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PURPOSES
The CBCT of Elekta Synergy XVI system permits daily IGRT of complex treatments with 
corrections for set-up and internal motion errors. Daily image guidance requires a 
quantification of doses due to kV imaging. Moreover, tests to ensure the reliability of the 
whole IGRT procedure, with particular attention to the geometric stability and accuracy of the 
XVI system and to the 3D image quality, are essential for a safe clinical use. To this purpose 
QA tests have been implemented and performed and  measurements of scan doses are  also 
reported.

METHODS AND MATERIALS
QA tests were performed over 14 months. 3D image quality has been checked  every 3 months 
in terms of uniformity, low contrast visibility and resolution repeating the acceptance tests on 
a dedicated phantom (CatphanÒ).XVI calibration flexmaps were acquired monthly for 5 
months and compared with the initial ones. Image 3D alignment has been tested daily on a 
water filled cylindrical phantom with PVC rods: after “bone” registration, the XVI predicted 
displacements are compared with the isocenter actual coordinates. Alignment with MV 
isocenter is  checked  acquiring two orthogonal portal images (IviewGT). Removing the PVC 
rods, air filled inserts are  used to test the “grey-value” registration algorithm. 
X-ray tube performance was checked in terms of HVL, total filtration, kV and mAs output and 
dose linearity with mAs. Nominal scan doses [ElektaSynergy Clinical user manual for XVI] 
were measured using both a 32 and a 16 cm CTDI  phantom and a pencil ion chamber. 
Absolute scan doses were also measured in water  by means of a 0.6 cc ion chamber [ Islam 
M.K et.al. Med.Phys. 33 (6) 2006 ].

RESULTS. Mean and related tolerance values (in brackets) for 3D low contrast visibility, 
uniformity and resolution are respectively 1.55 % (2%), 1.12% (2%) and 8 lp/mm (7 lp/mm); 
single measurements are all within tolerance except for one value for uniformity (2.2%).
The difference between the monthly acquired flexmaps and the reference curves is within 1 
mm.
Daily deviations between the XVI suggested translations and the phantom actual position, 
show mean values and SDs below 1 mm along the three axes for  “bone” alignment. A 
maximum SD of 1.1 mm has been found along the longitudinal direction for  “grey value”
registration. Differences between XVI and Iview displacements are all within  2 mm .
Among the default scan presets of the XVI system, maximum doses were measured for a 
“prostate” preset (120 kV, 650 projections, 1040mAs total): doses in water at the center and at 
the periphery (2 cm depth) of a 30 cm diameter cylindrical phantom are respectively  2.3 cGy
and 4.2 cGy; the corresponding CTDIw in a 32 cm phantom is 3.1 cGy.  Linearity of scan 
doses, for  fixed  beam quality and scan geometry (collimator), with the total mAs per scan, 
reduces the number of necessary measurements for new presets.

CONCLUSIONS. The XVI system shows good geometric stability, reproducible image 
quality and low scan doses, permitting 3D image guidance on a daily basis. No special 
equipment is required for routinely QA.

3D image quality: uniformity, low contrast, resolut ion.
Averaged values over 5 measurements (15 months)

Flexmaps reproducibility

Routinely test for 3D image guidance 
Water filled phantom with inserted rods in fixed po sitions

Scan doses

resolutionLow contrast 
visibility

Uniformity

8 lp/mm

(7 ¸̧̧̧ 9)

1.55 %

(1.3 ¸̧̧̧ 1.8)

1.12 %

(0.6 ¸̧̧̧ 2.2)
Mean and range

� 7 lp/mm� 2%� 2%Tolerance value

Flexmap reproducibility 
(small FOV; 5 measurements)

-1

0

1

2

3

4

5

-200 -100 0 100 200

Angle

v(
G

T
) 

(m
m

)
mean
+2std.dev'
-2std.dev'

Flexmap reproducibility
 (small FOV; 5 measurements)

-4

-3

-2

-1

0

1

2

3

-200 -100 0 100 200

Angle

u(
A

B
) 

m
m

mean

+2std.dev'

-2std.dev'

PVC rods: automatic bone-alignment
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XVI suggested translations vs. the phantom actual p osition: 
1.mean values and SDs below 1 mm along the three axe s for  “bone” 

alignment. 
2. A maximum SD of 1.1 mm has been found along the l ongitudinal direction 

for  “grey value” registration. 
3. Differences between XVI and Iview displacements ar e all within  2 mm

Pencil ionisation chamber measurements in a 16 cm and 32 cm diameter perspex
CTDI phantom 
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Absolute scan doses: 30 cm diameter water filled cy lindrical phantom; 0.6 cc 
ion chamber; two possible point of measurements: at  the centre and at the 
periphery (2 cm from the border)*
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* See Islam M.K. et.al. Med.Phys 33 (6) 2006
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Dose linearity vs. mAs
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