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Dose Effect of Tissue Compensator for 6 MV X-Ray

Ho Jun Lee, M.D., Tae Jin Choi, Ph.D. and Ok Bae Kim, M.D.

Therapeutic Radiology, School of Medicine, Keimyung University, Dongsan Medical Center Taegu, Korea

It is ideal thing to compensate tissue deficit without skin contamination in curvatured irradia-
tion field of high energy photon beam. The 3-dimensional compensating technique utilizing tissue
equivalent materials to ensure an adequate dose distribution and skin sparing effect was
described. This compensator was made of paraffin {70%) and stearin wax (30%) compound. The
parameters for evaluation of the effect on skin dose in application of compensator were consid-
ered in the size of the field, the thickness of the compensator and the source-to-axis distance.

The results are as follows; the skin doses were not changed even though application of the
compensator, but depended on the field size and the source-to-axis distance, and the skin doses
were only slightly changed within 1% relative errors as increasing the thickness of the compen-

sator in these experiments.
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INTRODUCTION

The absorption dose in tissue is determined by
calibrating the attenuation dose in water phantom
or polystyrene solid phatom. Dose distribtuion in
high energy photon beam is relatively even in deep
tissues but, a radiation beam on an irregular or
sloping surface causes skewing of the isodose
curves. The surface irregularity gives rise to unac-
ceptable nonuniformity of the dose distribution

No bolus

within the target volume and results in excessive
irradiation of sensitive structures such as spinal
cord. Many techniques have been devised to over-
come this probiem, including the use of wedged
filter, multiple fields, addition of bolus material or
compensating filter. Especially in head and neck
irradiation, it is important to compensate the tissue
deficit because of its marked surface irregularity. In
Fig. 1, a) showes isodose curves skewed by the
patient's surface, therefore higher dose is delivered
to the isocenter of relatively thinner tissue®. To
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Fig. 1. Schematic diagrams to illustrate the use of bolus

and copensating filters.
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correct this difference the use of tissue equivalent
material at the tissue deficit portion makes even
dose distribution at the isocenter of the patient (Fig.
1-b). These materials to obtain even dose distribu-
tion at the isocenter of the tissue are called “bolus”.
But the purpose of above bolus should be distin-
guished from that of a bolus layer, which is thick
enough to provide adequate dose buildup over the
skin surface. The later should be termed as the
buildup bolus which is commonly used at the time
of neck node irradiation or skin invasion by cancer.

Perhaps the simplest form of the bolus is small
cloth bags containing & mixture of 60% rice fiour
and 40% of sodium®bicarbonate. Paraffin wax
mixed - with approximately an egqual amount of
beeswax is also very useful. A very thorough dis-
cussion of tissue substitute materials is given by
White?. The use of bolus material for high energy
radiation has some disadvantages such as losing
skin sparing effect because the buildup region
occur near the skin surface. In order to preserve the
skin sparing effect and to obtain even dose distri-
bution at the isocenter, the compensating filter
should be placed some distance away from the
patient’s surface (Fig. 1-¢). The principles and tech-
nigues for constructing compensating filters had
been discussed by Hall and Oliver®, Van de Geijn®,
and Sundbom®. A semiautomatic machine for
cutting filters is described by Cunningham et al®,
and a simple device for making compensating
filters for large field irradiations is described by
Leung et al”. Recently, Kim et al® report clinical
application of the 3-dimensional tissue equivalent
compensator. '

Dose distribution of high energy radiation is
characterized by abrupt inérement of absorption
dose within a few millimeter depth beneath the skin
surface, maximum dose at the reference depth
(denote dmax), and gradual decrease at further
depth. Dmex is deeper as higher as the radiation
energy, and the buildup region stands for the
region between the skin surface and dpax.

When a primary beam traverse through an inter-
acting substance such as a compensating filter,
generally it is well known that it creates scattered
beam during this interaction which may cause loss
of the skin sparing effect of megavoltage radiation
beam?. Therefore, we considered it is necessory to
evaluate the correct dose at the buildup region in
the instance of using this kind of a tissue compen-
sator like ours. Although Ellis F. et al'*'? reported
the use of a tissue compensator to compensate the
tissue deficit with various material, there was no

report about the skin dose when this type of the
3-dimensional tissue compensator was applicated
to the patient yet.

The skin dose was analyzed in various field size,
cémpensator thickness and source-to-detector
distance in the 6 MV photon beam with the 3-

dimensional tissue equivalent compensator.

METHODS AND MATERIALS

To preserve the skin sparing effect of megavol-
tage radiation ‘beam, the compensator must be
located away from the patient’s surface. When the
compensating filter is inserted into the primary
beam, the primary and secondary radiation can be
altered in beam quality. In general the required
thickness of the compensating filter is thinner than
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Fig. 2. Diagram of experimental setup.
C,; compensator thickness
SCD; source-compensator distance
SSD; source-surface distance
SAD; source-axis distance
D; depth



the actual tissue deficit®!?.

In these experiments, we analysed the skin dose
at the different field size, compensator thickness,
and source-to-detector distance.

The depth of dose estimation was performed
from the skin surface to 40 mm of depth. Fig. 2
showed the schematic diagram of experimental
setup. To compare the skin doses applied with the
compensator to those applied without the compen-
sator, both instances of absorption doses at 0.0, 0.
74,143, 7, 03, 10.0, 15.0, 26.3, 40.2 mm depth in
each field size of 5x 5, 10x10, 15X 15, 20X 20 cm?
were estimated.

The physical components of the 3-dimensional
compensator were a mixture of paraffin 70% and
stearin wax 30% which had the low atomic number
of materials. And this material had equivalent den-
sity to human tissue in the high energy photon
beam. The size of the compensating filter was
limited to 15X 15 cm? and the thickness was various
from 9.5mm to 103mm. The absorption dose at
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field size showed the 15mm of depth in 6 MV
photon beams of dual energy photon beams of
linear accelerator (Mevatron, Siemens, German).
And the absorption dose at a given depth was
normalized to the dmax.

The relative surface dose to dmax 0f 6 MV photon
beam in reference source-to-axis distance (SAD=
100 cm) in open beam has showed 16.3% for 10X10
cm? and 25.5% for 20x 20 cm?®. And it showed that
the dose of buildup region were increase as field
size increased, as shown on Table 1.and Fig. 3. It
showed a typical depth dose curves off‘6 MV photon
beam. The magnitude of dose increment regard to
increasing the field size was decreased as deepen-
ing the depth.

Table 1. Percent Depth Dose in the Buildup Region of 6
MV Photon beam at Given Field Size and
Reference Source Axis Distance (SAD=100
cm) in Open Beam

each depth was estimated with parallel-plate ion- Field size | 5x5 10x10 15x15 20x20
ization chamber (PS-033 Capintec Co.) and Farmer Depth (mm) (cm X cm)
2570 electrometer using polystyrene solid phantom 000 e 163 518 555
(physical density; 1.045 g/cc, electron density ratio; 0 74 32'_1 36.6 M7 43.4
1.015 to water). 1.43 324 482 530 536
7.03 87.0 87.8 90.2 90.5
RESULTS 10.00 98.1 99.0 99.0 99.2
15.00 100.0 100.0 100.0 100.0
In this experimental measurement of depth 26.30 94.2 94'2 2‘;? 225
dose, the depth of maximum dose (dmax) iN given 40.20 849 86. ' i
120
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Fig. 3. Percent depth dose in the buildup region of 8 MV photon beam at given field size and
source axis distance without using compensator.



150

In different field size, absorption dose at a given
depth was abruptly increased within a few milli-
meter beneath the skin surface, maximized at 15
mm of depth, but gradually decreased at further
depth.

To investigate the skin dose applied the
compensating filter to the equipment, all thickness
of compensating filter was attached to the equip-
ment from 9.5 mm to 103 mm. The relative percent
dose at the surface, 1.43 mm, 7.03 mm of depth has
shown on Table 2 and Fig. 4. In the same field size,
the surface dose was not changed significantly
even though the thickness of filter was changed.

The percent depth dose curve showed initial steep

increment to the maximum dose point, 15 mm from
the skin surface, and then gradual decrease at the
further depth. The compensating filter did not
cause any change in shape of percent depth dose
curve. And in the same depth, the depth dose was
increased. as increasing the field size, similar to

open beam. However the skin dose was nearly not
changed, oniy within 1% relative discrepancy,
regardless of the change of the compensator thick-
ness at the same field size and depth. As shown on
Table 2, when the compensator thickness was in-
creased from 0.0 mm to 103 mm in the same field
size of 1010 cm?, the absorption dose at 0.0 mm
depth, skin surface, was changed merely as 16.3%,
16.7%, 16.6%, 16.4%, 16.1%, 161% for each
compensator thickness respectively. And the same
findings of dose was observed at the 1.43 and 7.03
mm of depth.

The surface dose was also estimated in different
source-to-detector distance, 110cm and 90cm,
using the different thickness of compensating filter
in 10x10 cm? field size. The results were showed
that the percent depth dose was not changed
regardless of the change of the compensator thick-
ness at the same depth, even though the source-
to-detector distance was changed from 100 cm to

Table 2. Relative Percent Dose to Maximum Dose at the Skin as a Function of Compensator thickness in 6 MV Photon
Beam at Reference Source Axis Distance (SAD =100 cm)

Compensator thickness (mm)

I%)epth 0.0 mm 9.5 mm 22 mm 53 mm 81 mm 103 mm
mm
FS 00 143 7.03| 00 143 7.03| 0.0 143 7.03| 00 143 7.03| 00 143 7.03]| 00 143 7083
5X5 {116 453 870|119 455 876|119 449 872|116 440 871|112 428 864|111 418 858
10x10 |16.3 482 87.8]16.7 485 88.2|166 481 882|164 473 88.0|161 461 873|161 456 872
15%15 |21.8 53.0 902|224 534 90.5|226 534 909{228 530 90.9{226 523 90.1|227 519 899
20x20 |255 552 906|269 564 91.0/27.0 564 916|273 563 916|277 56.1 9161280 560 915
(F.S; field size, cm?)
100 depth= 7.03 mm 20 x 20
& » 3 $ 15 x 15
x | 4 Y ) 4 1g x %0
80- ......................................................................... beassesne ¥ -----
depth= 1.43 mm
604 ------ ;‘L -------- ARAARAESRENAREALAALARAS-A AR AR AAAS AR ALELA L REREEER R R EEREERRSEEREEERS
— : ' HE
* . : P M _,10 x 10
4O e et T T T £ 5. x5,
depth= 0.00 mm
140
20 T R R R R R R 13 ; io
5x5
Y i ] 1 ) T
0 20 40 60 80 100 120

Thickness of Compensator (mm)
Fig. 4. Relative percent dose to maximum dose at the skin as a function of compensator thick-
ness in 6 MV photon beam at reference source axis distance (SAD=100 cm).
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Fig. 5. Relative percent dose to maximum dose at the skin at different source axis distance (SAD) in
6 MV photon beam at reference field size (10x10 cm?).

Table 3. Relative Percent Dose in the Buildup Region at
Different Source Axis Distance in 6 MV Photon
Beam at reference field size, 10 X10 cm?

Source axis distance (SAD)

?ﬁx%? 90 cm 100 cm 110 cm
T 0.0 143 7.03] 0.0 143 7.03| 0.0 1.43 7.03
0.0 [18.2 51.8 90.8/16.3 482 87.8/15.9 47.3 86.8
95 |18.1 511 901|165 485 88.2{16.0 47.3 871
22 181 51.0 90.4|/16.4 481 88.2|158 46.9 87.1
53 [18.0 50.4 90.1|16.4 47.3 88.0/15.5 452 86.5
81 [17.8 491 89.4|161 46.1 87.3|153 446 858
103 |18.0 48.9 89.3|16.1 456 87.2|15.3 435 856

(C; compensator thickness, mm)

110cm or 90 cm as shown in Fig. 5. But, the abso-
lute absorption dose was increased a little as
shortening of the source-to-detector distance from
110 cm to 90 cm at a given thickness of compensat-
ing filter and depth. Regarding to Table 3, the
absorption dose at the depth Omm and 9.5mm
thickness of compensating filter was increased 16.
0% to 18.1% in different source-to-detector dis-
tance of 110cm and 90 cm, respectively.

DISCUSSION

The 3-dimensional tissue equivalent compen-
sator using on this study is a mixture of paraffin and
stearin wax. This mixture resembles a human tissue
radiologically, and has brrefit of easy handling

because a major component of this mixture is
paraffin. Parallel-plate ionization chamber as a
detector using on this study has the electrode
spacing of 2.4 mm, therefore it is most popularly
useful for dose calibration in buildup region and
skin surface. And this chamber may differentiate a
little dose difference between two region with
narrow depth difference, and has high accuracy. In
these experiments, we use 6 MV photon beam
which is popularly useful recently in head and neck
irradiation, and the field size is limited within 20X 20
cm? because the field size for head and neck irrdia-
tion is mostly within above size except for
lymphoma. The experimental setup and dose cali-
bration is achived by SAD method. Since the
compensator ratio in 6 MV linear accelerator is
about 0.6, the compensator thickness is limited to
103 mm which is eguivalent to 150 mm of tissue
deficit in head and neck irradation.

In an open beam, absorption dose at same
depth was increased according to increment in
field size. It may be due to increasing scatters of
primary beam on the collimator surface by the
change of the collimator size, i.e. as the field size is
increased, collimator surface is also incrreased.
And the effect of scattered beam by collimator is
decreased as increasing the tissue depth to be
estimated in the same field size, as shown on Table
1.

The experimental group showed that the change
of skin dose was very little even though the
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compensator thickness is changed at each field
size as shown on Table 2. By the report of Khan et
al?, as the collimator materials, the lighter in atomic
number such as lucite, the more scatter beam on
skin were irradiated, and it was maximal when the
distance between the skin and the compensator
was within 15 cm and the field size was larger. But
if the distance between the skin and the compen-
sating filter is more than 30 cm, the effect of scat-
tered beam by the compensator is much little. In
our experiments, the effect of skin dose by the
compensator is nearly negligible because the dis-
tance between the compensator and skin surface
was more than 44 cm in our experimental setup.

In the other experimental setup, when the dis-
tance of the radiation source to detector was
decreased, the skin doses were increased as in
Table 3. This results may be interpreted as that
scatter beams from the collimator surface has been
mainly contributed to the skin dosss and addition-
ally scatters from the compensator in small portion
by decreasing the distance of collimator and
compensator to skin, But as in Table 2, effect on
skin doses in reducing the source-to-detector
distance is almostly caused by collimator scatters
because the effect of compensator on skin doses is
nearly absent in these experiments. Generally, it is
well known that skin doses are increased when the
distance beween skin and source or collimator is
decreased, so our results are acceptable reason-
ably.

CONCLUSION

Tissue compensators had been used to ensure
an adequate dose distribution and skin sparing
effect, ususally on the head and neck or other tissue
defict area.

It is the trial to evaluate the effect of compen-
sator on skin when 3-dimensional compensator
utilizing tissue equivalent material was applicated
on the head and neck area. This compensator was
made of paraffin (70%) and stearin wax (30%). The
parameters for evaluation were the size of the field,
the thickness of the compensator and the source-
to-detector distance. The results were as follows;

The skin doses were nearly not changed even
though application of the compensator, but it
depended on the field size and the source to
detector distance. It had minimal role for tissue
compensator on skin doses in the wide ranges of

compensator thickness, but the skin doses were
changed mainly according to field size and source
to detector distance in these experiments. By these
results, it is allowable that this 3-dimensional, tissue
equivalent, compensator can be used safely
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