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A Study on the Effects of Wedge Filter in Peripheral Dose Distribution*

Wee Saing Kang, M.S., Il Han Kim, M.D. and Charn Il Park, M.D.

Department of Therapeutic Radiology, College of Medicine,
Seoul National University

The peripheral dose distributions of wedge fields of Co-60 y-ray and 10MV x-ray were
measured by the solid state detector controlled by means of semiautomatic water phentom
system. The measurements were made on the principal plane parallel to the cross section
of wedge filter (blade and ridge direction). For parallel motion of the detector to the beam
axis the distance from the margin of radiation field at surface were 3, 5 and 10cm. For tranverse
motion the depth of measurement were dm, 5, 10 and 15¢cm. The followings were drawn

from the measurement.

1. The peripheral dose of the blade side of wedges was generally higher than that of
the ridge side at symmetric point about beam axis.

2. iIn the superficial region phenomena of dose build-up appeared.

3. For Co-60 y-ray field, the peripheral dose did not monotonously decrease with the
distance from the field margin but increase in some range, consequently showing a

peak dose.

4. The peripheral dose did not only depend on radiation quality and field size, but also

on wedge angle and wedge direction.
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INTRODUCTION

The fact that in radiation treatment by megavolt
x-ray and y-rays secondary radiations come from
treatment units and patients is a matter of common
knowledge. The secondary radiations not only con-
tribute to dose in the treatment field but also to
peripheral dose.

.. Measurement of the peripheral dose have been
the subject of many studies since 1970s. Keller, et
al?’ reported that peripheral dose distribution at 10cm
depth in water had the dependence on radiation
quality. Mackie, et al,» Starkschall, et al® and
Horton® reported that there was the existence of
dose buildup outside the treatment field in the region
corresponding to the buildup range of field. They ad-
vocated that the buildup outside the field was caus-
ed by electrons liberated from treatment unit. Kang,

*This paper was supporied by 1985 SNUH Clinical Research
Funds.

et al, Bhatnagar,® Fraass, et al”” and Kase, et al®
did not only report the dependence of peripheral
dose on field size and the existence of buildup
phenomenon but also that the peripheral dose
depended on field size, depth and design of col-
limating system. Kang, at al® and Kase, et al®
reported the components of therapy unit and phan-
tom to the peripheral dose.

All above ones are documentatioins for open
fields. Scrimger, et al® reported that beam modifier
influenced the peripheral dose. It is reasonable opi-
nion that wedge filter, the most commonly used
beam modifier, would also influence the peripheral
dose distribution. The fact that the wedge filter is an
absorber of primary and secondary radiations from
therapy unit but at the same time functions as an
another source of secondary radiation strongly im-
plies above mention. It may be, however, aimost im-
possible to estimate separately the two effects of a
wedge on change of the peripheral dose in detail.
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It is onily possible to measure the peripheral dose
under such a situation that the two effects of a wedge
filter coexist.

To estimate doses to tissues or organs outside
the field even in a case of wedged field, the ratio
of the peripheral dose relative to a reference dose
is necessary. Authors measured the peripheral dose
distribution relative to the maximum dose on beam
axis at blade and ridge sides of wedge fitters of ©°Co
y-ray and 10MV x-ray on their principal planes by
means of solid state detector controlled by
semiautomatic water phantom system.

MATERIALS AND MEASUREMENT

Radiations whose peripheral dose was measured
were y-ray from cobalt 60 teletherapy unit (Picker
C-9) and 10MV x-ray from electron linear accelerator
(Varian Clinac-18). Wedges of %°Co unit were made
of lead (Pbs;) and its wedge angles were 45° and
60°, nominal. The distance of source to wedge
(SWD) and the distance of wedge to surface (WSD)
of the ¢Co unit were respectively 50 and 30cm. The
wedges were mounted on a lucite tray so that their
slanting surface faced to the cobalt source. Max-
imum width of wedge field was 18cm at 80cm SSD.

Wedge filters of Clinac-18 were made of brass
whose effective atomic number was approximately
29.4. Wedge angles of Clinac-18 were 15°, 30°, 45°
and 60°, nominal. The distance of target to wedge
(TWD) and WSD were respectively 52 and 48cm.
The wedges were mounted under the lucite tray so
that their slanting surface faced to water phantom.
Maximum width of wedge field was 14cm at 100cm
SSD.

Data were obtained by means of solid state detec-
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tor in water phantom controlled by a controller
(Therados LSC-2). A reference probe was mounted
under the wedge filter near the beam axis in radia-
tion field'and tightly fixed in the course of measure-
ment for each combination of wedge and field size.
Gain for the reference probe was set at 60 on the
analog meter of LSC-2 control console. Gain for
scanning probe was set so that when the probe was
at the depth of maximum dose on beam axis the ratio
of the signal of the scanning probe to that of the
reference probe was 100 (0.5cm for ©°Co y-ray and
2.5cm for 10MV x-ray). Peripheral dose was describ-
ed in percentage dose relative to the maximum dose
on the beam axis. Bias of both detectors was set to
0. Data were recorded by X-Y recorder connected.
to the controller (Fig. 1).

Peripheral dose on the principal plane at the blade
and ridge sides of wedges was measured in water
phantom. Motion of the scanning probe was confin-

_ed in directions perpendicular or parallel to the axis

of photon beams. The depths scanned in direction
perpendicular to the beam axis were d,,, 5, 10 and
15¢m. The distances from the field margin scanned
in direction parellel to the axis were 3, 5and 10cm.

RESULTS

Fig. 2 shows the peripheral dose profiles in the
blade and ridge sides of 60° wedges at 3, 5 and
10cm from the margin of 10 X 10cm field versus
depth for ®°Co and 10MV photons. It appears that
in the near region from the field the qualitative
character of the two photons is the same but in the
far region the character of peripheral dose profile of
%°Co has distinguishable difference from that of 10MV
x-ray. (1) The dose of Co y-ray in the near region

CONTROLLER

X-Y RECODER

WATER PHANTOH

/ \ BCANNING PROBE

Fig. 1. Schematic diagram showing dosimetry system for measurement of peripheral dose.
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60° wedge, 10 X 10 Field
10 Distance
from Field
—— 3cm
———— 5
Th:ln
|
Thick
)
Thin
Thick
o . S . R

1] 5 10 15
Depth in Water in cm

Fig. 2. Comparison of peripheral doses on both side of 60° wedge versus depth in water for 10 X 10cm field.

(a) Co ray and (b) 10MV x-ray.

10 MV X RAY
14 x 14 Field, 3¢cm from Field

Dose

Poroent

{ Thick

Wedge Angle
............ 18

o N it Fl PR S

] 8 10 18
Depth in Water iaom

Fig. 3. Comparison of peripheral doses of 10MV x-ray
for 4 different wedges and for both sides of the
wedges.

and 10MV x-ray is high near the surface and drops
to a minimum at d,.... (2) The dose increases again
as the depth increases. (3) The peripheral dose tends
to become constant with depth as distance from the
field margin for 10OMV x-ray increases. (4) At far
distance 10cm or so from the field margin for €°Co
y-ray, the peripheral dose is rather higher than that
at short distance and decreases monotonously as
depth increases. The first and fourth points are con-
siderable results.

Fig. 3 shows a comparison of the peipheral doses
of 4 wedges with different wedge angles at 3cm
distance from field margin versus depth for 10OMV
x-ray 14 X 14cm field. In both blade and ridge sides
of wedges, the peripheral dose increases with
wedge angle but the variation of the peripheral dose
is larger in the blade side than in ridge side. At 3cm
depth where dose is roughly minimum, the peripheral
doses of 15° and 60° wedges are respectively 5.9%
and 10.6 % in the blade side, on the other hand 5.5%
and 7.6% on the ridge side.

In Fig. 4 the peripheral doses of different field
sizes on the blade side of 60° wedge of 10MV x-
ray are-compared. It appears that the peripheral dose
increases as the field size increases.
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Fig. 4. Comparison of peripheral doses of 10MV x-ray for
different field sizes at different distances from field

margin.
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Fig. 5 shows the variation of the peripheral dose
of 45° and 60° wedges at 4 depths and both sides
of wedges versus distance from field margin for Co
y-ray beam. The significant phenomenon is that as
the distance from the field margin increases the
peripheral doses at d, and 5cm depth do not
monotonously decrease so that there are minimum
and a peak of dose, and although there is no peak
at more deep level there is a range that the peripheral
dose slowly varies. For the most part, there is a
minimum of the peripheral dose at 5 to 7cm distance
from field margin and peak at 9 to 11cm distance
on the blade side and at 12 to 14cm distance on the
ridge side. On the ridge side of ®Co wedges
there is a secondary minimum and a secondary
peak. The positions of the secondary minimum and
peak move outward as the depth increases.
Peripheral dose for %Co is also larger for larger
wedge angle (60°C) than for smaller wedge angle
(45°) as well as 10MV x-ray. Peripheral dose on the
blade side is higher than that on ridge side at relative-
ly short distance, but at long distance the situation
is reversed.

Co -60
680° Wedge,

10 X 10 Field

Depth
— d.
—-——- Scm
came=- 10
........... 18
o s 10 15 com

Distance from Field Margin

Fig. 5. Comparison of peripheral doses for both sides of wedges at 4 different depths for 10 x 10cm? field of %°Co

beam. (a) 45° wedge and (b) 60° wedge.



Peripheral doses for different field sizes and two
wedges (45 and 60) of *Co versus the distance from
field margin at 4 different depths are compared in
Fig. 6. Peripheral doses have one minimum and one
peak for such relatively small field size as 4 X 4cm
and 10 X 10cm, but have a region of relatively slow
variation for such relatively farge field as 16 x 16cm.
The position of a minimum dose is at 5 to 6cm
distance from field margin for the blade side of
wedge irrespective from both wedge angle and field
size. The position of a peak dose is almost irrespec-
tive to field size but becomes more distant with the
increase of depth and wedge angle. At more far
distance than 6¢cm the peripheral dose decreases ex-
cept for 16 X 16cm [ 45° wedged field as the depth
increases. The peripheral dose for 60° wedge is
higher than that for 45° wedge and especially on
peak region more serious.
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DISCUSSION

For 10MV x-ray, the qualitative characteristic of
the peripheral dose of wedged fields is very similar
to open field.*-® For °Co y-ray that is similar except
for region longer than 5 to 6¢cm from the field margin.
Near the surface the peripheral dose decreases as
depth increases. It is regarded that for wedged field
the dcse near the surface has the large contribution
by electrons emitted from other than phantom as well
as open field.>-® However, it is reasonable to
estimate that the electrons come from wedge rather
than treatment unit. The reason is that the wedge
filter is too thick for electrons recoiled from therapy
unit in interaction process to penetrate it. As com-
pared with open field the contribution of electrons
1o the dose near surface was reduced for wedged
field. In 1OMV 10 X 10cm field, the maximum con-
tribution of electrons was 2.5%% for open field while
1.3% for 60° wedged field.
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Fig. 6. Comparison of peripheral doses for both sides of wedges for different field sizes of '°Co beam. (a) 45°

wedge and (b) 60° wedge.
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For wedged field, the peripheral dose distribution
is not symmetric but higher on the blade side than
on the ridge side. That is similar to the pattern of dose
distribution inside the wedged field.

Peripheral dose increases with the increases of
wedge angle. That could not be interpreted as the
substantial increase of the peripheral dose filter that
decreases with the wedge angle.

Peripheral dose of wedged fields increases as
field size increases. That phenomenon is similar to
open fields and could be explained as increase of
the volume of the source of secondary radiation.

Fig. 2, Fig. 5 and Fig. 6 show that in some depth
the peripheral dose for ®Co does not monotonous-
ly decrease but has one minimum and one peak on
the blade side of wedge, and two minimum and two
peaks on the ridge side. The secondary minimum on
the ridge side came into being because of the ex-
istence of a pull of wedge holder. The existence of
peak outside the ®°Co field is an extremely signifi-
cant phenomenon and entirely beyond expectation.
The question is why peripheral dose increases with
increase of the distance from field margin and there
is a peak dose outside the ¢°Co field. Radiation quali-
ty, wedge material, WSD and design of collimator
system of cobalt unit could be considered as the
cause.

CONCLUSION

The peripheral dose of wedged field was
measured by water phantom system with solid state
aetector, The variations of the peripheral dose due
to radiation quality, wedge angle, wedge side and
field size were examined in some region outside
radiation field. For 10MV x-ray, peripheral dose near
surface decreases as depth increases. That has a
minimum at d,, and next increases with the increase
of depth for large field but has nearly constant dose
in spite of increase of depth for small field. As

distance from field margin increases, the peripheral
dose decreases. For “Co y-ray, however, the
peripheral dose in some depth range does not
monotonously decrease for increase of the distance
from the margin, and has minimum and peak dose
consequently. The peripheral dose of wedged field
is higher for lower quality than for higher quality. The
peripheral dose of wedged field for both ¢°Co and
10MV photons is higher for larger field than for
smaller field, higher for larger wedge angle than for
smaller angle and higher for the blade side of wedge
filter than for the ridge side. To shield critical organs
or normal tissue outside the °Co wedged field is
gesirable for radiation protection.
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