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Introduction

During the start-up of a 3D image guided radiotherapy (IGRT) system it is very important to quantify the involved
uncertainties. This study has been performed for a kilovoltage (kV) and a megavoltage (MV) system mounted in an
electron linear accelerator (LINAC) Elekta Synergy ©.

MV Images are obtained by an electronic portal image device (EPID), whereas the kV images are obtained by the
XVI platform. This last device, mounted orthogonally respect to the MV axis, consists on a RX tube and its flat-panel
detector, which spins jointly and severally with the gantry movement. The system allows to obtain volumetric images
(cone beam computed tomography, CBCT), planar static images and planar dynamic images.

The goal of this work Is to analyze the involved uncertainties related to the volumetric images (3D).

Material and methods

* LINAC: Elekta Synergy ®, manufactured by Elekta Oncology Systems (fig. 1); with EPID:
amorphous-Si (a_Si) detector system (iView GT ™): and kV panel: a_Si-Csl, integrated in
the XVI platform  associated software:

PlanarView ™: 2D planar images.
MotionView ™: 2D dynamic images (fluoroscopy).
VolumenView ™: 3D volumetric images (CBCT).

* Therapy Planning System (TPS): PrecisePlan v. 2.11 by Elekta Oncology Systems.
e Helical CT: XvisionEx , manufactured by Toshiba.

e Treatment couch is made of carbon fiber. It allows to perform the three spatial translation
displacements and a rotation around the vertical isocentric axis, with a precision of 1 mm
and 0.1°.

The procedure to implement a 3D image guided radiotherapy technigue Is based on the
possibility of the system to register the CBCT, obtained just before a treatment, with the
planning CT Images set. This capability makes possible to reposition the patient by
correcting the couch set-up In three translation movements and three rotation movements.
This kind of treatment is called 4D Adaptative ™,

It IS Important then to quantify the involved uncertainties and to establish the total
uncertainty of the system as the quadratic sum of these:

Whole 3D-3D XVI registration  anthrophomorphic phantom (figs. 4, 5, 6).
kKV-MV Isocenters coincidence  Ball Bearing phantom (figs. 3, 7).

TPS deformation in its CT reconstruction, using a rigid phantom (figs. 2, 8).
Operators’ patient positioning, where couch precision (1 mm) becomes dominant.
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Fig. 5. Traslation corrections’ absolute differences Fig. 6. Rotation corrections’ absolute differences
between XVI measured and theoretical values, with between XVI measured and theoretical values, with
thelr uncertanties bars thelr uncertanties bars .

Results Conclusion
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The total uncertainty, with a The obtained result allows to know the
98% confidence level: accuracy of measurements and to

X (Lat) = 0.2+2.1mm. iImprove the treatment quality by
Y (Long) = 0.1+2.1 mm. optimizing the irradiation volumetric

= -01+2.0 mm. margins performed for each patient. Fig. 8. % relative differences for different CT
thickness: PrecisePlan TPS reconstruction vs
the real phantom dimensions.
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