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1. Preface

It is said that the role of computer in the field of medicine is comparable with that of microscope per-
formed in the old days. At present, its adopted area in the medical field is large; from the medical research
itself to the so-called hospital automation where the practical services for the patients will be supplied..
The introduction of the computer into the medical science has induced the demand for the computer fur-
ther advanced and larger in scale. It has even a tendency of increasing in relation to the development of
the medicine itself.

Of course, computers are useful in the field of radiology; in diagnosis, radiotherapy and nuclear medi-
cine. There, the use of the computer has been more frequent and more advanced in method. Out of
these three, the radiotherapy is the first to adopt the computer calculation system, where the dose calcula-
tion being the main subject. Moreover, the request for the treatment planning which follows up accuracy
and speed enough to meet the today’s remarkably advanced medical accelerators of large output and
accurate irradiation has made the demand for the computer more enthusiastic.

However, up-to now, computers of dose calculation have been used mainly by research workers~192L>
22 and it seems that considerable time is still necessary for the radiotherapist, who has direct contacts with.
patients, to master it for the clinical purposes. The reason is rather because the computer with the func-
tions expected by the radiotherapist has not been realized yet than because it has not been popular enough
over this field. If this expected condition is attained, the radiotherapist will be free from such tasks as pro-
gramming, typing etc., and he will be able to directly know the adequate way of treatment by the dose dis-
tribution curve displayed for him. It is requested that such a new-type machine is suitable for the all
treatment technics submitted by the radiotherapist, and its answer is prompt and accurate enough to meet.
the practical use.2022

In a fixed economical condition, high-accuracy and high speed of calculation are incompatible each:
other. Theoretically, the fast scanning type analogue computer will allow the speediest calculation meet-
ing the requirements for accuracy (4=5%) for present diagnosis technic,?022 however, it is less convenient
and seriously expensive when the calculation to be performed is quite complicated, or when the various.
items should be computed.

While, the high accuracy and low cost may be realized by utilizing a large-scale digital computer:
commonly in a hospital. However, in this case, the machine is employed for the various purposes following
their respective priority orders assigned, therefore, the instant use of the machine on the occurance of neces--

sity is quite difficult. Moreover, it has a defect of the long turn-around time; from the occurance of pro-
blem to the acquisition of the answer. There will be still considerable days to see the realization of the:
peripheral computer connected to the large central computer as an on-line equipment, where all above:
problems will be solved.

Therefore, at present, it seems preferable to use srall or medium scale computer specially installed at:
the department of radiology for two medical purposes; one as a dose distribution display, and the other
during a spare time, as a general computer for medical research.

The dose distribution display computer discussed in this paper is just such a machine, by which the:
radiotherapist will be able to get dose distribution curve visually displayed, in the form of conversation.

with machine, without spoiling its high-speed, range of application and high-accuracy.
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The following is the detailed discussion on the computer and on the result obtained during the cli-

nical use.

2. General Performances

The advantage of this computer is to display isodose curve on a cathode ray tube as a visible data so
that the radiotherapist can judge it suitable or not suitable for each patient.

If one program is already prepared for a certain radiotherapy machine, this computer can work to
indicate isodose curve in several seconds or at most one minute from the time of setting numerical values
corresponding to treatment conditions and pushing start button.

The performances and specifications of this computer are discribed below.

2.1 Performances and Specifications

Table 1 shows the outline of specifications of this computer. However, this is the specification in the
immediate manufacturing days, since then, various kinds of amendment have been tﬁe«d to expand the
function. The detailed description on such an amendment performed will be given later. Moreover by
the development of the programming, the radiotherapy machine can be used for various kinds of energy
not only for the linac but also for cobalt, betatron, the interstitial or intracavity irradiation.

Table 2 shows the various input parameters and their allowable ranges,

These numerical parameters are directly inserted to the machine as a series of input data by operating
the digital switches instead of the typewriter.

The convenience of this computer machine exists in the fact that a series of npﬁ:rations; parameter
input, dose calculation, display of output etc. can be performed only by pushing the starting button, and

also,next new dose calculation can be done quite easily whenever parameters are reset and the starting but

Table 1. Ability of the Computer

CRT Size 16 inches, Round
Spot Colour Orange
Scale 1/2 or 1/1
Frame V Repetition Rate 12—20 Frames/Second
Dose for Normalizing Maximum Dose or Preset Dose
Isodose Curves 100, 90, 80, 70, 60, 50 and 409%,
Other Curves Contour of Body, Tumour and Organ
Maximum Dose up to 9999 rads
Spot Size 0.2—0.4 mm
Error of Display 0.4 mm maximum
1 Portal 2—8 seconds
Speed
of N Portals about 5N <+ 1 seconds
Calculation
10 Portals 57 seconds
6 MeV LINAC X-ray
Betatron
Application Interstitial Method

etc.
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Table 2. Input Parameters

Input Parameters of Treatment Condition for Each Portal

Symbol Name of Parameters Allowable Range
N Number of Portals 01—10 Portals
r Integrated Dose 000—999 rads
L,, Ls Field Size 00.0—29.9 ¢cm
d Distance between 01.5—29.9 cm
Skin and Isocenter
D Thickness of Body 01.5—29.9 em
7 Irradiation Angle 000—360 degree
o Wedge Angle 0, +15, 430, -+45 degree
] Oblique: Incidence Angle —89 — +89 degree
h Effectiveness of —0.99 — —0.00
Shielding Block
W, Width of 00.0—30.8 cm
Shielding Block
Po Position of —154 — +154cm
Shielding Block

Input Parameters for Calculation

Symbol Name of Parameter Allowable Range
I, Reference Dose of 100%, 0000—9999 rads
Lu, Lv Scope of Calculation 00.0—42.0 cm
Uo, Vo Origin of Calculation —28.5 — +28.5cm
AU, 4V Mesh Intervals 2.5 mm or 5.0 mm
3 Sampling Band of Curve 1,2, 3, or 49,

ton pushed. These operations are realized by sending an external interruption signal into the central proces:
for from the specific input unit. Detail of the specific input unit will be discussed later. One of the greatest
features in hardware of this computer is that the output of the central processor is transmitted to CRT
display directly from the main memory of the central processor repeatedly instead of from the specific buffer
memory. This system is more economical compared with the CRT display unit with the buffer memory
which is composed of core memory or magnetostrictive delay line. While a picture is appearing on the
cathode ray tube, the central processor is being occupied. In such a case, calculation of other item by the:
same machine is impossible, However, this problem is not so serious from the fact that the machine is a.
dedicated one and that the calculation will be completed with a considerably short period of time,

2.2 Use

Fig. 1 shows block diagram of an ideal form of the computer to be used for the radiotherapy. In this
drawing, arrows of solid lines indicate that this computer is applicable,

The work of this computer is to determine the condition of irradiation by getting the most fitted figure
of the iso-dose curve and its corresponding set of treatment parameters so that the dose may be absorbed
properly into the tumor detected by the diagnosis. This suitable condition of irradiation is not obtained
from the single calculation but from the numerous calculations tried repeatedly in order to approach
the ideal dose distribution. The radiotherapy machine starts operation immediately after the suitable con-

dition of irradiation is obtained. Then, the used parameters of condition will be field s a data or a treat-
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Rediotherapy maching

Fig. 1. Idealized Block Diagram for Use of
Computer in Radiotherapy. The Solid
Lines Shows the Role of the Dose Distri-
bution Display Computer

ment record. There is a conception that, in future, the automatic control of the radiotherapy machine
will be done directly by the computer under the preferable condition of irradiation obtained by the same
computer,

Operating procedure of this computer is generally described below.

In using the dose distribution display computer, first make the central processor memorize a series of
the dose calculation program written on the magnetic tape. Such operation is needed only once after that
the dose calculation program has erased out due to the use of the same machine for the other purposes.

Once the program is memorized by the central processor, various dose calculations and their displays
for a certain radiotherapy machine will be performed only by operating the specific input unit and CRT
display unit.

First, set the input parameter by means of the digital switch installed in the specific input unit. For
a instance, set the portal number for irradiation with N, area of position of calculation and display with
Lu, Ly, Uo, Vo, integrated dose from each port with r;, field size with L; and L, distance between skin
surface and iso-center with d;, direction of beam with #;, and wedge filter angle with a;, thickness of
human body with I);, oblique incidence angle with §i, size and position of shielding block with hj, W;,
P,;. After the completion of these setting, push the starting button. Then the iso-dose curve will
appear on the CRT display scope within several seconds or several tens seconds. Calculation speed de-
pends on number of portals and dimmension of region of calculation. If the output selection switch is
turned toward the digital plotter, the curve does not appear on the CRT scope, instead, the output is sent
to the digital plotter. When the switch for scale testing is turned on, scale calibration can be done by ad-
justing test patern appeared on the CRT to the scale of carsor. Potentiometers on the CRT panel are avail-
able to adjust magnification and position of the image on the CRT. When the scale test switch is turned-off,
isodose curves appears again. On the cathode ray tube, seven isodose curves are displayed as dotted lines
at the same time. Therefore, intensity modulation method is necessary to discriminate these lines. For
example, when the button corresponding to 80%, is pushed-on, its lamp lights, and the curve assigned for
802, becomes more intensive compared with others.

On the other hand, the maximum dose calculated within the specified area of calculation is also indi-
cated with the figure of 4 digits in the numerical display tube situated just under the cathode ray tube. The

isodose curves can be ranked by two modes. That is, one is to rank the dose levels on the basis of the 1009,
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value as the maximum dose calculated. The other is on the basis of the 100% wvalue as the parameter r,
selected by operation of digital switches. In the latter mode, isodose curves for arbitary dose can be observ-
ed.

3. System Configulation

The system configuration of the dose distribution display system is as shown in Fig. 2. This system is
composed of specific input unit, CRT display unit and NEAC-3100 computer system, The specific input unit
and the CRT display unit are installed in the operation room of radiotherapy machine linac. The
NEAC-3100 computer system is installed in the computer room. Such a configuration is provided for

performing the dose calculation only by operating the specific input unit and the CRT display unit, and
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for doing the irradiation treatment by promptly operating the linac under the most favorable condition
thus obtained. When utilizing the NEAC-3100 system for other purposes, appropriate operation on the
console of central processor will be necessary.

The specific input unit and the CRT display unit are as shown in Photo. 1 & 2. Photo. 3 shows
the NEAC-3100 central processor, magnetic tape units, operation console, input-output typewriter, XY
plotter, line printer, and punched tape reader.

3.1 Specific Input Unit

This unit is composed of three kinds of functions; parameter input board, parameter input controller
and CRT display controller.

3.1.1 Parameter Input Board

Digital switches are provided on this board, to select arbitrary values of parameters before performing
the various kinds of dose distribution calculations and indicate the parameters even after calculation.

There are switching circuits by which the parameters set by digital switches are scanned and transfered
to the parameter input controller.

An external interruption signal is generated for the central processor by pushing the starting button,
and the parameter is activated to start the dose calculation even at the time of input/output access of other
peripheral units or the central processor processing. It is programmed that the result of the calculation
is displayed immediately after dose calculation is over. Therefore, only by pushing the starting button,
overall calculating process—calculation and display—starts at once. Whether the calculation result
should be diaplyed by the CRT or it should be recorded by the digital plotter is deterrnined by the output
selection switch.

When the value of the parameter set on the parameter input board is beyond its limited range, the error
lamp lights and computation halts to show the parameter with the error. The computer starts the
calculation again by pushing the starting button after the correction of the parameter. Busy indication
lamp shows that the data are being transfered from the specific input unit to the central processor, or
from the CRT display unit to the central processor, and vice versa.

3.1.2 Parameter Input Controller

This controller controls the parameter input board by decoding the control signal sent from the central
processor in order to transfer the parameter which is set at the parameter input board to the central proce-
ssor. These decoding and controlling operations are done by practicing the PDT (Peripheral Data Trans-
fer) Instruction and PCB (Peripheral Control and Branch) Instruction. As both PDT and PCB Instruc-
tions are included within a series of statement in the dose calculation program, the specific input unit ope-
rates according to the program memorized by the main memory of the central processor.

3.1.3 CRT Display Controller

This controller controls and decodes the data of the co-ordinates which compose the isodose curve
and the data of maximum dose sent from the central processor to be displayed by the CRT display unit.
These controlling and decoding are also performed in accordance with the PDT and PCB Instructions con-
tained in the program which will be carried out by the central processor.

There, discrimination of data between co-ordinates and maximum dose, classification of the discrimi-
nated co-ordinates into the respective group of percentages, and distinction between ordinate or abcissa
are done before transmitting them into the DA converter. A co-ordinates of a isodose dot is indicated in
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one word, 18 bits. The output interval between the dots is 50 psec. Thatis to say, there is a time interval
of 50 psecond until next dot or spot is illumined since first spot was illumined.

Besides, the circuits are provided to keep the frame rate constant so that brightness of the pictures
should not be changed according to numbers of dots.

3.2 CRT Display

This unit performs DA conversion of coordinates-data of isodose plot sent from the CRT display cont-
rol section, displays it as an intensified plot on CRT and operates the numeric display tube to show data in
4-bit decimal receiving the maximum dose data.

The CRT has a 16"/ scope and is able to cover sufficiently the cross sector of human body in its real
dimensions. Spot color is orange.

Moreover, this unit employs a CRT for radar indicator and its functions of peripheral equipments to
increase the accuracy of display.

Though the radar is designed to be used or observed in a dark room, this CR'T display can be observed
clearly even in a light room by providing an intensity adjuster. 1/1 or 1 /2 is selectable for the displaying
scale. The function of the calibration by a test pattern is provided with this unit. Image can be freely
moved as that of a synchroscope to the right or the left and up or down on the displaying scope. The scale
of the isodose chart is also changeable independently vertical or horizontal. The scale illumination will
allow accurate observation and provide convenience in taking photographs.

3.3 The NEAC-3100 Computer Systera

The processor of the dose distribution display computer system is a NEAC-3100 computer. The
NEAC-3100 (Computer) System is composed of the following units;

1) Central Processor

2) . Magnetic Tape Unit (4)

8) . Punched Tape Reader

4)  Input-Output Typewriter

5) Line Printer

6) Digital Plotter

The central processor has a main memory of 16 K words; a word consists of 18 bits and its memory
cycle time is 2.0 usec.

The high-speed arithmetic unit, interrupt lines, and two trunks of read-write channel, which are all
optional, are provided in this central Processor.

This system also allows direct data transmission between the main memory and the peripheral units
with a maximum transferring speed of 5000 x 108 characters per second (one word consists of three cha-
racters).

Four units of magnetic tape are used in this system. The software called operating system can em-
ploy FORTRAN compiler and two kinds of assembler to compile and assemble source programs

This NEAC-3100 Computer System was so designed as to be applicable for other purposes as well as
for calculation of dose distribution ; for example, to use this system as a general medical computer,

Sufficient memory capacity and peripherals are equipped for the application of diagnosis and nuclear

medicine as well as of radiotherapy.
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Even though on-line connection of DA/AD converter is not practiced for the moment, it can be con-
nected as a peripheral unit to NEAC-3100 computer. Input-output typewriter and digital plotter are
especially used for treatment recording. After the specific input unit and the CRT display being used,
the most fitted iso-dose curve for a patient is recorded by the digital plotter. Treatment condition to
obtain the most fitted iso-dose curve is also printed by the typwritere with the name of patient, year
and date, name of medical doctor, and position of tumor.

Of course, the results will be printed out by means of the line printer if programmed.

4. Dose Calculation Method
As for the dose calculation method, most of the workers use the same method,?~1® that is, first to
make an empirical formula fitting for the practically measured values and next to determine the dose fol-

lowing the formula. At present, however, no empirical formula to calculate the practical absorbed dose
inside the body is introduced or established.

The point to which our effort paid mostly was to speed up the calculation without decreasing the pre-
cision of calculation, The accuracy and the speed are incompatible each other. However, after studying
its relationship from various points of view, a method described hereinafter is established to satisfy the both
factors. Basically, as a traditional method shows, the method to multiply the depth dose curve by the de-
crement value is employed. But the difference exists in utilizing approximation by linear function and
ability of judgement with comparatively less calculation time especially in computers, in stead of utilizing
exponential and trigonometrical functions which need longer calculation time.

In case that curvilinear portion of functions such as for a penumbra region should be treated, hyper-
bolic approximation is used instead of parabolic approximation. This advantage is speedy calculation
because of rare instruction of performance “divide”. Besides, it is found that hyperbolic approximation

is better than parabolic approximation when the results of calculation is compared with practical iso-dose

VERTICAL
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SECTION-0 q OBLIQUE
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3
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Fig. 3. Difinition of Coordinate System
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curve.
The following shows its calculation method.
4.1 Equation of Dose Calculation

The dose distribution is calculated on sampling mesh points on the UV co-ordinate. The origin of
the co-ordinates is the iso-center as shown in Fig. 3. The mesh interval of sampling points is selectable to
be either of 2.5 ram and 5 mm. The region for display and calculation is defined by a rectangular on, UV
plane. Here, length of horizontal and vertical sides are given by L, and L, respectively, and the center of
the rectangular by (U,, V,).

Both UV and xy plane coincide with the plane made by X-ray source rotation. U-axis is in parallel
with the horizon and V-axis is vertical. The y-axis is beam axis of irradiation and the positive direction
of represent the direction of irradiation.

The equation of co-ordinates conversion between xy and UV co-ordinates, assuming irradiation angle
of i (i=1,2,3, ...... » N), is given by

X; Cos #; Sin #; 18]
[yi Sinfi Gos 31][\/ ] P ETIS FPTAR i R tns ) |
where, N represents number of portals. Here, as for the effects of oblique incidence and wedge filter, a

method to deform the iso-dose curves by means of co ordinates conversion is employed. In assumption
that co-ordinates of a iso-dose points is (x, y), in which neither of wedge filter nor oblique incidence is con-
sidered, and that wedge filter angle is o; and oblique incidence angle §;, the co-ordinates of the iso-dose

Bi

curve is newly given by co-ordinates (x, y—x tan w;—x tan 5 )

Being combined with predescribed co-ordinates conversion by irradiation angle ;; next equation will

be obtained.

X Gli Gzl U

[ ] = [ ] [ ] .............................................................. )
Yi Gal G4i \'

where,

Glj = Cos 81

Gy; == Sin #;

R A . 3)

Bi

Gy = Cos ;—Sin §; (tan o; + tan—2—)

The integrated absorbed dose (rad) at each point (U, V) insicle the body, is given as the summation of

the integrated dose for each portal:

R(U, V) = ii riA(es) 3 (L) (-F%i—-)z iﬁ%— [Q(x5) 4 T(X0)}ereeeerrrreeeirreaennns (4)

In equation (4) r; represents an integrtaed dose from each portal of the radiotherapy machine. This
value is defined as absorbed dose at a place of 1.5 cm depth in water on the iso-center in the case of 6 MeV
Linac X-ray.

A (a;) is a correction factor for the attenuation of X-ray beam on axis under the condition of wedge
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filter inserted, and its value is as follows:
ifa; = 0, A(w) =1
7i is a also correction co-efficient, which compensate the difference of dose (maximum dose)at build-
up point due to magnitude of the field size (small or large),
if the field size is 10 X 10 em; 34, = 1
F represents the distance between radiating source and the isocenter and values as follows;
in case of 6 MeV linac, F = 100 cm
d is a depth of tumor; distance between skin surface and the isocenter.
Py, represents the distribution of the absorbed dose shown by a percentage depth dose curve and is
a function of ,; with the field size as a parameter. Fig, 4 shows function Py, of 6 MeV X rays.
Q(xi) represents the distribution of the absorbed dlose along the line in parallel with x;-axis in xy;

plane and is correspond to flatness curve in phantom. Fig. 5 shows the function of Q(x:).
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T(xi) is a rectangular function to be added to Q(x;) in order to simulate the effect of the shielding block
and this function has three parameters of h, w,, p, defined at the iso-center.
where, h: Rate of decrease of dose. Values are as follows;
if all radiation is shielded, h = —1 and
if half-shielded, h = —0.5.
Wo: Shielding area at iso-center in parallel direction with x-axis given in the unit of cm.
Po: Central position of the shielded area given in the unit of cm.

Fig. 6 shows representative functions of T and Q + T, and Fig. 7 shows relationships among functions
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of R(x, y), P(y), Q(x) and T(x).
4.2 How to Deal With Field Size

Field size for tumor which can be put in by the specific input unit is a rectangle defined at the iso-cen-
ter. In assuraption that long and short sides of the rectangle have length of L and L, respectively, the
area is obtained by multiplying L; by L,. Moreover, the rectangle is converted into a square with the
same area as A, and the length of one side as L, shown by Fig. 8. L,/L, ratio is limited to 1.5 at maximum,
and if it is beyond the value, an error lamp lights.

Next, using the field size A, defiried at the iso-center, the field size on skin surface is obtained as fol-
lows;

F—d
F

This equation shows a compensation for that the field size becomes small or large in case skin surface

A=A, ( LD F2E'S VR reaiad 23R R s S t anies e neies o e (5)

is located in the forward from the iso-center (near radiating source) or in the backward respectively.
The percentage depth dose curve differs due to the field sizes. The maximum absorbed dose at. build-
up point also differs due to this field size. These factors are corrected based on length of one side L’ of the
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Table 3. Selection of value L X L according to the field size L’ x L’ on the skin surface.

L Lt LxL

0x0 L'xL'= 5x5 4 x4
Sxb5 < £ = Tx7T 6 %6
Tx7 < 7 = 9x9 8 x8
Ix9 < o= 11 x 11 10 x 10
11 x 11 < - = 13.5 x 13.5 12 x 12
13.5 x 13.5< = =175 x 17.5 15 x 15
17.5 x 17.5< ” = 30 x 30 20 % 20

Table 4. Collection factors 5(L) for dose on the buildup point versus L

L 7(L)
4 0.952
6 0.971
8 0.990

10 1.000

12 1.0l

15 1.02

20 1.03

square of the field size on skin surface in equation (5), That is, dividing the size of L’ into 7 regions, the
representative value L is defined as shown in Table 3.

As mentioned above, by selecting seven disceete values of L it will be possible to keep down error for
the function P(x) due to field size differences within 1.5%. Furthermore, the predescribed p(Li) is divid-
ed as shown in Table 4.

4.3 Programing

The program for dose calculation is separated into 11 subprograms for easy assembling and debugg-
ing. The assembler, loader and object program which is assembled from source program of dose cal-
culation are written on a magnetic tape. The name of assembler langunage is SPASE 1.

Fixed point calculation is employed in stead of floating point to practice speedy calculation. More-
over, the mesh points, whose doses are apparently zero, are out of sampling to avoid duplicate calculation.

The doeses are calculated on the sampling points on co-ordinates (U, V) measured using the unit cm,
and iso-dose points are displayed with a real scale using the unit cm also. But the data of the iso-dose po-
ints are sent to the display unit as integer (m, n) of mesh points given with 0.25 cm steps in order to eli-
minate excess redundancy.

Fig. 9 shows the block diagram of the program.

External interruption will be allowed by pushing the start button of the specific input unit. And a
series of routine for parameter input, dose calculation and output of iso-dose curves are performed. As
soon as the interruption is processed, the system resumes state for next interruption. Namely, the system
is always set to enable a new dose calculation; the start button allows always to start calculation from bigin-
ning of this dose calculation program.

4.4 Application to Other Radiotherapy Machines
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Fig. 9. Block Diagram of Programm

In case of other external beam irradiation, it is required to change functions of Q(x), P(y) and correc-
tion factors. For different energy sources of linac, cobalt and betatron, each dose distribution curve is
obtained by this method.

However, in case of batatron, more input parameters are required to be added to those mentioned
before.

In this case, it is desirable to be able to insert or appoint parameters using typewriter,
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As for intracavity irradiation and interstitial irradiation, dose calculation equation itself should be
changed. It is desirable to make a new program, and besides, parameters such as position of radioactive
source, shape, dose, etc. should be inserted by the input-output typewriter. Insertion of these parameters
by means of the specific input unit is also possible by means of changing program.

On the other hand, the CRT display can be used as it is. The result of a combined treatrent of ex-
ternal irradiation and intracavity or interstitial irradiation can be displayed on CRT by superposing ab-
sorbed dose by external irradiation and that by intracavity or interstitial irradiation at the same samplihg
point and grouping iso-dose points in each percentage. Moreover, this CRT display can display contour
of body and also width and position of tumor.

In case of treatraent recording, optimum iso-dose curves obtained for a patient are written by the digi-
tal plotter. Date, name of patient, its fitted treatment condition and others are printed out by the type-
writer.

Therefore this makes it possible to take the treatment recordings in a photograph in place of a digital

plotter. However, this recording method cannot always obtain full scale chart as that in the digital plotter.

5. Examples of Dose Calculation for External Irradiation of 6 MeV Linac X-ray

Photo. 4 shows isodose curves on the CRT in the case of field size 6 cm % 8 cm with 45° wedge filter.
Fig. 10 shows isodose curves of field size 4 cm X 4 cm which is drawn by the XY plotter. The build
up point is on the iso-center. The scale along beam axis indicates the length from iso-center in stead of

that from skin-surface. The origin of the co-ordinate is always isocenter in this system.

*5-4-?—2—10]?3?50[}1

st oand
+++4+
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Fig. 10. An Iso-dose Curve Drawn by XY plo-
« tter. Field Size 4 cm X 4cm. 6 MeV X-ray.

Mark -+ shows 100%. Mark 9, 8, 7, 6, 5 and

4 show 909%, 809%, 70%, 60%, 50% and 409,

4
r
“‘.{$ 150m, 3+ respectively.
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ps
)
N4 o

Port Number

Gantry Angle

Tumor Depth

Oblique Incidence
Angle

Field Size

Wedge Filter

“Port Number 1 2
Gan:n.t.ry Angle 0° 45°
Tumour Depth 84cm 10.2cm
Oblique Incidence —5° —30°

Angle
8 cm 10 em
Field Size X b4
8 cm 10 em

Fig. 11. An Example of Treatme

H A5 2 i HeE = e i

T
4.3 cm
50
6eom % 6cm
—45°

H30E F4H

Photo. 5.

9

970°
4.8 em
—10°

6cm X 6cm
F45°

nt Planning for Radiation to Maxillary Antrum.

Photo. 6.

3 4 5 6 7 8
90° 120°  180°  225°  270° 300°
19.2 cm 18.8 cm 13.6 cm 13.3 cm 11.3 cmn 11.8 cm
+10° +10° 0° +5° 0° 0°
6.5 cm 4 cm 8em 10 em 6.5 cm 4 cm

X pd X X X X
6.5 cm 4 em 8 em 10 em 6.5 em 4cm

An Example of Treatment Planning for Radiation to Cancer of lungs.
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These calculated iso-dose curves of standard type are available for confirmation of calculation accuracy
and calibration of scale by comparing with the measured isodose curves. It has been found that the re-
sults of calculation coincide very well with the measured dose distribution.

An example of treatment planning for cancer in maxillary antrum and its dose distribution are shown
in Fig. 11 and Photo. 5 respectively. Photo. 5 was taken when 100%, dose area(namely maximum dose arca)
glowed brighter than other levels of dose. Other isodose curves are for 40%,, 36%,, 329, and 289 in the
order from inside to outside.

Scale of the chart is 1/1, namely full scale. It is clearly shown that the tumour is covered with 1009,
dose arca and dose drops abruptly at the peripheral zone of tumour.

Fig. 12 and Photo 6 shows an example of treatment planning and dose distribution for cancer in lung.
Contour of the body, the lung, tumour and 1009, dose area are brighter. Photo. 6 shows that the 1009,
dose area covers just the tumor. We could confirm that the very small doses were distributed to the other
part of tissue.

An example of treatment planning utilizing shielding blocks and its dose distribution for irradiation to

a swelling of periuteric lymphglands are shown in Fig. 13 and Photo. 7. The area of 100% dose glows

Photo. 7.

with higher intensity.

Port Number 1 2 3 4 5 6 7 8
Gantry Angle 0° 45° 90° 135° 180° 225° 270° 315°
Tumour Depth 8 cm 145cm 145 cm 145¢ecm  8em 145em  145cm 145 cm
Oblique Incidence [ —30° 0° +4-30° 0° —30° [ +-30°
Angle

15ecm 15 cm 15 em 15 em 15em 15 cm 15 em 15 cm
Field Size % >4 pie b3 % X pos 4

15¢cm 15 ¢cm 15 cm 15 em I5¢cm 15 cm 15 em 15 cm
Wedge Filter 30° —45° +45 —30°
Integrated Dose 200 R 300 R 100 R 300 R 200 R 300 R 100 R 300 R
DU h —0.8 0.99 —0.8

Po +3 cm 0 cm —3 em

Fig. 13. An Example of Treatment Planning for Irradiation to Swelling of Periuteric Lymphglands.
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It has been found very helpful for radio-therapist to make treatment planning utilizing parameters of
shielding blocks: shielding effect h, position p,, and width w,.

6. Conclusion

Outline of the newly developed dose distribution display computer and several examples of its applica-
tion was reported in this paper. It has been proved that expected ability of precision and speed of both cal-
culation and display is realized and the system is very useful for treatment planning and recording of radic-
therapy.

We can obtain infinite numbers of dose distribution charts according to infinite combinations of treat-
ment parameters. This computer, therfore, is mostly applicable to find optimum treatment for numerous
kind of tumor spread. In addition to this, it indicates the possibilities that the system may be a tool for
developing new technique of treatment what was never tried.

There remain many problemes to be solved by computers in the field of therapeutic radiology. In
order to solve these problems, it is necessary to realize the appropriate man-machine system for radiothera-
pist themselves who perceive those problems. In this view point, this real time systme seems to quicken the
progress in electronic data process in this field. We are going to improve and enlarge the abilities of the
system.  Application to automatic control of linear accelerator is also being contemplated.

Another paper containing more detaile report of actual clinical use and further enlarged abilities

will be published.
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