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Description
BACKGROUND OF THE INVENTION

Field of the Invention

This invention is related in general to the fields of
stereotactic radiosurgery and radiation therapy. In par-
ticular, the invention provides a new apparatus for pro-
ducing a precise set of coordinates of the portion of a
patient's body affected by a tumor with reference to a
fixed frame wherein the patient is immobilized, so that
the required dosage of radiation can be accurately
delivered to the prescribed target volume with substan-
tial sparing of surrounding normal tissues.

Description of the Related Art

The main object of radiotherapy is to deliver the
prescribed dose of radiation to a tumor in a patient while
minimizing the damage to surrounding, healthy, tissue.
Since very-high-dose radiation (in the order of several
thousand rads or cGy, typically generated by a linear
accelerator) is normally used to destroy tumors in radio-
therapy, the high dose is also destructive to the normal
tissue surrounding the tumor. Therefore, it is essential
that the delivery of radiation be limited precisely to the
prescribed target volume (i.e., the tumor plus adequate
marging). This is normally accomplished by placing
appropriately constructed shielding blocks in the path of
the radiation beam. Thus, the goal is to accurately iden-
tify the malignancy within the body of the patient and to
target the prescribed dosage of radiation to the desired
region in the immobilized patient.

To that end, the ideat procedure requires the identi-
fication of the exact anatomical location of the tumor
and the corresponding accurate positioning of the radi-
ation field during treatment. This could be easily
achieved it it were possible to locate and treat the tumor
at the same time. In practice, though, this is not possible
because the equipment used to identify the tumor (x-ray
machine, computed tomography eguipment, or any of
the other scanning machines currently in use) is sepa-
rate from the equipment used for the therapeutic irradi-
ation of the patient, requiring the movement and
repositioning of the patient from one piece of equipment
to the other.

As illustrated in schematic form in Figure 1, a con-
ventional treatment unit 10 consists of a linear acceler-
ator (linac) head 2 mounted on a gantry 4 so that its
high-energy emissions R irradiate a patient P lying on a
table 6 directly below, typically through shielding blocks
8 attached to the head. A bracket 12 supporting a detec-
tor 14 may be mounted on the opposite side of the head
within the field of radiation in order to take radiographs
of the patient being treated. The gantry 4 is movable
around a pivot 16 to permit the rotation of the head (and
of the detector) around the patient to afford different
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views of the area to be treated ("multiple fields” treat-
ment).

The normal procedure involves the use of a diag-
nostic simulator, which is a diagnostic x-ray machine
with the same physical characteristics of the radiation
therapy machine (schematicaily also represented by
Fig. 1, where a diagnostic x-ray head replaces the linac
head 2), so that the field of view of the low-energy x rays
emitted in the simulator is the same as that of the high-
energy radiation emitied in the radiation therapy
machine. Prior to treatment, the patient is radiographed
using the simulator and an image of the target area is
obtained with low-energy radiation, which yields good
image quality. The exact target volume is then deline-
ated on the radiograph by a physician and matching
shielding blocks are constructed to limit the field of view
of the irradiating machine to the region so delineated.

A different approach has been used in the field of
cranial radiosurgery, which requires very precise high-
intensity radiation delivered in a single session. Rather
than irradiating the target through shielding blocks,
which provide only a coarse alignment of the tumor area
with the field of emission, cranial radiosurgery relies on
a highly focussed stereotactic radiation beam pointed
precisely toward the center of the tumor. In order to be
able to direct the radiation with sufficient accuracy, a
cranial frame consisting of a rigid ring is affixed to the
skull of a patient below the tumor aréa by means of at
least four pressure pins evenly distributed around the
ring. The pins compress the bone to the point of becom-
ing rigidly affixed to the skull, thus providing a fixed
frame of reference for delineating the position of the
malignancy. With the use of scanning equipment, such
as a CT scanner, the exact location of the tumor can
thus be mapped in terms of three-dimensional coordi-
nates in relation to the ring of the cranial frame. Once
these exact coordinates are known, the patient is
moved to the linac machine where the cranial frame is
lined up with a special cranial support calibrated to the
machineg's own reference system and the frame is posi-
tioned so that the stereotactic radiation beam is
focussed on the center of the tumor. Thus, as the linac's
gantry rotates around head of the patient for multiple-
fields treatment, the tumor is subjected to the cumula-
tive amount of radiation emitted during the radiation
session, while the areas surrounding the tumor receive
only the radiation emitted while the path of the beam
passed through them.

This technique requires precise measurements and
targeting of the radiation beam, but it is indispensable
for the treatment of cranial tumors, where even a slight
misalignment of the radiation beam may cause severe
damage to surrcunding vital tissue. Therefore, it would
be very desirable to have an apparatus that permitted
the use of a similar technique for extracranial applica-
tions. The present application is directed at the develop-
ment of a device that enables the use of this technique
for stereotactic localization and radiation therapy of
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extracranial targets.

Document US-A-3 933 154 discloses an immobi-
lizar for use in x-ray and surgical procedures. The immo-
hilizer has a back which is adapted to be rigid or bent at
various positions. i also has flexible straps for securing
different sections of g patient's body against movement
in the immobilizer.

BRIEF SUMMARY OF THE INVENTION

One objective of this invention is the development
of an apparatus that permits the immobilisation of a
patient's body for conducting stereotactic localization of
a target tumor during the scanning procedure.

Another objective is an apparatus that can also be
used as a reference frame for targeting the radiation
beam and for conducting radiosurgery of extracranial
targets in a linear accelerator after the scanning proce-
dure.

A further goal of the invention is an apparatus that
permits the focussing of the radiation beam on the tar-
get tumor with a degree of precision that is acceptable
within the tolerances allowed for high-dose radiosur-
gery.

Still ancther objective of the invention is an appara-
tus that can be used as an accessory to existing radia-
tion-therapy diagnostic and treatment units.

A final objective of this invention is the realization of
the above mentioned goals in an economical and com-
mercially viable manner. This is done by utilizing com-
ponents and methods of manufacture that are either
already available in the open market or can be devel-
oped at competitive prices.

According to these and other objectives, the
present invention consists of a body-support frame
comprising a horizontal table having two adjustable
braces that can be moved along the main axis of the
table for straddling a patient lying within the frame. Each
brace is equipped with a swiveled clamp attachad to an
adjustable system of bracket-arms for the skeletal fixa-
tion and immobilization of the patient ¢craniad and cau-
dad to the area of interest. The frame contains
orthogonal scales for orthogonal! localization and meas-
urements of the area of interest with reference to a che-
sen set of coordinates within the table. The frame also
containg three adjustable radiographic calibration tar-
gets that are used for selectively setting a plane of refer-
ence in the proximity of the area of interest, so that the
plane may be used for lining up the frame with radio-
graphic imaging and radiation treatment apparatus. An
additional, adjustable radiographic target may be pro-
vided for fine calibration of the position of the reference
coordinates by permitting its placement as near as pos-
sible to the area of interest externally to the body of the
patient. The apparatus is used to determine the exact
coordinates of the area of interest with reference to the
chosen reference point while the body of the patient is
immobilized. These coordinates are then translated to
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an exact position in the radiation therapy apparatus for
subsequent sterectactic radiosurgery.

Various other purposes and advantages of the
invention will become clear from its description in the
specification that follows and from the novel features
particularly pointed out in the appended claims. There-
fore, to the accomplishment of the objectives described
above, this invention consists of the features hereinafter
illustrated in the drawings, fully described in the detailed
description of the preferred embodiment and particu-
larly pointed out in the claims. However, such drawings
and description disclose but one of the various ways in
which the invention may be practiced.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevational schematic representation
of a typical radiation therapy unit.

Figure 2 is a perspective view of a body-support
frame for the skeletal fixation of a patient according to
the present invention.

Figure 3 is a top view of the table illustrating an N-
shaped reference sight mounted within the retaining
side-walls of the invention.

Figure 4 is a front elevationat view of the table illus-
trating the removable portions of the side-walls and the
x- and z-coordinate scales mounted on the frame of the
invention.

Figure 5 is an elevational side view of the preferred
embodiment of the brace of the invention, illustrating the
vise, arm and clamp of the skeletal fixation mechanism
attached to each side of the brace.

Figure 6 is an elevational front view of the preferred
embodiment of the vise, arm and clamp of the invention,
as seen from the left side of Fig. 5.

Figure 7 is an isolated elevational view of the dou-
ble-swive! joint used to connect the straight arm with the
clamp frame of the invention.

Figure 8a is an elevational view of the fixation
clamp frame of the invention.

Figure 8b is an elevational view of a cancellous
screw mounted on the fixation clamp frame of the inven-
tion.

Figure 9 is a view of the fixation ¢clamp shown in Fig.
8 as seen from the right side of that figure.

Figure 10 is an isolated elevational view of the cali-
bration frame mounted on at least one brace of the
invention.

Figure 11 is an isolated view of the calibration
frame shown in Fig. 10, not including the brace of the
invention, as seen from the left side of that figure.

Figure 12 is a perspective view of the preferred
embodiment of the invention containing a patient immo-
bilized within the body-support frame as it would appear
during use.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
OF THE INVENTION

This invention is directed at developing an appara-
tus for the skeletal fixation of a patient to a rigid frame to
permit the stereotactic localization and radiation therapy
of extracranial targets, such as targets in the thoracic
cavity, abdominal cavity, upper and lower extremities,
and paraspinat regions. The device of the invention also
permits the determinaticn of an orthogonal set of coor-
dinates for the target and the translation of these coor-
dinates from computerized tomography or equivalent
scans to the linear accelerator.

Referring to the drawings, wherein like parts are
identified with like symbols and numerals throughout
this specification, Figure 1 illustrates in schematic ele-
vational representation a typical linear accelerator
{linac) radiation therapy unit.

Although the present invention can be used in
equivalent fashion with other radiation therapy equip-
ment, the linac machine will be referred to consistently
herein for illustration. The critical feature of any radiation
unit that is relevant for this disclosure is a calibration
system that permits the positioning of a chosen target
exactly within the focal point of the radiation beam.

Figures 2-4 illustrate the body-support frame 200 of
the invention, comprising a horizontal table 20 for sup-
porting the body of a patient and at least two braces S0
straddled across the table. The table 20 consists of a flat
horizontal platfiorm 22 sufficiently long and wide to
receive the body of a human patient lying on it, either in
supine or prone position, and of two retaining side-walls
24 rigidly attached to the platform or integral thereto, so
as to form a structure functionally equivalent to a con-
ventional stretcher or gurney. As in the case of stretch-
ers, sets of handles 44 are provided at both sides of the
platform 22 to permit the transportation of the patient
held on the table. Differently from conventional stretch-
ers, though, the table 20 must be constructed with rigid
material in order to minimize physical deformations
caused by mechanicat and thermal stresses that would
alter the coordinates of a chosen target in the body of
the patient held immobilized on the table. The overall
cross-sectional size of the table 20, including the braces
50, must not exceed the space available for positioning
the frame in the scanning machine. In the case of a typ-
ical CAT scanner, the bore of the machine is round and
approximately 28 inches in diameter. Accordingly, the
geometry of the side-walls 24 and of the braces 50 may
be selected with a conforming shape in order to maxi-
mize space utilization, as shown in the figures.

Three measurement scales are affixed to the table
20 in positions corresponding to a chosen system of
coordinates. The scales shown in the figures corre-
spond to an orthogonal x,y,z coordinate system, but any
system that allows the exact determination of the loca-
tion of & point with respect to a reference point on the
frame 200 can be used in equivaient manner, as would
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be obvious to those skilled in the art. Thus, an x-axis
scale 26 is affixed rigidly to each side-wall 24 in parallel
to the longitudinal axis of the table 20; a y-axis scale 28
is affixed rigidly to the side-walls 24 perpendicularly to
the longitudinal axis of the table 20; and a z-axis scale
30 is similarly affixed rigidly to the table (or, equivalently,
to any other part of the structure capable of supporting
the scale) perpendicularly to the plane containing the
platiorm 22. Obviously, these scales provide the means
for setting the origin of an orthogonal coordinate system
that can be used to establish the corresponding coordi-
nates of an identified target, such as a tumor in a
patient, positioned within the table 20. Once these coor-
dinates are measured, so long as the target does not
move with respect to the table, the position of the target
can be reestablished simply by measuring its coordi-
nates from the origin of the orthogonal system. Thus, if
the position of a tumor in the body of a patient immobi-
lized within the frame 200 is identified, that position can
be measured and expressed in terms of coordinates rel-
ative to the orthogonal system provided by the meas-
urement scales 26, 28 and 30.

As will become more apparent from the description
given below of the operation of the apparatus of the
invention, an N-shaped reference sight 32 is provided
on the surface of the platform 22 for radiographic confir-
mation of the exact position of scanner images taken
along the longitudinal axis of the table 20. Referring to
the top view of the table seen in Figure 3, the sight 32
consists of three straight segments of material, such as
aluminum, that is visible in radiographic scanning
images without producing significant artifacts. The two
segments 34 corresponding to the parallel legs of the N-
shaped sight are placed precisely in parallel to the main
(longitudinal) axis of the platform 22, preferably near the
interior face of the retaining side-walls 24, so that the
slanted segment 36 is disposed across the width of the
platfiorm in variable x-y coordinates. The sight 32 is
attached to a rigid support panel 40, such as a rectan-
gular sheet of plexiglass, that is slidably mounted on
supporting longitudinal tracks 41 within the retaining
side-walls 24 on the top surface of the platform 22.
Thus, the sight can be moved along the x-axis of the
table 20 to a position underlying the region of interest in
the body of a patient lying on the table {such as the posi-
tien of a tumer), so as to be visible in radiographic
images produced in scanning the tumor region.

Figure 5 shows the detailed geometry of the pre-
ferred embodiment of each brace 50 straddling the table
of the invention. Each brace consists of a rigid span of
solid material sufficiently large to envelop the body of a
patient lying in the frame 200. Each brace lies in a plane
orthogonal to the longitudinal axis of the table 20 and is
adjustably connected to the retaining side-walls 24 so
that the position of the brace c¢an be shifted along the x
coordinate of the table to lie cutside the region of inter-
estin the patient. Thatis, each brace is moved along the
side-walls 24 of the table to a position that permits the
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fixation of the patient as closely as possible to the
region of interest, but that is outside the area that will be
evaluated radiographically. Accordingly, the two braces
are positioned to straddle the body of the patient cra-
niad and caudad to the area of interest. Since atter skel-
etal fixation a patient is expected to spend many hours
in an immobilized position on the table, the side walls 24
may be constructed in removable sections, as illustrated
in Figures 2-4; that permits the removal of those sec-
tions that are not being used to support the braces 50,
thus giving the patient some freedom of limb movement.

As seen particularly in Figures 2, 3 and 4, each end
52 of a brace 50 is adjustably fastened to the corre-
sponding side-wall 24 by means of removable ping or
bolts 54 that are slotted or screwed through the brace
and into apposite receiving holes 42 located at exact
discrete intervals along the side-walls 24. Thus, the
location of each brace can be adjusted along the x coor-
dinate in discrete steps corresponding to the distance
between two adjacent holes 42. As will be explained
below, finer adjustments for the position of the appara-
tus supported by each brace are possible by means of
swivel joints and spacers built into the brace itself. This
apparatus, which is common to each brace 50, consists
generally of a skeletal fixation mechanism 70 for immo-
bilizing a patient lying on the table. At least one of the
braces also comprises a radiographic calibration device
140 that is used for selectively setting a plane of refer-
ence in the proximity of the area of interest. Finally, at
least one of the braces is also equipped with an adjust-
able radiographic target 160 for fine calibration of the
position of the reference coordinate system.

The skeletal fixation mechanism 70 mounted on
each brace comprises at least one vise 72 slidably fas-
tened to the brace 50, so that its position may be
adjusted along the span of the brace. One end of a
swivel arm 74 is adjustably connected to the vise 72 by
means of an upper swivel joint, while the other end of
the arm is connected to a skeletal fixation clamp 76 by
means of another, lower swivel joint. Thus, by virtue of
the freedom of movement of the vise 72 along the brace
50, of the swivel arm 74 around the upper swivel joint,
and of the fixation glamp 76 around the lower swivel
joint, the fixation clamp 76 can be oriented to reach any
point in the proximity of the brace across the width of
platform 22. ltis a critical feature of this invention that all
movable parts (such as the vise, swivel joints, and
clamp) be capable of being rigidly and immovably fixed
once a position is chosen for the clamp, as required for
a given procedure, Obviously, any mechanical system
consisting of fixable, hinged levers that permit the accu-
rate and rigid placement of the fixation clamp 76 over a
patient lying under the support brace 50 would be
equivalently suitable to practice the invention.

In the preferred embodiment illustrated in the draw-
ings, each brace 50 consists of an arcuated portion
spanning over the table 20 with two ends removably
attached to the side-walls 24 by means of pins 54. Two
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vises 72 having opposite sides are slidably mounted on
the arcuated portion of the brace 50, so that the position
of each can be adjusted to anywhere along the span of
the brace. Each vise comprises tightening bolts 78 (at
least one) to fasten the vise to the desired position
along the brace and, as illustrated in the front view of
Figure 6, a swivel rod 80 rotatably mounted in a longitu-
dinal bore 82 hetween the two sides of the vise. One
end of the rod 80 contains a radial through-hole 84 for
receiving in slidable connection a straight swivel arm 74
having a conforming cross-section. Although not critical
to the functioning of the invention, as will become
apparent from the description given below, a compres-
sion screw 88 may be provided on the swivel rod 80 for
locking the arm 74 in place after it has been slided to the
desired position in the through-hole 84. The other end of
the rod 80 contains a tightening knob 90, screwably
mounted on the rod, which is used to lock the rod in
position by providing a clamping action between the
knob and the arm 74 across the vise. A tubular collar 92
may be inserted around the swivel rod 80 as a spacer to
adjust the longitudinal position of the arm 74. Chviously,
collars with different lengths may be used along the rod
80 on either side of the vise to provide the desired spac-
ing for fine adjustments of the position of the arm 74.

The lower end of each arm 74 is coupled to the
skeletal fixation clamp 76 by means of a double-swivel
joint 94. In the preferred mode, this joint consists of two
facing blocks 96, each containing opposite hemispheri-
cal recesses 98 wherein conforming spheres 100 built
into the lower end of each arm 74 and in the frame 104
of the clamp are housed, as illustrated in Figures 5, 7
and 8a. This configuration cbviously permits the rotation
of each sphere within the cavity in which it is housed,
providing a high degree of freedom in the motion of the
clamp. A locking screw 102 that fastens the two blocks
96 together also provides the means for tightening the
blocks around the spheres 100 and fixing the clamp 76
in the desired position.

Figures 8a and 9 show the construction and func-
tional components of the skeletal fixation clamp 76 of
the invention. The clamp frame 104 consists of a sup-
port housing 106 having two side-arms 108, each com-
prising a swivel sphere 100 connected to the double-
swivel joint 94 at each side of the clamp. The support
housing 106 has a removable top 110 that is clamped to
the housing by means of retaining screws 112. The
main body of the support housing and the removable
top contain facing semicircular recesses that define a
cylindrical channel 114 disposed radially across the
housing, wherein a clamp axie 116 is rotatably mounted
to support the clamp 76. As the retaining screws 112
are tightened, the axle 116 is locked in place with
respect to the housing, thus also fixing the position of
the clamp in relation to the housing.

As hetter illustrated in Fig. 9, the clamp 76 is rigidly
attached to clamp axle 116, so that the clamp's position
is fixed when the axle is tightened to the housing 106.
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As would be obvious to those skilled in the art, different
mechanical arrangements could be used to support the
fixation clamp 76, the critical feature being that it be
capable of multidirectional pivotal adjustment and rigid
fixation with respect to the pair of straight swivel arms
74 connecting it to the brace. The clamp 76 consists of
two facing jaws 118 that are pulled together by a nor-
mally-open spring-loaded compression bolt mechanism
120 that permits a user fo adjustably compress, grip and
firmly hold a selected part of the anatomy of a patient. In
the preferred mode of practicing this invention, the
mechanism 120 consists of a threaded bolt 122 passed
from one side of the clamp through transverse guide-
holes in the jaws 118 and screwably connected to a
threaded nut 124 on the other side of the clamp. A
spring 126 around the bolt 122 between the two jaws of
the clamp ensures that the jaws remain open within the
adjustment provided by the compression bolt mecha-
nism. The geometry of the jaws is chosen to conform to
the shape of the anatomical part for which they are
intended. The shape and size illustrated in the figures
(approximately 5 cm long, 1.5 cm wide and 3 to 5 mm
thick) have been designed specifically for spinous proc-
ess attachment, but it has been found to be suitable as
well for clamping other skeletal parts. Friction bumps
128 are added on the contact surface of the jaws to
increase their gripping of the bone.

The skeletal fixation mechanism of the invention
can also be used without the clamp 76, utilizing a can-
cellous screw instead. As illustrated in Figure 8b, a can-
cellous screw 115 of the type normally used for
cancellous fixation by orthopedic surgeons can replace
the clamp axle 116 in the cylindrical channel 114 of the
clamp frame 104, Thus, the screw provides fixation by
being driven directly into the bone.

Note that each of the two braces 50 must be
equipped with a skeletal fixation mechanism 70 in order
to provide the ability to grip two fixation points on the
skeleton of a patient. Thus, by choosing a bone in the
vicinity of the region of interest (such as the spinal col-
umn for the treatment of a chordoma, for instance), the
bone can be clamped by the two fixation clamps and
immobilized for radiographic imaging and for stereotac-
tic treatment. For example, an incision is made through
the tissue above the spinal column and each fixation
clamp is positioned around the spinous process of a
selected vertebra. The clamps are then closed to firmly
grip and immobilize the bone. The patient is now ready
for radiographic scanning to locate the precise coordi-
nates of the tumor in relation to the reference system on
the table 20. Then, these coordinates ¢an be used to
precisely position the fable in the linear accelerator
machine to focus the radiation beam on the desired
region in the body of the patient (corresponding, of
course, to the region delineated by the coordinates pro-
duced by radiographic scanning).

In order to complete the procedure just described, it
is also necessary to have a reference system that per-
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mits the exact positioning of the table 20 within the cali-
bration system of the radiographic and linac apparatus.
For that purpose, the body-support frame 200 also com-
prises at least one radiographic calibration device 140
mounted on one brace 50, as illustrated in Figures 10
and 11. Although not critical, greater flexbility is
achieved if each brace includes & calibration device
because the more convenient ocne can then be used, as
determined by the position of the table in the radio-
graphic imaging machine, The device 140 comprises a
bracket 142 (which may be identical to the vise 72 of the
skeletal fixation mechanism) adjustably fastened to the
brace 50 and supporting a flat panel 144 mounted per-
pendicularly to the main axis of the table 20. The panel
i$ mounted on the bracket by means of a bolt 146 in an
elongated slot 148 that permits the adjustment of the
panel to different elevations and angles with respect to
the brace. If necessary, the bracket can also be moved
along the span of the brace so that the panel ¢an be
positioned as desired within the cross-section of the
table. A plurality of longitudinal support holes 150 is pro-
vided in the panel 144 that can be used to firmly hold
calibration rods 152 in paralle! to the main axis of the
table (that is, the x coordinate). As seen in Fig. 11, each
of these rods inserted into a support hole 150 includes
a radiographically discernible target 154 at the tip. The
purpose of these rods and targets is to enable the user
1o set a fixed reference plane, defined by the position of
three targets 154, perpendicularly to the main axis of
the table. This reference plane is first used for aligning
the table with the radiographic equipment and for calcu-
lating the coordinates of the region of interest with refer-
ence to that plane. Then the plane defined by the three
targets 154 is used to align the table with the reference
system of the linac equipment, so that the calculated
coordinates may be used to focus the radiation beam on
the region of interest for stereotactic treatment. Note
that the patient is kept immobilized on the table during
the entire procedure by the two skeletal fixation mecha-
nisms mounted on the braces of the invention.

In the preferred embodiment, the calibration rods
152 are made of phenolic material, which produces
negligible artifacts in radiographic images and, because
manufactured by the consistent-diameter centerless-
ground process, can be made with a very precise con-
stant diameter; each target 154 consists of a painted
lucite hall approximately 1.3 ¢cm in diameter, which pro-
duces a visible artifact, and a smaller, concentric steel
ball about 4 mm in diameter, which is contained within
the lucite ball and produces a clearly visible image; and
each lucite ball contains a fine circumferential calibra-
tion line perpendicular to the main axis of the rod (that
is, along the y-z plane equator the ball). This line per-
mits the use of external sighting with an orthogonal
laser system, such as is available in radicgraphic-imag-
ing and radiation-treatment equipment, to define very
accurately a reference plane perpendicular to the table.
Once the table with an immobilized patient is introduced
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into the radiographic imaging machine, the maching's
orthogonal laser sighting system is activated and three
targets 154 are aligned with the plane defined by the
laser by sliding the calibraticn rods 152 attached to the
balls within their support holes 150 until the equator of
each ball is perfectly lined up with the laser plane. Cbvi-
ously, the three parallel rods must be mounted on sup-
port holes 150 that do not result in the rods being
coplanar, inasmuch as the three selected targets can
define a plane only if they are not in a straight line within
the laser plane {which would necessarily be the case if
the rods lied on the same plane). The calibration rods
152 are then locked in place by apposite locking screws
(not shown in the figures) in the panel 144. In another
embodiment, the rods 152 are threadably mounted on
the panel, so that the position of each target 154 is
adjusted by rotating the corresponding rod with respect
to the panel and then fixed by a locking nut, as would be
obvious to one skilled in the art.

The most critical feature of this invention is the abil-
ity to pinpoint the exact location of a tumor and to pro-
vide a system of reference through which the tfumor can
then be targeted exactly in a radiation machine. The
usefulness of the invention is measured by the margin
of error within which this can be achieved, which must
be within the tolerances acceptable for a given proce-
dure. Thus, in order to further refine the accuracy of the
invention, an additiona} radiographic target 160 is pro-
vided that permits the translation of the coordinates of
the tumor to a reference system as close as possible to
the tumor itself. The target 160 is essentially the same
as the three targets 154 used to define the reference
plane discussed above, hut it is used instead to choose
and fix an additional reference point as close as possi-
ble to the tumor. The positioning rod 162 to which the
target 160 is affixed is slided in an appropriate support
hole 150 and the panel 144 is positioned so that the tar-
get 160 can be set at a point near the tumor on the body
of the patient. Figure 12 illustrates a patient lying face-
down on the table of the invention and immobilized by
two skeletal fixation clamps that grip spinous processes
chosen above and below the tumor, so as to provide
skeletal fixation immediately adjacent to the area of
interest. Three calibration fargets 154 have been
aligned to lie on a plane of known paosition orthogenal to
the table, and the radiographic target 160 is positioned
close to the tumor in the patient.

In operation, the body-support frame of this inven-
tion is used as follows. The support panel 40 is slided
along its tracks to a position corresponding to the region
of interest in a patient lying on the table, so that cross-
sectional radiographic scan images of the tumor area
will encompass a sectional view of the N-shaped refer-
ence sight 32. The patient is then positioned on the
table and the two braces 50 are moved along the retain-
ing side-walls 24 1o encompass the tumor and a chosen
skeletal structure anatomically associated with the
tumor. Using a chordoma as an example, the spinal col-
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umn would be selected to immohilize the patient. Then,
two surgical incisions are made caudad and craniad to
the tumor to gain access to the parts of the bone to be
clamped, such as the spinous process of two vertebrae,
and the clamps 76 are positioned and fastened around
the bone to provide a fixed connection, thus immobiliz-
ing the relevant part of the patient's body. At this point,
the two braces 50 and all movable components of the
skeletal fixation mechanisms 70 are tightened to pro-
vide a rigid frame holding the region of interest for ster-
eotactic treatment in place.

The table is then introduced into the bore of a radi-
ographic imaging machine and the three calibration tar-
gets 154 are visually aligned with the orthogonal laser
sighting system of the machine in order to define a
plane of reference in the table for use in determining the
coordinates of the tumor. Since scanning equipment
provides cross-sectional images taken at known dis-
tances in the x direction from the reference plane, the
coordinates of each point in the region of interest can be
calculated from the series of images of the tumor taken
scanning the patient along the longitude of the table (x
axis). At the same time, the distances separating the
three rods of the N-shaped reference sight 32 in each
scan image provide a check of the accuracy of the
reported position of the scanning beam. If these dis-
tances in the images do not match the physical dis-
tances measured between the rods at a position
corresponding to the x coordinate of the image, the
scanning equipment is not properly calibrated with
respect to the reference plane and an indication is given
that appropriate adjustments need to be made.

Once the coordinates of the tumor in relation to the
reference plane are established, the table is moved to
the linear accelerator and the three calibration targets
154 are visually aligned with the orthogonal laser sight-
ing system of the machine, so that the reference sys-
tems of the table and the machine ceincide. If
particularly great accuracy is required, such as in the
order of less than 1 mm, the radiographic target 160 is
placed as near the tumor as practicable in a visible spot
above the patient and the machine's laser sighting sys-
tem is used again to determine the radiographic target's
position with respect to the reference plane. This infor-
mation permits the calculation of the coordinates of the
tumor in relation to the radiographic target 160, which
can now be used as a new reference point in the linac
machine. Because of its relative closeness to the tumor,
the radiographic target 160 makes it possible to mini-
mize error in focussing the radiation beam on the tumor,
thus increasing the accuracy of the stereotactic treat-
ment. The operation of the frame of the invention is not
described in great detail, other than as given above for
purposes of illustration, because it is well understood by
those skilled in the art of stereotactic surgery.

Thus, this invention provides a means for expand-
ing radiosurgery outside the skull. The delivery of high-
dose radiation in a single setting to radio-sensitive tar-
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gets in the thorax, abdomen, paraspinal tissues, and
extremities, which cannot be adequately treated with
traditional radiation techniques, becomes possible with
significant sparing of adjacent normal tissues.

Various other changes in the details, steps and
materials that have been described may be made by
those skilled in the art within the principles and scope of
the invention herein illustrated and defined in the
appended claims. Therefore, while the present invention
has been shown and described herein in what is
believed to be the most practical and preferred embodi-
ments, it is recognized that departures can be made
therefrom within the scope of the invention, which is
therefore not to be limited to the details disclosed herein
but is to be accorded the full scope of the claims.

Claims

1. A body-support frame for skeletal fixation and ster-
eotactic radiosurgery, comprising the following
components:

(a) first, rigid means for supporting a patient in
a horizontal position;

{b) second, rigid means, adjustably attached to
said first means, for immobilizing by skeletal
fixation a portion of the body of the patient tar-
geted for stereotactic irradiation;

{c) third means for defining a vertical reference
plane perpendicular to a main axis of said first
means, said third means being adjustable with
respect to the position of said second means
and along the main axis of the first means; and
(d) fourth means, rigidly attached to said first
means, for measuring the coordinates of a
region of interest with respect to the reference
plane.

2. The frame described in Claim 1, wherein said first
rigid means for supporting a patient in a horizontal
position consists of a horizontal table comprising a
flat horizontal platform, sufficiently long and wide to
receive the body of a human patient, and of two
retaining side-walls rigidly attached to the platform,
s0 as to form a structure functionally equivalentto a
conventional stretcher.

3. The frame described in Claim 1, wherein said sec-
ond, rigid means for immobilizing by skeletal fixa-
tion the portion of the body of the patient targeted
for stereotactic irradiation comprises two braces
straddling said first means and sufficiently large to
envelop the body of the patient, each of said braces
lying in a plane orthogonal to the longitudinal axis of
and being adjustably connected to said first means,
50 that the position of each brace can be shifted
along the longitudinal axis of said first means to lie
outside the regicon of interest in the patient.
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4. The frame described in Claim 3, wherein each of
said two braces comprises two ends adjustably fas-
tened to said first rigid means by removable pins
that are slotted through said ends and into apposite
receiving holes located at exact discrete intervals
along said first means.

5. The frame described in Claim 4, wherein said
braces are arcuated and said second, rigid means
for immobilizing by skeletal fixation the portion of
the body of the patient targeted for stereotactic irra-
diation further comprises:

two vises having opposite sides mounted on
each brace;

at least one tightening bolt connecting said
opposite sicdes of each vise to fasten the vise to
the desired position along the brace;

a swivel rod rotatably mounted in a longitudinal
bore between said two opposite sides of each
vise, wherein said rod has a first end and a sec-
ond end, and said first end confains a radial
through-hole;

a swivel arm having a cross-section conforming
with said radial through-hole and being slidably
connected therethrough to said swivel rod in
each vise;

a tightening knob screwably mounted on said
second end of the rod of each vise to lock the
rod in position by providing a clamping action
between the knob and said swivel arm;

a double-swivel joint coupled to said swivel arm
of each vise; and

a skeletal fixation clamp coupled to said dou-
ble-swivel joint connected to said swivel arm of
each vise.

6. The frame described in Claim 1, wherein said third
means for defining a vertical reference plane per-
pendicular to a main axis of said first means con-
sists of:

a bracket adjustably fastened to said second
means;

a flat panel slidably mounted on said bracket
perpendicularly to the main axis of the body-
support frame;

a plurality of longitudinal support holes in said
flat panel,;

at feast three calibration rods slidably held in
said longitudinal support holes in parallel to the
main axis of the body-support frame; and

a radiographically discernible target attached
to each of said calibration rods.

7. The frame described in Claim 1, wherein said fourth
means for measuring the coordinates of a region of
interest with respect to the reference plane consists




10.

15 EP 0 686 016 B1 16

of three measurement scales affixed to said first
means in positions corresponding to a selected
system of coordinates.

The frame described in Claim 1, further comprising
an N-shaped reference sight slideably positioned
on horizontal supporting tracks on said first means
for radiographic confirmation of the exact position of
scanner images taken along the longitudinal axis of
the body-support frame.

The frame described in Claim 1, further comprising
a radiographic target capable of being positioned in
close proximity to the region of interest for stereo-
tactic radiosurgery.

The frame described in Claim 1,

wherein said first rigid means for supporting
a patient in a horizontal position consists of a hori-
zontal table comprising a flat horizontal platform,
sufficiently long and wide to receive the body of a
human patient, and of two retaining side-walls rig-
idly attached to the platform, so as to form a struc-
ture functionally equivalent to a conventional
stretcher;

wherein said second, rigid means for immo-
bilizing by skeletal fixation the portion of the body of
the patient targeted for sterectactic irradiation com-
prises two braces straddling said first means and
sufficiently large to envelop the body of the patient,
each of said braces lying in a plane orthogonal to
the longitudinal axis of and being adjustably con-
nected to said first means, so that the position of
each brace can be shifted along the longitudinal
axis of said first means to lie cutside the region of
interest in the patient; each of said two braces com-
prising two ends adjustably fastened to said first
rigid means by removable pins that are slotted
through said ends and into apposite receiving holes
located at exact discrete intervals along said first
means;

wherein said braces are arcuated and said
second, rigid means for immobilizing by skeletal fix-
ation the portion of the body of the patient targeted
for stereotactic irradiation further comprises:

two vises having opposite sides mounted on
each brace;

at least one tightening bolt connecting said
opposite sides of each vise to fasten the vise to
the desired position along the brace;

a swivel rod rotatably mounted in a longitudinal
bore between said two opposite sides of each
vise, wherein said rod has a first end and a sec-
ond end, and said first end contains a radial
through-hole;

a swivel arm having a cross-section conforming
with said radial through-hole and being slidably
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connected therethrough to said swivel rod in
each vise;
a tightening knob screwably mounted on said
second end of the rod of each vise to lock the
rod in position by providing a clamping action
between the knob and said swivel arm;
a double-swivel joint coupled to said swivel arm
of each vise; and
a shkeletal fixation clamp coupled to said dou-
ble-swivel joint connected to said swivel arm of
each vise;

wherein said third means for defining a
vertical reference plane perpendicular to a
main axis of said first means consists of;

a bracket adjustably fastened to said sec-
ond means;

a flat panel slidably mounted on said
bracket perpendicularly to the main axis of
the body-support frame;

a plurality of longitudinal support holes in
said flat panel;

at least three calibration rods slidably held
in said longitudinal support holes in paral-
iel to the main axis of the body-support
frame; and

a radiographically discernible target
attached to each of said calibration rods:

wherein said fourth means for measur-
ing the coordinates of a region of interest with
respect o the reference plane consists of three
measurement scales affixed to said first means
in positions corresponding to a selected sys-
tem of coordinates;

wherein said frame further comprises an
N-shaped reference sight slideably positioned
on horizontal supporting tracks on said tirst
means for radiographic confirmation of the
exact position of scanner images taken along
the longitudinal axis of the body-support frame;
and comprises a radiographic target capable of
being positioned in close proximity to the
region of interest for stereotactic radiosurgery.

Patentanspriiche

Kérperstitzrahmen fur Sklettfixierung und stereo-
taktische Radiochirurgie, umfassend die folgenden
Bestandteile:

(a) erste starre Mittel zum Stitzen eines Pati-
enten in einer horizontalen Position;

(b) zweite starre Mittel, die einstellbar an den
ersten Mitteln befestigt sind, um durch Skelett-
fixierung einen Teil des Kdrpers des Patienten,
der for die stereotaktische Bestrahlung
bestimmt ist, zu immobilisieren;
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(c) dritte Mittel zum Definieren einer vertikalen
Referenzebene, die senkrecht zu einer Haupt-
achse der ersten Mittel verlduft, wobei die drit-
ten Mittel bezGglich der Position der zweiten
Mittel und entlang der Hauptachse der ersten
Mittel einstellbar sind; und

(d) vierte Mittel, die starr an den ersten Mitteln
befestigt sind, zum Messen der Koordinaten
eines interessierenden Kérperbereichs bezig-
lich der Referenzebene.

Rahmen nach Anspruch 1,

dadurch gekennzeichnet,

daB die ersten starren Mittel zum Stutzen eines
Patienten in einer herizontalen Position aus einem
horizontalan Tisch, der eine flache horizontale
Platte umfaBt, die gentigend lang und breit ist, um
den Kérper eines menschlichen Patienten aufzu-
nehmen, und aus zwei haltenden Seitenwanden
bestehen, die starr mit der Platte verbunden sind,
um so eine Struktur zu hilden, die in ihrer Funktion
einer konventionellen Trage gleichwertig ist.

Rahmen nach Anspruch 1,

dadurch gekennzeichnet,

daB die zweiten starren Mittel zur Immobilisier.ing
des Teils des Kdrpers des Patienten, der tir die ste-
rectaktische Bestrahlung bestimmt ist, durch Ske-
lettfixierung zwei Blgel umfassen, die die ersten
Mittel Gherspannen und groB genug sind, um den
Korper des Patienten zu umschlieBen, wobei jeder
Bugel in einer Ebene orthogonal zur L&ngsachse
der ersten Mittel liegt und einstellbar mit diesen ver-
bunden ist, so daB jeder Blgel entlang der LAngs-
achse der ersten Mittel verschoben werden kann
und auBerhalb des interessierenden Kérperbe-
reichs des Patienten liegt.

Rahmen nach Anspruch 3,

dadurch gekennzeichnet,

daB jeder der zwei Bulgel jeweils zwei Enden
umfaft, die an den ersten starren Mitteln durch her-
ausnehmbare Zapfen einstellbar befestigt sind,
welche durch diese Enden hindurch und in gegen-
Oberliegende Aufnahmeldcher hinein geschoben
werden, die entlang der ersten Mittel in exakten
voneinander getrennten Abstanden angeordnet
sind.

Rahmen nach Anspruch 4,

dadurch gekennzeichnet,

daB die Bugel gebogen sind und daB die zweiten
starren Mittel zur Immobilisierung durch Skeledttfi-
xierung des Teils des Kérpers des Patienten, der fur
die stereotaktische Bestrahlung bestimmt ist, des
weiteren folgendes umfassen:

zwei Schraubstécke, die auf jedem Bigel mon-
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tiert sind und gegentberliegende Seiten
haben;

wenigstens eine Spannschraube, die die
gegenilberliegenden Seiten jedes Schraub-
stocks verbindet, um den Schraubstock ent-
lang des Blgels in der gewlinschten Position
zu befestigen;

eine Schwenkstange, die drehbar in einer
Langsbohrung zwischen den zwei gegeniber-
liegenden Seiten jedes Schraubstocks mon-
fiert ist, wobei die Stange jeweils ein erstes und
ein zweites Ende umfaBt, von denen das erste
Ende &in radiales Durchgangsloch enth4lt;
einen Schwenkarm mit einem Querschnitt ent-
sprechend dem radialen Durchgangsloch, der
durch dieses gleitbar mit der Schwenkstange in
jedem Schraubstock verbunden ist;

einen Festspannknopf, der schraubbar auf
dem zweiten Ende der Stange in jedem
Schraubstock montiert ist, um die Stange in
ihrer Position zu verriegeln, indem eine Klemm-
wirkung zwischen dem Knopf und dem
Schwenkarm bewirkt wird;

ein Doppelschwenkgelenk, das mit dem
Schwenkarm jedes Schraubstocks verbunden
ist; und

eine Skelett-Fixierklemme, die mit dem Dop-
pelschwenkgelenk gekoppelt ist, welches mit
dem Schwenkarm jedes Schraubstocks ver-
bunden ist.

6. Rabmen nach Anspruch 1,

dadurch gekennzeichnet,

daB die dritten Mittel zum Definieren einer vertika-
len Referenzebene senkrecht zu einer Hauptachse
der ersten Mittel aus folgenden Bestandteilen
bestehen:

einem Halter, der einstellbar an den zweiten
Mitteln befestigt ist;

einer flachen Platte, die gleithar auf dem Halter
senkrecht zur Hauptachse des Kérperstitzrah-
mens montiert ist;

einer Vielzahl von Langsstatzidéchern in der fla-
chen Platte;

mindestens drei Kalibrierstangen, die gleitbar
in den Langsstitzidchern parallel zur Haupt-
achse des Kdrperstiitzrahmens gehalten wer-
den; und

einem radiographisch erkennbaren MeBobjekt,
das an jeder Kalibrierstange befestigt ist.

Rahmen nach Anspruch 1,

dadurch gekennzeichnet,

daB die vierten Mitte! zum Messen der Koordinaten
eines interessieranden Kdrperbereichs beziglich
der Referenzebene aus drei MeBskalen bestehen,
die an den ersten Mitteln in Positionen befestigt
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sind, die einem ausgew&hlten System von Koordi-
naten entsprechen,

Rahmen nach Anspruch 1,

der des weiteren eine N-férmige Referenzablesung
umfaBt, die zur radiographischen Bestatigung der
exakten Position von Scannerbildern, die entlang
der Langsachse des KorperstUtzrahmens aufge-
nommen worden sind, gleitbar auf horizontalen
Stitzfuhrungen auf den ersten Mitteln angeordnet
ist.

Rahmen nach Anspruch 1,

der des weiteren ein radiographisches MeBobjekt
umfaRt, das in nichster Nahe des interessierenden
Kérperbereichs zur stereotaktischen Radiochirur-
gie angeordnet werden kann.

Rahmen nach Anspruch 1,

dadurch gekennzeichnet,

daB die ersten starren Mittel zum Stiitzen eines
Patienten in einer horizontalen Position aus einem
horizontalan Tisch, der eine flache horizontale
Platte umfaBt, die gentigend lang und breit ist, um
den Kérper eines menschlichen Patienten aufzu-
nehmen, und aus zwei haltenden Seitenwénden
bestehen, die starr mit der Platte verbunden sind,
um s0 eine Siruktur 2u bilden, die in ihrer Funktion
einer konventionellen Trage gleichwertig ist;

daB die zweiten starren Mittel zur Immobilisierung
des Teils des Kérpers des Patienten, der fiir die ste-
reotaktische Bestrahlung bestimmt ist, durch Ske-
lettfixierung zwei Blgel umfassen, die die ersten
Mittel dberspannen und grof genug sind, um den
Kérper des Patienten zu umschlieBen, wobei jeder
Bligel in einer Ebene orthogenal zur L&ngsachse
der ersten Mittel liegt und einstellbar mit diesem
verbunden ist, so daf jeder Blgel entlang der
Langsachse der ersten Mittel verschoben werden
kann, um auBerhalb des interessierenden Kérper-
bereichs des Patienten zu liegen;

dafB jeder der zwei Blgel jeweils zwei Enden
umfaBt, die an den ersten starren Mitteln durch her-
ausnehmbare Zapfen einstellbar befestigt sind,
welche durch diese Enden hindurch und in gegen-
Uberliegende Aufnahmeldcher hinein geschoben
werden, die entlang der ersten Mittel in exakten
voneinander getrennien Abstinden angeordnet
sind; wobei die Bligel gebogen sind und die zweiten
starren Mitte! zur Immobilisierung des Teils des
Kérpers des Patienten, der fur die stereotaktische
Bestrahlung bestimmt ist, durch Skeletifixierung
des weiteren folgendes umfassen:

zwei Schraubstécke, die auf jedem Blgel mon-
tiert sind und gegenUherliegende Seiten
haben;

wenigstens eine Spannschraube, die die
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gegentberliegenden Seiten jedes Schraub-
stocks verbindet, um den Schraubstock ent-
lang des Bigels in der gewiinschten Position
zu befestigen;

eine Schwenkstange, die drehbar in einer
Langsbohrung zwischen den zwei gegeniber-
liegenden Seiten jedes Schraubstocks mon-
tiert ist, wobei die Stange jeweils ein erstes und
ein zweites Ende umfafBt, von denen das erste
Ende ein radiales Durchgangsloch enthalt;
einen Schwenkarm mit einem Querschnitt ent-
sprechend dem radialen Durchgangsloch, der
durch dieses gleitbar mit der Schwenkstange in
jedem Schraubstock verbunden ist;

einen Festspannknopf, der schraubbar auf
dem zweiten Ende der Stange jedes Schraub-
stocks montiert ist, um die Stange in ihrer Posi-
tion zu verriegeln, indem eine Kiemmwirkung
zwischen dem Knopf und dem Schwenkarm
bewirkt wird;

ein Doppelschwenkgelenk, das mit dem
Schwenkarm jedes Schraubstocks verbunden
ist; und

eine Klemme zur Skelettfixierung, die mit dem
Doppelschwenkgelenk gekoppelt ist, welches
mit dem Schwenkarm jedes Schraubstocks
verbunden ist; wobei die dritten Mittel zum
Definieren einer vertikalen Referenzebene
senkrecht zu einer Hauptachse des ersten Mit-
tels aus folgenden Bestandteilen bestehen:

einem Halter, der einstellbar an den zwei-
ten Mitteln befestigt ist;

einer flachen Platte, die gleitbar auf dem
Halter senkrecht zur Hauptachse des Kor-
perstitzrahmens montiert ist;

einer Vielzahl von Langsstitziichern in
der flachen Platte;

mindestens drei Kalibrierstangen, die gleit-
bar in den Langsstatzldchern parallel zur
Hauptachse des Kbérperstitzrahmens
gehalten werden; und

einem radiographisch erkennbaren MeB-
objekt, das an jeder Kalibrierstange befe-
stigt ist;

wobei die vierten Mittel zum Messen der Koor-
dinaten eines interessierenden Kérperbereichs
beziiglich der Referenzebene aus drei MeB-
skalen bestehen, die an den ersten Mitteln in
Positionen befestigt sind, die einem ausge-
wihlten System von Koordinaten entsprechen;
wobei der Rahmen des weiteren eine N-for-
mige Referenzablesung umfaBt, die zur radio-
graphischen Bestatigung der exakten Position
von Scannerbildern, die entlang der Langs-
achse des Korperstitzrahmens aufgenommen
worden sind, gleitbar auf horizontalen Stltzfoh-
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rungen auf den ersten Mitteln angeordnet ist;
und wobei der Rahmen des weiteren ein radio-
graphisches MeBobjekt umfaBt, das in nach-
ster Néhe des interessierenden
Korperbereichs zur stereotaktischen Radio-
chirurgie angeordnet werden kann.

Revendications

Chassis de support de corps, pour la fixation du
squelette et la radiochirurgie stéréotactique, com-
prenant {es composants ci-apres :

{a) des premiers moyens rigides, destinés a
supporter un patient dans une position horizon-
tale -

(b) des deuxidmes moyens rigides, fixés de
fagon ajustable auxdits premiers moyens, afin
d'immeobiliser par une fixation du squelette, une
partie du corps du patient servant de cible pour
une irradiation stéréotactique ;

(c) des troisiémes moyens, pour définir un plan
de référence vertical, perpendicutaire & un axe
principal desdits premiers moyens, lesdits troi-
siémes moyens étant ajustables par rapport &
la position desdits deuxiemes moyens et dans
I'axe principal des premiers moyens ;

(d) des quatridmes moyens, fixés de fagon
rigide auxdits premiers moyens, afin de mesu-
rer les coordonnées d'une zone présentant un
intérét par rapport au plan de référence.

Chassis selon la revendication 1, dans lequel les-
dits premiers moyens rigides congus pour suppor-
ter un patient dans une position horizontale sont
constitués d'une table horizontale comprenant une
plateforme horizontale plate, suffisamment longue
et large pour recevoir le corps d'un patient humain,
et de deux parois latérales de retenue, fixées de
fagon rigide a la plateforme, de maniére a former
une structure fonctionnellement équivalente & un
brancard classique.

Chéssis selon la revendication 1, dans lequel les-
dits deuxiemes moyens rigides, congus pour immo-
biliser par une fixation du squelette la partie du
corps du patient choisie commae cible pour une irra-
diation stéréotactique, comprennent deux organes,
enfourchant lesdits premiers moyens et suffisam-
ment grands pour envelopper le corps du patient,
chacun desdits organes se trouvant dans un plan
orthogonal par rapport a l'axe longitudinal et étant
relié de fagon ajustable auxdits premiers moyens, si
bien que la position de chaque organe peut &re
décalée dans l'axe longitudinal desdits premiers
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moyens, afin de se situer hors de la zone d'intérét a
l'intérieur du patient.

Chassis selon la revendication 3, dans fequel cha-
cun desdits deux organes comprend deux extrémi-
tés, fixées de fagon ajustable auxdits premiers
moyens rigides, par des tiges amevibles qui sont
passées dans des fentes ménagés dans lesdites
extrémités et dans des trous de réception appro-
priées placés & des intervalles discrets précis sur
lesdits premiers moyens.

Chassis selon la revendication 4, dans lequel les-
dits organes sont de forme arquée et lesdits
deuxiémes moyens rigides, destinés & immobiliser
par une fixation du squelette la partie du corps du
patient qui sert de cible pour l'irradiation stéréotac-
tique, comprennent en outre ;

deux étaux ayant des cOtés opposés montés
sur chaque organe ;

au moins un boulon de serrage reliant lesdits
cdtés opposés de chaque étau pour fixer 'étau
4 la position souhaitée sur l'organe ;

une tige de pivotement, montée & rotation dans
un trou longitudinal ménagé entre lesdits deux
cdtés opposés de chaque étau, dans lequel
ladite tige a une premiére extrémité et une
deuxiéme extrémité et ladite premiére extré-
mité contient un trou traversant radial ;

un bras pivotant ayant une section transversale
se conformant audit trou traversant radial et
connecté de fagon coulissante & travers lui sur
ladite tige de pivotement dans chaque étau ;

un bouton de serrage, pouvant &re monté par
vissage sur ladite deuxieme extrémité de la
tige de chaque étau pour verrouiller la tige en
position, en exergant une action de serrage
entre le bouton et ledit bras pivotant ;

une articulation & double pivotement, couplée
audit bras de pivotement pour chague étau ;

une pince de fixation du squelette, couplée a
ladite articulation & double pivotement connec-
tée audit bras pivotant de chaque étau.

6. Chassis selon la revendication 1, dans lequel les-

dits troisiémes moyens destinés & définir un plande
référence vertical perpendiculaire & l'axe pringipal
desdits premiers moyens sont constitués de :

une console, fixée de fagon ajustable auxdits
deuxiémes moyens ;




7.

10.
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un panneau plat, monté de fagon coulissante
sur ladite console, perpendiculairement audit
axe principal dudit chassis support du corps ;

une pluralité de trous support longitudinaux,
ménagés dans ledit panneau plat ;

au moins trois tiges d'étalonnage, maintenues
de fagon coulissante dans lesdits trous sup-
ports longitudinaux parallélement & I'axe princi-
pal du chassis de support du corps ;

une cible, discernable radiographiqguement,
fixée & chacune desdites tiges d'étalonnage.

Chassis selon la revendication 1, dans lequel les-
dits quatrigtmes moyens, destinés 4 mesurer les
coordonnées d'une zone présentant un intérét par
rapport au plan de référence, sont constitués de
trois échelles de mesure fixées auxdits premiers
moyens, en des positions gui correspondent & un
systéme de coordonnées sélectionné.

Chassis selon la revendication 1, comprenant en
outre une visée de référence a forme en N, posi-
tionnée de fagon coulissante sur des pistes support
horizontales prévues sur lesdits premiers moyens
pour obtenir une confirmation radiographique de la
position exacte des images de balayage prises
dans I'axe longitudinal du chéssis support du corps.

Chassis selon la revendication 1, comprenant en
outre une cible radiographique susceptible d'étre
positionnée & proximité immédiate de la zone pré-
sentant un intérdt pour la radiochirurgie stéréotacti-
gue.

Chéssis selon la revendication 1, dans lequel les-
dits premiers moyens rigides destinés & supporter
un patient dans une position horizontale sont cons-
titués d'une table horizontale comprenant une pla-
tetorme horizontale plate, suffisamment longue et
large pour recevoir le corps d'un patient humain, et
deux parois latérales de retenue fixées rigidement
3 la plateforme, de maniére & former une structure
fonctionnellement équivalente a un brancard classi-
que

dans lequel lesdits delixiémes moyens rigi-
des, destinés & immobiliser par une fixation du
squelette la partie du corps du patient servant de
cible pour l'irradiation stéréotactique, comprennent
deux organes enfourchant lesdits premiers moyens
et suffisamment grands pour envelopper le corps
du patient, chacun desdits organes étant situé dans
un plan orthogonal par rapport & 'axe longitudinal
et étant relié de fagon ajustable auxdits premiers
moyens, de maniére que la position de chague
organe puisse &tre décalée dans I'axe longitudinal
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desdits premiers moyens pour se situer hors de la
zone présentant un intérat a l'intérieur du patient ;
chacun desdits deux organes comprenant deux
extrémités, fixées de fagon ajustable auxdits pre-
miers moyens rigides par des tiges amovibles qui
sont passées par des fentes ménagées a travers
lesdites extrémités et dans des trous de réception
opposés prévus A des intervalles discrets et précis
sur lesdits premiers moyens ;

dans lequel lesdits organes sont de forme
arquée ef lesdits deuxiémes moyens rigides, pré-
vus pour immobiliser par une fixation du squelette
la partie du corps du patient servant de cible pour
lrradiation stéréotactique, comprennent en outre ;

deux étaux ayant des cotés opposés montés
sur chaque organe ;

a&u moins un plan de fixation connectant lesdits
cotés opposés de chaque étau pour fixer I'étau
a la position scuhaitée sur l'organe ;

une tige de pivotement montée & rotation dans
un pergage longitudinal ménagé entre lesdits
deux cbtés opposés de chague étau, dans
lequel ladite tige a une premiére extrémité et
une deuxidme extrémité et ladite premiére
extrémité contient un trou traversant radial ;

un bras de pivotement, ayant une section tra-
versale se conformant audit trou traversant
radial et étant connecté & coulissement A tra-
vers lui sur ladite tige de pivotement dans cha-
que étau ;

un beuton de serrage, monté par vissage sur
ladite deuxiéme extrémité de la tige de chaque
étau, afin de verrouiller la tige en position en
exergant une action de serrage entre ledit bou-
ton et ledit bras de pivotement ;

une articulation & pivotement double couplée
audit bras de pivotement sur chaque étau ; et

une pince de fixation de squelette, couplée A
ladite articulation & double pivotement connec-
tée audit bras de pivotement de chaque étau ;

dans lequel lesdits troisidmes moyens
pour définir un plan de référence vertical per-
pendiculaire & un axe principal desdits pre-
miers moyens sont constitués de ;

une console, fixée de fagon ajustable sur
lesdits deuxiémes moyens ;

un panneau plat, monté & coulissemnent
sur ladite console, perpendiculairement
audit axe principal dudit chéssis support
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du corps ;

une pluralité de trous supports longitudi-
naux ménagés dans ledit panneau plat ;

au moins trois tiges d'étalonnage mainte-
nues de fagon coulissante dans lesdits
trous ci-dessus longitudinaux, en paralléle
a l'axe principal dudit chassis de support
du corps ; et

une cible, discernable radiographique-
ment, fixée & chacune desdites tiges d'éta-
lonnage,

dans lequel lesdits quatriémes moyens
prévus pour mesurer les coordonnées d'une
zonhe présentant un intérét par rapport au plan
de référence sont constitués de trois échelles
de mesure, fixées auxdits premiers moyens
dans des positions correspondant & un sys-
téme de coordonnées sélectionné ;

dans lequel ledit chassis comprend en
outre une visée de référence A forme en N,
positionnée de fagon coulissante sur des pistes
support horizontales prévues sur lesdits pre-
miers moyens pour obtenir une confirmation
radiographique de la position exacte des ima-
ges de balayage prises dans l'axe longitudinal
de chéssis support ; et comprend en outre une
cible radiographique susceptible d'dtre posi-
tionnée & proximité immédiate de la zone pré-
sentant un intér& pour la radiochirurgie
stéréotactique.
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