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INTRODUCTION
The Extracranial Radiosurgery with the stereotactic body frame (ESRS) is a new

radiotherapic technique which was first introduced at Karolinska Hospital (Stokholm,
Sweden) by Lax I. and Blomgren  H. in 1994 (1,2).

The system was designed in order give a solution to one of the most important reason
of imprecision in radiotherapy due to inaccuracy of  the patient set up during the daily
irradiation fractions. 

In fact in conventional external beam radiotherapy the patient set up under the linear
accelerator, in order  to perform the irradiation according to the prescribed geometry, is
achieved using skin markers which were tattoed on the patient in a previous simulation
session. In this way the body of the patient is assumed as reference frame for setting up in the
future irradiation sessions. Because the patient cannot be considered a rigid reference system
and because of the possible movements of the tumour with respect to the system, usually the
determined margins of the clinical target volume are  enlarged by 1 or 2 cm  to take into
account of that and to not risk that a part of the tumour received a dose lower than the
prescribed one. Obviously, in this way it is inevitable to accept that a portion of healthy
tissues was irradiated with the same therapeutic dose. Sometimes this fact constitutes an
important limiting factor in radiotherapy. 

 The use of the stereotactic body frame partially overcomes this problem constituting
a reference system which is external to the patient who is  rigidly linked to the body frame
itself.  So all the setting up problems connected to the movement of the  skin markers respect
the target are avoided because the set up is performed on the frame and not on the patient.

In this paper it has been evaluated the geometrical accuracy of  the irradiation with this
technique in the first patients treated in Italy at the Radiotherapy Unit of Ospedale Bellaria of
Bologna.



MATERIAL AND METHODS
Nine patients were treated using the ELEKTA Stereotactic Body Frame® which is

shown in fig.1. The body frame has built-in reference indicators, suitable for Computed
Tomography (CT) and Magnetic Resonance in order to be able, after the scanning, to
associate every point in the patient to a triplet of stereotactic coordinates x, y and z, fig.2.

 The patient is fixed to the body frame by means of a vacuum pillow and the
reproducibility of the positioning is checked by a laser system. In order to execute the
irradiation of the patient with linear accelerator it is sufficient to localize,  on the rulers, by
means of the room lasers the coordinates of the target avoiding the use of skin markers.  

According to the adopted ESRS protocol in order to evaluate the accuracy of set-up,
two CT scans were performed in  every patient: the first just after the fixation of the patient to
the body frame, and the second after the repositioning, some days later, just before the first
irradiation.

Fig.1 The Stereotactic Body Frame



Fig.2 Stereotactic coordinates determination in CT images by means of built in rulers
a) scan of the patient with the body frame: localization marker are evident
b) axial and longitudinal  view of the localization system
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Using a dedicated diagnostic image manipulation software (Precision View®) to
“fuse” the two sets of homologues images it has been possible to measure in every CT slice
the displacement of the target due to set-up of the patient and to the intrinsic movements of
the target in relation to the body frame (fig.3 and fig.4).

Fig.3 A couple of homologues slice deriving from the first and the second scan where
it is possible to measure the displacement of the target

Fig.4 Displacement of the target margin evaluated  in every couple of CT scan

Z

�y

�x

�x

�y
Y

X

First scan couple

n-th scan couple



DISCUSSION AND CONCLUSION
 After having determined the average  displacements along x, y and z for each patient,

the means over nine patients of the average displacements were calculated.
The results are shown in the following table I together with the standard deviation and

the confidence interval CI at 95% .

Axis
Mean

displacement
(mm)

Standard
deviation

(mm)

CI (95%)
(mm)

X 1.6 1.3 0.6 – 2.6

Y 2.0 1.5 0.8 – 3.1

Z 4.2 4.9 0.4 – 7.9

Tab. I  Mean displacements, along the three axis, over nine patients detected by
means of repeated CT scans

The totality of  the displacements of the target along the x and y direction was less
than 5 mm, while along the z direction (cranio-caudal) 90% of the displacements over nine
patients was less than 8 mm.

The results obtained about the geometrical accuracy of the treatments, which are
comparable with those obtained by others authors with different methods (3), confirm that:

1) with the stereotactic body frame, accurate repositioning of the patient permits target
margins to within 5 mm in the transverse plane and 10 mm in longitudinal;

2)  the patient set up and repositioning accuracy, which are achieved with this type of
radiotherapy, is far superior to the accuracy obtained in conventional radiotherapy via
portal imaging, allowing to minimize the margin of the healthy tissues surrounding the
target for a better protection of the patient

3) stereotactic radiotherapy enables precision treatment of the target and unusually high
doses for a better tumour local control can be applied to the target with minimized
exposure to surrounding healthy tissue, allowing the radiation oncologist to adopt new
hypofractionation patterns to complete the therapy in 3-4 fractions within one week. 

All that leads to a true protection of the patient in radiotherapy.
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