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IntroductionIntroduction

Radiation dose is of great importance in diagnostic radiologyRadiation dose is of great importance in diagnostic radiology
Radiologists need to be the local experts (in absence of a physiRadiologists need to be the local experts (in absence of a physicist) cist) 
on the radiation dose received from various imaging examson the radiation dose received from various imaging exams
The dose received in xThe dose received in x--ray imaging depends on the imaging ray imaging depends on the imaging 
modality, the equipment, the technique factors used and in case modality, the equipment, the technique factors used and in case of of 
fluoroscopy, the fluoroscopy time used during the examfluoroscopy, the fluoroscopy time used during the exam
Radiation dose quantities are used as indicators of the risk of Radiation dose quantities are used as indicators of the risk of 
biologic damage to patients from xbiologic damage to patients from x--rays and thus a good knowledge rays and thus a good knowledge 
of the different dose parameters and dose values is essentialof the different dose parameters and dose values is essential
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XX--ray Tuberay Tube

c.f.: c.f.: Bushberg, et al., The Essential Physics of Medical Imaging, 2nd Bushberg, et al., The Essential Physics of Medical Imaging, 2nd ed., p. 98.ed., p. 98.

The kVp determines the xThe kVp determines the x--ray beam quality (penetrability) which plays ray beam quality (penetrability) which plays 
a role in subject contrasta role in subject contrast

The xThe x--ray tube current (ray tube current (mAmA) determines the x) determines the x--ray ray fluencefluence rate rate 
(photons/cm2(photons/cm2--sec) emitted by the xsec) emitted by the x--ray tube at a given kVpray tube at a given kVp

mAs = mAs = mAmA ·· sec (exposure time) sec (exposure time) ∝∝ photons/cm2 (photons/cm2 (fluencefluence))
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c.f. Bushberg, et al. The Essential Physics c.f. Bushberg, et al. The Essential Physics 
of Medical Imaging, 2of Medical Imaging, 2ndnd ed., p.59.ed., p.59.

Radiological QuantitiesRadiological Quantities
Used to Used to 
compare compare 

assessment assessment 
of equipment of equipment 
performance performance 

etc.etc.

Used to calculate Used to calculate 
organ dose such organ dose such 
as dose to uterusas dose to uterus
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Radiological QuantitiesRadiological Quantities
Used to Used to 

compare rad. compare rad. 
dose dose 

between between 
different different 
imaging imaging 

proceduresprocedures

Used to compare risk of Used to compare risk of 
stochastic effects, compare stochastic effects, compare 
different imaging proc.different imaging proc.
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Radiological QuantitiesRadiological Quantities

DoseDose--Area Product (DAP)Area Product (DAP)
DAP is the product of the entrance skin dose and crossDAP is the product of the entrance skin dose and cross--
sectional area of the xsectional area of the x--ray beam (exposed area)ray beam (exposed area)
If entrance skin dose is 0.1 mGy and the exposed area is If entrance skin dose is 0.1 mGy and the exposed area is 
1000 cm1000 cm22, then DAP = 100 mGy, then DAP = 100 mGy--cmcm22

Useful in providing relative risks to patients undergoing similaUseful in providing relative risks to patients undergoing similar r 
types of radiographic examinationstypes of radiographic examinations
Difficult to use since exposed area difficult to always calculatDifficult to use since exposed area difficult to always calculatee
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NCRP 160 (2009): Medical ExposureNCRP 160 (2009): Medical Exposure
Procedures vs. Effective dose contributionsProcedures vs. Effective dose contributions

Percent Procedures Effective Dose Contributions

Effective dose per capita from medical radiation exposure is ~ 3.0 mSv

slide courtesy: Dr M. Mahesh, Johns Hopkins Kalpana M. Kanal, Ph.D., DABRKalpana M. Kanal, Ph.D., DABR 88NCRP Report 160 - rg/Publications/160_Pie_charts-Sec8.html

Radiation exposure to US population from all sourcesRadiation exposure to US population from all sources
The new pie chart!The new pie chart!

Medical 0.54 mSv per capita
Total 3.6 mSv per capita

Medical 3.0 mSv per capita
Total 6.2 mSv per capita

US 1982 (NCRP 93) US 2006

slide courtesy: Dr M. Mahesh, Johns Hopkins
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CT Dose DescriptorsCT Dose Descriptors

CTDICTDIvolvol is the approximate average radiation dose over is the approximate average radiation dose over 
x, y, and z axis of the patientx, y, and z axis of the patient

cf: Morin RL, et al, Circulation 2003;107:917cf: Morin RL, et al, Circulation 2003;107:917--2222 Kalpana M. Kanal, Ph.D., DABRKalpana M. Kanal, Ph.D., DABR 1010

CT Dose DescriptorsCT Dose Descriptors

The Dose Length Product is an indicator of the integrated The Dose Length Product is an indicator of the integrated 
radiation dose of an entire CT examinationradiation dose of an entire CT examination

It incorporates the number of scans and the scan widthIt incorporates the number of scans and the scan width

lengthScanCTDImGycmDLP vol  )( ×=

cf: Morin RL, et al, Circulation 2003;107:917cf: Morin RL, et al, Circulation 2003;107:917--2222
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CT Dose DescriptorsCT Dose Descriptors

A reasonable approximation of E can be obtained by multiplying A reasonable approximation of E can be obtained by multiplying 
DLP with a conversion factor, kDLP with a conversion factor, k●● which varies dependent on body which varies dependent on body 
part imaged and age of patientpart imaged and age of patient

Morin RL, et al, Circulation 2003;107:917Morin RL, et al, Circulation 2003;107:917--2222

E = k * DLPE = k * DLP

●● k factors available in AAPM report 96, 2008k factors available in AAPM report 96, 2008 Kalpana M. Kanal, Ph.D., DABRKalpana M. Kanal, Ph.D., DABR 1212

Effective Dose from DLP on console of CT Effective Dose from DLP on console of CT 
scannerscanner

For chest, this factor is 0.014 for an adult patientFor chest, this factor is 0.014 for an adult patient
For a cardiac protocol, if the DLP is 1000 mGycm, the effective For a cardiac protocol, if the DLP is 1000 mGycm, the effective 
dose can be calculated easily,dose can be calculated easily,

1000 x 0.014 = 14 mSv1000 x 0.014 = 14 mSv
Practical way to determine dose on the fly from the console or fPractical way to determine dose on the fly from the console or for or 
comparison across protocolscomparison across protocols

  ( )   ( )  ( / )Effective Dose mSv DLP mGycm factor mSv mGycm= ×

●● k factors available in AAPM report 96, 2008k factors available in AAPM report 96, 2008
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Average Effective Dose (mSv) for Dx Rad Average Effective Dose (mSv) for Dx Rad 
ProceduresProcedures

cf: Mettler et al. Radiology 2008, 248(1):254-263 Kalpana M. Kanal, Ph.D., DABRKalpana M. Kanal, Ph.D., DABR 1414

Average Effective Dose (mSv) for CT ProceduresAverage Effective Dose (mSv) for CT Procedures

cf: Mettler et al. Radiology 2008, 248(1):254-263 
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Organ DoseOrgan Dose

Organ Doses (from Huda book)Organ Doses (from Huda book)
It is possible to estimate organ doses from a given entrance It is possible to estimate organ doses from a given entrance 
skin exposure (ESE)skin exposure (ESE)
Organ doses are substantially lower than skin doseOrgan doses are substantially lower than skin dose
Organs not in direct field of view receive only scatter radiatioOrgans not in direct field of view receive only scatter radiationn
For For AP projectionsAP projections, the embryo dose will be between , the embryo dose will be between 1/31/3rdrd and and 
1/41/4thth the ESEthe ESE (in the direct beam)(in the direct beam)
For For PA projectionsPA projections, the embryo dose will be about , the embryo dose will be about 1/61/6thth of the of the 
ESEESE (in the direct beam)(in the direct beam)
For For LAT projectionLAT projection, the embryo dose will be about , the embryo dose will be about 1/201/20thth of of 
the ESEthe ESE (in the direct beam)(in the direct beam)
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Typical Absorbed and Effective dosesTypical Absorbed and Effective doses

c.f. Bushberg, et al. The Essential Physics of Medical c.f. Bushberg, et al. The Essential Physics of Medical 
Imaging, 2Imaging, 2ndnd ed., p. 798.ed., p. 798.
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Stochastic and NonStochastic and Non--Stochastic EffectStochastic Effect

Radiation dose quantities serve as indicators of the risk of Radiation dose quantities serve as indicators of the risk of 
biologic damage to the patientbiologic damage to the patient

The biologic effects of radiation can be classified as either The biologic effects of radiation can be classified as either 
deterministic (nondeterministic (non--stochastic)stochastic) or or stochasticstochastic

Kalpana M. Kanal, Ph.D., DABRKalpana M. Kanal, Ph.D., DABR 1818

Stochastic EffectStochastic Effect

A stochastic effect is caused by damage to a cell that produces A stochastic effect is caused by damage to a cell that produces some some 
genetic transformation but cells still capable of reproductiongenetic transformation but cells still capable of reproduction

cancer and hereditary effects of radiationcancer and hereditary effects of radiation
probability of a stochastic effect, instead of its severity incrprobability of a stochastic effect, instead of its severity increases eases 
with dosewith dose
No dose thresholds below which the effects cannot occurNo dose thresholds below which the effects cannot occur
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Deterministic (NonDeterministic (Non--Stochastic) EffectStochastic) Effect

Deterministic or nonDeterministic or non--stochastic effects stochastic effects 
are believed to be caused by cell killingare believed to be caused by cell killing
effects include terratogenic effects to the embryo or fetus, effects include terratogenic effects to the embryo or fetus, 
skin damage and cataractsskin damage and cataracts
a threshold can be defined below which the effect will not a threshold can be defined below which the effect will not 
occuroccur
for doses greater than the threshold dose, the severity of the for doses greater than the threshold dose, the severity of the 
effect increases with the doseeffect increases with the dose
to assess the likelihood of a deterministic effect on an organ to assess the likelihood of a deterministic effect on an organ 
from an imaging procedure, the dose to that organ is from an imaging procedure, the dose to that organ is 
estimatedestimated

Kalpana M. Kanal, Ph.D., DABRKalpana M. Kanal, Ph.D., DABR 2020

Radiation Dose Occupational LimitsRadiation Dose Occupational Limits

The NRCThe NRC’’s radiation dose limits defined for occupational personnel s radiation dose limits defined for occupational personnel 
and the public are intended to limit the risks of stochastic effand the public are intended to limit the risks of stochastic effects and ects and 
to prevent the deterministic effectsto prevent the deterministic effects
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Expressing Cancer Risk (BEIR VII Report)Expressing Cancer Risk (BEIR VII Report)

The BEIR VII report addresses the effects of lowThe BEIR VII report addresses the effects of low--dose ionizing dose ionizing 
radiation to humansradiation to humans
This report provides the strongest scientific evidence to date rThis report provides the strongest scientific evidence to date regarding egarding 
potential cancer risks as a result of ionizing radiation from mepotential cancer risks as a result of ionizing radiation from medical dical 
imagingimaging
The BEIR VII lifetime risk model predicts that The BEIR VII lifetime risk model predicts that approximately 1 approximately 1 
individual in 1000 would be expected to develop cancer when individual in 1000 would be expected to develop cancer when 
exposed to a dose of 10 mSvexposed to a dose of 10 mSv andand
42 of 100 would be expected to develop solid cancer or leukemia 42 of 100 would be expected to develop solid cancer or leukemia from from 
other causesother causes
This risk is proportional to doseThis risk is proportional to dose

BEIR VII report can be obtained at http://www.nap.edu/catalog/11340.html 
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Effective Dose & Cancer Risk ComparisonEffective Dose & Cancer Risk Comparison

8080

7070

77

66

11

Equivalent Equivalent 
no. of chest no. of chest 

xx--raysrays

2.7 years2.7 years0.080.0888CT Abd or CT Abd or 
PelvisPelvis

2.3 years2.3 years0.070.0777CT ChestCT Chest

0.0070.007

0.0060.006

0.0010.001

Additional* Additional* 
LAR of LAR of 
Cancer Cancer 

Incidence %Incidence %

90 days90 days0.70.7AbdomenAbdomen

73 days73 days0.60.6PelvisPelvis

12 days12 days0.10.1Chest PA & Chest PA & 
LATLAT

Approx. period Approx. period 
ofof

background background 
radiationradiation

Eff. DoseEff. Dose
[mSv][mSv]ExamExam

Typical Background Radiation ~ 3 mSv per year
*These risks are in addition to the female baseline lifetime risk (in the absence 
of exposure) of cancer incidence of 36.9% and of death from cancer of 17.5%
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Radiation Dose and the Pregnant Patient?Radiation Dose and the Pregnant Patient?

Gestational period divided into 3 stages:Gestational period divided into 3 stages:
Relatively short preimplantation stage (day 0Relatively short preimplantation stage (day 0--9)9)
Extended period of major organogenesis (day 9Extended period of major organogenesis (day 9--56)56)
Fetal growth stage (day 45 to term)Fetal growth stage (day 45 to term)

Preimplantation: conceptus extremely sensitive and radiation Preimplantation: conceptus extremely sensitive and radiation 
damage can result in prenatal death: damage can result in prenatal death: ““AllAll--oror--nothing responsenothing response””
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Radiation Dose and the Pregnant Patient?Radiation Dose and the Pregnant Patient?

Animal experiments have demonstrated an increase in the Animal experiments have demonstrated an increase in the 
spontaneous abortion rate after doses as low as 50 to 100 mGy (5spontaneous abortion rate after doses as low as 50 to 100 mGy (5
to 10 rad)to 10 rad)
Fetal doses generally are much less than 100 mGy in most Fetal doses generally are much less than 100 mGy in most 
diagnostic and nuclear medicine procedures and thought to carry diagnostic and nuclear medicine procedures and thought to carry 
negligible risk compared with the spontaneous incidence of negligible risk compared with the spontaneous incidence of 
congenital abnormalities (4%congenital abnormalities (4%--6%)6%)
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Radiation Dose and the Pregnant Patient?Radiation Dose and the Pregnant Patient?

c.f. Bushberg, et al. The Essential Physics of Medical Imaging, c.f. Bushberg, et al. The Essential Physics of Medical Imaging, 22ndnd ed., p. 860.ed., p. 860.
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Radiation Dose and the Pregnant Patient?Radiation Dose and the Pregnant Patient?

c.f. Bushberg, et al. The Essential Physics of Medical Imaging, c.f. Bushberg, et al. The Essential Physics of Medical Imaging, 22ndnd ed., p. 860.ed., p. 860.
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SummarySummary

There is always a compromise between the image quality and the There is always a compromise between the image quality and the 
radiation exposure to the patientradiation exposure to the patient
In the United States, with the exception of mammography, there aIn the United States, with the exception of mammography, there are re 
no regulatory limits to the amount of radiation received by the no regulatory limits to the amount of radiation received by the patientpatient
In fluoroscopy, the exposure rate is regulated but the total fluIn fluoroscopy, the exposure rate is regulated but the total fluoroscopic oroscopic 
time is not, and therefore the total dose is nottime is not, and therefore the total dose is not
The physician must decide whether the benefit of the diagnostic The physician must decide whether the benefit of the diagnostic 
procedure justifies the risk to the patient from the radiation eprocedure justifies the risk to the patient from the radiation exposurexposure
In order to make informed decisions in this regard, referring phIn order to make informed decisions in this regard, referring physicians ysicians 
as well as radiologists must understand the radiation units and as well as radiologists must understand the radiation units and cancer cancer 
risksrisks


