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Gafchromic XR-CT dosimetry film

slice

penumbra

weighted computed tomography dose index (CTDIy)

effective dose (E)
luminance meter
high resolution CT (HRCT)

linear attenuation coefficient

scanned projection radiography (SPR), e.g. topogram, scout view, surview etc.

therapy localization film

American College of Radiology (ACR)

beam width

source/pre-patient collimator
pencil-type ionization chamber
reference dose level

axial scan

window level (WL)

window width (WW)

computed radiography imaging plate

computed tomography (CT)

computed tomography dose index (CTDI)

electron density
intercom
micro-densitometer
image reconstruction kernel/filter
kVp

line pair (Ip)

gantry

survey meter

couch / patient table
pitch

spiral/helical scan

dose length product (DLP)

volume computed tomography dose index (CTDI,;)
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Review and Recommendations for Physics
Testing of X-ray Computed Tomography:
CSMPT CT Task Group Report

Hui-Yu Tsal! CHIEN-CHUAN CHEN? Y1-SHUAN HwanG® Ho-LinG Liut2

Department of Medical Imaging and Radiological Sciences', Chang Gung University
Department of Diagnostic Radiology and Intervention’, Chang Gung Memorial Hospital at Linko
Department of Medical Physics®, Koo Foundation Sun Yat-Sen Cancer Center

The purpose of this report is to review and recommend physics testing of x-ray
computed tomography (CT) systems, made by the CT task group of the Chinese Society
of Medical Physics, Taipei. Twelve testing items were proposed in five categories.
For each item, purpose, equipment, procedure and criteria were summarized. The
first category is system safety evaluation. The second is mechanical and geometric
assessment, including alignment of table to gantry, slice positioning accuracy and
gantry tile accuracy. The third is image quality assessment, including slice thickness
accuracy, CT number accuracy and linearity, evaluation of image uniformity, noise,
and artifact, spatial resolution and low contrast detectability. The fourth is dose
assessment, including dosimetry and radiation width. The final category is image
display device evaluation.



CSMPT-CT task group

X%, B B 7 B AR 2R, ¢
ELEPNCEEEY Y

TERBEZWES & THETRE T/F2%
RET - RED ~ wleu -~ Bl

QA Testing for CT Scanners

- Radiographer QA program
- Physicist QA program

- Acceptance testing
- Annual/Semi-annual testing

- After replacement or repair of a
major component




Types of QA Tests

* Mechanical and system checks
- Image quality
- Radiation dose

- Image Display

General Concepts of CT
Image Quality Testing

- Testing w/ high contrast patterns
- Testing w/ low contrast objects
- Testing w/ uniform water image

- Testing w/ uniform water image




Image Quality Phantoms

Catphan

Gammex RMI 464
ACRCT

’ Accreditation
ImPACT Phantom 5

Manufacturers’ Phantoms




Dosimetry Measurement Tools

32 cm S '< lecm

» CT phantoms
- Body phantom
- Head phantom

» Pencil-type
ionization
chamber

- Line integral of
dose profile

- Sensitive length:
100 mm
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ACR IPEM91 AAPM74  AAPM39

- A B &2 ¥4 (System safety evaluation) v v
= W EREMIAZ Kz (Alignment of table to gantry ) v v optional
= MR EEHEME (Slice positioning accuracy) v v v v v

a) VIH ENrE AR (Alignment light accuracy)
b) EMIFREEM VI F (r EHAEREM: (Slice
localization from scanned projection radiograph)
) MERAEHETIAEREN: (Table incrementation

accuracy)
] WER / WAL E B (Table/gantry tile accuracy) v v optional
£ R BB E#HH(Slice thickness accuracy) v v v v v
x CTHEERERSEME (CT number accuracy and v v v v

linearity)
+ KERBRFE [BRHHE > 830 > REYFE v v v daily v

(Evaluation of image Uniformity, noise, and

artifact)]
A 2K #47 & (Spatial resolution) v v v v v
n 163 b4 B B (Low contrast detectability ) v v v v
+ #| & 344 (Dosimetry) v v v v v
S ¥E8t K& (Radiation width) v v v v
U= ¥ 14885 B 3P4 (Image display device evaluation) v v v v

a) #% T3k 248 Al (image display monitors)

b) 7 K #A R (Hard-copy display units)

Dosimetry of the Digital Survey Radiography v

Couch Travel Accuracy (Spiral Scan) v
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Wrapped film Developed film

S

Pin pricks made z ;

in film at

position of scan :xf ﬂgsll)‘?:m
plane light P
-
X

ImPACT Information Leaflet No. 1
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ImPACT Information Leaflet Nt 1

BB mER /MRS R

¥7 \ X-ray
. S beam
= cXxposure
N Developed
film
2

IMPACT Information Leaflet N&8 1
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CT Number (HU)

FEN: CTEREEHERGME
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Body, Helical Scan
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Scan uniform phantom
Place ROIs

Noise: Standard Deviation
of ROI

CT# uniformity

- Diff between means of
center and outer ROI

19

BB RN E

ACR phantom: 8 Al bar patterns- 4, 5, 6, 7, 8, 9, 10 and 12 Ip{é:m
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Four cylinder groups

- 0.6% (6 HV) difference from a background material

- mean CT number of approximately 90 HU

- Cylinder-to-background contrast is energy-independent.
- cylinders diameters and spaces: 2, 3, 4, 5, and 6 mm

A 25-mm cylinder
- to verify the cylinder-to-background contrast level

22
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CTDI

« Multi-slice scanner

- 1=8.7 mG6y/R
C: calibration factor for - 120 kVp, 400 mA,
electrometer (1.0-2.0) 0.8-s scan, 4x2.5
E: average measured value mode
: active length of pencil io .
- chambern(%oo :\nl:\, :r' 160n - Readmg: 540 mR
mm) * Calculation:

N: actual number of data
channels (axial)

T: nominal slice width (axial)

25

Dose Calculation

k=0.0021 (head exam)
k=0.020 (5-year-old abdomen exam)
k=0.015 (abdomen exam) 26




TDI measured for all clinically
used detector configurations

C. Body Mode :
Phantom

Acrylic body dose phantom

Technique: 120 240 mA 1 Time
512 Matrix Std Algorithm Large SFOV/ 50
Focal Spot|  Detector [ Beam Widtl] Reading | CTDIy, CTDIw
config (mm) Position (mR) (cGy) cGy
(ThorHRSeq)Sn 2x 1.0) 2 center 18.1 0.7 1.5
(AbdomenSeq)l 12x0.75 9 center 115 1.0 1.6
(AbdomenSeq)Lg 12x 1.5} 18 center 194.0 0.8 1.6
(BodyPerfCT)Lg| 16 x 1.5} 24 center 253.4 0.8 1.5
L] 12x 15 18 top 380.2 1.6
Lg] 12x 1.5 18 right 398.6 1.7
L 125 1.5 18 bottom 373.5 1.6
L 12 x 1.5} 18 left 391.5 1.7
18 ave surface 386.0 1.7

Slice Thickness
DFOV

Body dose

Output reproducibility and

linearity

28




Estimates of Effective Dose

E=DLP-E,_,
Routine Examination (mSv Eg)';_?cm 1)
Head 0.0023
Neck 0.0054
Chest 0.017
Abdomen 0.015
Pelvis 0.019

EUR 16262 (1999): European Guidelines on Quality Criteria for Computed Tomography
29

Estimates of Effective Dose
for Pediatrics

E=DLP-E_,

(mSv mGy! cm )

AAPM96 (2008): The Measurement, Reporting, and Management of Radiation Dose in CT
30




FE+—BHEALAR

- Using packaged films

- placed at the isocenter surface during scans at
the different collimation thicknesses

- The mAs technique is set to provide a maximum
film density of between 1.0 and 2.0 OD

relative pixel value from film

Measurement w/ CR IP

600
1500 + - M ——Film
f 'ﬂ ------- P H 500
1200 |}
: 1 400
900 e Film image
1 300 £
600 T {200 3
300 ": A L 1100 =
0 *’J e Ny Nty 0
0 50 100 150 200

location (mm)

CR image -
Liu et al., Med Phys, 2005
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