting data and the determined Second position are used 
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in computing a Second digital model of a Second positioning 
fixture. The Second positioning fixture is fabricated accord 
ing to the second digital model. The body is then fixed to the 
Second medical apparatus in that Second position. This 
involves mating the Second positioning fixture with the 
mounting locations on the body and attaching the Second 
positioning fixture to the Second medical apparatus. 
0.017. The invention includes one or more of the follow 
ing advantages. 
0.018. By providing a way of positioning the patient in a 
predetermined location and orientation relative to a medical 
apparatus, the actual location of the patient does not need to 
be determined once the patient is fixed in the medical 
apparatus. This has a first advantage of reducing the amount 
of time the patient is fixed to the apparatus. A Second 
advantage is that the patient may be more accurately posi 
tioned than can be determined after the patient is fixed by a 
registration procedure. 
0019. By fabricating multiple fixtures based on a single 
Scan of the patient, each adapted to a different medical 
apparatus Such as to different Scanning devices, the relative 
position of the patient in the different devices can be 
predetermined. For instance, if two Scanning devices pro 
duce planar "slices of images, then the relative position in 
the two Scanners can be predetermined Such that the Slices 
from the two Scanning devices are parallel. 
0020. By fabricating the customized fixture from a 
Scanned image of the patient, rather than molding the fixture 
to the contours of the patient's body, the patient does not 
Suffer the inconvenience and discomfort that may be asso 
ciated with that molding process. 
0021. By not requiring that the customized fixture is 
attached during the initial Scanning, a registration process is 
avoided by forming the customized fixture to not only mate 
with the patient but to also position a device, Such as a 
Stereotactic frame, in a predetermined position relative to the 
patient. 

0022. Other features and advantages of the invention are 
apparent from the following description, and from the 
claims. 

DESCRIPTION OF DRAWINGS 

0023 FIGS. 1A-B are diagrams that show scanning 
markers and bone anchors used to attach the Scanning 
markers to a skull; 

0024 
phase; 

FIG. 2 is a diagram that illustrates a Scanning 

0.025 FIG. 3 is a diagram that illustrates a scanned image 
and located image points; 
0.026 FIG. 4 is a diagram showing a patient fixed in a 
medical apparatus using a positioning fixture; 
0.027 FIG. 5 is a flowchart illustrating design, fabrica 
tion, and use of a positioning fixture. 

DESCRIPTION 

0028) 1 Overview 
0029. In various embodiments of the invention, a cus 
tomized positioning fixture is fabricated Specifically for a 
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patient for the purpose of positioning a portion, or all, of the 
patient's body relative to a medical apparatus. The custom 
ized positioning fixture is fabricated Such that the relative 
position of the patient to the medical apparatus is predeter 
mined before the patient is Secured to the apparatus and a 
medical procedure is performed. The positioning fixture is 
fabricated using a computer-aided or an automated com 
puter-controlled process according to data determined for 
that patient. This data characterizes the geometry of mount 
ing locations on the body to which the positioning fixture is 
to be attached during the procedure, and in Some embodi 
ments, identifies the location of a target on or within the 
patient's body relative to the mounting locations. The posi 
tioning fixture includes mounting Structures that mate with 
the mounting locations on the body Such that the positioning 
fixture can be firmly attached to the patient’s body at the 
mounting locations. The positioning fixture also includes 
mounting Structures that mate with mounting locations on 
the medical apparatus So that the positioning fixture can also 
be firmly attached to the medical apparatus. The relative 
locations of the mounting Structures that mate with the body 
and those that mate with the medical device determine how 
the patient is positioned relative to the medical apparatus 
during the procedure. In Some embodiments, the relative 
position is determined based on the location of a target in the 
body So that the target itself is located in a predetermined 
location relative to the medical apparatus. In Some embodi 
ments, the positioning fixture is designed to be repeatedly 
removed and reattached to the patient, thereby allowing the 
patient to be repeatedly precisely re-positioned in the medi 
cal device in Separated Sessions. In Some embodiments, a 
Second positioning fixture is also fabricated So that the 
patient can be positioned relative to a Second apparatus in a 
way that the patient's position in the two different appara 
tuses is related in a desired manner. 

0030) 2 Exemplary Application 

0031. A first embodiment of the invention is used in an 
exemplary application to fractionated radiotherapy in which 
the patient is treated in a Series of Sessions, typically on 
different days. This use is described in conjunction with a 
flowchart shown in FIG. 5, which outlines the process. It 
should be understood that although described in the context 
of fractionated radiotherapy, this and other embodiments are 
applicable to positioning a patient relative to a variety of 
different types of medical apparatuses and to various types 
of medical procedures. For example, precise predetermined 
positioning using custom fabricated positioning fixtures is 
useful for laser Surgery, or for robotically controlled Surgery. 
0032. In this exemplary application, a radiotherapy appa 
ratus directs a relatively narrow beam of radiation through a 
target in the patient’s body from a number of different 
directions. ESSentially the only point in common to the beam 
paths from the different directions is this target. Therefore 
the target receives a much higher does of radiation than do 
points other than the target point, even those on any one of 
the beam paths. In order to carry out this type of therapy, the 
radiotherapy apparatus is controlled to direct the radiation 
beam through the target. In the description that follows 
related to this embodiment, we assume that we are con 
cerned with a target within the patient's head, although, as 
is discussed further below, the approach is equally appli 
cable to targets in other parts of the body. 
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0.033 Referring to FIG. 1A, in a first phase, a scanning 
and planning phase (501, FIG. 5), a set of bone anchors 120 
is attached to the patient’s skull 100 prior to scanning the 
patient (step 510). In the illustrative example shown in FIG. 
1A, three bone anchors 120 are attached to the skull. A 
greater or Smaller number of anchors can also be used, 
although three or more anchors are preferable. These bone 
anchors become mounting locations on the patient's body, 
which provide the means by which the patient's head will 
later be held in position with the radiotherapy apparatus 
using the custom fabricated positioning fixture. 
0034) Referring to FIG. 1B, each bone anchor 120 has a 
threaded opening for accepting threaded bolts or other 
threaded attachments. Prior to Scanning, each threaded open 
ing is used to accept a Scanning marker 122. Each Scanning 
marker 122 includes a threaded Section 124 attached to a 
marker portion 126. Marker portion 126 includes a material 
that will result in a visible image in the Scanned image. 
Various types of Scanning techniques can be used, including 
CT, PET, MRI, SPECT, and laser. The material in the marker 
portions 126 is chosen depending on the Scanning technique 
that will be used. Preferable, but not necessarily, the bone 
anchors are made of a material that is invisible in the 
Scanning technique used, and which minimally distorts the 
Scanned image in the vicinity of the anchor. 
0.035 Referring to FIG.2, after scanning markers 122 are 
attached to bone anchors 120, the patient is Scanned in a 
Scanner 210 (illustrated Schematically) producing a three 
dimensional image 230 (step 520). The three-dimensional 
image is formed as a series of planar Sections 232 that are 
“stacked” to form an image of the volume within the patient. 
The image is transferred to a computer 220 where it is 
Stored. 

0036. After the Scanning process is complete, Scanning 
markerS 122 are removed from the patient, but bone anchors 
120 are left in place. In a typical Situation, because the 
therapy phase of the process will not begin for Several hours, 
or even Several days, the patient is allowed to walk around 
or even allowed to return home at this point. 
0037 Referring to FIG.3, a doctor (or other practitioner) 
plans the upcoming therapy using a computer display of 
image 230 using well-known techniques for computer-aided 
medical planning (step 530). The doctor identifies a target 
image point 310 in image 230 corresponding to a target point 
in the body. The three dimensional coordinates of the target 
image point in the coordinate System of image 230 are Stored 
on the computer. The doctor optionally also identifies a Set 
of desirable beam paths 320 through the target point, for 
example, that avoid particular critical Structures of the brain. 
Data characterizing these paths is also stored on the com 
puter. 
0038) Referring still to FIG. 3, marker image points 330 
in image 230 correspond to the marker portions 126 of 
scanning markers 122 (FIG. 1B). The doctor planning the 
therapy locates these points using the computer display in a 
Similar manner to locating the target and choosing beam 
paths. Alternatively, an automated algorithm is implemented 
on computer 220 to locate marker image points 330 based on 
the image characteristics, Such as brightness or shape, of the 
points. In either case, the coordinates in the image of marker 
image points 330 are stored on the computer. This data is 
later used to compute the model of the positioning fixture So 
that it mates properly with the bone anchors. 

Jun. 26, 2003 

0039 Based on the planning, the doctor determines a 
desired position for the patient relative to the radiotherapy 
apparatus (Step 540). Alternatively, this position is computed 
automatically based on data characterizing the target posi 
tion and the desired beam paths. 
0040. In this embodiment, we assume that the patient is 
to be positioned in the radiotherapy apparatus Such that the 
target is at a pre-determined location within the apparatus. 
Referring to FIG. 4, radiotherapy apparatus 400 has a 
radiation emitter 405 that can pivot to direct a beam to a 
common “focal point 410, illustrated here as a point that is 
located above a supporting surface 420. In FIG. 4, radiation 
emitter 405 is shown in three different orientations. The 
Supporting Surface has a number of threaded mounting 
locations 422 at which the positioning fixture can be 
attached. 

0041 Positioning fixture 450 provides a way of attaching 
the patient's head to mounting locations 422 So that target 
310 is at focal point 410. Based on the data obtained from 
the Scan of the patient and known positions of the threaded 
mounting points 422 to focal point 410, a computer-aided 
procedure determines a design for the positioning fixture. 
That is, the procedure uses the coordinates of the target and 
of the mounting locations on the body to determine data that 
characterizes the shape or volume of positioning fixture 450. 
This shape is Such that it has a first Set of mounting Structures 
460 that mate with bone anchors 120 and a second set of 
mounting structures 470 that mate with the set of threaded 
mounting locations 422 in the therapy apparatus. In this 
embodiment, the mounting structures of the positioning 
fixture include holes through which bolts are passed to 
firmly attach the positioning fixture to bone anchors 120 and 
to Supporting Surface 420. 
0042. In order to orient the mounting structures perpen 
dicularly to the axes of the bone anchors, this approach to 
designing the positioning fixture make use of knowledge of 
the orientations as well as the locations of the bone anchors. 
In the approach described above, as shown in FIG. 1B, a 
Single marking portion 126 is attached in Scanning marker 
122 to each bone anchor 120. Therefore only the location of 
each bone anchor is determined by locating the marker 
images of the Scanning markers. 
0043. One of several alternative approaches to determin 
ing the orientation of the bone anchors is used. First, 
alternative Scanning markerS 122 can be used. The alterna 
tive Scanning markers have two marking portions 126 Sepa 
rated along the axis of the Scanning marker. Locating the 
images of both the marking portions determines the orien 
tation of the bone anchor. A Second alternative is to use a 
normal direction to a Surface models of the skull. The 
surface model of the skull can be computed directly from the 
Scanned image using well-known image processing tech 
niques. A third alternative is to approximate the orientation 
of the bone anchors by fitting a Surface through the locations 
of the Scanning markers. 
0044) In a computer-aided or an automated procedure, 
the desired position for the patient is used to design the 
positioning fixture (step 550). A computerized procedure 
converts the design of the positioning fixture into a data 
Specification of a Solid model. A Solid model is a computer 
representation of a Volume enclosed by a Surface Surround 
ing the entire Volume. Various types of computer represen 
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tations of the Volume can be used. A common format is an 
“...St1 file that is used by many computer aided design 
(CAD) systems. The st1 file includes a set of representations 
of Surface patches that together define a complete Surface 
that encloses the volume. The st1 file for the designed 
fixture is then used as the Specification for fabrication of the 
fixture. The solid model file is transferred to a rapid proto 
typing and tooling (RPT) machine. The file can be trans 
ferred on a physical medium, Such as a magnetic disk, Sent 
over a data network, or used directly on the computer on 
which is was computed. 
0.045. A variety of RPT techniques can be used to fabri 
cate the positioning fixture (step 560). In this embodiment, 
a Fused Deposition Modeling (FDM) machine, such model 
FMD2000 manufactured by Stratasys, Inc. of Eden Prairie 
Minn., is used to make the three dimensional fixture from the 
.st1 file. The FDM machine essentially robotically lays 
down a long ribbon of extruded material thereby slowly 
building up the modeled fixture. AS material is laid down, it 
fuses with the previously laid down material making a 
homogeneous Solid. This results in the fixture forming a 
rigid unitary Structure. The process results in a highly 
accurate fixture, within 5 mill of the Specification in the St1 
file. Various materials or RPT methods, such as various 
plastics, laser Sintered metals, and CNC machining can also 
be used. In the embodiment, medical grade ABS is used. 
Various other materials, Such as various plastics, can also be 
used. For Scanning and radiotherapy applications, materials 
that are transparent to radiation may be used. 
0046) As illustrated in FIG. 4, after positioning fixture 
450 fabricated, the patient is treated in radiotherapy appa 
ratus 400. In a medical procedure phase (503), in each 
treatment Session, the positioning fixture is first Secured to 
both the patient and the radiotherapy apparatus (step 570). 
Bolts or other threaded fasteners are inserted through holes 
in the mounting Structures and Secured in the bone anchors 
and in the threaded mounting locations of the apparatus. 
Then, the treatment is performed with the patient firmly 
Secured in the predetermined position within the radio 
therapy apparatus (step 580). After the treatment for the 
Session is completed, the patient is released from the posi 
tioning fixture, leaving the bone anchors in place (step 590). 
This proceSS is repeated on a number of treatment Sessions, 
which can span weeks or even months. At each Session, the 
patient is positioned in precisely the same position. After the 
final treatment Session, the bone anchors can be removed. 
0047. In related embodiments, the apparatus is adjustable 
and does not require that the target be at a Specific location. 
In Such an embodiment, the positioning fixture is associated 
with a data Specification of the location of the target relative 
to a coordinate System that is fixed relative to the positioning 
fixture. Also, is Some embodiments, the target within the 
body is a volume or a Set of points and the apparatus is 
adjustable to allow treatment of the points of the target. 
0.048 3 Alternative Mounting Approaches and Fixture 
Structures 

0049. In the embodiment described above, the position 
ing fixture is attached to bone anchors, which form the 
mounting location on the body. In alternative embodiments, 
various alternative mounting arrangements are used. 
0050. One alternative approach does not rely on the 
mounting structure being normal to the axes of the bone 
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anchors. Instead, a ball is mounted on each bone anchor and 
the fixture has corresponding Sockets that mate with the 
balls. In another alternative, Subcutaneous anchors are 
inserted into the body, for instance, into the Skull. Each 
anchor has a depression, or “dimple,” in the center of the end 
just below the skin. The positioning fixture is designed to 
accommodate mounting pins that mate with the dimples and 
which clamp the fixture in place. Such Sub-cutaneous 
anchors may be preferable to exposed bone anchors if an 
extended duration of therapy is required. Also, in Some 
circumstances, it may not be necessary to remove the 
anchors once the course of therapy has been completed. 
0051. Another alternative does not make use of anchors 
or other structures being attached to the body to form 
mounting locations. Rather, the positioning fixture is 
designed to mate with anatomical contours of the patient's 
body, which themselves form the mounting locations on the 
body. For instance, the positioning fixture can form a con 
toured headrest on which the patient places his or her head 
during the procedure. In a variant of this procedure, rather 
than forming a Single unitary Structure, the positioning 
fixture is formed on two Separate Sections that form a clamp 
that matches the contours of the patient's body. For example, 
in addition to a first Section forming a headrest, a Second 
Section can form a clam Section that holds the head firmly in 
place. A wide variety of anatomical contours can be used, 
including the head, face, jaw, or entire limbs. Also, bone 
Structures (Such as the Spine) that are exposed in a Surgical 
procedure can be used. 
0.052 Another alternative to positioning the patient 
involves designing the positioning fixture to form a "shim’ 
that mates with anatomical contours of the patient's body 
and provides a mounting Structure for attaching to another 
positioning fixture, which is not necessarily Specifically 
customized for the patient. For example, a Shim between the 
patient's head and a conventional Stereotactic frame (a 
“halo') can provide a means of repeatably attaching the 
frame. The halo is then attached to the apparatus to position 
the patient in a predetermined position. In Such embodi 
ments in which the custom fabricated positioning fixture 
forms a Shim between the patient and another mechanical 
Structure, the other Structure can be Selectable and optionally 
coarsely adjustable, and the customized portion provides 
fine adjustment. 
0053 4 Multiple Positioning Fixtures 
0054. In some embodiments, two separate positioning 
fixtures are fabricated, each for use with a different appa 
ratus, but which both mate with the same mounting locations 
on the body. For instance, proceeding with the radiotherapy 
example introduced above, a Second positioning fixture is 
fabricated to position the patient in a Scanner, while mount 
ing to the same bone anchors used to Secure the patient in the 
radiotherapy apparatus. The Second fixture is designed So 
that Successive three-dimensional Scans yield ViewS in 
which the "slices” of the scan come from the same planes 
through the patient's body in order to allow direct compari 
Son from Scan to Scan. For example, the positioning fixture 
for the Scanning apparatus may be designed to reproduce the 
position in which the patient was originally Scanned when 
the target was identified. 
0055. In another embodiment involving multiple scan 
ning apparatuses, multiple positioning fixtures are fabri 
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cated, each for a different Scanning apparatus. The mounting 
Structures that mate with the mounting locations on the body 
have the same geometric interrelationship, but mounting 
Structures for mating with the mounting locations of the 
apparatus are specific to the apparatus. One application on 
this is to design the positioning fixtures So that two-dimen 
Sional images planes from the different Scanning apparatuses 
coincide, thereby allowing direct comparison of the images 
from the different Scanners, or forming of composite images 
using features obtained using each of the Scanners. 
0056. It is to be understood that the foregoing description 
is intended to illustrate and not to limit the Scope of the 
invention, which is defined by the Scope of the appended 
claims. Other embodiments are within the scope of the 
following claims. 
What is claimed is: 

1. A method for positioning a body in relation to a medical 
apparatus using a customized positioning fixture compris 
ing: 

determining mounting data that characterizes positions of 
a plurality of mounting locations on the body; 

using the mounting data, computing a digital model of the 
positioning fixture that characterizes a shape of the 
positioning fixture Such that the shape includes a first 
plurality of mounting Structures that mate with the 
mounting locations on the body, and a Second plurality 
of mounting Structures for attaching the positioning 
fixture to the medical apparatus, 

fabricating the positioning fixture according to the digital 
model; and 

fixing the body to the medical apparatus in a predeter 
mined position of the body relative to the medical 
apparatus, including mating the first plurality of mount 
ing Structures with the mounting locations on the body, 
and attaching the positioning fixture to the medical 
apparatus using the Second plurality of mounting Struc 
tureS. 

2. The method of claim 1 wherein fabricating the posi 
tioning fixture includes forming a unitary Structure using a 
computer-controlled process. 

3. The method of claim 2 wherein forming the unitary 
Structure using a computer-controlled process includes 
forming Said structure using a rapid prototyping and tooling 
(RPT) technique. 

4. The method of claim 1 further comprising: 
after fixing the body to the medical apparatus in the 

predetermined position, releasing the body from the 
positioning fixture, and 
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repeating the Steps of fixing the body to and then releasing 
the body from the medical apparatus, whereby at each 
repetition the body is fixed in the Same predetermined 
position relative to the medical apparatus. 

5. The method of claim 1 further comprising forming a 
three-dimensional Scanned image of the body and wherein 
determining the mounting data includes identifying the 
mounting locations in the Scanned image. 

6. The method of claim 5 further comprising attaching a 
plurality of mounting devices to the body prior to forming 
the Scanned image to form the mounting locations on the 
body. 

7. The method of claim 6 wherein attaching the mounting 
devices includes attaching bone anchors. 

8. The method of claim 7 wherein attaching the bone 
anchors includes attaching Subcutaneous bone anchors. 

9. The method of claim 5 wherein identifying the mount 
ing locations in the Scanned image includes identifying 
points on an anatomical Structure of the body. 

10. The method of claim 1 wherein the shape of the 
positioning fixture forms a plurality of Segments that form a 
clamp which mates with the anatomical Structure when the 
positioning fixture is fixed to the body. 

11. The method of claim 1 wherein the medical apparatus 
is a Scanning device. 

12. The method of claim 1 further comprising: 
determining a location of a target within the body; and 
using the determined location of the target, determining 

the predetermined position of the body in order to 
position the target at a predetermined position relative 
to medical apparatus when the body is fixed to Said 
apparatus using the positioning fixture. 

13. The method of claim 12 wherein the medical appa 
ratus includes a radiation therapy device. 

14. The method of claim 1 further comprising: 
determining a Second position of the body relative to a 

Second medical apparatus, 
using the mounting data and the determined Second 

position, computing a Second digital model of a Second 
positioning fixture; 

fabricating the Second positioning fixture according to the 
Second digital model; and 

fixing the body to the Second medical apparatus in Said 
Second position, including mating the Second position 
ing fixture with the mounting locations on the body and 
attaching the Second positioning fixture to the Second 
medical apparatus. 
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