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• Meanwhile, modern scanners display dose (CTDIvol, DLP)

• But not risk-related quantities (organ and effective dose)

• No indication whether OK, too high, or too low

• No assistance towards dose optimization.

 What Is It Needed For ?
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• The easy way

• dose length product from the scanner’s dose display

• plus some global conversion factors

• The hard way

• scan parameters from the operators console

• scanner dose data from literature

• slice-specific conversion factors etc.

• The comfortable way

• making use of dedicated dose calculation software.

 How To Assess Effective Dose ?
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• The easy way

• The hard way

• The comfortable way

• CT-Expo

• What I always wanted to know about ...

• Accuracy issues.

 Topics
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 The Easy Way

Report EUR 16262

Nagel
Body region fmean (mSv/mGy·cm)

Head 0.0025

Neck (head mode) 0.0060

Neck (body mode) 0.0100

Trunk 0.0175

E = DLP · fmean

Both approaches require knowledge of the CTDIw-based DLP.
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• Cardiac CT: female eff. dose 50% higher than male (even more with new wT factors)

• Pelvis: female effective dose 70% higher than male (testes excluded)

• Pelvis: male effective dose 80% higher if testes not excluded

 The Easy Way
Limitations: gender-specific differences

breast

ovaries
testes
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 The Easy Way
Limitations: DLP not available

 DLP  =  CTDIvol  ⋅  L   

However, overranging effects in spiral mode not taken into account

If CTDIvol is available:

If CTDIvol is not available:

 Goto  ’The  Hard  Way’ part  1 

L = scan length [cm]
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• The easy way

• The hard way

• The comfortable way

• CT-Expo

• What I always wanted to know about ...

• Accuracy issues.

 Topics
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 The Hard Way
Prerequisite #1: basic CT dosimetric data

Model Gene - Focus-axis Minimum Total Detector Tube Slice nCTDIair 16 cm phantom 32 cm phantom dz Scanner Refer-

ration distance mAs- filtration Type Arrange- potential thickness (mGy/mAs) nCTDIw,H PH nCTDIw,B PB (mm) category ence

(mm) product (mm) ment (kV) (mm) (mGy/mAs) (mGy/mAs)

Aura 3r d 515 10 1.5Al+O.07Cu SS asymm. 120 10 0.44 0.25 0.57 0.120 0.28 0 I V a

Mx8000 IDT 3r d 570 7 1Al+1.2Ti (1) SS symm. 120 16·1.5 (4) 0.17 0.13 0.75 0.067 0.39 3.0 I I a

Scanner dose data

Body region Mean conversion coefficient fmean (mSv/mGy·cm)
Adults Children (7 year-old) Babies (8 week-old)

(female) (male) (female) (male) (female) (male)

Head 0.0022 0.0020 0.0028 0.0028 0.0075 0.0074
Neck 0.0051 0.0047 0.0056 0.0055 0.018 0.017
Chest 0.0090 0.0068 0.018 0.015 0.032 0.027
Upper abdomen 0.010 0.0091 0.020 0.016 0.036 0.034
Pelvis (*) 0.011 0.0062 0.018 0.011 0.045 0.025
Entire abdomen (*) 0.010 0.0072 0.019 0.014 0.041 0.031

Conversion coefficients

Scanner Scanner factor kCT

category Head/Neck/Children Trunk (adults)
0 1.10 1.25
I 1.00 1.00
I I 0.90 0.80
I I I 0.80 0.65
I V 0.70 0.50
V 0.60 0.40

Matching data
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 The Hard Way
Prerequisite #2: all dose-relevant scan parameters

• Tube voltage U (kV)
• Tube current I (mA)
• Acquisition time t (s) per scan or per rotation

• alternatively: tube-current product Q (mAs)

• Slice collimation hcol (mm)
• Number N of slices acquired simultaneously
• Table feed TF (mm)

• alternatively: pitch factor p

• Image slice thickness hrec (mm) 
• Scan length L

• alternatively: number n of rotations

• Number Ser. of scan series
• Scan mode (head or body, sequential or spiral).
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 The Hard Way
Computational procedure

Step Parameter Computation Result Example
1 Tube current (electric) Iel 300 mA
2 Acquisition time * trot * 0.5 s

= Qel mAs product =150 mAs
3 Normalized CTDI free-in-air * nCTDIair * 0.17 mGy/mAs
4 1st voltage correction * (U/Uref)2 * (140/120)2

5 Overbeaming correction * kOB * (20*(10+1.7))/(10*(20+1.7))
= CTDIair CTDI free-in-air = 37.4 mGy

6 Overranging correction ΔL = (mOR*p+bOR)*N*hcol =(0.57*0.9+1.0)*4*2.5 mm
7 Gross scan length * (Lnet+hrec+ΔL) * (200mm+5mm+15mm)/10
8 Pitch factor * 1/p * 1/0.9

= DLPair DLP free-in-air = 914 mGy·cm
9 Conversion factor * fmean * 0.01 mSv/mGy·cm

10 2nd voltage correction * (U/Uref)0.5 * (140/120)0.5

11 Scanner factor * kCT * 0.8
= E Effective dose = 7.9 mSv

Scanner: Philips Mx8000 Quad, 0.17mGy/mAs, dz=1.7mm, mOR=0.57, bOR=1.0, kCT=0.8
Parameters: 140 kV, 167 mAs/slice, 0.5 s, 4·2.5mm, p=0.9, hrec=5mm
Examination: female adult, upper abdomen (0.01 mSv/mGy·cm), Lnet=20cm, 1 spiral series

11



• The easy way

• The hard way

• The comfortable way

• CT-Expo

• What I always wanted to know about ...

• Accuracy issues.

 Topics
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 The Comfortable Way
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 The Comfortable Way

Feature CT dose * P-Dose/CT CT PDC ImpactDose *** CT-Expo

 Source NIRH (DK) CyberQual (It.) ImPACT (UK) VAMP (D) Dr. Stamm (D)

 MC data set Own NRPB NRPB Own GSF

 Scanners included Only a few Only a few All Siemens only All

 Gender specific No No (Yes) Yes Yes

 Age specific No No (Yes) No Yes

 Dose quantities DLP, HT, E HT, E All DLP, HT, E All

 Overbeaming No No Yes Yes Yes

 Overranging No No No Yes Yes

 eff. mAs No No No Yes Yes

 Benchmarking No No No No Yes

 Updates No No Yes, for free Yes (100 €) Yes, for free

 SW platform WIN only WIN only WIN, (Mac) WIN only WIN, Mac

 Stand-alone Yes Yes Requires Excel Yes Requires Excel

 Price Freeware 500 € appr. 70 € ** 675 € 35 (20) €

Important features of CT dose calculation software

 * stopped in ‘99    ** for NRPB MC data set   *** formerly: WinDose
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• The easy way

• The hard way

• The comfortable way

• CT-Expo

• What I always wanted to know about ...

• Accuracy issues.

 Topics
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MS Excel application, developed following German CT survey 1999
– for all CT scanners and patient groups (incl. paediatrics)
– for all CT dose indicators (also organ and effective dose)
– benchmarking and hints for protocol optimization included
– regularly updated for free
– Three modules: ’Calculate‘, ’Standard’, ’Benchmarking’.

 CT Dose Evaluation Software CT-Expo
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 CT-Expo (Module ’Calculate‘)
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 Input Scan Range

Adults (female/male)

Legend
Paediatrics (children/infants)
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 CT-Expo (Module ’Calculate‘)

19



 CT-Expo (Module ’Standard‘)

20 pre-defined standard examinations
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 CT-Expo (Module ’Standard‘)
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 CT-Expo (Module ’Benchmarking’)
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 CT-Expo (Module ’Benchmarking’)
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Standard Examination Scan Parameters Dose Values Relative Values
U I t Q N·hcol

TF hrec
p L nser

Spiral CTDIw CTDIvol DLPexam Eexam CTDIw CTDIvol DLPexam Eexam
Name Code [kV] [mA] [s] [mAs] [mm] [mm] [mm] [cm] Mode [mGy] [mGy] [mGy*cm] [mSv] (in % of Survey Average)

(per Scan) (per Examination

Routine Brain BRN 140 206 1.5 309 8 8 8 1 11.5 1 N 66.3 66.3 816 2.3 116% 118% 83% 83%
Facial Bone/Sinuses FB/SIN 120 170 1.5 255 5 5 5 1 9.6 1 Y 37.2 37.2 395 1.1 91% 101% 88% 89%
Facial Bone/Neck (Head) FB/N(H)
Facial Bone/Neck (Body) FB/N(B) 120 50 1.5 75 3 6 3 2 19 1 Y 6.2 3.1 63 0.4 29% 17% 16% 17%
Routine Chest CHE 140 240 0.75 180 10 10 10 1 31 1 Y 22.0 22.0 725 12.0 119% 143% 143% 155%
Routine Abdomen (tot.) ABD+PEL 140 240 0.75 180 10 10 10 1 37 1.5 Y 22.0 22.0 1285 24.1 105% 123% 104% 113%
Routine Pelvis PEL 140 240 0.75 180 10 10 10 1 20 1 Y 22.0 22.0 483 8.9 94% 109% 76% 83%
Liver / Kidneys LI/KI 140 240 0.75 180 10 10 10 1 17 2 Y 22.0 22.0 835 16.1 103% 121% 135% 146%
Whole Trunk TRUNK 140 240 0.75 180 10 10 10 1 68 1 Y 22.0 22.0 1538 27.4 115% 138% 104% 112%
CTA Thoracic Aorta ATH 140 240 0.75 180 10 10 10 1 23 1 Y 22.0 22.0 549 9.5 123% 157% 127% 136%
CTA Abdominal Aorta AAB 140 240 0.75 180 10 10 10 1 25 1 Y 22.0 22.0 593 11.4 117% 150% 118% 127%
CTA Pulmonary Vessels PV 140 240 0.75 180 8 8 8 1 16 1 Y 22.0 22.0 387 7.0 126% 164% 166% 179%
Osseous Pelvis OP 140 240 0.75 180 10 10 10 1 22 1 Y 22.0 22.0 527 10.2 75% 82% 88% 97%
Cervical Spine (Head) CSP(H)
Cervical Spine (Body) CSP(B) 140 206 2 412 2 2 2 1 4 1 N 50.3 50.3 211 2.7 137% 142% 147% 158%
Lumbar Spine LSP 140 206 2 412 3 3 3 1 7.2 1 N 50.3 50.3 377 8.2 128% 131% 161% 173%

Average (unweighted) 137 214 1.1 220 7.8 8.0 7.8 1.1 22.2 1.1 29.1 28.9 627 10.1 106% 121% 111% 119%

 Tool for Protocol Optimization

•Modern SSCT spiral scanner with solid state detectors

•Average dose level: 106% (CTDIw) and 111% (DLPexam)

•Adequate dose level: 65%.

Benchmarking of scan protocol settings
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 Tool for Protocol Optimization

Scan length
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Identifying the reasons for overly high dose settings 
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Standard Examination Scan Parameters Dose Values Relative Values
U I t Q N·hcol

TF hrec
p L nser

Spiral CTDIw CTDIvol DLPexam Eexam CTDIw CTDIvol DLPexam Eexam
Name Code [kV] [mA] [s] [mAs] [mm] [mm] [mm] [cm] Mode [mGy] [mGy] [mGy*cm] [mSv] (in % of Survey Average)

(per Scan) (per Examination

Routine Brain BRN 140 206 1.5 309 8 8 8 1 11.5 1 N 66.3 66.3 816 2.3 116% 118% 83% 83%
Facial Bone/Sinuses FB/SIN 120 170 1.5 255 5 5 5 1 9.6 1 Y 37.2 37.2 395 1.1 91% 101% 88% 89%
Facial Bone/Neck (Head) FB/N(H)
Facial Bone/Neck (Body) FB/N(B) 120 50 1.5 75 3 6 3 2 19 1 Y 6.2 3.1 63 0.4 29% 17% 16% 17%
Routine Chest CHE 140 240 0.75 180 10 10 10 1 31 1 Y 22.0 22.0 725 12.0 119% 143% 143% 155%
Routine Abdomen (tot.) ABD+PEL 140 240 0.75 180 10 10 10 1 37 1.5 Y 22.0 22.0 1285 24.1 105% 123% 104% 113%
Routine Pelvis PEL 140 240 0.75 180 10 10 10 1 20 1 Y 22.0 22.0 483 8.9 94% 109% 76% 83%
Liver / Kidneys LI/KI 140 240 0.75 180 10 10 10 1 17 2 Y 22.0 22.0 835 16.1 103% 121% 135% 146%
Whole Trunk TRUNK 140 240 0.75 180 10 10 10 1 68 1 Y 22.0 22.0 1538 27.4 115% 138% 104% 112%
CTA Thoracic Aorta ATH 140 240 0.75 180 10 10 10 1 23 1 Y 22.0 22.0 549 9.5 123% 157% 127% 136%
CTA Abdominal Aorta AAB 140 240 0.75 180 10 10 10 1 25 1 Y 22.0 22.0 593 11.4 117% 150% 118% 127%
CTA Pulmonary Vessels PV 140 240 0.75 180 8 8 8 1 16 1 Y 22.0 22.0 387 7.0 126% 164% 166% 179%
Osseous Pelvis OP 140 240 0.75 180 10 10 10 1 22 1 Y 22.0 22.0 527 10.2 75% 82% 88% 97%
Cervical Spine (Head) CSP(H)
Cervical Spine (Body) CSP(B) 140 206 2 412 2 2 2 1 4 1 N 50.3 50.3 211 2.7 137% 142% 147% 158%
Lumbar Spine LSP 140 206 2 412 3 3 3 1 7.2 1 N 50.3 50.3 377 8.2 128% 131% 161% 173%

Average (unweighted) 137 214 1.1 220 7.8 8.0 7.8 1.1 22.2 1.1 29.1 28.9 627 10.1 106% 121% 111% 119%

 Tool for Protocol Optimization

• 1st reason: Pitch not increased

• 2nd reason: 140 kV without adjustment of tube current.

Reasons for overly high dose settings
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 Tool for Protocol Optimization

• 140 -> 120 kV for all examinations (except for CTA) 
• 80 kV for all CTA examinations

• Adjustment of mAs settings such that rel.  CTDIw= appr. 65%

• Increase of pitch to appr. 1.5 (except for BRN, CSP, LSP) 

• Adjustment of mAs according to type of examination.

Measures for protocol optimization
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Standard Examination Scan Parameters Dose Values Relative Values
U I t Q N·hcol

TF hrec
p L nser

Spiral CTDIw CTDIvol DLPexam Eexam CTDIw CTDIvol DLPexam Eexam
Name Code [kV] [mA] [s] [mAs] [mm] [mm] [mm] [cm] Mode [mGy] [mGy] [mGy*cm] [mSv] (in % of Survey Average)

(per Scan) (per Examination

Routine Brain BRN 120 170 1.5 255 8 8 8 1 11.5 1 N 37.2 37.2 458 1.3 65% 66% 47% 47%
Facial Bone/Sinuses FB/SIN 120 60 1.5 180 3 5 3 1.67 9.6 1 Y 13.1 7.9 84 0.2 32% 21% 19% 19%
Facial Bone/Neck (Head) FB/N(H)
Facial Bone/Neck (Body) FB/N(B) 120 110 1.5 165 3 5 3 1.67 19 1 Y 13.7 8.2 164 1.1 65% 45% 42% 45%
Routine Chest CHE 120 110 0.75 143 7 10 7 1.43 31 1 Y 6.8 4.8 158 2.6 37% 31% 31% 34%
Routine Abdomen (tot.) ABD+PEL 120 220 0.75 165 7 10 7 1.43 37 1.5 Y 13.7 9.6 561 10.5 66% 54% 45% 49%
Routine Pelvis PEL 120 150 0.75 180 7 10 7 1.43 20 1 Y 9.3 6.5 144 2.7 40% 33% 23% 25%
Liver / Kidneys LI/KI 120 220 0.75 165 7 10 7 1.43 17 2 Y 13.7 9.6 364 7.0 64% 53% 59% 64%
Whole Trunk TRUNK 120 150 0.75 150 7 10 7 1.43 68 1 Y 9.3 6.5 458 8.2 49% 41% 31% 33%
CTA Thoracic Aorta ATH 80 150 0.75 135 7 10 7 1.43 23 1 Y 3.4 2.4 59 1.0 19% 17% 14% 15%
CTA Abdominal Aorta AAB 80 300 0.75 150 7 10 7 1.43 25 1 Y 6.8 4.7 128 2.5 36% 32% 25% 27%
CTA Pulmonary Vessels PV 80 150 0.75 135 5 8 5 1.60 16 1 Y 3.4 2.1 37 0.7 19% 16% 16% 17%
Osseous Pelvis OP 120 75 0.75 225 7 10 7 1.43 22 1 Y 4.7 3.3 78 1.5 16% 12% 13% 14%
Cervical Spine (Head) CSP(H)
Cervical Spine (Body) CSP(B) 120 145 2 290 2 2 2 1 4 1 N 24.1 24.1 101 1.3 66% 68% 70% 76%
Lumbar Spine LSP 120 155 2 310 3 3 3 1 7.2 1 N 25.7 25.7 193 4.2 66% 67% 82% 89%

Average (unweighted) 111 155 1.1 189 5.7 7.9 5.7 1.4 22.2 1.1 13.2 10.9 213 3.2 46% 40% 37% 40%

 Tool for Protocol Optimization

Dose reduction achieved:

•CTDIw:    factor 2.3 (106% -> 46%)

•DLP exam:  factor 3 (111% -> 37%).

Results from optimization procedure
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• The easy way

• The hard way

• The comfortable way

• CT-Expo

• What I always wanted to know about ...

• Accuracy issues.
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• Why is ‘scanner matching’ necessary ?

• How is it made ?

• What about overbeaming effects ?

• And what about overranging effects ?

• How ’accurate’ is effective dose assessment ?

 What I Always Wanted To Know ...
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• Conversion factors are based on Monte-Carlo simulations
• Two data sets available: NRPB (23 scanners), GSF (1 scanner)
• Both sets refer to very old scanner models (end of the 1980’s)

• Both sets based on axial dose free-in-air (CTDIair)

• Therefore big influence of

• beam shaping filter (material, shape)
• beam quality (tube potential, flat filter)
• scanner geometry

• Effective dose may vary by up to factor 3 for same CTDIair

• How to solve ?

• either one individual MC data set for each scanner model
• or ’scanner matching’ by linking newer scanner to existing ones.

 What I Always Wanted To Know ...
Why is ’scanner matching’ required ?
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 What I Always Wanted To Know ...
How is ‘scanner matching’ made ?

Shrimpton and Edyvean., BJR (1998), 71: 1-3
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 What I Always Wanted To Know ...
How is ‘scanner matching’ made ?

Set Manufacturer Scanner model Correction factor Correction

Head Neck Head/N. Chest Abd. Pelvis Trunk Head/N. Cat. Trunk Cat.

1 Siemens 2. DR1/2/3 1.04 1.02 1.03 1.03 1.03 1.03 1.03 1.03 I 1.03 I

2 DRG. DRG1 1.11 1.06 1.08 1.09 1.11 1.19 1.13 1.08 0 1.13 0

3 DRH.CR.CR512 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 I 1.00 I

4 Picker 1200SX (Head) 0.55 0.64 0.59 0.41 0.39 0.42 0.41 0.59 V 0.41 V

5 1200SX (Body) 0.58 0.67 0.63 0.58 0.55 0.54 0.55 0.63 IV (V) 0.55 IV

6 GE 8800.9000I/II/HP (Head) 0.56 0.57 0.57 0.33 0.33 0.41 0.36 0.57 V 0.36 V

7 8800.9000I/II/HP (Body) 0.66 0.69 0.68 0.47 0.47 0.56 0.50 0.68 IV 0.50 IV

8 9800.9800Q (120kV) 0.69 0.71 0.70 0.49 0.49 0.58 0.52 0.70 IV 0.52 IV

9 9800.9800Q (140kV) 0.77 0.77 0.77 0.55 0.55 0.66 0.59 0.77 III 0.59 III

10 MAX 0.58 0.59 0.58 0.37 0.37 0.45 0.40 0.58 V 0.40 V

11 PACE 0.68 0.72 0.70 0.50 0.50 0.59 0.53 0.70 IV 0.53 IV

12 CGR CE 10000.12000 0.97 0.94 0.95 0.80 0.82 0.92 0.85 0.95 II (I) 0.85 II

13 Philips 305N.310.350 (GE2. no Cu) 0.77 0.80 0.78 0.63 0.62 0.66 0.64 0.78 III 0.64 III

14 305N.310.350 (GE2. Cu) 0.97 0.96 0.97 0.80 0.82 0.92 0.84 0.97 II (I) 0.84 II

15 310.350 (GE3. no Cu) 0.80 0.84 0.82 0.69 0.68 0.72 0.70 0.82 III 0.70 III

16 310.350 (GE3. Cu) 1.00 0.98 0.99 0.86 0.88 0.98 0.91 0.99 I 0.91 I

17 TX (120kV) 0.90 0.92 0.91 0.75 0.75 0.79 0.77 0.91 II 0.77 II

18 CX.CS/S 0.90 0.91 0.91 0.74 0.76 0.85 0.78 0.91 II 0.78 II

19 LX (120kV) 0.88 0.91 0.90 0.76 0.77 0.85 0.79 0.90 II 0.79 II

20 TX (100kV) 0.81 0.85 0.83 0.67 0.66 0.69 0.67 0.83 III 0.67 III

21 TX (130kV) 0.94 0.94 0.94 0.77 0.79 0.89 0.82 0.94 II 0.82 II

22 LX (100kV) 0.80 0.84 0.82 0.68 0.68 0.70 0.69 0.82 III 0.69 III

23 LX (130kV) 0.93 0.93 0.93 0.80 0.81 0.84 0.82 0.93 II 0.82 II

Scanner Scanner factor kCT

category Head/Neck/Children Trunk (adults)
0 1.10 1.25
I 1.00 1.00
I I 0.90 0.80
I I I 0.80 0.65
I V 0.70 0.50
V 0.60 0.40
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 What I Always Wanted To Know ...
How is ‘scanner matching’ made ?

ImPACT’s method: ’ImPACT factor (ImF)’

• Based on scanner’s CTDIp, CTDIc and CTDIair data
• Head: ImFHd = 0.4738 · CTDIH,c/CTDIair + 0.8045 · CTDIH,p/CTDIair + 0.0752
• Body:  ImFBd = 3.5842 · CTDIB,c/CTDIair + 0.6328 · CTDIB,p/CTDIair - 0.0902

• Accounts for beam shaper, flat filter, voltage, geometry

• Matching is achieved by selecting MC data set with the closest ImF

• Example: Philips Mx8000IDT

• Head: ImFHd = 1.04 -> MC data set 23 (Philips LX 130 kV)
• Body:  ImFBd = 1.08 -> MC data set 12 (CGR CE 10000)

• Assessment of effective dose then made with MC data set of the 
surrogate scanner.
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 What I Always Wanted To Know ...
How is ‘scanner matching’ made ?

Nagel’s method: making use of phantom factor P

• Also based on scanner’s CTDIp, CTDIc and CTDIair data
• Head: PH = CTDIH,w/CTDIair, body:  PB = CTDIB,w/CTDIair

• Accounts for beam shaper, flat filter, voltage, geometry

• Matching is achieved by selecting the scanner category that complies 
best with kCT/PH = 1.20 (head) and kCT/PB = 2.00 (body)

• Based on assumption that E ~ CTDIw, so kCT/PB,H must be almost constant

• Works well for most scanners; otherwise, ImPACT’s match is used

• Example: Philips Mx8000IDT

• Head: PH = 0.75, with category II (kCT = 0.9) -> kCT/PH = 1.20
• Body:  PB = 0.39, with category II (kCT = 0.8) -> kCT/PB = 2.05

• Assessment of effective dose then made with GSF standard data set 
for Siemens Somatom DRH and correction with kCT.
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 What I Always Wanted To Know ...
How to account for overbeaming effects ?

Beam width
4 · 2.5 mm

Slice collimation hcol

dz

Relative dose free-in-air

z-axis

Beam width
1 · 10 mm

a. b.

Beam width
2 · 5 mm

c.

 kOB =
(N ⋅hcol)ref ⋅(N ⋅ hcol + dz)
N ⋅hcol ⋅((N ⋅ hcol)ref + dz)

 
Example: LightSpeed QX/i, small focal spot

N·hcol=4·1mm, (N·hcol)ref=20mm, dz=3mm

kOB = (20·(4+3))/(4·(20+3)) = 1.52
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 What I Always Wanted To Know ...

 ΔL  =  (mOR ⋅ p + bOR ) ⋅N ⋅ hcol  

How to account for overranging effects ?

-1

0

1

2

3

0 0.5 1 1.5 2 2.5

Pitch

SSCT
MSCT

Δ
L/
N
·h
co
l

Example: Mx8000IDT (mOR=0.57, bOR=1.0) 

N·hcol=16·1.5mm, p=1.5

ΔL =(0.57·1.5+1.0)·16·1.5mm=44.5mm=4.5cm

hcolΔL/2 ΔL/2

single-slice (p=1)

hcolΔL/2 ΔL/2

single-slice (p=1.5)
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• The easy way

• The hard way

• The comfortable way

• CT-Expo

• What I always wanted to know about ...

• Accuracy issues.

 Topics
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• Inaccuracy of basic scanner data: typically ±10 to 15%
• dosimetry, output tolerances

• Inaccuracy of conversion coefficients: typically ±10 to 15%

• mathematical phantom, scanner matching

• Simplifications in algorithms employed: typically ±10%

• voltage dependence, overbeaming, overranging

• Estimated total inaccuracy: ±20 to ±30%

• Similar inaccuracies with TL dosimetry and Alderson phantoms

• Larger inaccuracies with ’easy’ (generic) methods

• Larger inaccuracies also if scanner specs were changed without notice.

 Accuracy Issues
How accurate is effective dose assessment ?
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 Accuracy Issues

Brix et al., Eur. Radiol. (2004), 14: 1275-384

• RE = ratio of effective dose

• calculated with CT-Expo v1.3
• measured with TLD and Alderson phantom

• Calculated values systematically too low by 
appr. 10 to 20% for MSCT scanners

• Reason: overranging not yet taken into 
account with CT-Expo v1.3.

Comparison CT-Expo v1.3 vs. Alderson Phantom with TLD
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 Accuracy Issues

Variations between softwares: many potential causes

• Differences in normalized CTDI

• Overbeaming correction (yes/no)

• Overranging correction (yes/no)

• Differences due to other simplifications

• Differences in Monte-Carlo modeling

• Differences in scanner matching

• Gender specific assessment (yes/no).
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 Accuracy Issues

Brain
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CT dose

Variations between softwares: brain

ImpactDose ca. 20% above, PatDoseCalc ca. 15% below average

Caused by differences in MC modeling of the head.
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Chest

-30%

-20%

-10%

0%

10%

20%

30%

DRH CT/i AV PQ SP4 XVI QX/i Mx VZ S16 S64 AQI avg.

Scanner

Δ
E

ImpactDose
PatDosCalc
CT-Expo
CT dose

 Accuracy Issues

Variations between softwares: chest

All software tools within ±10%
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AbdPel
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 Accuracy Issues

Variations between softwares: abdomen with pelvis

PatDosCalc and CT dose systematically too low 

Caused by missing overranging correction (male gonads).
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L-spine
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 Accuracy Issues

Variations between softwares: lumbar spine

All software tools within ±20%
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• Various methods for effective dose assessment in CT

• Choice between easy, hard or comfortable

• Easy methods are not bad, but limited

• Age- and gender-specific calculation is vital

• Dose calculation software makes it much more easier

• Significant differences in specs, performance and price

• Variations in effective dose assessment smaller than expected

• Typical tolerances are in the order of ±10 to ±20%

• Dose assessment of single organs only approximate.

 Summary
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 Suggested Reading
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