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The Radiological Physics Center, through its dosimetry review visits to participating institutions, is
aware that many institutions ignore the field-size and depth dependence of wedge transmission
values. Reference wedge transmission values are normally measured by the Radiological Physics
Center for a 10 cm310 cm field at the calibration depth of 5 or 7 cm. Recently, additional mea-
surements~1! for a 10 cm310 cm field at 20-cm depth and~2! for a 20 cm320 cm field at the
calibration depth were included. The transmission under these two conditions was compared with
that under reference conditions. The relative transmission values for 138 photon beams from 88
separate linear accelerators~4–25 MV! and 60Co units were measured. Our data suggest that the
dependence of the wedge transmission on field-size and depth, in the first approximation, depends
on the absolute value of the transmission under reference conditions. For wedges with a transmis-
sion value greater than 0.65%, field-size dependence and change in depth dose are typically less
than 2%. However, for wedges with transmission values less than 0.65%, field-size dependence
increases with decreasing reference wedge transmission. The change in wedge transmission with
depth is significant (.2%) only for photon energies less than or equal to 10 MV and can exceed
5% for thick wedges. Failure to include the depth and field-size dependencies of wedge transmis-
sion in patient dosimetry calculations can result in significant tumor-dose discrepancies. ©1998
American Association of Physicists in Medicine.@S0094-2405~98!00502-1#
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I. INTRODUCTION

Since 1969, the Radiological Physics Center~RPC! has been
funded by the National Cancer Institute~NCl! to provide
quality audit of dosimetry practices at institutions particip
ing in cooperative clinical trials supported by the NCI. O
key component of the quality audit process is the review
an institution’s dosimetry parameters during on-site dosim
try reviews. One parameter measured by the RPC is ph
transmission through accessories such as trays and wed

Historically, wedges were used in cooperative group
diotherapy protocols to treat shallow lesions with small fie
principally in the head and neck area and the breast. Th
fore, the RPC measured wedge transmission~WT!, only at
the calibration depth of 5 or 7 cm for a 10 cm310 cm field
@WT~cal!# and used that measurement, i.e., WT~cal!, to as-
sess the institution’s wedge transmission data.

As treatment techniques change and the coopera
groups propose new protocols, the RPC modifies its on-
dosimetry measurements to accommodate those chan
With the advent of the high-priority rectal studies, in whic
over 500 institutions participated, the use of large wedg
fields to treat deep-seated tumors has resulted in the
modifying its set of WT measurements. A sampling of the
rectal treatment records indicate that the average equiva
field-size is 16 cm316 cm and the average treatment depth
17.5 cm. Many of these rectal protocol patients~50%! re-
ceived treatment with wedges ranging from 15 to 60 degr
and photon energies ranging from Co60 through 25 MV.
241 Med. Phys. 25 „2…, February 1998 0094-2405/98/25
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Therefore, in order to investigate the magnitude of the fie
size and depth dependence of WT and their impact on tum
dose delivery, the RPC began collecting WT as a function
field-size and depth from a wide variety of linacs and pho
energies in a systematic and reproducible manner. The
included the RPC’s standard WT~cal! measurements, the WT
for a large but clinically relevant field-size at the calibratio
depth and the WT for a reference field size at an extre
depth for a range of wedge angles.

This paper presents the results of a systematic set of m
surements on wedges used on a large number of linear
celerators. We observe that, in the first approximation,
magnitude of the field-size and depth dependent effects
linear in the absolute value of the WT under reference c
ditions. We present data on how many institutions fail
account for these dependencies in their calculation
beam-on time. In addition, we show that the magnitude
the potential discrepancy in tumor-dose delivery when th
effects are ignored can approach or even exceed 5%. Fin
we present suggestions as to how the practicing physicist
use these data in the clinic. Many institutions do not acco
for depth and field-size effects of WT. Quite often, instit
tions measure WT for the reference field-size atdmax depth,
which is sometimes dictated by the treatment planning s
tem. Some institutions account for the depth effect by us
the wedge transmission value measured for the refere
field-size at depth of depth-dose normalization in conju
tion with the use of wedged depth-dose data.
241„2…/241/4/$10.00 © 1998 Am. Assoc. Phys. Med.
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II. MATERIALS AND METHODS

Wedge-transmission measurements were performed
over 56 institutions on 24 different models of therapy un
using standard wedge filters provided by the manufactur
The manufacturers include Varian~Varian Associates, Inc.
Palo Alto, CA!, Siemens~Siemens Medical Corp., Iselin
NJ!, Philips ~Philips Medical Systems Linear Accelerator
Shelton, CT!, CGR-Orion ~General Electric CGR USA
Orion Research, Inc., Boston, MA!, Picker C-9~Picker In-
ternational, Inc., Cleveland, OH!, and AECL ~AECL/
Theratronics International Ltd., Kanata, Ontario, Canad!.
Measurements were made on a total of 138 beams from
separate megavoltage therapy units. The photon ene
ranged from60Co to 25 MV, and the wedge angles rang
from 30 to 60 degrees. The composition of the wedges
cluded lead, steel, and brass. The WT measurement field
never exceeded the maximum field-size allowed for the s
cific wedge.

Measurements were made in a water phantom usin
Farmer-type 0.6-cm3 ion chamber; NEL 2571, NEL 2505
3A, ~Nuclear Enterprises, Ltd., Fairfield, NJ! or PTW
N23333 ~PTW/Nuclear Associates, Carle Place, NY!! read
with a Keithley model 602 electrometer~Keithley Instru-
ments Inc., Cleveland, OH!. The long axis of the chambe
was always perpendicular to the wedge plane. The calcul
WT is the ratio of the average ionization with the wedge
place to the average open-field ionization. Two measurem
techniques were used to assure precise alignment of
chamber and therefore precise transmission measurem
In the first technique, the ion chamber was precisely cente
in the radiation field, using a 60-degree wedge, by requir
the ionization reading for a given irradiation time to be t
same~within 0.3%! for two collimator orientations~180 de-
grees apart!. The second technique used the measuremen
WT for both collimator orientations~180 degree apart! and
determined the average of the two measurements. All
data were normalized to WT~cal!, which was the central axis
WT for a 10 cm310 cm field at the calibration depth of 5 o
7 cm. With the exception of the Philips internal wedge, m
surements with the wedge in place were performed by ins
ing the wedge in both orientations, i.e., heel in and heel
and averaging the measured values. To investigate the
sible clinical limits of the field-size dependence and dep
dose effects, the WT for a 20 cm320 cm field at the calibra-
tion depth of 5 or 7 cm and a 10 cm310 cm field at a depth
of 20 cm, respectively, was measured. The centering of
ion chamber in the radiation field was achieved indep
dently at the 20-cm depth using one of the above techniq

III. RESULTS AND DISCUSSION

Relative WT as a function of field size or depth is pr
sented in Figs. 1, 2, and 3. The data are normalized to W
~cal! so as to represent the change in wedge transmission
are presented as a function of the central-axis reference
~cal!. In Fig. 1, data are included for all photon energies fro
60Co through 25 MV for wedges from 30 to 60 degrees. D
are not labeled with respect to energy because no signifi
Medical Physics, Vol. 25, No. 2, February 1998
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energy dependence was seen. The open symbols repr
the limited data we are able to obtain from previously pu
lished reports.1,2 With the exception of one outlier,2 previ-
ously published data lay within the spread of our measu
ment data. It is apparent that the WT for a 20 cm320 cm
field is larger than that for a 10 cm310 cm field. More im-
portant than the fact of the increase is the clear trend s
when the data are plotted as a function of the reference tr

FIG. 1. Ratio of the central axis wedge transmission for a 20 cm320 cm
field to that for a 10 cm310 cm field measured at the calibration depth~5 or
7 cm!, plotted as a function of the reference wedge transmission for
10 cm310 cm field at the same depth. Data for 30-, 45-, and 60-deg
wedges for the energy range from60Co through 25-MV x-rays are included
The solid symbols represent the RPC measured data, and the open sy
represent published data in references 5 and 6. The heavy solid line
linear least-square fit to the data, and the light lines encompass61% of the
fit.

FIG. 2. Ratio of the central axis wedge transmission at 20-cm depth to
at calibration depth~5 cm! for a 10 cm310 cm field, plotted as a function o
the reference WT for the 10 cm310 cm field 5-cm depth. Data from60Co
through 10 MV x-rays are included for wedge angles from 30 to 60 degr
The solid symbols represent the RPC measured data, and the open sy
represent published data in references 4 and 11. The heavy solid line
linear least-squares fit to the data, and the light lines encompass61% of the
fit.
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mission, WT~cal!, irrespective of linac type, beam energy,
wedge composition. For transmission values near 0.3,
effect is approximately 5%, whereas for values of WT~cal!
greater than 0.65, the effect is typically less than 2%. T
dark solid line in Fig. 1 is a linear least-squares fit to t
data. The thin solid lines represent61% of the fit. Even
though the data appear to be scattered, approximately 80
the data fall within this61% area, suggesting a standa
deviation in the data of less than 1%. We reviewed three
the worst outliers carefully and found no fault with the da
we thus concluded that the spread and the outliers were
Various authors1–5 have made the generalized statement t
as the wedge angle increases, the field-size dependenc
creases as well. More specifically, we propose that if o
knows the wedge transmission under reference conditi
we can predict within61% at one standard deviation, th
change in transmission for a 20-cm square field. Literatur1,6

attributes the field-size dependence primarily to the introd
tion of scattered-photon fluence by the wedges, which
creases with the increase in field size.

Figure 2 shows the effect of depth on the measured
for photon energies from60Co to 10 MV x rays. Wedge
transmission measured at 20-cm depth for a 10310 cm2

field, again normalized to WT~cal!, is presented as a functio
of the absolute value of WT~cal!. Data from previously pub-
lished reports5,7 are included as open data points. Again, t
dark solid line is a linear least-squares fit to the data, and
thin solid lines represent a61% spread about the fit. Again
approximately 80% of the data were within the shaded a
A review of the major outliers again found no fault with th
data. Sharma and Johnson3 and McCulloughet al.7 have sug-
gested that for energies equal to or less than 10 MV
depth dependence of wedge filters is significant (.2%) only
for 45- and 60-degree wedges at deep depths. However
data quantifies the magnitude of the depth effect, depen
on the absolute value of WT~cal! which may or may not be

FIG. 3. Ratio of the central axis wedge transmission at 20-cm depth to
at calibration depth~7 cm! for a 10 cm310 cm field, plotted as a function o
the reference wedge transmission for the 10 cm310 cm field at 7-cm depth.
Data for 15–25 MV x-rays are included for wedge angles from 30 to
degrees. The 15-mV data have a calibration depth of 5 cm.
Medical Physics, Vol. 25, No. 2, February 1998
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related to the nominal wedge angle. Our analysis indica
that the depth dependence of the WT approaches or exc
5% for wedges with reference transmission near 0.3 and
proaches less than 2% for reference transmission greater
0.65.

Figure 3 shows similar depth dependence data for e
gies greater than 10 MV. These data show no signific
depth dependence (,2%) or trend in WT for the high-
energy beams as a function of depth. The relative we
transmission values less than 1.00 as seen in the figure
result of beam softening5,6 effect from very thick wedges a
high energies.

It is commonly believed that the depth dependence of W
is due to beam hardening.2,4,6–12Kalendet al.11 suggest that
nearly half of the increase in the WT at depth comes from
second effect, dose-gradient scatter in the medium; howe
Bar-Deroma and Bja¨rngard6 argue that this effect is minimal
Because, we do not expect beam hardening of the wed
60Co beam, our60Co data points in Fig. 2 appear to suppo
the hypothesis of Kalendet al.11

IV. USES FOR THESE GENERIC TRENDS

The WT data used by institutions to calculate beam
time has always been a key concern of the RPC during
on-site dosimetry review visits. More institutions recei
recommendations to review their WT values than any ot
dosimetry parameter. As seen in Table I, prior to Janua
1994, when WT was measured only under their refere
conditions, 26% of the institutions visited had a recomme
dation regarding WT. After January, 1994, when WT fiel
size and depth dependence measurements were added
procedures, the percentage jumped to 70% of the instituti
These data suggest that although depth and field-size de
dence of wedge transmission has been discussed at s
length in the literature, approximately 50% of the institutio
visited by the RPC still do not account for WT field-size
depth dependence, or both.

Data presented in Figs. 1 and 2 will allow institutions wh
have measured the wedge transmission under their refer
conditions to estimate the expected change in WT with fie
size and depth, and thus evaluate its clinical significance
their patients. In addition when field-size and depth dep
dence of wedge transmission is measured for the first tim
an institution, the results can be compared with ours a
redundant check. Finally, we suggest that a simple test
verify whether a treatment-planning computer is properly
counting for depth effects. Ratios of point-dose calculatio
on the central axis with and without the wedge at the c

at

0

TABLE I. The percent of visited institutions with a recommendation rega
ing wedge transmission values.

Prior to
January 1994

After
January 1994

Percent of institutions
with recommendations
regarding WT

26% 70%
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bration depth of 5 or 7 cm and at 20-cm depth can be co
pared with an institutions measured data and/or with our d
in Fig. 2.

V. CONCLUSIONS

The dependence of WT on depth and field-size has b
shown in the first approximation to depend primarily on t
absolute value of the transmission under reference co
tions, WT~cal!, independent of the beam energy, wedge co
position, and linac type. The change is significant (.2%)
for wedge filters having central-axis transmission under
erence conditions,~10 cm310 cm at 5 or 7 cm depth!, less
than 0.65 and it increases with decreasing WT~cal!. The
field-size dependence of a 20-cm2 field relative to that of a
10-cm2 field can exceed 5% for all energies from60Co
through 25 MV. The change of WT with depth is significa
(.2%) only for photon energies less than or equal to
MV and can exceed 5% for thick wedges. There appear
be a significant number of institutions that do not account
one or both of the effects, i.e., field-size and depth dep
dence of WT. Failure to include the depth and field-size
pendencies of WT in patient-dosimetry calculations can
sult in significant tumor-dose discrepancies. Several use
these data in the clinic have been suggested. Regarding
namic wedges, the RPC has very limited data and there
their results are not included in this paper.
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