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80 x 80 matrix 
8 grey scale (3 bit images) 

EMI Mark 1: 1972 

water bag for bolus 
4 minute scan (120 sec/image) 
overnight reconstruction 

Images courtesy ImPact Website (UK) 
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Modern helical multi-slice CT 
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axial coronal sagittal 

high resolution three dimensional imaging 
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Allan M. Cormack 

Godfrey N. Hounsfield 

Nobel Prize for Medicine 1979 
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Helical CT 

Multi-slice CT 

technology advancements have led to greater CT use 



531 mm 

331 mm 200 mm 

CT x-ray tube output 

GE VCT 120 kV 
32.3 mGy/100 mAs @ IC 
600 mAs 
1/6 rotation 
432 mGy @ isocenter 
ISL = 2.57 
1.1 Gy @ skin 

~60° 
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Evolution of CT Scanners and Dosimetry 

CTDIFDA 

CTDIW CTDIVOL 

TG-204 

TG-111 CTDI 

TG-233 

SB-1237 

TG-200 

TG-220 
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! ōǊƛŜŦ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜΧΦ 
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CTDI: 
 

Computed Tomography Dose Index 
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The solid state CT detector 

T 

n=16 

0.625 mm 

nT = 16 Ĭ 0.625 mm = 10 mm 
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cone 
angle 

fan 
angle 

z-axis 

Multiple Detector CT 

Many detector arrays along z 
nT is the width of 
the x-ray beam at IC 

nT 
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This equation requires table 
movement, either axial or helical 
CT scans which traverse 100 mm 
 
It is not valid for a stationary 
table scan such as with CT 
perfusion or CT fluoroscopy  
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CTDI - based Dose Metrics 

32 cm diameter PMMA 

16 cm diameter PMMA 

100 mm pencil chamber 

¢ƘŜ ¢ƻƻƭǎΧΧΦ 

Adult Body Phantom 

Head Phantom 

Peds Body Phantom 



CTDI - based Dose Metrics 

¢ƘŜ aŜǘƘƻŘǎΧΧΦ 

CTDI100 peripheral 

CTDI100 center 



26 Measuring CTDI100 in the real world 



¢ƘŜ /¢5L άIŜŀŘέ tƘŀƴǘƻƳ ƛƴ Ǉƻǎƛǘƛƻƴ 
for CTDI100 measurement  

¢ƘŜ /¢5L ά.ƻŘȅέ tƘŀƴǘƻƳ ƛƴ Ǉƻǎƛǘƛƻƴ 
for CTDI100 measurement 



CTDI - based Dose Metrics 

¢ƘŜ aŜŎƘŀƴƛŎǎΧΧΦ 

CTDI100 peripheral 

CTDI100 center Ҍ  Ѻ × 

ѿ × 

weighted CTDI,    CTDIw  

dose = 1 / pitch 

Volume CTDI,       CTDIvol = CTDIw / pitch 

W Leitz, et al., CT dose assessment ï a practical approach, Radiat Prot Dosim 1995; 57: 377  



CTDI - based Dose Metrics 

The CTDIw is the planar average dose to the central slice 
of the phantom in a series of slices spanning 100 mm 



30 

L 

²ƘƛŎƘ ǎŎŀƴ Ƙŀǎ ƳƻǊŜ άŘƻǎŜέΚ 

L 

Χǘƻ ŦƛǊǎǘ ƻǊŘŜǊΣ ǘƘŜ ŘƻǎŜ ƛǎ ǘƘŜ ǎŀƳŜ 
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L 

DLP = CTDIvol × L   όƳDȅ ω ŎƳύ 

Dose Length Product (DLP): 

DLP is related to the total energy deposited in the patient 
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Effective Dose å DLP Ĭ k 

Effective Dose per DLP 

(AAPM TG-96) 

Region of Body 

Head and neck 

Head 

Neck 

Chest 

Abdomen / pelvis 

trunk 

k (mSv/[mGy-cm]) 

0.0031 

0.0021 

0.0059 

0.014 

0.015 

0.015 
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dose length product (mGy-cm) 

The CT scanners now 
have a dose report 
that state the DLP.  
One can use these 
values with the 
conversion factors 
above to estimate the 
effective dose for the 
patient 

Effective Dose per DLP 



CTDI - based Dose Metrics 
Free-in-air measurement (no phantom) 

CTDIfree-in-air  or CTDIair  



CTDI - based Dose Metrics 

CTDI100 (center & peripheral) 

The Tools 

CTDIw  

CTDIvol  

DLP 

The Metrics 

The Methods 

CTDIair 
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CTDI - based Dose Metrics 

average peripheral measurement 

effect of table 
attenuation 



50

100

50

1
( )

mm

mm

CTDI D z dz
nT

+

-

= ñ

mGy mm 

c mGy × 100 mm = 100 c mGy.mm  

For a chamber reading out in air kerma 

100
cK L

CTDI
n T

³
=

³

kerma reading 
chamber length 



CTDI - based Dose Metrics 

100 mm 

1507.3 mR 

corrections 

1. exposure to kerma correction 1507.3 mR / (114.5 mR/mGy) = 13.16 mGy  

2. chamber reading air kerma 
3. correction for nT 

13.16 mGy x 100 mm = 1316 mGy.mm  

 1316 mGy.mm / 20 = 65.8 mGy (CTDI100)  

nT =  20 mm (e.g.) 



data are approximated 
beam 

detected e = 

detected 

beam 

penumbra 

detector arrays 

CTDI - based Dose Metrics 

Dependency on collimated beam width (nT) 



CTDI - based Dose Metrics 

Dependency on collimated beam width (nT) 
(but MDCT has reduced use of this) 

thin collimation thick collimation 





impactscan.org  (UK) 

Sue 
Edyvean 
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Toshiba Aquillion 1:  320 x 0.5 mm = 160 mm   
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CTDI - based Dose Metrics 

100 mm 

1507.3 mR 

cone beam CT 

nT >  100 mm 
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100 mm ion chamber 

18 mm thimble chamber 



CT perfusion 
(stationary table) 
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CTDIw 

peak dose  

Stationary table perfusion CT (j rotations) 

dose = peak dose × j rotations 

position 
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100 
mm 


