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INTRODUCTION

Radiotherapy is mandatory for irradiation
of the chest wall in total mastectomy
patients. It has also been emerged to be the
alternative to total mastectomy after
conservative surgery for patients with early
breast cancer. The standard treatment uses
tangential, parallel opposed fields to obtain a
homogeneous dose to the entire breast and to
spare the normal surrounding tissues,
particularly the lung and heart(1, 2).

Verification of the treatment field and
quality control are the essential steps of the
treatment procedure to decrease the overall
uncertainty to reach to an acceptable level of
standards with the available equipments.

Many sources of errors exist, among which
positioning or the accuracy in directing the
beam to ensure the precise coverage of the
target volume may be the weakest link in the
chain, especially in non-equipped tele-
radiotherapy machines. Positioning errors
result both in underdosage of the target
volume and unnecessary irradiation of
normal tissue leading to a decrease in the
probability of local tumor control and an
increase of normal tissue complications.
Thus, the verification of the field alignment
with portal films can increase the accuracy
by identifying localization errors(3). It has
been reported that important reduction in
localization errors can be achieved with an
increasing frequency of portal films(4-6). As
conventional portal films remain the only
routinely available technique in most
centers, its disadvantages such as poor image
contrast, time-consuming process and high
cost of advanced facilities, make its frequent
use very reluctant. The most advanced
radiotherapy machines are equipped to the
real-time electronic portal imaging device
(EPID) to verify whether the irradiated
volume is confined to the target volume or
not(7-9). Another use of the portal imaging
system is for on line dosimetry verification(10).
However, still the high cost of such
equipment causes a very few centers to be
able to use from this high technique facilities.

In this paper, we introduce a PC based
software method of contrast enhancement to
improve the quality of the chest wall portal
images of the patients undergoing routine
breast radiation treatment.

MATERIALS AND METHODS

Twenty two partial or total mastectomized
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Developing a PC-based portal image contrast
enhancement program

BBaacckkggrroouunndd:: Delivering the radiation dose to the
target volume and minimizing the dose to normal
tissues are the main objectives in radiotherapy. The
aim of our study is to enhance the contrast of the
portal image to increase the accuracy of delineation of
the organs in the irradiation field. MMaatteerriiaallss  aanndd
MMeetthhooddss:: The software was written based on local
enhancement of the pixel values in image matrix. The
portal images were digitized by charged coupled
device (CCD) in compatible format to be read with this
program. This program was applied as an m-file in
MATLAB imaging tool box to the matrices of the portal
images. The imaging parameters before and after
application of the program were compared. RReessuullttss::
The quantitative information of images was obtained.
Analysis of the mean and standard deviations of the
results has shown that the difference of the criteria
between two groups of the images is significant (p<
0.01). In qualitative analysis, final images scores were
based on ìspecial weight ì. The result of this test
confirms the superior quality of the post-processed
images from the professional view point. CCoonncclluussiioonn::
Superiority of final images within the three studied
parameters by the experts (superiority of lung image,
superiority of thorax and its soft tissue images) can be
used to increase the accuracy of the treatment set up
and decrease the probability of normal tissue
complications. Iran. J. Radiat. Res., 2005; 3 (1): 37-42
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patients undergoing tangential irradiation
were entered in this prospective study.
Among them 13 patients had conservative
surgery (intact breast) and 9 were totally
mastectomized. 

The irradiation approach in our
department for chest wall treatment consists
of a fixed source to skin distance technique
with the patient in semi-supine position on a
breast wedge-shaped support and with arm
abducted, so that the dorsal beam edge to be
parallel to the sternum. To reduce the
amount of lung and/or anterior wall of the
heart included in the treatment volume,
medial and lateral tangential ports were used
routinely. Sagittal and longitudinal lasers
were also used for positioning set-up. All
patients were treated with a Cobalt-60
(Theratron 780) teletherapy machine with
1.25 MeV average photon beam energy. 

To obtain portal images a dedicated
cassette holder was tailored (figure 1) in
addition to the modification of a 24 × 30
radiography cassette. The intensifying
screens were removed, and were replaced by
a 1 mm thick lead sheet on cassette front.
Films were processed by conventional
automatic processor. The cassette holder was
positioned so that the image receiver face
was perpendicular to the central ray axis and
the cassette could cover all the irradiated
field area. 

A PC based charge-coupled device (CCD
model: RAD system) with 8 bits per pixel and
with pixel resolution of 640 × 480 was used to
digitize the portal images. All the images had
the same ìTIFFî format compatible to the
image processing tool box of the MATLAB

version 6.0. Digital images were obtained for
medial tangent portal films for all 22
patients, so that, at the end there were 22
non-digital and 22 digitized images to be
compared. 

The kernel, T, which was dedicated for the
portal film contrast enhancement is based on
the local enhancement of neighborhood pixel
method. ìTî is the transformation function
which operates on the original image
function, f, to induce the final image function
of g. The transfer function operates on spatial
domain, (x,y), on original image function.
Therefore, the overall enhancement
procedure is: 

f(x,y) * T=g(x,y)

The kernel, T, is a 3 × 3 matrix which is
convoluted over the original image matrix. As
the ìTî moves over the original image, it
calculates the neighborhood pixels mean and
standard deviation of the image matrix. The
algorithm of the program is shown in
equation 1.

g(x,y)= A(x,y)*[f(x,y)-m(x,y)]+m(x,y) (Eq. 1)

Where the A(x,y) and m(x,y) are the
modified value of the mean and the standard
deviation of the image matrix, respectively.
The value of A(x,y) is obtained from: 

A(x,y) = k M/|σ|(x,y)      0< k <1

The coefficient k is a dimensionless
number which can be varied according to the
type of the image or the desired information.
Its value is equal to 0.75 in this project. The
M and |σ|(x,y) are the neighborhood pixels
mean and variances of the image matrix
values, respectively. 

After obtaining the original and final
images, they were analyzed both
quantitatively (numerical) and qualitatively
(interpretational). Quantitative analysis was
done on the statistical parameters consisted
of the means and the standard deviations of
both before and after processing images. The
difference of the statistical parameters was
tested by student's t-test and it was
significant if the p-value was less than 0.05. 

Qualitative analysis was obtained by
means of the questionnaire handed to the
three radiation oncologists. The images afterFigure  1.  The dedicated cassette holder made from perspex is

shown on the treatment couch.
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