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Abstract

Purpose: The purpose of this study is to automate the slice thickness verification on the AAPM CT

performance phantom and validate it for variations of slice thickness, position from iso-center, and

reconstruction filter. Methods: An automatic procedure for slice thickness verification on AAPM CT

performance phantom was developed using MATLAB R2015b. The stair object image within the

phantom was segmented, and the middle stair object was located. Its angle was determined using the

Hough transformation, and the image was rotated accordingly. The profile through this object was

obtained, and its full-width of half maximum (FWHM) was automatically measured. The FWHM

indicated the slice thickness of the image. The automated procedure was applied with variations in
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Abstract
Purpose: Prostate patients with positive lymph node margins receive an initial 
course of 45 Gy to the planning target volume (PTV) comprised of prostate, 
seminal vesicles, and lymph nodes with a 1- cm margin. The prostate is local-
ized via implanted fiducial markers before each fraction is delivered using portal- 
imaging. However, the pelvic lymph nodes are affixed to the bony anatomy and 
are not mobile in concert with the prostate. The aim of this study was to determine 
whether a significant difference in pelvic lymph node coverage exists between 
planned and delivered external beam therapy treatments for these patients.
Methods: The recorded prostate motions were gathered for 19 patients; con-
jointly the pelvic lymph node motions were determined by manual registration of 
the bony anatomy in the kV- images. The difference between the prostate and the 
bony anatomy coordinates was input into Eclipse as field shifts to represent the 
deviation in planned vs delivered pelvic lymph node coverage.
Results: Structure volume at V(100) was recorded for each patient for two struc-
tures: summed pelvic lymph nodes (LN CTV) and pelvic lymph nodes +1 cm 
margin (LN PTV) to express their contribution to the PTV. For the LN PTV, the 
average difference between the planned coverage and calculated delivered 
coverage was 3.5%, with a paired t- test value of P = 0.005. Based upon bony 
anatomy registration, 26% of patients received less than 95% dose coverage 
using V(100) criteria for LN PTV. Dose value differences between the two plans 
at minimum were 6.96 ± 6.23 Gy, at mean were 0.54 ± 0.40 Gy, and at maxi-
mum were 0.10 ± 0.29 Gy. For the LN CTV, the average difference between 
the planned coverage and calculated delivered coverage was 1%, with a paired  
t- test value of P = 0.53.
Conclusions: The results indicate a significant difference exists between the 
planned coverage and calculated delivered coverage for the LN PTV. There was 
no significant difference found for the LN CTV. We conclude that lymph node 
motion must be considered with the prostate motion when aligning patients be-
fore each fraction.
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Abstract

The most important geometric characteristic of stereotactic treatment is the accu-

racy of positioning the target at the treatment isocenter and the accuracy of direct-

ing the radiation beam at the treatment isocenter. Commonly, the radiation

isocenter is used as the reference for the treatment isocenter, but its method of

localization is not strictly defined, and it depends on the linac-specific beam steering

parameters. A novel method is presented for determining the linac mechanical

isocenter position and size based on the localization of the collimator axis of rota-

tion at arbitrary gantry angle. The collimator axis of rotation position is determined

from the radiation beam center position corrected for the focal spot offset. The

focal spot offset is determined using the image center shift method with a custom-

design rigid phantom with two sets of ball-bearings. Three specific quality assurance

(QA) applications and assessment methods are also presented to demonstrate the

functionality of linac mechanical isocenter position and size determination in clinical

practice. The first is a mechanical and radiation isocenters coincidence test suitable

for quick congruence assessment of these two isocenters for a selected energy, usu-

ally required after a nonroutine linac repair and/or energy adjustment. The second is

a stereotactic beam isocentricity assessment suitable for pretreatment stereotactic

QA. The third is a comprehensive linac geometrical performance test suitable for

routine linac QA. The uncertainties of the method for determining mechanical

isocenter position and size were measured to be 0.05 mm and 0.04 mm, respec-

tively, using four available photon energies, and were significantly smaller than those

of determining the radiation isocenter position and size, which were 0.36 mm and

0.12 mm respectively. It is therefore recommended that the mechanical isocenter

position and size be used as the reference linac treatment isocenter and a linac

mechanical characteristic parameter respectively.

K E Y WORD S

mechanical isocenter, quality assurance, radiation isocenter, WL test
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