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The Collaborative Working Group (CWG) of the National Cancer Institute (NCI) electron
beam treatment planning contract has performed a set of 14 experiments that measured dose
distributions for 28 unique beam-phantom configurations that simulated various patient ana-
tomic structures and beam geometries. Multiple dose distributions were measured with film or
diode detectors for each configuration, resulting in 78, 2-D planar dose distributions and one,
1-D depth-dose distribution. Measurements were made for 9- and 20-MeV electron beams, using
primarily 6 6- and 15X 15-cm applicators at several SSDs. Dose distributions were measured
for shaped fields, irregular surfaces, and inhomogeneities (1-D, 2-D, and 3-D), which were
designed to simulate many clinical electron treatments. The data were corrected for asymme-
tries, and normalized in an absolute manner. This set of measured data can be used for verifi-
cation of electron beam dose algorithms and is available to others for that purpose.

Key words: electron beam dosimetry, irregular fields, inhomogeneities, measured dose

distributions, algorithm verification, treatment planning

I. INTRODUCTION

In algorithm verification, calculated dose distributions are
compared with measured dose distributions for an entire
3-D volume or for selected portions, e.g., planar, linear, or
point dose distributions. The purpose of algorithm verifi-
cation is twofold: (1) to quantify the accuracy of the dose
algorithm as a function of position in the beam for specific
beam geometries, patient geometries, and model parame-
trizations; and (2) to validate the algorithm. Both are nec-
essary prior to using a dose calculation algorithm for pa-
tient treatment planning.

In a recent Collaborative Working Group contract on
high-energy electron beam treatment planning (ECWG),
verification of the validity and accuracy of 3-D electron
beam dose calculation algorithms was a crucial component
of the work of the group. [High Energy 3-D Electron Beam
Treatment Planning Cooperative Working Group, consist-
ing of the Mallinckrodt Institute of Radiology at Washing-
ton University in St. Louis (WU), the University of Mich-
igan Medical Center in Ann Arbor (UM), and the
University of Texas M. D. Anderson Cancer Center in
Houston (UT), supported by National Cancer Institute
Contracts N01-CM-67913, 4, and 5.] In order to enable the
algorithm verifications, an extensive data set of electron
beam dose distributions was measured and analyzed. The
full data set was then used by members of the ECWG to
validate their individual algorithms. We anticipate subse-
quent papers, which address the quantitative results of the
algorithm verification exercise, to be published by the three
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institutions separately. The ECWG also performed clinical
treatment planning exercises involving electron beam treat-
ment of several sites commonly treated with electron
beams: the intact breast, post-mastectomy chest wall, lar-
ynx, craniospinal irradiation, orbit, parotid, and nasal ves-
tibule. Therefore, in contrast to some earlier work on al-
gorithm verification, which concentrated on experimental
geometries designed specifically for testing the physics of
the algorithms,l’2 the ECWG designed verification tests to
simulate situations that would be encountered in the clin-
ical treatment planning part of the ECWG studies.

Dose distributions from a total of 28 different experi-
mental configurations were measured in this work. Each of
the experiments was designed to test either (1) the funda-
mental characteristics of the electron beam calculation al-
gorithm, or (2) the behavior of the algorithm in a situation
applicable to a particular clinical site. Dose distributions
were measured for situations including variation of energy,
electron applicator, SSD, field shaping, irregular surfaces,
and inhomogeneities (1-D, 2-D, and 3-D) using air, lung,
and bone tissue substitutes.>* Detailed analysis of the mea-
sured data has generated a self-consistent data set that can
be used for electron beam dose calculation verification
studies. The data set is available on magnetic tape to inter-
ested institutions. (Address ECWG data set tape requests
to A. S. Shiu, Ph.D., Department of Radiation Physics,
Box 94, The University of Texas M. D. Anderson Cancer
Ctr., 1515 Holcombe Blvd., Houston, TX 77030.) This
paper describes the irradiation conditions and phantom ge-
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TABLE I. Electron properties of various tissue substitutes.
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High-impact
Electron polystyrene® SR4 hard
Lung solid (white) bone

Tissue substitute Styrofoam® Substitutes® Water water"? (CgHy) + TiO,!  substitute®
Physical density

(10° kg m %) 0.0265 0.294 1.000 1.022 1.055 1.6928, 1.699"
Linear collision

stopping power ratio® 0.0256 0.311 1.000 1.004 1.019 1.5858, 1.592"
Linear scattering

power ratio® 0.0210 0.292 1.000  0.901 0.829 2.103¢, 2.112"

*Ratio means value of tissue substitute relative to that of water.

°Compositions: 73.5%-100% polystyrene, 0-10% chlorodifluoro ethane, 0~10% polyethylene, 0-4.5%
ethylchloride, and 0-2% hexabromocyclododecane (assumed 100% polystyrene for calculation of scatter-

ing and stopping powers).

“Available from Radiation Measurements, Inc., Middleton, Wisconsin.
dReference 11.

‘Reference 12.

3% TiO,, may vary with manufacture.

¢For 2-D inhomogeneity.

"For L-shaped bone.

ometries for the experiments, the dosimetry measurement
techniques, the processing of the data, and aspects of the
resulting data set.

Il. MATERIALS AND METHODS
A. General experimental design

The Varian Clinac 1800 was selected from the list of
machines available from each of the three institutions for
making the data set, as that machine was common to two
of the participating institutions. A detailed comparison of
the features of all the machines available to the ECWG for
this study showed the two machines to have nearly identi-
cal dosimetric characteristics. In addition, the members of
the ECWG believed that the Clinac 1800 data would be the
most challenging to fit using the pencil beam electron cal-
culation algorithms which were based on the theory of
Hogstrom et al>® This is due in part to the design by
Varian of the electron applicator and beam flattening sys-
tem. At the highest energy, 20 MeV, the bremsstrahlung
dose component is small compared to that from other ma-
chines using double scattering foil systems, which is spec-
ulated to occur because of a thinner primary scattering foil
thickness. However, these results sacrifice flatness for the
broad, high-energy beams that are utilized for craniospinal
irradiation. The use of minimal scattering foil thickness
requires some additional beam flattening being provided by
scatter from the applicator walls. There is also significant
leakage of primary electrons through the applicator
walls,””® which tests dose calculation well outside the field.
Both applicator leakage and scatter are not easily modeled
and can result in a stringent test of any electron algorithm.

Two energies, 9 and 20 MeV, were selected, as it was
expected that results from a high and low energy would be
sufficient to illustrate any energy dependent disagreement
of the algorithms to data. Also, 20 MeV is in the energy
range often used for craniospinal irradiation,”'® and 9
MeV is an energy often used for chest wall or eye irradia-
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tion. Applicator sizes of 15X 15 cm and 6 X 6 cm were used
for the majority of the measurements.

The coordinate system used for data measurements
was defined as follows: the + Z direction is the same as the
direction of the beam; the + Y direction is away from the
gantry; and the + X direction is such as to make the co-
ordinate system left handed. The origin of the coordinate
system is on the beam central axis at isocenter. In specify-
ing planar dose distributions, the axial plane parallel to the
X axis is defined as the transverse plane and that parallel to
the Y axis is defined as the radial plane.

A general approach to data collection was used. In
general, most experiments involved data acquisition in a
number of planes: (1) axial plane through the central axis
of the beam, (2) a second axial plane 2 cm inside the field
edge, (3) two “beam’s eye view” planes (a BEV plane is
orthogonal to the beam central axis), at depths of 2 mm
and the depth of the 90% of absorbed dose maximum
(Rqo) along the central axis of the open field. As described
below, the axial measurements were made with diode de-
tectors in a water phantom, while the BEV planes were
measured with film.

B. Measurement methods and phantom materials

All measured data used for the algorithm verification
were obtained in one of two ways: (1) diode detectors in a
water phantom, or (2) XTL-2 film in a solid water phan-
tom, with the exception of one depth-dose curve in lung
substitute measured using thermoluminescent dosimeters
(TLD). The physical densities, linear collision stopping
power ratios, and linear scattering power ratios'""'? (with
respect to water) of all the water-equivalent material (elec-
tron solid water'' and high impact polystyrene'?) and in-
homogeneities [styrofoam (Dow Chemical Co., Midland,
MI 48674), lung, and bone substitutes] are listed in Table
I. Only selected examples of irradiation conditions are de-
scribed in Sec. III.
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1. Water phantom data

All water phantom data were collected using a diode
detector (Therados unshielded p-type silicon diode) in an
RFA-3 water phantom system. Work published
previously'® has shown that the diode detector dosimetry
agrees well with parallel plate (NACP) and cylindrical
(Farmer type, RK, PTW) ion chambers, TLD, and film
dosimetry. The diode was located 0.3 mm below the sur-
face of the detector, and that point was taken as the effec-
tive point of measurement. The active area of the detector
is 2X2 mm.

The RFA-3 water phantom system was interfaced to a
microVAX II computer for data acquisition. The com-
puter controlled the 3-D position of the field probe with
respect to the origin and determined the relative dose for
the field detector and a reference detector by averaging
several readings. After individual scans, the measured data
and other identifying information were written automati-
cally to an ASCII file.

For each depth-dose or profile scan, the dose at the
predefined normalization point was read automatically be-
fore and after each scan. The system was configured to
move the detector in its smallest digital step size (~0.3
mm) for each individual dose reading. For a single dose
reading, the system averaged automatically the dose values
obtained from several (> 5) readings of the scanning de-
tector relative to the reference detector, until the variance
in the readings was less than a value specified previously
(typical default value was 0.5%). Relative to each data
point, the next data point was obtained when (a) the dose
reading changed by more than 1% from the previous data
point or (b) the new position was more than 5 mm (for the
depth dose) or 10 mm (for profiles) from the location of
the previous “‘datapoint.” This method allowed the system
to take more closely spaced datapoints in the areas of steep
dose gradient, while decreasing the number of datapoints
in the areas of low-dose gradient.

The two-dimensional dose distribution was then gener-
ated by using the depth-dose curve to interpolate between
the various profiles (typical 6 ~8 profiles measured at var-
ious depths) similar to the method of Milan and Bentley.'*
These data were then used to generate a two-dimensional
dose distribution on a rectilinear grid (typical grid spacing
2.5X2.5 mm). The two-dimensional dose distributions are
the data to be distributed to the interested institutions.

2. Film/solid water data

XTL-2 film was used for the measurements made in
BEV planes and other selected geometries. The film was
sandwiched in an electron solid-water film cassette,'
which was sandwiched between slabs of solid water. Each
film was irradiated with approximately 6 cGy, and then
developed. Each film was digitized using a Scanditronix
RFA-7 film densitometer system, by scanning with an ap-
erture of 2-mm diameter on a 2X2-mm grid of points.
Appropriate H and D curve conversions from net optical
density to dose were applied to each scan.
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3. TLD data

Thermoluminescent dosimetry was used to measure the
depth-dose curve in a lung substitute phantom. Each TLD
consisted of approximately 27 mg of Lithium Fluoride
TLD-100 powder enclosed in a sealed cellophane pack.
The active area of the dosimeter was approximately 4 X 4
mm? and 0.5-mm thick. To calibrate the thermolumines-
cence (TL) sensitivity, a set of reference TLDs, placed at
a depth of maximum dose in a solid water phantom, was
irradiated to a dose of 300 cGy during the measurement
session for a 15X 15-cm field at 100-cm SSD. Details of the
conversion from TL to dose have been described before. '
Three readings per depth measurement indicated a maxi-
mum variation of 2% about the mean.

C. Data reduction

Before a data set could be used for the algorithm ver-
ification and comparison, it was essential that all the mea-
sured data be consistent for each given irradiation condi-
tion. To assure that the data set met this requirement,
significant effort was made to process the data. The data
processing can be divided into several categories: data nor-
malization, data manipulation, and data transfer.

During analysis, all the measured dose distributions
were renormalized so that the maximum central-axis dose
for the reference geometry was equal to 100%. The refer-
ence geometry for each experiment consisted of the open
applicator (no field shaping) irradiating a water phantom
at 100-cm SSD. This normalization method was chosen
because it is frequently used in treatment planning systems.
As the dose per monitor unit was known for the reference
geometry, this method allowed easy calculation of monitor
units required to deliver a specified dose for the irradiation
geometry. By normalizing in this manner, it is possible to
compare absolute rather than relative dose distributions.
During the design of each experiment, a normalization
point was defined for each measurement (depth profile,
off-axis profile, or BEV planar dose distribution) so that
the various measurements could all be normalized to create
a self-consistent dose distribution. Whenever possible,
common points (e.g., line of interaction) between planes of
data were used to assure the consistency of the data.

In the process of generating the self-consistent dose
distributions, a number of different kinds of data manipu-
lation were required. These include (1) translation to ac-
count for detector and/or coordinate system misalignment
relative to the central axis or to the phantom surface, (2)
rotations to align the detector orientation (typically the
dose distribution scanned from film) to the desired mea-
surement coordinate system, and (3) repair of obviously
bad data. It should be emphasized that the data manipu-
lation was a process to correct measurement errors or ar-
tifacts, which could be due to alignment errors during
setup or scanning of the film.

lll. EXPERIMENTS

Fourteen different experiments were performed, and
each experiment had from one to four unique irradiation
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TABLE 1I. Algorithm verification experiment configuration summary.
SSD Energy Applicator Insert/block Location of planes measured
Exp Phantom (cm) (MeV) (cmXcm) (cmXcm) X(cm) Y(cm) Z(cm)
1 water 100 9 15X 15 - - 0.0, 5.5 02,28
6x6 - - 0.0 02,26
20 15x 15 - - 0.0, 5.5 0.2, 6.1
6X6 - - 0.0 02,47
2 water 110 9 15%x 15 - - 0.0 02,28
6Xx6 - - 0.0 02,27
20 15X 15 - - 0.0 0.2, 6.1
6X6 - - 0.0 0.2, 55
3 water 100 9 15x15 3Ix12 0.0 0.0 0.2,2.8
20 1515 3X12 0.0 0.0 0.2, 6.1
4 water 100 9 15X 15 house - 3.0, —3.0 2.8, 3.6
20 15X 15 house - 3.0, —3.0 6.1, 8.2
5 water 110 20 25%25 5 30 diag. 0.0, 14.0 0.0 -
6 solid water 97 9 6X6 eye = 0.0 2.6
7 water/30° (2-D) 104.3 9 15x 15 = - 0.0 0.2
20 15X 15 - - 0.0 0.2
8 solid water/step(2-D) 100/98 9 15x 15 - 1.0 0.0 ~
20 15x 15 - 1.0 0.0 -
9 solid water/nose(3-D) 9 15X 15 - - - 0.0, — 1.0, —3.0 02,238
20 15% 15 - - 0.0, — 1.0, - 3.0 3161
10 solid water/lung(1-D) 100 9 15%15 = CAX %DD - 6.0
11 solid water/tung(2-D) 100 20 15%x15 - - 0.0 5.0,7.0
12 water/bone(2-D) 100 9 15x15 - - 0.0 -
20 15X 15 - - 0.0 ~
13 water/air (2-D) 100 9 15%x15 - - 0.0 -~
20 15x15 - - 0.0 -~
14 water/bone(3-D) 100 9 15x15 - - 1.0, — 1.0 2.8
20 1515 - - 1.0 6.1

conditions for a total of 28 verification tests. The various
experiments, along with the locations of each planar dose
distribution, are listed in Table II. In the sections below,
the salient points of each experimental setup are discussed;
including the motivation behind the experiment and the
differences between the general experimental schema de-
scribed above and the details of the individual experiment.

A. Experiment 1: Water phantom, standard SSD

The most fundamental test of any radiation dose cal-
culation algorithm is its ability to predict (or at least re-
produce) the measured dose distribution in a water phan-
tom at the standard treatment distance. Thus Experiment 1
measured the dose distributions for the four basic situa-
tions, small (6X6) and large (15X 15) fields at low (9
MeV) and high (20 MeV) energies, with a standard 100-
cm SSD setup. The air gap between the end face of the
electron applicator and the surface of the phantom was 5
cm for the standard BEV planes were used for each case.
Figure 1 illustrates the measurement conditions for the 20
MeV, 15X 15-cm applicator irradiation.

B. Experiment 2: Water phantom, extended SSD

The significance of an algorithm’s ability to predict the
dose distribution at extended treatment distances is similar
to those areas of interest described in Experiment 1. Of
particular interest is an algorithm’s ability to predict (1)
the increase in penumbra due to the increased air gap, (2)
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the change in depth dose, and (3) the change in the dose
distribution, both within the therapeutic portion of the
beam (within the 90% isodose surface) and outside the
beam (outside penumbra) due to major differences in low-
energy electrons penetrating or being scattered off the ap-
plicator walls. Thus another series of situations (small and
large fields, low and high energy) were measured, but with
the SSD set to 110 cm rather than 100 cm. The air gap was
15 cm instead of 5 cm for this setup. Planar dose distribu-
tions were measured in the same positions as in the first
experiment with the exception of the off-axis planar iso-
doses, which were 0.3 and 0.75 cm farther from central
axis for the 6 X6 and 15X 15-cm applicators, respectively,
to maintain the same distance from the beam’s edge at the
water’s surface as the first experiment (2 cm).

C. Experiment 3: Water phantom, rectangular field

Patients are usually treated with a lead or lead-alloy
(Cerrobend) collimator inserted into the electron applica-
tor to define an arbitrary beam shape. Because most algo-
rithms can model rectangular fields, the dose distribution
beneath a rectangular field insert was first studied: Both 9-
and 20-MeV electron beams were used with a 3 X12-cm
insert in a 15X 15-cm applicator with a standard 100-cm
SSD. For each irradiation condition, four planar dose dis-
tributions were measured: two containing the central axis
and the major axes (one at ¥ =0, one at X = 0) and two
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F1G. 1. Schematic of irradiation geometry of water phantom,15X 15-cm
field, standard SSD for a 20-MeV beam. The locations of the BEV dose
distribution measurements for each depth are indicated by the dashed
lines shown on the side view. The locations of the transverse dose distri-
bution measurements for each plane are outlined by the dashed lines on
the isometric view.

perpendicular to the central axis (BEV at Z=0.2 cm,
Z = Ry, of the open applicator).

D. Experiment 4: Water phantom, irregular field

The majority of clinical electron fields are shaped ir-
regularly using Cerrobend cutouts. The purpose of this test
was to demonstrate an algorithm’s ability to perform cal-
culations for such fields. Figure 2 illustrates the geometry
for the 20-MeV irradiation condition. Referred to as the
“house block,” this shape was selected because its width
was double-valued, because of the complexity created by
the narrow appendage (chimney) which made a right an-
gle near central axis, and by the triangular appendage
(roof). These irregular features are severe and algorithm
accuracy in the penumbra for this case can be compared to
that of the regularly shaped collimation in the — Y half-
plane.

Both 9- and 20-MeV electron beams were used with
the “house block” inserted into the 15X 15-cm applicator;
the water phantom was at the standard 100-cm SSD. For
each of the two irradiation conditions, four planar isodose
distributions were measured-two parallel to central axis
(at Y= +3cm, Y= — 3 cm) and two perpendicular to
central axis (BEV at Z = Ry, Z = Ry, for open applica-
tor).
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F1G. 2. Schematic of irradiation geometry of water phantom, irregular
field, standard SSD for a 20-MeV beam. The locations of the BEV dose
distribution measurements for each depth are indicated by the dashed
lines shown on the side view. The locations of the transverse dose distri-
bution measurements for each plane are outlined by the dashed lines on
the BEV. The irregular field shape is outlined by the solid line in the BEV.

E. Experiment 5: Spinal field, craniospinal irradiation

In craniospinal irradiation, the spinal cord can be ir-
radiated with high-energy electrons (15-25 MeV) and a
long electron field (30-50 cm).® If the linear accelerator
produces a uniform beam over the diagonal of a 25X 25-cm
square, the spine of young children can usually be irradi-
ated by a single field at an extended SSD, or in the case of
adults, by no more than two abutted fields. In order to
simulate these kinds of conditions, data were obtained for
a 5X30-cm insert (defined at 100-cm SSD) along the di-
agonal of the 25X 25-cm applicator, with the collimator
rotated so the long axis of the shaped field was along the
principle axes of the water phantom system (see Fig. 3).
The 20-MeV electron beam was chosen for this simulation,
and the SSD was 110 c¢m for this setup (air gap = 15 cm).
Two planar dose distributions containing central axis were
measured: (a) one along the length of the field (Y = 0)
which is important for the abuttment dosimetry, and (b)
one along the width of the field (X = 0) which is impor-
tant for the target volume coverage. A third off-axis planar
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FI1G. 3. Schematic of irradiation geometry of water phantom, rectangular
spinal field, 110-cm SSD for a 20-MeV beam. Measurement locations of
the two planar dose distributions containing central axis and a third
off-axis planar dose distribution are indicated by the dashed lines on the
isometric view.

dose distribution (X = 14 cm, and parallel to central axis)
was measured across the width of the field.

F. Experiment 6: Eye-field irradiation

In treatment of the eye, a nearly circular field is some-
times used with a central lens block. An anterior electron
beam of about 10 MeV can be used to irradiate the entire
retina with a central-axis lens block 1 cm in diameter.
Electrons scatter around the block, missing the lens but
reaching the retina.!” The irradiation geometry for this test
simulating the eye treatment procedure, is illustrated in
Fig. 4. This test used a 9-MeV beam and a 5-cm diameter
insert (with a 1-cm diameter central-axis block) with the
6X 6-cm applicator (field sizes specified at 100 cm from
source). The water phantom was set at 97 cm SSD, as a
reduced air gap of 2 cm minimizes lens dose for an actual
eye irradiation. Because of radial symmetry, only one pla-
nar dose distribution in a plane containing the central axis
was required (Y = 0). A single dose distribution in a plane
perpendicular to the central axis (BEV at Z = 2.6 cm, Rgy,
of applicator) was also measured.
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F1G. 4. Schematic of irradiation geometry of eye (retinoblastoma) mea-
surements at 97-cm SSD for a 9-MeV beam. The location of the BEV dose
distribution measurement at a depth of 2.6 cm is indicated by the dashed
lines is shown on the side view. The circular field with a central lens block
and the location of the transverse planar dose measurements is illustrated
on the isometric view.

G. Experiment 7: Irregular surface (2-D), 30° slope

In irradiation of the chest wall, limbs, and neck, the
patient’s skin surface is usually not perpendicular to the
incident beam. This angulation affects both penumbra®'®
and depth dose.!® To simulate the above irradiation geom-
etries, this test used 9- and 20-MeV electrons incident 30°
from the normal of the surface of a water phantom with
the 15X 15-cm applicator. A central-axis SSD of 104.3 cm
was required to prevent the applicator from intersecting
the water phantom. The 20-MeV irradiation geometry is
diagrammed in Fig. 5. Two planar dose distributions were
measured, one in the plane of the gantry rotation (¥ = 0)
containing the central axis and one parallel to the surface
of the phantom at a depth of 0.2 cm.

H. Experiment 8: Irregular surface (2-D), 90° step

In electron-beam radiotherapy, the patient’s external
surface often exhibits a steep step within the irradiation
field. This may be due to normal anatomy (e.g., chin), a
surgical defect, or an improperly partially bolussed field.
Any step creates a hot/cold dose region; for a 90° step and
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Water

F1G. 5. Schematic of irradiation geometry of 30° oblique incidence of a
20-MeV beam into a water phantom at the central-axis SSD of 104.3 cm.
The location of the BEV dose distribution measurements at a depth of 0.2
cm is indicated by the dashed lines shown on the side view. The location
of the dose distribution measurement in the principal transverse plane is
indicated by the dashed lines on the isometric view.

parallel incident beam, this can theoretically result in a
dose +50% of the intended dose.?

A 2-cm high 90° stepped phantom was used for the
measurement with the lower surface set at the 100-cm SSD
for both energies; the 15X 15-cm applicator was used for
both irradiation conditions. The 9-MeV irradiation geom-
etry is diagrammed in Fig. 6. Two planar isodose measure-
ments were made: one contained the central axis and was
perpendicular to the stepped surface (¥ =0); the other
was parallel to the central axis and the vertical step and
was located 1 cm from the step (X =1 cm).

I. Experiment 9: Irregular surface (3-D), nose

Tumors of the nose are often irradiated with anterior
electron beams.'3?! If bolus is not utilized, then the irreg-
ular surface of the nose prevents lateral side-scatter equi-
librium. A volume of increased dose (hot spot) will occur
inferior and lateral to the nose, and a corresponding vol-
ume of decreased dose (cold spot) will occur beneath the
nose. This can result in tumor underdose and overdose to
normal tissue (e.g., upper gums).

To study the influence of the nose, a uniform semi-
infinite water (or water equivalent) phantom with a right
triangular cylinder (2-cm base, 3-cm high, 4-cm long)
placed on the phantom’s surface was irradiated with 20-
MeV electrons as illustrated in Fig. 7. Typically, nose tu-
mors are irradiated with electrons in the range of 12-18
MeV, so the extremes, both 9- and 20-MeV electrons, were
used for measurements. Dose distributions were measured
in planes parallel to the central axis and perpendicular to
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F1G. 6. Schematic of irradiation geometry of a 2-cm, 90°-stepped phantom
for a 9-MeV beam. The locations of the dose distribution measurements in
the principal transverse plane and in the plane 1 cm away from the step
and parallel to the principal radial plane are indicated by the dashed lines
on the isometric view.

the long axis of the triangular cylinder located at ¥ =0,
— 1, —3 cm; the planesat Y= —1cmand Y= —3cm
were 1 cm inside and outside the edge of the cylinder,
respectively, which provided data for testing the three-
dimensional nature of an algorithm’s heterogeneity correc-
tion. At 9 MeV, a BEV dose distribution was measured in
a solid water phantom at a depth of 2.8 cm from the phan-
tom surface. Using the 20-MeV beam, planar BEV dose
distributions were measured at depths of 3.1 and 6.1 cm. A
15X 15-cm applicator was used to ensure that the volume
of interest (i.e., where the dose distribution is perturbed by
the triangular cylinder) was not influenced by the beam’s
penumbra.

J. Experiment 10: Internal heterogeneity (1-D), lung

A major concern in chest wall irradiation is the pene-
tration of electrons into the lung. Since the lung has a
physical density of only about 0.3, after penetrating the
chest wall the remaining portion of the depth-dose curve
can penetrate three times deeper in lung than that in unit
density tissue. Hence, a slab phantom was designed to sim-
ulate the chest wall-lung geometry.
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F1G. 7. Schematic of irradiation geometry of a nose treatment measure-
ment for a 20-MeV beam. The locations of the BEV dose distribution
measurements at depths of 3.1 and 6.1 cm are indicated by the dashed
lines shown on the side view. The locations of the transverse dose distri-
bution measurements in the principal plane and in the planes 1 and 3 cm
away from the principal plane are indicated by the dashed lines on the
isometric view.

The measurement was performed with a 9 MeV, 15
X 15-cm electron field incident on the phantom, consisting
of a 3-cm solid water slab followed by a series of 1-cm thick
lung-substitute slabs (see Fig. 8). The solid water slab and
energy were selected to place the 90% depth dose at the
solid water—lung substitute interface. The depth dose was
measured every | cm along central axis.

K. Experiment 11: Internal heterogeneity (2-D), lung-
mediastinum interface

Conventional electron pencil beam algorithms become
less accurate for heterogeneity-unit density tissue interfaces
that are long and parallel to the beam.® This condition
often exists at the lateral border between lung and the
mediastinum. To simulate this patient geometry, a ‘“‘semi-
infinite” slab of lung substitute was abutted on central axis
to “‘semi-infinite” slab of solid water; both slabs were cov-
ered by an additional 3-cm thick slab of solid water. The
irradiation geometry is diagrammed in Fig. 9. The internal
mammary chain is usually irradiated with an electron
beam energy in the range of 12-16 MeV; for this test a
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FIG. 8. Schematic of irradiation geometry of a series of 1-cm thick lung
slabs within a solid water phantom for a 9-MeV beam. The TLD place-
ment with respect to the central axis of the beam is illustrated on the
BEV.

20-MeV beam was used. BEV planar dose distributions
were measured at depths of 5 and 7 cm from the surface,
and a dose distribution was measured in a plane containing
the central axis and perpendicular to the established inter-
face in the solid water half of the phantom. Again, a 15
X 15-cm field size was selected to ensure that the portion of
the beam being studied was sufficiently inside the penum-
bra.

L. Experiment 12: Internal heterogeneity (2-D), hard
bone

Hard bones just below the patient’s skin surface can
perturb the dose distribution resulting from electron beam
irradiation. Irradiation through the mandible is the most
frequently encountered case clinically, although other hard
bones of the head, bones of the forearm or lower leg, and
the spinal column are also of interest. The primary effects
of hard bone on the dose distribution are twofold: (a) it
pulls the isodose contours beneath it back toward the sur-
face and (b) it generates volumes of increased/decreased
dose just outside/inside its lateral edge.*'®° This patient
geometry was simulated by a long bone slab 1-cm thick by
3-cm wide located 1 cm beneath the surface, since in this
case, we were interested in the dose distribution beneath
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FIG. 9. Schematic of irradiation geometry of a quarter-infinite slab of lung
within a solid water phantom for a 20-MeV beam. The locations of the
BEY dose distribution at depths of S and 7 cm are indicated by the dashed
lines shown on the side view. The location of the transverse planar dose
distribution measurement in the half principal plane in the electron solid
water measurements is indicated by the dashed lines illustrated on the
isometric view.

the bone. Dose distributions were measured beneath the
bone with both energies. The 20-MeV irradiation geometry
is shown in Fig. 10.

M. Experiment 13: Internal heterogeneity (2-D), air
cavity

Air cavities just below patient’s skin surface can per-
turb the dose distribution resulting from electron beam
irradiation. This type of perturbation is most often encoun-
tered in electron irradiations of the neck with energies suf-
ficient to penetrate the trachea. The effect of a long cylin-
drical air cavity is twofold: (a) the isodose lines generated
beneath the air cavity become more penetrating, and (b)
the cavity consequently generates volumes of increased/
decreased dose just inside/outside its lateral edge.”® This
patient geometry was simulated by an air cavity (styro-
foam) 1-cm thick by 3-cm wide located 1 ¢cm beneath the
surface. Dose distributions were measured below the air
cavity for both energies, as depicted in Fig. 10.

Medical Physics, Vol. 19, No. 3, May/June 1992

-

,
| fp——— ass wagor ——

15cm x 15¢in @ 100 ¢

_____ m'f'a"_

or SR4 bone l

air cavity

I water
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ment for a 20-MeV beam. The location of the principal plane that mea-
sured the transverse dose distribution beneath the bone slab or the air
cavity is indicated by the dashed-dotted lines on the BEV.

N. Experiment 14: Internal heterogeneity (3-D), ramus
of mandible

In treatment of head and neck cancers, the ramus of
the mandible is often within the treatment field. Because
this case does not meet the criterion of a “2-D heteroge-
neity” (i.e., not long in the dimension perpendicular to the
plane of calculation as was the case in Experiment 12), one
can expect a difference between a 2-D or 3-D
heterogeneity-corrected algorithm in the accuracy of dose
calculation to bone. The patient geometry for this test was
simulated by an L-shaped bone slab 1-cm thick by 3-cm
wide located 1 cm beneath the surface (Fig. 11). Axial
dose distributions on the central axis, and 1 cm to each side
of the edge of the “L” were supplemented with the usual
BEYV planar dose distributions.

IV. RESULTS AND DISCUSSION

The 14 experiments discussed in the text produced 78
planar dose distributions and 1 depth-dose curve. We have
grouped these experiments into four categories: (1) basic
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FIG. 11. Schematic of irradiation geometry of an L-shaped bone (ramus
of mandible) within a water phantom for a 20-MeV beam.The location of
the BEV dose distribution measurement at depth of 6.1 cm is indicated by
the dashed lines shown on the side view. The locations of the transverse
dose distributions measured beneath the L-shaped bone, 1 cm from either
side of the principal transverse plane was indicated by the dashed lines on
the BEV.

geometry, (2) field shaping, (3) oblique incidence and ir-
regular surfaces, and (4) heterogeneous phantoms. The
data generated from basic geometry were used by each of
three institutions to ensure that their pencil-beam algo-
rithms reproduced the central-axis depth doses exactly and
that the input data and beam parameters were chosen cor-
rectly. Then, the rest of the measured data were used to
evaluate the accuracy of the dose algorithm as a function of
position in the beam due to the effects of field shaping, the
beam incidence with respect to the patient surface, irregu-
lar patient surface, and internal inhomogeneous structures.
Comparison of algorithm calculations with this remaining
data set allowed members of ECWG to understand each of
their algorithm’s clinical applicability. Only selected re-
sults of the measured data set are shown in this paper;
however, plots of all 79 dose distributions are available to
accompany the magnetic tape distribution of data as well
as a basic description of beam characteristics and a general
guidance to the user with regard to extraction of algorith-
mic parameters from the data.
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FIG. 12. The planar isodose contours from the 20-MeV beam, 15X 15-cm
field at 100-cm SSD; (a) principal transverse plane, (b) transverse plane
2 cm away from beam edge, and (¢) BEV at depth of 6.1 cm.

A. Basic geometry

Two measured isodose contour plots in a plane parallel
to central axis and the X axis (Y =0, ¥ = beam edge-2
cm = 5.5 cm) for a 20 MeV, 15X 15-cm field in water at a
100-cm SSD are illustrated in Fig. 12(a) and (b), respec-
tively (experimental setup illustrated in Fig. 1). The dot-
ted line in Fig. 12(a) marks the location of the off-axis
planar scan of Fig. 12(b) (where it is offset from the X axis
rather than the Y axis). Assuming X-Y symmetry, the
depth dose along the dotted line agrees well with the depth
dose at X = 0 in Fig. 12(b). The dashed line in Fig. 12(a)
shows the geometric treatment volume (defined by the pro-
jection of the light field edges and central-axis depth of
90% dose, Ryy), for comparison to the actual area of the
90% isodose curve (used typically as the treatment pre-
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F1G. 13. Comparison of isodose contours at 100 and 110-cm SSD for a
15% 15-cm, 20-MeV beam. Each dose distributions is normalized to its
own maximum dose along central axis.

scription isodose line). Particularly on Fig. 12(b), which
shows a dose distribution obtained 2 cm from the field
edge, one can note that the 90% isodose line is “pulled
back” such that a region of decreased dose occurs in the
corners of the geometric treatment volume. In both dose
distributions, the spreading of the 5% isodose contour near
the surface indicates that dose outside the penumbra is due
to leakage of primary electrons through the collimator
walls. Figure 12(c) shows the BEV planar dose distribu-
tion at 6.1-cm depth for the 15X 15-cm applicator at 20
MeV to illustrate the penumbra, flatness, and behavior
near the corners of the applicator. These three dose distri-
butions plus the BEV dose distributions near the surface
(plot not shown) should provide the fundamental data to
evaluate any algorithm’s ability to predict the dose distri-
bution in a water phantom at the standard SSD.

Comparison of planar dose distributions, each normal-
ized to its central axis maximum, at 100- and 110-cm SSD
for a 15X 15-cm, 20-MeV electron beam is depicted in Fig.
13. These data demonstrate little difference in relative dose
along the central axis of the beam, but show both increased
width and penumbra for the 110-cm SSD because of the
increased air gap. Although not present for the geometry in
Fig. 13, there can be a significant difference in the depth
dose at an extended SSD if applicator scatter contributes
significantly to the dose distribution at the nominal SSD
(100 cm). This is seen on the comparison of the percent
depth dose curves at 100- and 110-cm SSD for a 6 X 6-cm
open applicator, 20-MeV electron beam [Fig. 14(a)], again
both normalized to their individual maximum. Note, for
example, how the decrease in scattered electrons for the
110-cm geometry results in a decrease in the surface dose,
a more uniform depth dose, and a deeper Ry, Conse-
quently, the therapeutic portion of the beam (within 90%
isodose contour) is much larger and deeper for the 110-cm
geometry as compared to that of the 100-cm geometry and
is shown on Fig. 14(b).

B. Field shaping

The BEV dose distribution at 20 MeV for the “house
block” inserted into the 15X 15-cm applicator and mea-
sured at a depth of 6.1 cm (Rgy, for the open applicator) is
shown in Fig. 15 (experimental setup illustrated in Fig. 2).
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FIG. 14. Comparison of (a) central-axis depth-dose curves and (b) iso-
dose contours at 100- and 110-cm SSD for a 6 X 6-cm applicator, 20-MeV
beam.

The data demonstrate a very small area within the 85%
isodose contour as compared with the geometric area out-
lined by the light field. Side-scatter equilibrium does not
exist in the “chimney” and “roof” areas of the “house
block” field. The dose gradient varies from 85% to 20%
within the geometric area. This result emphasizes the ne-
cessity of 3-D treatment planning to ensure that the desired
target volume is enclosed by the therapeutic portion of the
beam.

The central plane dose distribution for a 5-cm diameter
field, 9-MeV beam measured at a 97-cm SSD, is shown in
Fig. 16. A 7-mm-thick lead, 1-cm diameter lens block was
placed in the center of the circular insert (experimental
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F1G. 15. The BEV dose distribution at depth of 6.1 cm for the 20-MeV
beam, 15X 15-cm applicator with the “house block™ insert.

setup illustrated in Fig. 4). The dose distribution demon-
strates that the multiple Coulomb scattering of electrons,
as they enter the phantom, accounts for the “fill-in” of dose
behind the lens block at depth.

C. Oblique incidence and irregular patient surfaces

Figure 17 documents a measured dose distribution for
a 30° oblique incidence, 20-MeV electron beam set at SSD
of 104.3 cm (experimental setup illustrated in Fig. 5). This
plot shows the change in the penumbra and depth dose due
to angulation of electron beam. Penumbral width is less in

Z (cm)
-]
l

= I I

FIG. 16. Dose distribution for a 5-cm diameter circular field with a lens
block (lead) placed at the center of the field; 9-MeV beam at 97-cm SSD;

95-cm source to lens block distance.
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FI1G. 17. Isodose contours for the 15X 15-cm, 20-MeV beam for a 30°
oblique incidence.

the region of the surface with the lesser air gap. In general,
the depth dose is affected in three ways: (1) dose increases
near the surface, (2) the therapeutic depth (Rq,) de-
creases, and (3) the practical range (R,) increases.

The data displayed in Fig. 18 illustrate the effect of the
“nose” phantom (experimental setup illustrated in Fig. 6).
The measured dose distribution in a plane parallel to the
central axis and perpendicular to the long axis of the tri-
angular “nose” located at ¥ = 0.0 is shown in Fig. 18(a).
Areas of increased dose (hot spots) are located inferior

1 (cm)

A

FUR RS B S
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L e e e I A A
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FIG. 18. The 20-MeV beam’s dose distributions (a) for the principal
transverse plane located perpendicular to the long axis of the triangular
cylinder (nose) and (b) for the BEV plane located at a depth of 3.1 cm.
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F1G. 19. A transverse plane dose distribution beneath a 1-cm thick air
cavity (styrofoam) located at depth of 1 cm from the surface of water
phantom (20-MeV beam, 15X 15-cm field, 100-cm SSD).

and lateral to the nose and the corresponding areas of de-
creased dose (cold spots) are beneath the nose. The mea-
sured BEV plane dose distribution for 20-MeV electrons at
depth of 3.1 cm is shown in Fig. 18(b).

D. Heterogeneous phantom

For a 20-MeV beam, isodose curves measured in water
behind a 1-cm thick air cavity (styrofoam) with the prox-
imal surface situated at a depth of 1 cm from the surface of
water (experimental setup illustrated in Fig. 10) are plot-
ted in Fig. 19. Behind the lateral edges of the air cavity, the
dose is increased inside the lateral edges and decreased
outside because less electrons are scattered out by the air
than are scattered in by the water.

The measurements beneath the 3-D (L-shaped) bone
phantom (experimental setup illustrated in Fig. 11) pro-
vide valuable data to evaluate an algorithm’s ability to pre-
dict the dose beneath a 3-D inhomogeneity. The dose dis-
tribution measured in a plane 1-cm away from the central
axis of the beam and cutting through the shorter width of
the bone is illustrated in Fig. 20(a). The dose enhancement
due to adjacent bone 1 cm outside the plane of calculation
is very pronounced in this distribution. Figure 20(b) is the
BEV dose distribution at a depth of 6.1 cm. These data
illustrate in the two lateral dimensions the areas of
increased/decreased dose just outside/inside the edges of
the bone.

V. SUMMARY

This article presents a set of measured electron beam
dose distributions designed for extensive electron beam
dose algorithm verification. In contrast to some earlier sets
of measurements, the experiments reported here were de-
signed to simulate a number of common electron beam
dosimetry issues that arise during routine electron beam
treatment and treatment planning. The effects of energy,
field size, field shaping, SSD, irregular patient surfaces, and
inhomogeneities (1-D, 2-D, and 3-D) have all been stud-
ied.

This data set was designed, measured, and analyzed by
the three members of the ECWG. As part of the work of
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FiG. 20. For the 20-MeV beam, 15X 15-cm field, 100-cm SSD, the dose
distributions beneath a 1-cm thick L-shaped bone located (a) in a trans-
verse plane 1 cm away from the central axis of the beam, cutting through
the shorter width of the bone, and (b) in a BEV plane at a depth of 6.1
cm.

the ECWG, the measured data set has been transferred
electronically to all three institutions, and then used by
each in their electron dose algorithm studies. It has pro-
vided sufficient measured data for comparison with calcu-
lations from a wide variety of electron beam algorithms for
the purpose of evaluating their clinical applicability. In
order to accomplish this cooperative work, the measure-
ments and computerized data set were carefully set up,
analyzed, and documented. As the transfer mechanisms
have already been tested by the three groups, the ECWG
decided to make this data set available to interested insti-
tutions, both on paper and on magnetic tape. The distri-
bution of these data should be useful to a wide audience of
professionals, who are developing an electron beam algo-
rithm or implementing them into treatment planning sys-
tems.
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DRAFT § 4, NOV. 1, 1988
Basic Data Exchange Format

Prepared for ECVG
by
Daniel L. HeShan
University of Michigan

With the invaluable assistance
of the ECUG members

The purpose of this document is to describe a standard computer readable
format with wvhich basic data related to dosimetry measurements, calculational
comparisons, and other miscellaneous tabular data can be exchanged within the
Electron Contract Working Group (ECWG).

BASIC DATA STRUCTURE:

Data will be organized into files with a file being defind as a
series of alphanumeric text lines with not more than 80 characters
per line. Lines may not break across tape records.,

A directory file is defined which will list file names and a brief
description of each file.

A given file will describe only type of data with the data type
being:

- Individual data points

~ One-dimensional arrays(profiles)

- Two~dimensional matrices(dose grids)

- Two-dimensional curves(isodose lines)

- Three-dimensional matrices(volumetric grids)

Header data is included within each data file to document:

- Data file name

- Data source(institution)

- Data and time of data acquisition(or calculation)
- Beam description(energy, field size, SAD,SSD)

- Beam modifier description

- Phantom deseription

- Measurement (or calculation) technique

- All linear distances in em

- Correction (or smoothing) technique

- Normalization technique

- Miscellaneous comments

- Data type

- Orientation of secan data

- Grid type (regular, irregular, rectilinear, fan-bem)
- Dimension and spacing of data points

- A1} linear distances are in CH



2.

A standard beam coordinate system is specified for beam geometry and
machine geometry,

FILE FORHAT:

A general file format has been devised to allow a common read/write
routine to be wused for accessing the data (see Appendix A). This format
separates the file content into two pats, header and data. The header
consists of one or more free text lines, hovever, this document defines a

number of KEY/VALUE (ala AAPH REPORT no. 10) parameters which are required as
part of this standard.

The remaining part of the file is the data which is written in a
userdefined format (FORTRAN). The format used is included as part of the file
so that data layout can be reasonably flexible.

If multiple sets of curves are desired in the same file, then the entire

header and data sections are repeated, excluding the file name which is the
first record of the file,

REQUIRED BEADER DATA:

The folloving header items are required using this format:

1. FILE: =<character string>

This must be the first record. This is the filename which is used
on output to define the file.

2. DATA:=<30f columns integerp, <format string>
This must be the last record of the header. It defines the number
of real word elements per record using a FORTRAN format statement,

DETATLED APPENDIX

. Appendix A is an example data file,

1

2 Appendix B gives more detailed information about the file structure.

3. 4Appendix C describes available header labels.

4. Appendix D describes required header and data structure for depth
dose data.

5. Appendix E describes required header and data structure for profile
data.

6. Appendix F describes required header and data structure for isodose
curves.

7. Appendix G describes required header information for 2-D planar dose
matrices.




APPENDIX A
EXAMPLE FILE

FILE:= TEST.DAT

INSTITUTION:= University of Michigan
DATA:= 31-MAR-1987 16:41:22

CREATED BY:= Dan McShan

FILE_TYPE:- 1-D ARRAY
TITLE:= CLINAC 1800/10X 10X10 XDEPTH DOSE

COLUMN1 := DEPTH

COLUMNZ := PERCENT DOSE

COLUKN3 1= MEASUREMENT VARIANCE
HACHINE := VARIAN CLINAC 1BOO

ENERGY := 10X
FIELD SIZE := 10,10
MODIFIERS := none

PHANTOM := water

SSD := 100 cm

DETECTOR := diode
CORRECTION METHOD := none
REMARK

THIS IS A TEST

MORE TEST

DATA := 2,(3F10.3)

1.000 65.000 0.52

2.000 80.000 0.633
3.000 100.000 0.433
4,000 95.000 0.333
5.000 50.000 0.456
6.00 70.000 0.300
7.000 40,000 0.200
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APPENDIX B
FILE STRUCTURE AND SUBROUTINES

FILE STRUCTURE: (ascii data, maximum line length is 80 characters)
The information in this file is broken into tvo parts header and data.

HEADER:
The header consists of one or more lines of text.
This data is to be used for descriptive information about the
source of data.

This data can be anything but must not begin with "DATA:" vhieh
delineates the start of data.
DATA:

One or more lines containing formatted data.
Data is proceeded by a text 1line starting with "DATA:" and
followed by the number of real word elements per line and the
format statement for the data. For example:
"DATA: 4, (4F10.0)"
NPERLINE = 4
FORMAT = (4F10.0)

The array base variable ib starts at 0 and is incremented by one
until all lines (NLINES) are read.

NOTE:

It is not possible to mix integers and floating point words;

words; however, ASCII data could be included by using the "a4"
forms.

Two basic subroutines have been written to read and write this data using this

format. They are RDATAFILE and WDATAFILE and the FORTRAN 77 version is
appended and vill be supplied on tape.




APPENDIX C
LABEL KEYWORDS

The following header label keywords and contents are defined:

INSTITUTION := <character string>
name of institution

DATE := <day>->month>-<year> <hr>:<mind:<sec>
date file created
ex: 31-MAR-1987 16:41:22

FILE TYPE := <character string>
POINTS, 1-D ARRAY, MULTIPLE 1-D ARRAYS, 2-D ARRAY,
2-D CURVES, 3-D ARRAY

DATA_TYPE := <character string>

DEPTH DOSE, BEV DOSE, ete.
TITLE := <character stringd>
title of scan (used for plotting)

HACHINE := {character string>
Machine Name. EX: Clinac 1B00
ENERGY := <character string>
: Beam energy (MEV) and mode (X<E).Ex: 10X or 12E
FIELD SIZE := <integer>,<{integer>
B wvidth,length of collimator
GANTRY :=<reali>
Table angle.
MODBIFIERS := <character string>
NONE
SHAPED
WEDGE: <character stringd: description of wedge.
Example: WEDGE: 30 DEG CODE 05
PHANTOM := <character string>
55D := <decimal number>
Source toto surface distance (CM).
DETECTOR := <character string>
Detector used.
CORRECTION METHOD :=<character string)>

COLUHMN1 := <character string>
X-POSITION, Y-POSITION, Z-POSITION,DOSE, % DEPTH DOSE,
ERROR, etec.
This defines the lst column of data

COLUMNZ := <character string>

ete.

CALIBl := <real number>
(Opticnal). Default is 1.0. This is the scale factor to
convert column 1 data to appropriate units. This is cm
for positions, X dose for dose values.

CALIBZ := <real number>
Same for column 2 da:a.

CALIB3 := <real number>

ete.



HDWR _ORIGIN := <real #>,<real §>,<real #>
Harware origin for this data set, (Xo,Yo,%0)
Origin should normally be the point of intersection of the

central axis with the surface of the phantom
NORM PT := <real #>,<real #>,<real £

Normalization point, in beanm coordinates (Xn, Yn, 2n).
Beam coords: X: transverse

Y: avay from surface (depth)

Z: Radial (longitudinal)

<real #>

Transverse position of profile, depth dose, or off-axis ILD
chart, in beam coords.
{real #>

Radial position of profile, depth dose, or off-axis IDL
chart, in beam coords.
START POSITION := <real #>,<real £>,<real %

Starting position of 1-d curve, in beam coords.
SCAN DEPTH := <real &>

Depth for profile or BEV scan,in bean coords,

SCAN X :

SCAN 2 :

PLANE NORMAL := <real #>,<real #>,<real %>
Direction of x axis on plane, (DX,DY,DZ) in beanm coords,

ISODOSE _LEVEL := <decimal number string> use this for multiple isodose levels.
START X := Starting x coordinate for 2-D dose arrays

START Y := Starting y coordinate for 2-D dose arrays

START Z := Starting z coordinate for 2-D dose arrays

FAST_STEP X := Fast step in x for 2-D dose arrays

FAST_STEP-Y := Fast step in y for 2-D dose arrays

FAST_STEP-Z ;

Fast step in z for 2-D dose arrays

SLOV_STEP-X ;

Slow step in x for 2-D dose arrays
SLOW_STEP_Y := Slow step in y for 2-D dose arrays

SLOV_STEP-Z :

Slow step in z for 2-D dose arrays
NUMBER_FAST STEPS := Number of fast steps for 2-D dose arrays
NUMBER_SLOV_STEPS := Number of slow steps for 2-D dose arrays

NORM_VALUE := Normalization value for all dose arrays (DATA * NORM_VALUE =
original value with measurement units)

NORM_UNITS := nits of nermalization value {RAD,GRAY,RELATIVE, ete.)
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ROTATION MATRIX := 4, (RF10.5) A 4x4 rotation matrix follows which converts

coordinates in the scanned coordinate system to coordinates in
the reference coordinate systenm. If one considers the
accelerator gantry with the beam pointing down, the reference
coordinate system is defined as follows:

+X -> is to the right as viewed from couch toward gantry
+Y ~> is tovard the gantry from the couch
+2 -> is towvard the beam (up)

This defines a right-handed coordinate system.



APPENDIX D
DEPTH DOSE DATA STRUCTURE

The following header items are required in

each file for the ECVG data
exchange for depth dose data:

INSTITUTION: =<{character string>

DATE: =<day>-<month>-<year> <hr>:<min>: <{sec>
FILE TYPE:=1-D ARRAY

DATA TYPE:= DEPTH DOSE

TITLE:=<character string>

title of scan (used for plotting)
MACHINE:=<{character string>

Machine Name.Ex: Clinac 1800
ENERGY:=<character string>

Beam energy (MEV) and mode {X,E).Ex<: 10¥ or 12
FIELD_SIZE:=<integer>, {integer>

vidth, length of collimator

PHANTOM: =<character string>
Detector used.

COLUNM1:=DEPTH
COLUMNZ: =PERCENT DOSE

CALIB1:0.1 (for U-M RFA _3 data, covert mm to cm).
CALIB2:=1.0 (optional)

COORDINATE SYSTEM= U of M

NORM PT:=-<real #>,<real #>, <real &>
SCAN Xi=<real #>

Transverse position of profile, depth dose, or Off-axis

ILD Chart, in beam coords.
SCAN Z:=<real #

Radial position of profile, depth dose, or 0ff-axis IDL
Chart, in beam coords.
START_POSITION:=<real #>,<real £>,<real &>

Starting position of 1-d curve, in beam coords.
END_POSITION:=<real #>,<real &>, <real #>

End position of 1-4 curve, in beam coords.

The data can be accessed using the following data structure,

'structuze for each data point
e

STRUCTURE/DEPTHVSDOSE/
REAL DEPTH
REAL DOSE
REAL ERROR

END STRUCTURE

'deflne data area for input data set



record/depthvsdose/DVSDD(0:maxdepths) <---maximum depths
must be >89
ERD STRUCTURE
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APPENDIX E
PROFILE DATA STRUCTURE

The follovwing header items are required in each file for the ECUG data
exchange for profile data:

INSTITUTION: =<{character string>»
name of institution

DATE:=<{day>- <month>-<month>-<year> <hr>:<mind>:<secy
date file created
ex: 31-MAR-1987 16:41:22

FILE TYPE:=<{character string>

1-D ARRAY or MULTIPLE ARRAYS
TITLE:=<character string>

title of scan (used for plotting)

MACHINE:=<character string>

Hachine Name.EX: Clinac 1800
ENERGY:=<character string>

Beam energy (MEV) and mode (X,E). Ex: 10X or 12E
FIELD SIZE:=<integer>,<integer>

width, length of collimator

PHANTQOM:=<character string>
S8D:=<{decimal number>

Source of surface distance (CM).
DETECTOR:=<character string>

Detector used.

COLUMN1:=X-POSITION or Z-POSITION,
COLUMNZ2:=X DEPTH DOSE

CALIB1:0.1 {U-4 conversion to cm).
CALIB2:=1.0

COORDINATE_SYSTEM: U of M
NORM_PT:=<real #>,<real §>,<real &

Normalization point, in beam coordintes (¥n,¥n,Zn).
Beam coords: X: transverse

Y: way from surface (depth)
Z: Radial (longitudinal

SCAN X:=<real #>

Transverse position of profile, depth dose, or Off-axis IDL
Chart, in beam coords.
SCAN Z:=<real #

Radial position of profile, depth dose, or Off-axis IDL
Chart, in beam coords.

START POSITION:=<real #>,<real £>,<real %>

Starting position of 1-d curve, in beam coords.
END POSITION:=<real #>,<real %>,<real %>

End position of 1-d curve, in bem coords.

s e — e

R
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Then, for each separate curve contained in file, use following symbol line
fellowed by DATA:= and the data.

SCAN DEPTH:=<real #>
Depth for profile of BEV scan, in beam coords.

The data can be accessed using the following data structure.

STRUCTURE/PROFILE ELEMENTS/
REAL DISTANCE
REAL DOSE
REAL ERROR

END STRUCTURE

STRUCTURE/PROFILE/
record/PROFILE ELEMENTS/DVSDD(0:maxelements)
END STRUCTURE
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APPENDIX F
ISODOSE CURVE STRUCTURE

The following header items are required in each file for the ECUG data
exchange:

INSTITUTION: =<character string>

name of institution
DATA:=<day>-<month>-<year> <hr>:<mind>:<secd

date file created

ex: 31-MAR-1987 16:41:22
FILE TYPE:<{character string>

POINTS, 1-D ARRAY ,HMULTIPLE 1-D ARRAYS,2-D ARRAY,
2-D CURVES,3-D ARRAY
DATA_TYPE:=<character string>

DEPTH DOSE,BEV DOSE, etc.
TITLE:=<character string>

title of scan (used of plotting)

MACHINE:=<character string>

Machine Name.Ex: Clinac 1800
ENERGY:=<character string>

Beam energy (MEV) and mode (¥,E).Ex: 10X or 12
FIELD_SIZE:=(integer>,<integer>

width,length of collimator

PHANTOM:=<character string>
85SD:=<decimal number>

Source to surfce distance {CH).
DETECTOR: =<character string>

Detector used.

COLUMNY : =X~POSITION
COLUMNZ2: =Y-POSITION

CALIB1:=0.1 U-M CONVERSION TO CM
CALIB2:=0.1 U-M CONVERSION TO CM
CALIB3:=1.,0 CONVERSION TO X%DOSE

COORDINATEHSYSTEM=<charcter string>
NORH PT:=<real #>,<real #>,<real &
Normalization point, in beam coordintes (%n,¥n,2n).
Beam coords: X: transverse
Y: vay from surface {depth)
Z: Radial (longitudinal)
SCAN X:1=<real #>

Transverse position of profile, depth dose, or Off-axis IDL
Chart, in beam coords.
SCAN Z:=<real ¥>

Radial positon of. profile, depth dose, or Off-axis IDL
Chart, in beam coords.
SCAN_DEPTH:=<real &>

Depth for profile or BEV scan in beam coords.
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PLANE_ORIGIN:=<real #>,<real #>,<real #>
Origin of plane, in beam coords (X,Y,2).

PLANE NORMAL:=<real #>,<real #>,<real #

B Normal to plane (direction vector) {NX,NY,NZ), in beam coords.
PLANE XDIR:=<real #>,<real #>;<real ¢>

- Darector of axis on plane, (DX,DY,DZ) in beam coords.

Then, repeated for each IDL curve, the following label following by the
DATA:=system,

ISODOSE LEVEL:=<decimal number stringd>

Data Structures for this type of file are listed below.

STRUCTURE/ISO ELEMENT/
REAL XPOS
REAL YPOS

END STRUCTURE

'deflne data area for input data set
!

STRUCTURE /ISOCURVE/
record/IS0_ELEMENT/POSITION(O.99) (maximum 100
points per curve)

END STRUCTURE

STRUCTURE/ISODATA/
Record/ISOCURVE/ISODATA(O:maxcurves)
END STRUCTURE
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APPENDIX G
2-D Dose Array Structure

The following items are required in each file for the ECUG data exchange:

INSTITUTION:=<character stringd
name of institution
DATE: =<day>-<month>-<year> <hr>:<min>:<sec>
date file created
ex: 31-MAR-19B87 16:41:22
FILE TYPE:=<character string

2-D ARRAY
DATA_TYPE:=<character stringd>

PLANAR DOSE ARRAY
TITLE:=<character string>

title of scan (used for plotting)
HACHINE:=<{character stringd>

Machine Name. Ex: Clinac 1800
ENERGY:=<{character string>

Beam energy (MEV) and mode (X,E). Ex: 10¥ or 12E
FIELD SIZE:=<integer>,<integer>

width, length of collimator

PHANTOM:=<character string>
858D:=<decimal number>

Source to surface distance (CH).
DETECTOR:=<character string>

Detector used.

NORH_PT:=<real #>,<real #>,<real #>

Normalization peint, in beam coordintes {Xn,¥n,Zn}.
Beam coords: X: transverse

Y: way from surface (depth)
Z: radial (longitudinal)
START X:=<real #>

Starting X coordinate for 2-D dose array
START Y:<real #>

Starting Y coordinate for 2-D dose array
START Z:<{real #>

Starting Z coordinate for 2-D dose array
FAST_STEP X:<real #>

Step in fast axis between data point along X axis
FAST_STEP Y:<real &>

Step in fast axis between data point along Y axis
FAST_STEP Z:=<real &>

Step in fast axis between data point along Z axis
SLOV_STEP X:=<real &>

Step in slow axis between data points zlong X axis
SLOV_STEP Y:=<real &

Step in slow axis between data points along Y axis
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SLOV_STEP Z:=<real #>
Step in slow axis between data points along 2 axis
NUHBER_FAST_STEPS:=<INTEGER #>
Number of points along fast axis
NUMBER_SLOW_STEPS:=<integer #>
Number of points along slow axis
ROTATION MATRIX:=4,(4F10.5)
1.00000 0.00000  0.00000  0.00000

0.00000 1.00000 0.00000  0.00000

0.00000 0.00000 0.00000  0.00000

0.0000 0.00000  0.00000  0.00000
Matrix for data not needing transformation to ECWG coordinate
system

DATA: =8, (BF10.4)
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DOCUMENTATION FOR MODULE read reformatted.file:

Purpose of module:
Reads beam data from file in the tape exchange format.

Subroutines called:

get_lun

string length

get real keyword_value
get_integer keyword value
fres.lun

Files required:

none

Parameter list:

input_filename character+(+) name of input file

max._grig integer+4 maximum dimension of dose grid
n.grid.x integers4 z- dimension of dose grid
n-grid.y integers4 y- dimension of dose grid
ngrid = integer*4 z- dimension of dose grid

grid.x real*4 z-coordinate of dose grid

grid.y real#d y-coordinate of dose grid

grid.z real*4 z-coordinate of dose grid

The arrays grid.x, grid.y, and grid_z have the dimensions (max_grid).
dose_array real*4 two-dimensional dose grid

The array dose_grid has the dimensions (max_grid,max grid)

Calling statement:

call read reformatted file(input filename,max.grid,ngridx,n grid.y,
& ngrid.z,grid x,gridy,grid =z,dose.array}



DOCUMENTATION FOR MODULE get.real keyword.value:

Purpose of module;

Gets the real value associated with a given keyword.

Subroutines called:

none

Files reguired:

none

Parameter list:

beamdata filename integer*d name of beamdata file
keyword character*(*) character string containing keyword and value
keyword. length integers4 number of characters in keyword

Calling statement:

call get real keyword.value(beamdata file sykeyword, keyword.valus)




DOCUMENTATION FOR MODULE get.intsger keyrord_value:

Purpose of module:

Gets the integer value associaied with a given keyword.

Subroutines called:

none

Files required:

none

Parameter list:

beamdata.filename integer4 name of beamdata file
keyword characters(+) character string containing keyword and value
keyword_length integer*4 number of characters in keyword

Calling statement:

call get.integer keyword value{beamdata file,keyword, keyword.value)



DOCUMENTATION FOR MODULE get.lun:

Purpose of module:
Gets logical unit number from operating system.
Subroutines called:

none

Files required:

none

Parameter list:

logicunit number integer*d logical unit number

Calling statement:

call get.lun{logicunit _number)

Remarks:

The particular implementation of this module makes several calls to the VMS operating system to extract

an unused logical unit number from the system. This module can be replaced by hard-wiring a unit number
assignment in the calling module.

T e e gy




Section 5: Source Code




C************************************************************************

.
C

copyright (c) 1991, U.T. M.D. Anderson Cancer Center

*

:************************************************************************
Module:

c

aun

(VI o BEVEEVEE + BN ¢ BETEEY

Reads in the beamdata from the file im the tape exchange format.

Version:

2/5/91

Subroutines called:

***********;***********************************************************

ool -l o LB -]

R 2 i

get lun

string length

read reformatted file

Stan Bujnowski MDACC

get_real keyword value
get_integer_keyword value

free lun

subroutine read reformatted file("
input_filename,
max_grid,
n_grid x,
n_grid y,
n_grid_z,

grid x,
grid_y,
grid z,

dose_array

implicit

character*(*)
integer+4

real*4§

real*{

Local variables.

MR

character*80
integer*4
character*13
parameter
integer+*4
logical

integer*4
parameter
character*80
integer+4

real*4

none

input filename

max_grid,

n_grid_x,

n_grid vy,

n_grid =z

grid_x{max_grid),

grid y(max grid),

grid_z(max grid)
dose_array{max_grid,max grid)

beamdata_filename
beamdata file
directory
(directory='tape distrib:’)
code -
use film,

label found
max_labels

(max labels=50)
label(max_labels)
ilabel,
last_label_index

start x,
start_ vy,
start_z,
fast_step x,
fast_stepﬁy,

*

*
*
*
%
*
*
*
*
*
*
*
*
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m

*

tast_step_z,
slow step X,
slow_step vy,
slow _step z

integer*4 number_fast_steps,
number_slow_steps
integer*d4 i,d
External functions
integer*4 string length,
get integer keyword value
realxdq get real_keyword value

Open

Read

Read

Read

Read

Find

Read

beamdata file.
beamdata fllename=directory//
1nput filename(l:string length{input_filename)}//'.0UT'
beamdata filename=directory//
Input filename({l:string length(input_filename))
call get lun(beamdata_ file)
open(beamdata file,file=beamdata _filename,status=’' old’,readonly)

in starting values,

start_x=get real keyword value(beamdata_file,'START_ x-~',9)
start_y=get real keyword “value(beamdata file,’START Y:=',9)
start_z=get real keyword_ “value(beamdata file,’START Z:=',9)

in fast step values,

fast_step x=get real keyword_ value(beamdata_ file,’FAST STEP_X:= ,13)
fast step y=get real keyword value(beamdata_ file,'FAST STEP_Y:=',13)
fast _step z=get real keyword value{beamdata_ file,'FAST STEP Z:=',13)

in slow step values.

slow_step x=get real keyword value(beamdata_file,’SLOW_STEP_X:=',13)
slow_step y=get real keyword_ “value{beamdata file,’'SLOW_STEP_Y:=',613)
slow_step_z=get real keyword value({beamdata file,’SLOW_STEP Z:=',13)

in number of fast and slow steps.
number fast_ steps=get_ 1nteger _keyword_value(beamdata_ file,
'NUMBER_FAST STEPS:=',19)
number slow steps=get_integer_keyword value(beamdata file,
- 'NUMBER SLOW STEPS:=',19)

index of last label.

rewind{beamdata file)

label found = .false.

ilabeT = 1

do while (.not. label found)
read{beamdata file,?(a)’) label(ilabel)
if (label(ilabel)(1:6) .eqg. 'DATA:=') then

label found = .true.

end if
ilabel = ilabel + 1

end do

last label index = ilabel-1

in dose data.

read(beamdata file,10) ((dose_array(i,j),i=1,number_fast_steps),
j=1,number slow_steps)

format(9£8.3)




Close beamdata file,
close(beamdata file)
call free_ lun(beamdata file)

Calculate output variables.
if (fast_step x.ne.0.) then
n_grid x=number fast steps
grid_x(1)=start x
do i = 2,n grid =
grid x(iT = grid_x(1)+float(i-1)*fast step x
end do .
if (slow _step y.ne.0.) then
n_grid_y=number_slow_steps
grid_y(l)=start y
do i = 2,n _grid y
grid_y(i} = grid y({l)+float(i-1)*slow step y
end do
n_grid z=1
grid_z{1l)=start z
else if (slow step z.ne.0.) then
n_grid y=1
grid y{1l)=start y
n_grid_z=number slow steps
grid_z{1l)e=start z
do i = 2,n grid z
grid z(i) = grid z(il}+float(i-1)*slow step 2z
end do
end if

else if (fast step y.ne.0.) then
n_grid x=1
grid_x{1)=start x
n_grid y=number fast_steps
grid_y({1l)=start y
do i = 2,n grid_y
grid_y(i] = grid_y(1)+float(i-1)*fast step y
end do
n_grid_z=number slow steps
grid z{1)=start z
do i = 2,n grid =z
grid z(i] = grid z(l)+float(i-1)*slow_step z
end do
end if

return
end
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c copyright (¢} 1991, U.T. M.D. Anderson Cancer Center *
Chhhk kA Ak kA A A Ak Rk Ak A R AR A AR A kR A R A Ak kAR A AR AR AR A A AR AR A AR A AR A ARk k&
c Module: get_real keyword value &
c Gets the real value associated with a given keyword. *
c *
* Version: *

2/5/91 Stan Bujnowski MDACC *
(o] *
¢ Subroutines called: *
Chhkhdd ko ke kA A A ARk Ak kA kA Ak kA kA ARk A Ak ek h ko kb hkok ok k& ok

real*4 function get real keyword value(
beamdata_ file,
keyword,
keyword length
)

B

implicit none

integer*4 beamdata file

character*(*) keyword

integer#*4 keyword length
¢ Local wvariables.

logical label found

character*80 label

rewind({beamdata file)

label found = .false.

do while (.not. label found)
read(beamdata_file,”(a)’) label
if (label(l:keyword length} .eq. keyword) then

label_found = .true.

end if

end do

read(label{keyword length+l:),’(£10.0)’) get_real keyword value

return
end
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copyright (c) 1991, U.T, M.D. Anderson Cancer Center *

LER S AR SRR R LR ETE R LRy R L L R L L L L L L i S T W AU ARy
c Module: get_integer keyword value *
n Gets the integral value associated with @ given keyword. *
' *
Version: *
2/5/91 Stan Bujnowski MDACC *

*

© SBubroutines called: £
c************************************************************************

integer*4 function get integer_keyword value(
beamdata file,
keyword,
keyword length
)

o3I - o

implicit none

integer*4 beamdata_file

character*(*) keyword

integer+*4 keyword length
¢ Local variables,

logical label found

character*80 label

rewind(beamdata file)
label found = ,false.
do while (.not. label found)

read{beamdata_file,”(a)’) label

if (label(l:keyword length) .eg. keyword) then

label found = .true.

end if ~
end do
read(label (keyword length+1:),'(bn,i10)’) get_integer_ keyword value

return
end
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C

copyright (c} 1991, U.T. M.D. Anderson Cancer Center

*

o RE SRR RS SERREsRRalEsss iy s e SRR E SRR TR LT 2

Cc

c
Cc

Module: get lun
Utility subroutine to get a logical unit number.
Version:
12/20/89 LWAng  MDACC
Chhhhhkhhhhhhhkhhkbdhhkhhdhhhrhh bk kA kA kA ks h kA kA ek kdhk ke k&
subroutine get lun(logic_unit number)
implicit none
integer logic_unit_number,
& lib$get lun,
& lib%$signal,
& status

status = lib$get lun(logic_unit_ number)
if (.not.status) call lib$signal(gval(status})

return
end

*

*
*
*
*
*




C***********************************************************************

: copyright (c) 1991, U.T. M.D. Anderson Cancer Center
'***********************************************************************

C Module: free lun

C Utility subroutine to free & release a logical unit number.
Version:
12/20/89 LWang MDACC
ﬁ***********************************************************************
subroutine free_lun(logic_unit number)
implicit none
integer*4 logic_unit number,
& lib$free lun,
& lib$signal,
& status

status = lib$free_lun(logic unit number)
if (.not.status) call lib$sTgnal{%val{status))

return
end

®
*
*
*

*
%
*
*
*



C*'k******'k***************************************************************
C copyright (c) 1991, U.T, M.D. Anderson Cancer Center *
C**************************************************i*********************
Module: string length

Utility subroutine to determine length of character string.
The length of the source string must not be greater than the

declared length of the destination string. This length is currently
set at 132 characters.

00N
¥

Version:
9/20/88 GStarkschall MDACC

c
Cc
c
c
C Revision: Stan Bujnowksi MDACC

c 1/29/90 Separated the string variable into two variables in the
C call to strStrim. This was needed to prevent

C occasional access vieclations, The current string

c length limitation has been set to 132 characters

c
C

(this is the length of the destination string).

¥*
*
*
*
*
*
*
*
*
*
*
*
*
*
************************************************************************

integer function string length(source string)

implicit none
character*(*) source_string
character destination string*132
integer length,

& status,

& strétrim

status=strS$trim(destination string,source_string,length)
if (.not.status) call lib$sIgnal{$val(status))
string length=length

return
end




Section 6: Tape Directory




isting of save set{s)

Save set:
ritten by:

Luo€s
~ommand:

wperating system:
sACKUP version:
CPU ID register:

iode name:
'ritten on:
Block size:
qroup size:

mffer count:
[ STAN.BEAMDATA . TAPE_DISTRIB]C012DM09150Y0000.0UT;1
STAN.BEAMDATA . TAPE_DISTRIB}C012DM09150Y0055,0UT;1
STAN.BEAMDATA , TAPE_DISTRIB]JCO1BEV091502002,0UT;1

[ STAN.BEAMDATA . TAPE DISTRIB])CO1BEV091502028_MOD.OUT;1
STAN.BEAMDATA . TAPE_DISTRIB]C022DM09060Y0000.0UT;1

. STAN.BEAMDATA , TAPE_DISTRIB]C02BEV090602002.0UT;1

[ STAN.BEAMDATA . TAPE DISTRIB]CO02BEV090602026.0UT;1
STAN.BEAMDATA.TAPE DISTRIB)C032DM20150Y0000.0UT;1
STAN.BEAMDATA . TAPE_DISTRIB}C032DM20150Y0055 MOD.OUT;1
{ STAN.BEAMDATA . TAPE_DISTRIB)CO3BEV201502002_MOD.OUT;1
\ STAN.BEAMDATA . TAPE_DISTRIB)CO3BEV201502061 MOD.OUT;1

-\N.BBAMDATA.TAPE“DISTRIB]C042DM20060Y0000.0UT;l
~+AN,BEAMDATA ., TAPE DISTRIBJCO4BEV200602002 MOD.OUT;1

fSTAN.BEAMDATA.TAPEwDISTRIB]C0482V200602047_MOD.OUT;l
‘STAN.BEAMDATA.TAPE_DISTRIB]C052DM09150Y0000_MOD.OUT;1
jSTAN.BEAMDATA.TAPE“DISTRIB}COSBEVOQlSOZOOZmMOD.OUT;1
{ STAN,BEAMDATA.TAPE DISTRIB)COS5BEV091502028 MOD.OUT;1
_STAN.BEAMDATA.TAPE DISTRIB]C062DM09060Y0000_MOD.OQUT;1
[STAN.BEAMDATA.TAPB_DISTRIB]COGBEV090602002_MOD.OUT;l
{STAN.BEAMDATA.TAPEWDISTRIB]COGBEV090602027NMOD.OUT;l
(STAN.BEAMDATA.TAPE“DISTRIB}CO?ZDM20150Y0000_MOD.OUT;l
[STAN.BEAMDATA.TAPE_DISTRIB]CO?BEVZOISOZOOZ_MOD.OUT;l
[STAN.BEAMDATA.TAPEMDISTRIB}COTBEVZOISOZOGI_MOD.OUT;1
[STAN.BEAMDATA.TAPEWDISTRIB]COBZDMZOOGOYOOOO“MOD.OUT;l
[STAN.BBAMDATA.TAPEWDISTRIB]COBBEVZOOGOZOOZ_MOD.OUT;l

b AN.BEAMDATA.TAPE_DISTRIB}COBBEVZOOGOZOSSWMOD.OUT;l

BEAMDATA .BCK

[000010,000002}

19-MAR-1991 (09:13:29,78

BACKUP/LCG *.0UT MSAQ:BEAMDATA,BCK/SAVE/LABEL=E BEAM
VAX/VMS version V5.1 -

0A000005
~RADPHG::
S1SMSAD:

45
121
142

29

29

62

84
121

160
52

29
62
45
158
175
29
62
62
84
156
i85
52
62
62

13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-198%1
13~-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991

13-rEB-1991
13-FEB-1991

13-FEB-1991
13-FEB-1991
13-FEB-1981
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-19%1
13-FEB-1691
13-FEB-1991
13-FEB-1991
13-FEBR~1991
13-FEB-1991
13-FEB-1991

15:58
15:58
16:00
16:00
15:58
16:01
16:01
15:58
15:58
16:01

16:01
15:58

16:01
16:01
15:58
16:01
16:01
15:58
16:01
16:01
15:58
16:01
16:01
15:59
16:01
16:01



[STAN.
[ STAN.

AN,
[ STAN.
[ STAN,
[ STAN,
[STAN.
[STAN,
[ sTAN.
{ STAN.
| STAN,
[ STAN,

[ STAN.

[ STAN

[ STAN.
[STAN.
[ STAN.
I =aAN.
i -AN.
[ STAN.
[ STAN,
[STAN.
[ STAN,

[ STAN,

{STAN

[ STAN.

[sTAN.

{STAN

[ STAN,
[ STAN.
[ STAN,

[ STAN.
[ N,

{ STAN

BEAMDATA.
BEAMDATA .,
BEAMDATA.
BEAMDATA,
BEAMDATA.
BEAMDATA,
BEAMDATA,
BEAMDATA,
BEAMDATA,
BEAMDATA.
BEAMDATA .
BEAMDATA.
BEAMDATA,
.BEAMDATA, .
BEAMDATA.
BEAMDATA,
BEAMDATA.
BEAMDATA.
BEAMDATA.
BEAMDATA,
BEAMDATA,
BEAMDATA,
BEAMDATA.
BEAMDATH .,
.BEAMDATA,
BEAMDATA.,
BEAMDATA,

. BEAMDATA,
BEAMDATA,

BEAMDATA

BEAMDATA,
BEAMDATA .,

BEAMDATA

.BEAMDATA,

TAPE_DISTRIB)CO92DM09030X0000_ MOD.OUT;1
TAPE_DISTRIB]C092DM09120Y0000 MOD,OUT;1
TAPE_DISTRIB]CO9BEVOSRECZ002_ MOD.OUT;1
TAPE_DISTRIB)COYBEVOIRECZ028 MOD,OUT;1
TAPE_DISTRIB]C102DM20030X0000 MOD.OUT;1
TAPE_DISTRIB)C102DM20120Y0000_MOD,oUT;1
TAPE_DISTRIB]CIOBEV20RECZ002.0UT;1
TAPE_DISTRIB)C10BEV20RECZ061.0UT;1
TAPE_DISTRIB]C112DMOSIRRY0030,0UT;1
TAPE_DISTRIB)C112DMO9IRRY 030,0UT;1
TAPE_DISTRIBJCL1BEV09IRR2U28_MOD.OUT;1
TAPE_DISTRIB)C11BEVO9IRRZ036 MOD.OUT;1
TAPE_DISTRIB)C122DM20IRRY0030_MOD,OUT;1
TAPE_DISTRIB)C122DM20IRRY 030 MOD.OUT;1
TAPE_DISTRIB}C12BEV20IRRZ061 MOD,OUT;1
TAPE_DISTRIB)C12BEV20IRRZ082 MOD,OUT;1
TAPE_DISTRIB)C132DM20050X0000 MOD,OUT; 1
TAPE_DISTRIB)C132DM20050X0140_MOD.OUT;1
TAPE_DISTRIB)C132DM20300Y0000 MOD,OUT;1
TAPE_DISTRIB]C142DMOYEYEY0000 MOD.OUT;1
TAPE_DISTRIB])C14BEVO9EYEZ026 MOD.OUT;1
TAPE_DISTRIB}CL52DM09150Y0000 MOD,OUT;1
TAPE_DISTRIB])C15BEV091502002_MOD.OUT;1
TAPE_DISTRIB)C162DM20150Y0000 MOD.OUT; 1
TAPE_DISTRIB}C16BEV201502002 MOD.OUT;1
TAPE_DISTRIB]C172DM09150X0010 MOD,OUT;1
TAPE_DISTRIB)C172DM09150Y0000 MOD.OUT; 1

TAPE DISTRIB)C182pDM20150X0010.0UT;1
TAPE™ _DISTRIB}C182DM20150Y0000 _MOD.OUT;1

-TAPE DISTRIB]C192DMOS150YD000 _MOD.OUT;1

TAPE _DISTRIB]C192DM09150Y 010.0UT;1
TAPE _DISTRIB)C192DM02150Y 030.0UT;1

.TAPE™ _DISTRIBJ)C19BEV091502002 _hMob.ouT; 1

TAPE_DISTRIB}C19BEV091502028_MOD.OUT;l

142
144
120
120
120
33
62
49
162
85
142
63

52
104

104
54
51

139

13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB~1991
13-FEB-199)
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13~-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
13~FEB-1991
13-FEB-1991
13-FEB-1991
13-FEB-1991
12-FEB-19691
13-FEB-1991
13-FEB-1991

13-FEB-1991
13-FEB-1991

13-FEB-1991
13-FEB-199]
13-FEB-1991
13-FEB-1991

13-FEB-1991

15:
15:
16:
16:
15;

15:
16:

16:

15:
15:

16:

16:
15:
15:
16:

16

15;
15,
15;
15;

16:

15:
16:

15:
167

15:

15:
15:

16:
16:
16:
16:
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Appendix A.2

Results of Comparison of Measurement with 1D, 2D, and 3D
Helerogeneity Correcled Electron Pencil-Beam Algorithm

In this appendix, the arrangement for each irradiation condition is the geometry of
irradiation condition first, and then follows by the comparison plols. In each comparison plot,
the dashed lines are the measured dala and the solid lines are the calculated data. The identity of
each plot is specified by the lile name. The definition of file name is oullined in the following:

igills Cok Meganin
1 C abbreviation for “code"
2-3 Numeric code number {01-28)

Note: refer 10 table 3.1 1o correlale the code
number wilh the experimeni number.

5-6 2DM isodose conlours were generaled from a 2D dose
' matrix.
7-8 Numeric initial electron beam energy
g-11 Numeric field size for rectanguler field (mm x mm)
rec reclangular field
irr irregular field
dia diagonal field
bon bone
air air {styrofoam)
3di 3-dimensional inhomogeneity (bone)
{A) planar isodose distributions:
12-12 X specific x off-axis coordinate
y specific y off-axis coordinale
13-13 o positive oif-zxis distance

negealive off-axis disiance

14-186 numeric ofi-axis distance {mm)
17-20 _CAL data obtained from calculation
_MOD daiz obizined from measurement but the datz has

been modified according to section 3.3
Note: il no "_CAL" or ~_MOD" the dala was obtained
[rom the original measured dzla



21-23 10 1D inhomogeneily correction
2D 2D inhomogeneity correclion
_30 3D inhomogeneity correclion

(B} BEV dose distribylions:

12-12 Z specified depth coordinale

13-13 0 depth at or below isocenier
depth above isocenter

14-15 numeric depth of BEV {(mm)
16-18 _CAL dala oblained from calculation
_MOD data obtained from measurement bu! the data has

been modified according 10 seclion 3.3
Nole: il no "_CAL" or *_MOD", the daia was
obizined from the coriginal measured dala

20-22 1D 1D inhomogeneily correclion
_2D 2D inhomogeneity correctlion
_3D 3D inhomogeneitly correction

example: C2820m203diY0010_CAL_2D

This fite name can be read as code 28 and the data was obtained from 2D dose matrix for
20 MeV electrons. A 3D inhomogeneily was placed in the water phanlom, The planar dose
disiributions are at Y=1.0 ¢m and the data were obtained from calculalions using the 2D
inhomogeneity-correction algorithm.
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Code 1:

Appendix C: Summary of Measured Data for the
Electron Beam Treatment Planning

9 Mev, 100 cm S$SD, 15x15 Open Cone

Phantom

Material Description
cm Water Isodose curves in transv. principal plane
cm  Water Isodose curves at 2 cm from edge of field

cm Solid Water BEV isodose curves at depth near surface
cm  Sclid Water BEV isodose curves at depth of R90

9 MeV, 100 cm SSD, 6x6 Open Cone

cm Water Isodose curves in transv. principal plane
cm Solid Water BEV isodose curves at depth near surface
cm Solid Water BEV isodose curves at depth of R90

20 MeV, 100 cm SSD, 15x15 Open Cone

cm Water Isodose curves in transv. principal plane
cm Water Isodose curves at 2 cm from edge of field
cm Solid Water BEV isodose curves at depth near surface
cm Solid Water BEV isodose curves at depth of R90

20 MeV, 100 cm S$SD, 6x6 Open Cone

cm Water Isodose curves in transv. principal plane
cm Solid Water BEV isodose curves at depth near surface
cm Solid Water BEV isodose curves at depth of R90

9 MeV, 110 cm 88D, 15x15 Open Cone

cm Water Iscdose curves in transv, principal plane
cm  Solid Water BEV isodose curves at depth near surface
cm Solid Water BEV isodose curves at depth of R90

S MeVv, 110 c¢m SSD, 6x6 Open Cone

cm Water Isodose curves in transv. principal plane
cm Solid Water BEV isodose curves at depth near surface
cm Solid Water BEV isodose curves at depth of R90



Code 27:

Y = 1.0
Y =-1.0
Z = 2.8
Code 28:
Y =1.0
Y =-1.0
Z = 6.1

9 Mev,

100 cm $SD, 15x15 open cone

(L-shaped SR4 bone substitute in phantonm)

cm

cm

cm

Water

Water

Solid Water

20 MeV, 100 cm
{L-shapded SR4

cm

cm
cm

Water

Water
S¢lid Water

Isodose curves 1 e¢m from the transv,
principal plane

(Through short axis of a leg of L)
Isodose curves 1 cm from the transv,
Principal plane

{Through long axis of the other leg)
BEV isodose at depth of R90

S5D, 15x15 open cone
bone substitute in phantom)

Isodose curves 1 cm from the transv,
principal plane

(Through short axis of a leg of 1)
***%  Not Available ##*%

BEV isodose at depth of R9Q
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