
Radiation Units and Dosimetry 15 August 2011

Kalpana M. Kanal, Ph.D., DABR 1

Radiation Units and DosimetryRadiation Units and Dosimetry

Kalpana Kanal, Ph.D., DABRKalpana Kanal, Ph.D., DABR
Associate ProfessorAssociate Professor

Director of Resident Physics EducationDirector of Resident Physics Education
Dept. of RadiologyDept. of Radiology

UW MedicineUW Medicine

a copy of this lecture may be found at:a copy of this lecture may be found at:
http://courses.washington.edu/radxphys/http://courses.washington.edu/radxphys/

IntroductionIntroduction

 Radiation dose quantities are used as indicators of the risk of Radiation dose quantities are used as indicators of the risk of qq
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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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
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Stochastic EffectStochastic Effect

 A stochastic effect isA stochastic effect is
 cancer and hereditary effects of radiationcancer and hereditary effects of radiation
 probability of a stochastic effect, instead of its severity increases probability of a stochastic effect, instead of its severity increases 

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 
 effects include terratogenic effects to the embryo or fetus, effects include terratogenic effects to the embryo or fetus, 

ki d d t tki d d t tskin 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 
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estimatedestimated

Radiation Dose Occupational LimitsRadiation Dose Occupational Limits
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 The NRC’s radiation dose limits defined for occupational personnel The NRC’s radiation dose limits defined for occupational personnel 
and the public are intended to limit the risks of stochastic effects and and the public are intended to limit the risks of stochastic effects and 
to prevent the deterministic effectsto prevent the deterministic effects

Radiological QuantitiesRadiological Quantities
Used to Used to 
compare compare 

assessment assessment 
of equipment of equipment 
performanceperformance

Resource: http://www.sprawls.org/resources/RADQU/
performance performance 

etc.etc.

______

______
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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.

Used to calculate Used to calculate 
organ dose such organ dose such 
as dose to uterusas dose to uterus

______

Radiological QuantitiesRadiological Quantities
Used to Used to 

compare rad. compare rad. 
dose dose 

between between 
different different 
imaging imaging 

proceduresprocedures
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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.

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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Average Effective Dose (mSv) for Dx Rad Average Effective Dose (mSv) for Dx Rad 
ProceduresProcedures
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Average Effective Dose (mSv) for CT ProceduresAverage Effective Dose (mSv) for CT Procedures
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Organ DoseOrgan Dose

 Organ Doses (from Huda book)Organ Doses (from Huda book) 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 radiationOrgans not in direct field of view receive only scatter radiation

Kalpana M. Kanal, Ph.D., DABRKalpana M. Kanal, Ph.D., DABR 1111

Typical Absorbed and Effective dosesTypical Absorbed and Effective doses
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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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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 regardingThis report provides the strongest scientific evidence to date regarding This report provides the strongest scientific evidence to date regarding This report provides the strongest scientific evidence to date regarding 
potential cancer risks as a result of ionizing radiation from medical potential cancer risks as a result of ionizing radiation from medical 
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 from 42 of 100 would be expected to develop solid cancer or leukemia from 
other causesother causes
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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 

Effective Dose & Cancer Risk ComparisonEffective Dose & Cancer Risk Comparison

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

Additional* Additional* 
LAR of LAR of 
Cancer Cancer 

Incidence %Incidence %

Equivalent Equivalent 
no. of chest no. of chest 

xx--raysrays

Approx. period Approx. period 
ofof

background background 
radiationradiation

Chest PA & Chest PA & 0 10 1 0 0010 001 11 12 days12 daysLATLAT 0.10.1 0.0010.001 11 12 days12 days

PelvisPelvis 0.60.6 0.0060.006 66 73 days73 days

AbdomenAbdomen 0.70.7 0.0070.007 77 90 days90 days

CT ChestCT Chest 77 0.070.07 7070 2.3 years2.3 years
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CT Abd or CT Abd or 
PelvisPelvis 88 0.080.08 8080 2.7 years2.7 years

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%

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: “Alldamage can result in prenatal death: “All--oror--nothing response”nothing response”
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Radiation Dose and the Pregnant Patient?Radiation Dose and the Pregnant Patient?

 Fetal doses generally are much less than 100 mGy in most Fetal doses generally are much less than 100 mGy in most 
di ti d l di i d d th ht tdi ti d l di i d d th ht tdiagnostic 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?
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c.f. Bushberg, et al. The Essential Physics of Medical Imaging, 2c.f. Bushberg, et al. The Essential Physics of Medical Imaging, 2ndnd ed., p. 860.ed., p. 860.

Radiation Dose and the Pregnant Patient?Radiation Dose and the Pregnant Patient?
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c.f. Bushberg, et al. The Essential Physics of Medical Imaging, 2c.f. Bushberg, et al. The Essential Physics of Medical Imaging, 2ndnd ed., p. 860.ed., p. 860.


