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1. Introduction

Accuracy of positioning in the pelvic region
for purposes of radiation treatment has been shown
to be a difficult task. A number of groups have been
studying this problem (2-7,16). When all patholo-
gies are pooled, an overall standard deviation of
about 5 mm seems to be a common size for
detected in-plane setup errors. The size of these
setup errors forces the physician to choose fairly
large fields to take movement into account, thereby
increasing the probability of normal tissue compli-
cations (NTCP).

A number of solutions have been proposed to
alleviate this problem. Several groups try to mini-
mize errors by monitoring the setup errors for a
given time and introduce action levels in order to
minimize systematic errors (1,13 ). Other groups
propose on-line correction, where the treatment of a
fraction is interrupted for a short time allowing an
objective algorithm to determine the setup error
after which correction can be done using a given
action level. (3,16). These methods have been
studied for their effectiveness as well as for their
cost-benefit. A more traditional method like immo-
bilization has not been looked at with the same
methods. It is taken for granted that they are less
costly because they are an established part of the
radiation therapy procedure.

It is the goal of this paper to study the impact
(effectiveness and cost) of an immobilization
method based on the same principle as head immo-
bilization using a cast made from Orfit® material,
as well as determining possible improvements to
the design of the casts. The survey is carried out in
a analogue manner as a recent survey on the effec-
tiveness of on-line repositioning (16). Indeed an
Electronic Portal Imaging Device (EPID) was used
to determine the possible setup errors. This device

combined with an adjustment protocol ensured the
correct treatment of the patients enlisted in the
study.

2. Methods and Materials

2.1. Equipment

2.1.1. Immobilization Cast

A prototype of an Orfit® cast for the pelvic
region was delivered to us with kind permission of
the manufacture^*). The cast consists of orfit
material which is mouldable when heated to a tem-
perature of 60°C. After cooling the cast becomes
rigid and keeps the moulded form. The fixation
plate, which is positioned on the treatment table,
was made of radio-transparant carbon.

2.1.2. Electronic Portal imaging device

The fluoroscopic EPID system (Beamview
Plus®) developed by Siemens (Concord, CA, USA)
was used. Fluorescence, generated by ionizing radi-
ation of a metal-phosphor screen was reflected by a
45° mirror to a video camera mounted in the gantry
of a Siemens KDS-2 linear accelerator, dual photon
energy; 6 or 18 MV. The system design is
described by Leszczynski et al. (9,12).

2.1.3. Couch controller

In order to make fast adjustments of the
couch position, one of the four controllers was
removed from the couch (Siemens ZIV, digital
read-out couch) and installed outside the treatment
room near the control table. A digital read-out panel
was also installed outside. This digital read-out
served to make, interactively, adjustments of the
couch position. The precision was 1 mm.

(t) For Correspondence

(*) Orfit Industries n.v. Vosveld 9a B-2110 Wij-
negem, Belgium
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2.2. Measuring localization errors using
OPIDUM

OPIDUM is an acronym for On line Portal
Imaging with Distant User Manipulation. It com-
pares two images by comparing the position of a set
of soft rulers in an image. OPIDUM and its valida-
tion are the subject of a separate publication (15).
OPIDUM proved to be very efficient and accurate
on pelvic AP-PA fields.

2.3. Patient Inclusion and Treatment Procedure

Thirteen patients were treated using a dia-
mond shaped AP-PA field with a beam of 18MV
photons. All patients were treated using an isocen-
tric technique with a Source to Axis Distance
(SAD) of 100 cm. A total of 169 fractions were
imaged and available for analysis. The patient is
positioned on the table using the cast. The treatment
starts by giving the minimum dose necesarry to
obtain a portal image, after the treatment is paused.
With the patient remaining on the table the portal
image is compared to a simulator image using the
OPIDUM system. If the discrepancy measured for
translations is larger than 5 mm in either transversal
or longitudinal direction, a correcion is applied
using the couch controller. After correction if any
the treatment is resumed. Setup errors were mea-
sured for 169 fields. A similar on-line correction
procedure has been clinically applied with a smaller
action level (2 mm) is described in a previous paper
(16).

2.4. Reporting overall errors

Information on overall setup errors consists
of the spread in the distribution of all errors of all
patients for each group separately. The measure
for this spread is the standard deviation (SD).

Graphical representation

In the further treatment of overall errors we
will represent the in-plane translational errors as a
scatter plot in longitudinal and transversal direc-
tions. On such a scatter plot the confidence limit of
95% is calculated and drawn on the graph as an
ellipse (10). All scatter plots are constructed follow-
ing the methods described by Lebesque and col-
leagues (8).

2.5. Reporting individual setup errors

Geometric setup errors in patient position are
traditionally subdivided as systematic errors and
random errors. The systematic error in a certain
direction will be defined as the mean of the errors

in that direction, again assuming independericy,
summing over all fractions. The random errof will
be defined as the SD of the distribution of every"
patients setup error calculated over all the fractions
measured. The SD will be denoted as a, with i the *
order in which the patient was entered in the study..
To report this distribution the mean of the system-
atic error was calculated. This gives an overall
value which can be considered as the systematic
errors introduced by the treatment chain which is
specific for the procedure used. Another interesting
value is the spread of the systematic error estimated
by calculating the standard deviation of the system-
atic errors.

2.6. Estimating extra time in the treatment pro-
cedure

The use of an immobilization device in pelvic
treatment is likely to increase the overall treatment
time per fraction. Due to the large number of fac-
tors involved in the procedure we can only estimate
the increase of treatment time by comparing with a
study where on-line correction was also applied.
For this purpose absolute times will be considered
for the treatment of the first field, data which is also
available in the comparison study (16).

2.7. Correlations

A possible selection criterium for the use of
on-line correction is the obesity of the patient (14).
A measure for the obesity is the Body Mass Index
(BMI), defined by:

weight in kilogram

(length in meters)2 (1)

The BMI was correlated to the random error as well
as the absolute value of the systematic error per
patient. The correlation is quantified using the
Spearman Rank-Order-Correlation Coefficient rs

(11).

3. Results

3.1. Adjustments

Of the 169 fields were the on-line correction
protocol was performed 55.7% were corrected.
Table 1 shows the results for the detected setup
errors. Given are the overall mean, overall Standard
Deviation (SD), the mean of the and SD of the sys-
tematic errors and the mean and SD of the random
errors both in the transversal and longitudinal direc-
tion.
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Overall mean

Overall SD

Mean random error

transversal

0.04 mm

3.14 mm

2.48 mm

1.80 mm

longitudinal

0.32 mm

8.99 mm

5.44 mm

7.20 mm

The rotational error for setup was -0.06°
whereas the overall SD for rotation was 1.25°.

3.2. Graphical representation

Figure 1 shows the translational errors as a
scatter plot of the transveral and the longitudinal
errors. The ellipse shows the 95% confidence
region for this distribution. Noteworthy is the large
excentricity of the ellipse in the longitudinal direc-
tion.

Figure 2 shows a histogram of the distribu-
tion of the rotational errors.

Figure 3 shows the distributions of time for
the treatment of one field. The histogram in overlay
shows the same data from a study using an on-line
correction algorithm without immobilization and a
tighter action level (2 mm) (16).

Correlations calculated for the BMI with
respect to the absolute values of the systematic
errors are highly significant in the longitudinal
direction. Ars~ 0.93 was obtained with p < 0.001.
In the transversal direction no correlation was
found (p = 0.12). This means that errors in the lon-
gitudinal direction were more important as the BMI
(or obesity) of the patient increased.
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Rotational error
Relative Frequency (mm)'
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