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x,y,z coordinate of the target (mm)

A B c D
X Vi y4 X Y Z X Y Z X )2 r4
7| 26| 50| 20| —46| 50| 20| —44| 51| 20| 23] 51| 20
2 | 26| 30| 20| —46] 30| 20| -a4] 30| 20| 24| 31| 20
3 | —26] 10| 20| —46] 10| 20| —44] 11| 20| —24| 10| 22
4 | —27] 10| 20| —47] 10| 20| 43| 10| 20| —23| 10| 20
5 | 27| 31| 20| —48| 30| 20| -43| 30| 20| 23| 30| 20
6 | —27] 51| 20| —47] 51| 20| -43] 50| 20| -23| 51| 20
x,y,z coordinate of the needle tip (mm)
A B c b
X Y Z X ' Z X ' Y4 X ) Z
T | 27| 50| 19| 47| 48| 18| —42| 50| 18| -23| 48| 19
2 | —26| 27| 18| —47| 27| 20| -42| 20| 18| —23| 28] 19
3 | 28] 8| 17| 47| 8| 18| 42| ol 18| —at| 9| 20
4 [ =27 11| 18| —47] 7| 17| —42| 12| 19| —21| 12[ 19
5 | —27| 28| 18] -49| 32| 18| 41| 31| 19| 21| 32 19
6 | —27] 51| 7] -a7| 51| 17| 42| 51| 18] —20] 52| 19
Ax, Ay, Az (mm)
A B c D
X y z X y z X v z X v z
1 0] o] o o] 2| 2| 2] 11 1| o] 1] 1
2 ol 2] 11 1l 2] o 20 11 21 1| 2] o
3 2| 2] 3| 1 11 1| 2l 1| 2 2| 1] 2
4 ol 1] 2| ol 3l 2 1 2| ol 2] 1l 1
5 ol 8| 1| 2| 2| 2| 2| 1| 1| 2| 1| o
6 0ol o] 2] ol 1] 2] 1l 1] 2] 3] 1] o
2 2, . A\n1/2 |
(A Ay)+(A2)F* (mm)
A B c D
i 06 25 25 18
2 28 2.6 3.1 2.7
3 3.9 2.1 29 3.2
1 2.2 3.8 23 25
5 3.2 33 22 2.6
6 55 26 22 2.9

needle placement error (mm)

mean value standard deviation
Ax 1 0.9
Ay 1 0.8
Az 1 0.8
(L) Ay P H A2 2.6 0.7

T.able.1 Needle placement error of the test model. Ax, Ay, Az represent the
distance from the needle tip to the target in each of the reference axis.




phantom No! Ax | Ay |Az(late)|dz(VD)| Az(average) | [(Ax "+ Ay A2)%"*

1 1.8 | 0.2 0.9 0.3 0.6 1.9

2 1.6 | 1.9 1.7 0.5 1.1 2.7

3 00 | 0.5 1.7 0.5 1.1 1.2

4 00 | 0.5 0.3 0.9 0.6 0.8

5 1.0 | 14 1.0 0.6 0.8 1.9

6 0.3 | 0.6 0.7 0.7 0.7 1.0

7 0.9 | 0.9 1.9 1.2 1.6 2.0

8 0.9 | 0.3 0.3 0.0 0.2 1.0

9 04 | 0.3 0.3 0.0 ' 0.2 0.5

10 00 | 04 1.0 0.5 0.8 0.9
radiation field error (mm)| mean value | standard deviation
x 0.69 0.63
Ay 0.70 0.52
Az 0.75 0.41
(A +H A H A2 1.38 0.67

Table.2 Radiation field error of the test model. Ax, Ay, Az represent the
distance from the center of radiation field to the target in each of the reference
axis. ' '



casel (Tsutsui Matsu)

device accuracy (mm) 2week 3week dweek
Zx 1.4 1.7 2.0
Ay 1.4 1.9 2.9
Az 1.7 1.8 3.2
(A=A H A2 2.6 3.1 48
patient movement (mm) 2week 3week dweek -
Zlx 1.3 1.4 24
Ay 2.4 1.4 2.6
Az 2.0 2.7 40
(A H Ay A2 3.4 3.3 5.3
case? (Hayashino reston)
device accuracy (mm) 2week 3week 4week
Ax 1.0- 0.7 0.9
Ay 1.4 0.0 0.6
' Az 0.0 0.4 0.3
(A A H A2 1.7 0.8 1.1
patient movement (mm) 2week 3week dweek
Ax 0.6 0.7 1.4
Ay 0.0 0.8 0.0
z 1.3 1.9 0.0
(A0 AyY>+(A2)H "2 1.4 2.2 1.4
case3 (Hashimoto Albert)
device accuracy (mm) 2week 3week 4week
Ax 3.4 0.8 0.0
Ay 0.0 2.1 0.7
Az 2.4 0.8 1.9
(A2 H Ay A=) 4.1 2.4 2.0
patient movement (mm) 2week 3week 4week
Ax 1.2 0.5 0.0
Ay 0.0 1.8 1.9
Z 3.0 1.5 2.1
(A0 Ay)*+( A=) 3.2 2.3 2.8
cased (Toyoda Fetty)
device accuracy (mm) 2week 3week dweek
Ax 0.0 0.0 0.0
Ay 2.1 0.9 0.0
Az 0.5 1.3 1.7
[ Ax)%+( A2+ A2 2.1 15 1.7
patient movement 2week 3week dweek '
Lx 0.5 1.3 1.6
Ay 1.6 2.5 2.3
Az 1.8 2.0 05
KA+ Ay Az)2 2 24 3.4 28
. - mean value standard deviation
evice accuracy (mm) 2.3 1.1
patient moving (mm) 2.8 1.0
repositioning error (mm) 3.7 1.5

T_able.3 Repositioning error of 4 radiotherapy cases. Ax, Ay, Az represent the
filstance from the radiation field of 1week to the radiation field of 2 to 4 week
In each of the reference axis.




x,y,z coordinate of the target (mm)

A B c b
X y z X y z X y y
1 22 20| 40| 1| 20| 40| 18| 20| 40| 38| _ 20| _ 40
2 21 39| 40| 1| 40l a0 18] 40| 40 38| 40| 40
3 a0 19| 8] 42| 39| 38| 41| 20 79| 40 39| 79
4 21] 20 79| 21| a9 79[ o] 18] 79 o[ 38 79
5 18 19| 79| 18] 39| 79| 38| 19| 79| 38| 38| 79
6 4] 19| 58] 41| 38| 58] 21| 18] 58] 20 38| 58
x,v,z coordinate of the needle tip (mm)
A B C D
. X y z X y z X y y
1 22 19| 4ol 1| 21 o] 17| _ 21| 40| 38| _ 20| 40
2 21 40 40 1| 4ol a0 17| 41| 40| 37 _40] 40
3 40 18] 8| 4] 39| 39 40 20] 80| _39] __40[ 79
4 21 21 79| 21| 4ol 8o o[ __17]__79] o] 38 79
5 9] 19| 79| 19| a0l 79| 38| 18| 79| 38| 38| _ 80
6 41| 18] 58] 41| 38| 58] 20] 19| 58] 21| 39| 58
Ax, Ay, Az (mm)
- A B c D
X y z X y z X y y
i o 1] ol ol 1 ol 1| 1l o] o] o] o
2 o 1] ol o[ o o 1| 1] o] 1] o] o
3 o [ ol 4 ol +[ 11 ol 1] 1 1] o
z o i ol ol 1| 1 ol 1] o] o] o] o
5 il ol ol 1 1] ol o 1| ol ol ol 1
6 o 11 ol ol ol ol 1] 1l ol 1] _ i]l o
(A Ay H A2)A* (mm)
A B C )
i 7.0 1.0 14 0
2 1.0 0 14 10
3 1.0 14 14 14
4 1.0 14 10 0
5 1.0 14 1.0 1.0
6 1.0 0 14 14

needle placement error (mm)

mean value standard deviation
Ax 0.4 0.5
Ay 0.6 0.5
Az 0.2 04
(L Ay A2 1.0 0.5

Table.4 Needle placement error of CT—guided brain biopsy device Ax, Ay, Az

represent the distance from the needle tip to the target in each of the

reference axis.




phantom No| Ax

Ay [Az(late)| Az(VD)|  Az(average) (A H Ay HA2Y

1 0.0 1.1 1.1 0.8 0.9 1.4

2 1.3 1.2 0.5 04 04 1.8

3 2.5 04 0.2 0.0 0.1 2.5

4 1.3 2.7 0.7 1.8 1.2 3.2

9] 0.3 1.0 1.0 0.0 0.5 1.1

6 0.4 1.3 0.0 1.8 0.9 - 1.6

7 0.4 1.2 0.0 0.5 0.2 1.2

8 1.9 1.9 0.0 0.3 0.1 2.7

9 0.7 0.0 0.3 0.5 04 0.7

10 0.3 0.2 1.7 0.7 1.2 1.2
radiation field error (mm)| mean value | standard deviation
x 0.89 0.78
v 108 0.76
Az 0.59 0.41
(A H A +H A2 0.75

1.76

Table.5 Radiation field error of the device./x, Ay, Az represent the distance
from the center of radiation field to the target in each of the reference axis.




casel (kawano kotaroh)

device accuracy (mm) 2week 3week 4week
Ax 1.6 0.6 0.9
Ay 0.0 0.0 1.0
Az 0.2 0.3 0.9
(A0 A H A2 1.6 0.7 16
patient movement (mm) 2week 3week ' 4week
Ax 1.0 1.0 1.0
Y 0.0 0.5 1.1
Az 0.7 0.5 0.5
(A0 A+ A2 1.2 1.2 1.6
case? (konnai kuri)
device accuracy (mm) 2week 3week 4week
Ax i.1 1.0 0.9
Ay 0.7 1.4 1.1
Az 1.3 0.4 0.3
(0> Ay H AT 1.9 1.8 1.4
patient movement (mm) 2week 3week dweek
X 0.0 1.1 1.1
Ay 0.9 0.9 1.6
Az 1.0 0.7 0.6
(A A+ A=) 1.3 1.6 2.0
mean value standard deviation
device accuracy (mm) 1.5 0.4
patient moving {mm) 1.5 0.3
repositioning error (mm) 2.1 0.5

Table.6 Repositioning error of 2 radiotherapy cases. Ax, Ay, Az represent the
distance from the radiation field of 1week to the radiation field of 2 to 4 week
in each of the reference axis.
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Fig.3 Head fixing pins

Fig.4 Head stand



Fig.5 A Styrofoam stand

Fig.6 Photograph of a beagle dog about to undergo CT following

attachment of a stereotactic head ring using head fixing pins.
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Fig.7 Photograph of a beagle dog about to undergo CT following
attachment of a stereotactic head ring using a head stand.
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Fig. 8 Photograph of a beagle dog abouf to undergo CT following

attachment of a stereotactic head ring using a Styrofoam stand.
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Fig.9 A CT image of the brain of a beagle dog attached to the

device using head fixing pins. Note the severe metallic artifact.

Fig.10 A CT image of the brain of a beagle dog attached to the
device using head stand. There are no metallic artifacts in this

image.



Fig.11 A CT image of the brain of a beagle dog attached to the
device using Styrofoam stand. There are no metallic artifacts in

this image.

Fig.12 A CT image of the brain of a beagle dog attached to the
device using Styrofoam stand. Head is small relative to the device
(arrow head).



Fig.13 Side-cutting brain biopsy needles (¢ 2.0mm (A) ¢ 1.5mm
(B) ¢1.0mm (C)) .

Fig.14 A test model of the stereotactic brain biopsy device for small
animal.



Fig.15 A bite block attached to the front of the device.

Fig.16 Dental impression material (EXAFINE putty type: GC Inc.)
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Fig.17 An inflatable pillow (HUG-U VAC: sports doc Inc.) used to
support the neck and body. The air in the pillow was evacuated so

the pillow conforms to the shape of the dog.

Fig.18 Head fixing frame.
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Fig.20 Dental impression material with anesthetized patient.
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Fig.21 A beagle dog in the positioning device. An inflatable pillow
is used to support the neck and body.

Fig.22 Brain biopsy phantom attached to the device.
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Fig.23 A CT image of a brain biopsy phantom. Note the radiopaque

target in the phantom.
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Fig.24 The biopsy needle lowered into the target.
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Fig.26 A CT image of a dog att
biopsy device.
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Fig.27 Photograph of a béagle dog about to undergo CT following

attachment of a stereotactic head ring using Styrofoam stand.

'Y coordinate | — | target
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Fig.28 A CT image of the dog attached to the device. The x, y and z

coordinates of the mass can be calculated on the CT image.



Fig.30 The biopsy needle lowered into the target.



Fig.31 Using a 2.5ml plastic syringe, gentle suction was applied to

the biopsy needle to obtain the tissue.
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Fig.32 Magnetic resonance images of a beagle dog obtained 1 week

after the brain biopsy.



Fig.33 Section of biopsy site obtained at postmortem
A B

Fig.34 Section of normal cerebrum (A) and cerebellum (B) obtained
by brain biopsy using ¢ 3mm biopsy needle.(H&E X 200)



Fig.35 Patient repositioning pegs on the bite block (A) and the bottom of
the device (B).



Fig.36 An inflatable pillow (BUSTAR VAC-SUPPORT: Fujihira sabix
Inc.) used to support the neck and body. The air in the pillow was
evacuated so the pillow conforms to the shape of the dog.

Fig.37 Dental impression material (EXAFINE regular type: GC Inc.)



Fig.38 Linear Accelerator MEVATRON ( TOSHIBA Medical Inc.)

Fig.39 Kodak EC medium film used for portal radiography.
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Fig.40 Kodak EC-L oncology cassette used for portal radiography.
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Fig.41 Radiotherapy phantom in made by Styrofoam. Each phantoms
include ¢ 1mm steel ball as a target.
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Fig.43 CT image of the radiotherapy phantom.



Fig.44 Locate the target at the isocenter using a laser system of the
LINAC.

' Center of the |
| target

{ isocenter |

Fig.45 Portal radiograph of the irradiation phantom.
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Fig.47 CT image of the dog with intracranial mass. There is a contrast
enhanced mass lesion in the diencephalon. The x, y and z coordinates of

the mass can be calculated on the CT image.
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Fig.48 Locate the target (intracranial mass) at the isocenter using the
laser system of LINAC.

Fig.49 Lateral port graph of week 1 (A) and week 2 (B)
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Fig.51 A schematic presentation of the relationships between error

ek i

due to device accuracy, error due to patient moving and error due to

repositioning.



Fig.52 Stereotactic brain biopsy device made with Plexiglas and

Aluminum.

L
Fig.53 Bite block fixing device.



Fig.55 A cavity was made on the bottom of the device to prevent
artifact on CT images and attenuation of x-rays.



Fig.57 Bite block is fixed on the bite block fixing device with two

screws (allow heads).
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Fig.59 A slope made by Plexiglas.
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Fig.61 Z arm extended to the 10 cm.



Fig.63 The biopsy needle lowered into the target.



