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Measurable 
quantities

•CTDI
•KAP
•AK
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Physical 
Effect/ Human
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Degree of Effect
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Any example 
of integration 
of dose with 
potential 
effect?
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Is it degree of Effect or dose/input
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Is there any situation 
where the integration of 

dose with potential of 
complex effect is done by a 

single quantity?
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Effective 
dose (E) 

• Mean absorbed dose from a uniform whole-
body irradiation that results in the same total 
radiation detriment as from the nonuniform, 
partial-body irradiation in question

• Weighted average of the mean absorbed dose to 
the various body organs and tissues, where the 
weighting factor is the radiation detriment for a 
given organ from a whole-body irradiation as a 
fraction of the total radiation detriment.

Effective dose (E) = ST wT HT 

• wT= tissue weighting factor 
• HT =equivalent doses to radio-sensitive 

tissues (T)
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Whole body 
exposure
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Partial body 
exposure
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Unique:
Effective Dose 

(E)
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• It is a dose quantity
• It includes organ doses
• It includes radiation risk 

coefficient of different tissues (wT)
• It provides a single number 
• A complex quantity like this got to 

have controversies & 
disagreements 
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Uniqueness
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Dose with implication of risk involving radio-
sensitivity of many organs

Pharmaceuticals?

Aviation?

Car driving?

Pedestrian? 
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13
53 mSv
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ICRP P 117Only quantity to 
compare different 
imaging exams
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What E does 
not give 
(Limitations)?
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Age and Sex specific

Not patient specific

Variation with method 
adopted (e.g. E/DLP, E/PKA )
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Variations
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• Variations are essential part of life
• Normal values

o Blood glucose 70-110 mg/dL (1.6 times)
o Creatinine 0.6-1.5 mg/dL (2.5 times)
o AST (liver) 10-40 U/L (4 times)
o Sodium 135-145 (0.07)

o Scientist (inaccuracies), practitioner

15

15

Perfect approach

Accurate knowledge of all pertinent organ doses in 
individual scan (irradiation geometry, human 
anatomy factors) 

Appropriate risk coefficients for the relevant age, 
gender.
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Radiotherapy
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• Similar situation several decades 
ago

• Dose to a phantom
• Dose to water
• Dose to organ/tissue (geometry of 

organ)
• Patient dose 
• But it is confined to individual 

organs (need in RT is for organ)
• In imaging, we have “many 

organs”, not just one 
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Monte Carlo Simulator
• Modeling of the 

a. X-ray source spectrum (typically like NRPB R204), 
b. the patient phantoms and 
c. the interaction between X-ray photons with the patient

• Patient modelled phantom and pre-recorded data is available for each 
slice position on single sections, typically 1-cm scans.

• The energy deposited in each organ is recorded and stored in a lookup 
table. 

• When a CT exam is sent to the system, the scan parameters and patient 
information are used to determine which simulation is run under the 
setup that is the closest to the actual exam, and the lookup table from 
that simulation is used.
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Dose 
management 

system 

• First organ doses are estimated and 
then one uses wT

• Then E using standard equations by 
both ICRP 60 and 103.

• Is this E as per ICRP?
• Precisely speaking not

• As ICRP 110 phantom was not used
• Patient-specific E
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Situations where there is no need for E

• Those where reference dose quantities are needed (Only 
talking about a machine e.g. machine output)
o CTDIvol is also machine output 
o DLP is machine output with how much length exposed

• Radiation dose incident on the patient
• Radioactivity administered to a patient

Rehani_AAPM Effective dose 26

26

Summary: Effective dose

• E is a unique quantity with 44 years of use
• Medical exposure in addition to occupational exposure
• The success of E has encouraged its wider use (similar to CT)
• Limitations pertain to age and sex averaging and use of ICRP phantom
• Uncertainties in estimation need to be understood and kept in mind- they do not 

make E non-usable 
• E is not an ideal solution and has many limitations
• Despite its limitation E has not been replaceable
• Cumulative E, at the moment, is the only way when series of imaging exams are 

involved, of different body part and mix of x-ray and nuclear imaging
• E should not be used for localized exposure situations like extremities, breast
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