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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 cra10 cm field at the calibration depth of 5 or 7 cm. Recently, additional mea-
surementg1) for a 10 cmx10 cm field at 20-cm depth an@) for a 20 cnmx20 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 acceleratds-25 MV) and®%Co 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 discrepancid98
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[. INTRODUCTION Therefore, in order to investigate the magnitude of the field-

] . ] ) size and depth dependence of WT and their impact on tumor-
Since 1969, the Radiological Physics CenPQC has been  jq56 gelivery, the RPC began collecting WT as a function of
funded by the National Cancer Institut8lCl) to provide ey size and depth from a wide variety of linacs and photon
quality audit of dosimetry practices at institutions part|C|pat—energies in a systematic and reproducible manner. The data

ing in cooperative clinical trials supported bY the NCI'. One'ncluded the RPC'’s standard Wal) measurements, the WT
key component of the quality audit process is the review Offor a large but clinically relevant field-size at the calibration

an institution’s dosimetry parameters during on-site dosmeaepth and the WT for a reference field size at an extreme

try reviews. One parameter measured by the RPC is photogepth for a range of wedge angles.

transmission through accessories such as trays and wedges."_ . .
9 y g This paper presents the results of a systematic set of mea-

Historically, wedges were used in cooperative group ra- ; d d | ber of i
diotherapy protocols to treat shallow lesions with small fielgs>UreMents on wedges used on a fargeé number ot linear ac-

principally in the head and neck area and the breast. Theré:_elerators. We observe that, in the first approximation, the
fore, the RPC measured wedge transmisgM#T), only at magnitude of the field-size and depth dependent effects are
the ’calibration depth of 5 or 7 cm for a 10 emoicm fielg  inear in the absolute value of the WT under reference con-

[WT(cal] and used that measurement, i.e., {840, to as- ditions. We present data on how many institutions fail to
sess the institution’s wedge transmission data. account for these dependencies in their calculation of

As treatment techniques change and the cooperativB®@m-on time. In addition, we show that the magnitude of
groups propose new protocols, the RPC modifies its on-sité€ potential discrepancy in tumor-dose delivery when these
dosimetry measurements to accommodate those changédfects are ignored can approach or even exceed 5%. Finally,
With the advent of the high-priority rectal studies, in which We present suggestions as to how the practicing physicist can
over 500 institutions participated, the use of large wedgedise these data in the clinic. Many institutions do not account
fields to treat deep-seated tumors has resulted in the RPOr depth and field-size effects of WT. Quite often, institu-
modifying its set of WT measurements. A sampling of thesetions measure WT for the reference field-sizelgt, depth,
rectal treatment records indicate that the average equivalemthich is sometimes dictated by the treatment planning sys-
field-size is 16 cnx 16 cm and the average treatment depth istem. Some institutions account for the depth effect by using
17.5 cm. Many of these rectal protocol patie®®%) re- the wedge transmission value measured for the reference
ceived treatment with wedges ranging from 15 to 60 degreefeld-size at depth of depth-dose normalization in conjunc-
and photon energies ranging from ®ahrough 25 MV. tion with the use of wedged depth-dose data.
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II. MATERIALS AND METHODS 1.07 Field-She Dependence
Wedge-transmission measurements were performed at S 1.06 - - (20 em x 20 em versuslio em x 10 cm)

over 56 institutions on 24 different models of therapy units D

using standard wedge filters provided by the manufacturers. g 1.05 1

The manufacturers include Varigiarian Associates, Inc., 4 1.04 |

Palo Alto, CA), Siemens(Siemens Medical Corp., Iselin, E

NJ), Philips (Philips Medical Systems Linear Accelerators, @ 1.03 4

Shelton, CTJ, CGR-Orion (General Electric CGR USA/ 2 102 ]

Orion Research, Inc., Boston, MAPicker C-9(Picker In- ="

ternational, Inc., Cleveland, OH and AECL (AECL/ 2101

Theratronics International Ltd., Kanata, Ontario, Canada &

Measurements were made on a total of 138 beams from 88 & 120 | v 0 m 45° @ co° RPC Data

separate megavoltage therapy units. The photon energies g.99 0O TublbhedDale

ranged from®®Co to 25 MV, and the wedge angles ranged 0z 93 o4 05 06 . 07 08

from 30 to 60 degrees. The composition of the wedges in- entral Axis Wedge Transmission

cluded lead, steel, and br_ass. The WT measurement fleld's'nz—%. 1. Ratio of the central axis wedge transmission for a 2&2@cm

never exceeded the maximum field-size allowed for the spexeiq to that for a 10 crx 10 cm field measured at the calibration def&or

cific wedge. 7 cm), plotted as a function of the reference wedge transmission for the
Measurements were made in a water phantom using 0 cmx10 cm field at the same depth. Data for 30-, 45-, and 60-degree

~ _ ; . wedges for the energy range frdfiCo through 25-MV x-rays are included.
Farmer-type 0.6 crhion chamber; NEL 2571, NEL 2505/ The solid symbols represent the RPC measured data, and the open symbols

3A, (Nuclear Enterprises, Ltd., Fairfield, Nor PTW represent published data in references 5 and 6. The heavy solid line is a
N23333 (PTW/Nuclear Associates, Carle Place, MYead linear least-square fit to the data, and the light lines encompassé of the

with a Keithley model 602 electrometéKeithley Instru-  fit.

ments Inc., Cleveland, OHThe long axis of the chamber

was always perpendicular to the wedge plane. The calculated

WT is the ratio of the average ionization with the wedge inenergy dependence was seen. The open Symb0|5 represent
place to the average open-field ionization. Two measuremefhe limited data we are able to obtain from previously pub-
techniques were used to assure precise alignment of thghed reports:? With the exception of one outliér previ-
chamber and therefore precise transmission measuremengysly published data lay within the spread of our measure-
In the first technique, the ion chamber was precisely centereghent data. It is apparent that the WT for a 20x80 cm

in the radiation field, using a 60-degree wedge, by requiringield is larger than that for a 10 cxiLO cm field. More im-

the ionization reading for a given irradiation time to be theportant than the fact of the increase is the clear trend seen

same(within 0.3%) for two collimator orientation180 de-  when the data are plotted as a function of the reference trans-
grees apajt The second technique used the measurement of

WT for both collimator orientation$180 degree aparand
determined the average of the two measurements. All WT

data were normalized to W@al), which was the central axis "% Depth Effect
WT for a 10 cnmx 10 cm field at the calibration depth of 5or  § S {20 cm versus 5 cm)
7 cm. With the exception of the Philips internal wedge, mea- ‘@ "% A=30°

surements with the wedge in place were performed by insert-'g e

ing the wedge in both orientations, i.e., heel in and heel out % 1.05 1
and averaging the measured values. To investigate the pos=
sible clinical limits of the field-size dependence and depth- &, 1041
dose effects, the WT for a 20 ¢k20 cm field at the calibra- 3
tion depth of 5 or 7 cm and a 10 ¢xi0 cm field at a depth = 1.03 -
of 20 cm, respectively, was measured. The centering of the 2
ion chamber in the radiation field was achieved indepen- g 102 { |cos0 4Mv s My WMY el
dently at the 20-cm depth using one of the above techniques®

1.01

v a S Published

0.2 03 0.4 0.5 0.6 07
lll. RESULTS AND DISCUSSION Central Axis Wedge Transmission

Relat_lve _WT as a function of field size or depth IS pre- Fic. 2. Ratio of the central axis wedge transmission at 20-cm depth to that
sented in Figs. 1, 2, and 3. The da.ta are normahzeq tf) WT4t calibration deptis cm) for a 10 cmx 10 cm field, plotted as a function of
(cal) so as to represent the change in wedge transmission arig reference WT for the 10 cxil0 cm field 5-cm depth. Data frofffCo
are presented as a function of the central-axis reference WThrzougf;_ 10 Mv X[fays are i”C“;]dEd for wedge angles from 30ht0 60 degfees-l
(cal). In Fig. 1, data are included for all photon energies from' € sold sy”;:?c’hs Legrese.”” . RPC mias“(;efldﬁf]" ar:‘d the Oﬁ’.fjnl.sy”?bo S
60, h h 25 va d f 30t 60 d D t r.epresent publishe ¢ ata in references e}n - € neavy solid line Is a

Co throug or wedges rom 0 egrees. Dalginear least-squares fit to the data, and the light lines encompass of the

are not labeled with respect to energy because no significamnt
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1.03 TasLE |. The percent of visited institutions with a recommendation regard-
Depth Effect ing wedge transmission values.

S B 4B (20 cm versus 7* cm)
g 1024 e Prior to After
E B .SB Ae January 1994 January 1994
7] . Bgeg e
s o = Ce _ Percent of institutions 26% 70%
= agd with recommendations
© 1.00 B - regarding WT
= °:
> 0.99 | ces
%098 c* related to the nominal wedge angle. Our analysis indicates
T S — JAZ807 that the depth dependence of the WT approaches or exceeds
I LA 15Mv misMV @20.25Mv RPC Data |B =45 . L

oo C=60° 5% for wedges with reference transmission near 0.3 and ap-

.97 T T T T T 0 issi

0.2 03 04 05 06 Py 08 proaches less than 2% for reference transmission greater than
Central Axis Wedge Transmission 0.65.

Figure 3 shows similar depth dependence data for ener-
FiG. 3. Ratio of the central axis wedge transmission at 20-cm depth to thagjies greater than 10 MV. These data show no significant
at calibration deptli7 cm) for:_;ll_O cnx 10 cm field, pIotFed as a function of depth dependence<(2%) or trend in WT for the high-
the reference wedge transmission for the 10«8 cm field at 7-cm depth. . .
Data for 15-25 MV x-rays are included for wedge angles from 30 to so€Nergy beams as a function of depth. The relative Wedge
degrees. The 1%V data have a calibration depth of 5 cm. transmission values less than 1.00 as seen in the figure are
result of beam softeninid effect from very thick wedges at
high energies.
mission, WTcal), irrespective of linac type, beam energy, or . Itis commonly behey;d }J_‘?J the depth d(lalpendence of WT
wedge composition. For transmission values near 0.3, thi due to beam ha_lrdenl é Kalendet al.™ suggest that
effect is approximately 5%, whereas for values of () nearly half of the increase in the WT' at depth clomt'es from a
greater than 0.65, the effect is typically less than 2%. Th econd effect, dose-gradient scatter in the medium; however,

dark solid line in Fig. 1 is a linear least-squares fit to the ar-Deroma and Bjagard argue that this effect is minimal.

data. The thin solid lines represent1% of the fit. Even Eoe%agzz’mwiudP%CnoOEj;(apggtin?:?ranri];rgeg;)r:)%;rft?iuvgsg?ted
i 0, 1 .
though the data appear to be scattered, approximately 80% ﬁwe hypothesis of Kalendt al 11

the data fall within this=1% area, suggesting a standard
deviation in the data of less than 1%. We reviewed three of
the worst outliers carefully and found no fault with the data; IV. USES FOR THESE GENERIC TRENDS
we thus concluded that the spread and the outliers were real. The WT data used by institutions to calculate beam-on
Various authors™ have made the generalized statement thatime has always been a key concern of the RPC during its
as the wedge angle increases, the field-size dependence mn-site dosimetry review visits. More institutions receive
creases as well. More specifically, we propose that if oneecommendations to review their WT values than any other
knows the wedge transmission under reference conditionglosimetry parameter. As seen in Table I, prior to January,
we can predict within=1% at one standard deviation, the 1994, when WT was measured only under their reference
change in transmission for a 20-cm square field. Literafire conditions, 26% of the institutions visited had a recommen-
attributes the field-size dependence primarily to the introducedation regarding WT. After January, 1994, when WT field-
tion of scattered-photon fluence by the wedges, which insize and depth dependence measurements were added to our
creases with the increase in field size. procedures, the percentage jumped to 70% of the institutions.
Figure 2 shows the effect of depth on the measured WTThese data suggest that although depth and field-size depen-
for photon energies fron¥%Co to 10 MV x rays. Wedge dence of wedge transmission has been discussed at some
transmission measured at 20-cm depth for a 10 cn? length in the literature, approximately 50% of the institutions
field, again normalized to W(Eal), is presented as a function visited by the RPC still do not account for WT field-size or
of the absolute value of W(€al). Data from previously pub- depth dependence, or both.
lished reports’ are included as open data points. Again, the Data presented in Figs. 1 and 2 will allow institutions who
dark solid line is a linear least-squares fit to the data, and theave measured the wedge transmission under their reference
thin solid lines represent 2 1% spread about the fit. Again, conditions to estimate the expected change in WT with field-
approximately 80% of the data were within the shaded areasize and depth, and thus evaluate its clinical significance to
A review of the major outliers again found no fault with the their patients. In addition when field-size and depth depen-
data. Sharma and John$@md McCullougtet al.” have sug-  dence of wedge transmission is measured for the first time at
gested that for energies equal to or less than 10 MV than institution, the results can be compared with ours as a
depth dependence of wedge filters is significan@6) only  redundant check. Finally, we suggest that a simple test can
for 45- and 60-degree wedges at deep depths. However, ouerify whether a treatment-planning computer is properly ac-
data quantifies the magnitude of the depth effect, dependebunting for depth effects. Ratios of point-dose calculations
on the absolute value of W@al) which may or may not be on the central axis with and without the wedge at the cali-
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bration depth of 5 or 7 cm and at 20-cm depth can be comF. Aguirre, V. M. Tello, D. S. Davis, C. Chu, J. A. Ben-
pared with an institutions measured data and/or with our dat€omo, and L. R. Eglezopoulos for assisting us in gathering
in Fig. 2. the data as a part of the RPC’s quality audit program.

V. CONCLUSIONS 3For correspondence: Tel: 713/792-3226, Fax: 713/794-1364, Electronic-

. . mail: rpc@radonc.mdacc.tmc.edu
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