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IntroductionIntroduction
Review Review –– QuantitiesQuantities

Important to understand Important to understand ‘‘the languagethe language’’ when discussing radiation doseswhen discussing radiation doses

Other radiological quantities Other radiological quantities –– ESE, ESD, DAP, AK, CTDI, DLP, etcESE, ESD, DAP, AK, CTDI, DLP, etc

Biologic EffectsBiologic Effects
Deterministic Deterministic 
Stochastic Stochastic 

DosimetryDosimetry
Estimates Estimates –– is not a science, rather itis not a science, rather it’’s an art s an art 
Radiation quantities are indicators of risk to the patientRadiation quantities are indicators of risk to the patient
Dose guidelines Dose guidelines –– NEXT (US) and NRPB (UK)NEXT (US) and NRPB (UK)

Absorbed Dose (Gy)

tissue or organ dose

Effective Dose (Sv)

biologic effect

Exposure (R)

machine output
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Review Review –– QuantitiesQuantities
See Table 3See Table 3--6, page 59 of 6, page 59 of BushbergBushberg for full review of radiation for full review of radiation 
quantities quantities 

ExposureExposure –– total ionizations produced by xtotal ionizations produced by x-- and and γγ--raysrays per unit mass per unit mass 
of air of air 

Coulombs per kg (C/kg) = Rontgen (R)Coulombs per kg (C/kg) = Rontgen (R)
Clinical use: compare equipment performance either from year-to-year 
or from room-to-room in a department (example: measure of equipment 
output – mR per mAs)
Commonly used indices – entrance skin exposure (ESE) and entrance 
skin dose (ESD) **see next slide for explanation

Exposure (R)

machine output
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Review Review –– QuantitiesQuantities
Absorbed doseAbsorbed dose –– total energy imparted per unit mass total energy imparted per unit mass 

Gray (Gray (GyGy) = Joule per kg (J/kg)) = Joule per kg (J/kg)
Clinical use: calculate dose to an organClinical use: calculate dose to an organ

Imparted EnergyImparted Energy –– total energy imparted to matter by incident total energy imparted to matter by incident 
radiation (direct or indirect radiation)radiation (direct or indirect radiation)

Joule (J) = Joule (J) = GyGy * kg * kg 
Clinical use: Clinical use: used to compare radiation dose between different imaging 
procedures

Entrance Skin Exposure (ESE) or Dose (ESD)Entrance Skin Exposure (ESE) or Dose (ESD) –– indices more indices more 
commonly used for comparison within a particular modalitycommonly used for comparison within a particular modality

ESE ESE –– measured in measured in millimilli--Roentgen (Roentgen (mRmR))
ESD ESD –– measured in measured in millimilli--Gray (mGy)Gray (mGy)
Clinical use: very common in Clinical use: very common in general xgeneral x--rayray and and angiographyangiography because because 
machines have similar geometry and beam spectra (ESE and ESD tramachines have similar geometry and beam spectra (ESE and ESD track ck 
linearly with effective dose)linearly with effective dose)

Absorbed Dose (Gy)

tissue or organ dose
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Review Review –– QuantitiesQuantities
Effective DoseEffective Dose –– accounts for tissue sensitivity; measure of radiation accounts for tissue sensitivity; measure of radiation 
and organ specific damageand organ specific damage

Sievert (Sievert (SvSv) ) 
Clinical use: comparison of risks from stochastic effects betweeClinical use: comparison of risks from stochastic effects between n 
different imaging procedures and modalitiesdifferent imaging procedures and modalities

Effective Dose (Sv)

biologic effect
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Radiological Quantities:Radiological Quantities:
Dose Indices in Imaging ModalitiesDose Indices in Imaging Modalities

WhatWhat’’s the difference between ESE and ESD?s the difference between ESE and ESD?
Entrance skin exposure (ESE) is a quantity measured in airEntrance skin exposure (ESE) is a quantity measured in air
Entrance skin dose (ESD) is a quantity measuring the energy impaEntrance skin dose (ESD) is a quantity measuring the energy imparted to rted to 
the skin; the calculation of ESD takes into account:the skin; the calculation of ESD takes into account:

BackBack--scatter at the surface of the skin scatter at the surface of the skin 
Mass energy absorption coefficient for skin and air (from Mass energy absorption coefficient for skin and air (from McPartlandMcPartland, BJR (1998) , BJR (1998) 
71: 1290 71: 1290 –– MSACR = 1.05 @ 65 MSACR = 1.05 @ 65 kVpkVp whereas MSACR = 1.06 @ 110 whereas MSACR = 1.06 @ 110 kVpkVp))
Inverse square correction factor and/or table attenuation factorInverse square correction factor and/or table attenuation factorss

c.f. Harrison, R.M. (1982). Backscatter factors for diagnostic c.f. Harrison, R.M. (1982). Backscatter factors for diagnostic 
radiology (1radiology (1--4 4 mmAlmmAl), Phys Med ), Phys Med BiolBiol 27(12): 146527(12): 1465--74.74.
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Radiological Quantities:Radiological Quantities:
Dose Indices in Imaging ModalitiesDose Indices in Imaging Modalities

Comparing ESE is useful for assessment of equipment performance Comparing ESE is useful for assessment of equipment performance 
and calibration, when a comprehensive analysis of effective doseand calibration, when a comprehensive analysis of effective dose is is 
unnecessaryunnecessary
ESD is easy to calculate, but does not indicate risk to patient;ESD is easy to calculate, but does not indicate risk to patient; ESD ESD 
does not account for area exposed, beam quality or penetrating does not account for area exposed, beam quality or penetrating 
power of xpower of x--rays, nor rays, nor radiosensitivityradiosensitivity of exposed regionof exposed region

c.f. Bushberg, et al. The Essential Physics of c.f. Bushberg, et al. The Essential Physics of 
Medical Imaging, 2Medical Imaging, 2ndnd ed., p. 797.ed., p. 797. ©© RenRenéée L Dickinson & UWe L Dickinson & UW 88

Radiological Quantities:Radiological Quantities:
Dose Indices in Imaging ModalitiesDose Indices in Imaging Modalities

Nationwide Evaluation of XNationwide Evaluation of X--ray Trends (NEXT) program ray Trends (NEXT) program –– USUS
Periodic surveys of xPeriodic surveys of x--ray producing devicesray producing devices
Jointly conducted by:Jointly conducted by:

Conference of State Radiation Control Program Directors (CRCPD)Conference of State Radiation Control Program Directors (CRCPD)
State radiologic health regulatory agenciesState radiologic health regulatory agencies
Center for Devices and Radiologic Health of the U.S. FDACenter for Devices and Radiologic Health of the U.S. FDA

National Radiological Protection Board (NRPB) National Radiological Protection Board (NRPB) –– UK UK 
Similar dose guidelines and surveys Similar dose guidelines and surveys 
NRPBNRPB--R262 R262 –– Estimation of Effective Dose from ESD and DAPEstimation of Effective Dose from ESD and DAP
NRPBNRPB--W4 W4 –– Radiation Exposure of the UK Population from Medical and Radiation Exposure of the UK Population from Medical and 
Dental XDental X--ray Examinations ray Examinations 
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Radiological Quantities:Radiological Quantities:
Dose Indices in Imaging ModalitiesDose Indices in Imaging Modalities

Other common radiological quantities:Other common radiological quantities:
Gen RadGen Rad

SS--number (Fuji/Philips CR); exposure index = EI (Philips DR) number (Fuji/Philips CR); exposure index = EI (Philips DR) –– both unit both unit 
describe dose at the imaging plane (indirect measure of ESD)describe dose at the imaging plane (indirect measure of ESD)

S = 200 indicates 1 S = 200 indicates 1 mRmR to the IIPto the IIP
EI = 114 indicates 1 EI = 114 indicates 1 mRmR to the detectorto the detector

FluoroscopyFluoroscopy
DAP = doseDAP = dose--area product (Gyarea product (Gy--cmcm22))
AK = air kerma (AK = air kerma (GyGy, mGy), mGy)

Computed tomographyComputed tomography
DLP = doseDLP = dose--length product (mGylength product (mGy--cm)cm)

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. 797.ed., p. 797. ©© RenRenéée L Dickinson & UWe L Dickinson & UW 1010

Biologic Effects of Radiation:Biologic Effects of Radiation:
Stochastic and Deterministic EffectsStochastic and Deterministic Effects

Radiation dose quantities serve as indicators of the risk of bioRadiation dose quantities serve as indicators of the risk of biologic logic 
damage to the patientdamage 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) or stochasticstochastic) or stochastic

Deterministic or nonDeterministic or non--stochastic effectsstochastic effects –– associated with cell kill; if a associated with cell kill; if a 
sufficient number of cells in an organ or tissue are killed, itssufficient number of cells in an organ or tissue are killed, its function can function can 
be impairedbe impaired

Examples: teratogenic effects to embryo/fetus, skin damage, cataExamples: teratogenic effects to embryo/fetus, skin damage, cataractsracts
Threshold dose below which an effect will not occur Threshold dose below which an effect will not occur 
Severity of effect increases linearly with doseSeverity of effect increases linearly with dose

Stochastic effectsStochastic effects –– associated with cell damages that produces some associated with cell damages that produces some 
genetic transformation; genetic transformation; cell(scell(s) still capable of reproduction) still capable of reproduction

Examples: cancer and hereditary effects of radiationExamples: cancer and hereditary effects of radiation
No dose thresholds No dose thresholds 
Probability of a stochastic effect, instead of its severity, incProbability of a stochastic effect, instead of its severity, increases with dosereases with dose
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Biologic Effects of Radiation:Biologic Effects of Radiation:
NRC Radiation Dose LimitsNRC Radiation Dose Limits

The The NRCNRC’’ss radiation dose limits defined for occupational personnel 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

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.791.ed., p.791. ©© RenRenéée L Dickinson & UWe L Dickinson & UW 1212

Image Quality Image Quality vsvs Radiation DoseRadiation Dose
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, there are no regulatory limits to the amouIn the United States, there are no regulatory limits to the amount of nt of 
radiation received by the patient for diagnostic proceduresradiation received by the patient for diagnostic procedures

Exceptions:Exceptions:
MammoMammo –– Mammography Quality Standards Act (MQSA)Mammography Quality Standards Act (MQSA)
FluoroFluoro –– exposure rate is regulated, but the total fluoroscopic time is exposure rate is regulated, but the total fluoroscopic time is not, not, 
and therefore the total dose is notand 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 In order to make informed decisions in this regard, referring 
physicians as well as radiologists must understand the risks physicians as well as radiologists must understand the risks 
associated with radiation exposureassociated with radiation exposure
Knowledge of typical dose levels associated with various common Knowledge of typical dose levels associated with various common 
radiologic proceduresradiologic procedures
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Image Quality Image Quality vsvs Radiation Dose Radiation Dose 
Radiation RiskRadiation Risk

The ICRP estimates the risk of fatal cancer to adults of workingThe ICRP estimates the risk of fatal cancer to adults of working age age 
to be 4x10to be 4x10--22 deaths per deaths per SvSv (4x10(4x10--44 deaths per deaths per remrem))

1 cancer death per 2,500 people receiving an ED of 10 mSv1 cancer death per 2,500 people receiving an ED of 10 mSv
Because of linear, noBecause of linear, no--threshold assumption used, risk is presumed to threshold assumption used, risk is presumed to 
be proportional to EDbe proportional to ED

1 in 25,000 chance from ED of 1 mSv1 in 25,000 chance from ED of 1 mSv
1 in 500 chance from ED of 50 mSv1 in 500 chance from ED of 50 mSv

The ICRP estimates the risk to be two or three times higher for The ICRP estimates the risk to be two or three times higher for 
infants and children and substantially lower for adults older thinfants and children and substantially lower for adults older than 50 an 50 
years of ageyears of age
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Image Quality Image Quality vsvs Radiation Dose Radiation Dose 
Radiographic ProceduresRadiographic Procedures

Most of the time it is necessary to compute radiation dose afterMost of the time it is necessary to compute radiation dose after a xa x--
ray procedure has already been performedray procedure has already been performed

Most common example: women finds out she is pregnant after she hMost common example: women finds out she is pregnant after she has as 
had a diagnostic procedure and is concerned about radiation dosehad a diagnostic procedure and is concerned about radiation dose to to 
the fetus and associated risk of exposurethe fetus and associated risk of exposure

Examples for estimating dose from radiographic exams for both Examples for estimating dose from radiographic exams for both 
manual and AEC techniques are in manual and AEC techniques are in BushbergBushberg pages 802 pages 802 –– 805805
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Radiation Dose Radiation Dose 
Radiographic ProceduresRadiographic Procedures

How do we estimate the dose?How do we estimate the dose?
What information do you think is needed to accurately estimate What information do you think is needed to accurately estimate 
radiation dose?radiation dose?

What exams were performed?What exams were performed?
Number of images Number of images 
Radiographic projection of each imageRadiographic projection of each image
Anatomy in direct beam (position of xAnatomy in direct beam (position of x--ray field)ray field)

Which room was the Which room was the procedure(sprocedure(s) performed in? ) performed in? WHY??WHY??
Information regarding the characteristics (HVL) of the xInformation regarding the characteristics (HVL) of the x--ray beamray beam…… WHY do WHY do 
you need to know HVL???you need to know HVL???
Tube output (Tube output (mRmR per per mAsmAs))

Radiographic technique used for each image (Radiographic technique used for each image (kVpkVp, , mAsmAs, AEC, etc), AEC, etc)
An estimate of the patientAn estimate of the patient’’s thickness for each radiographic projections thickness for each radiographic projection
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Radiation Dose Radiation Dose 
Entrance Skin Dose (ESD)Entrance Skin Dose (ESD)

Skin reactions areSkin reactions are……..
Stochastic effects? Stochastic effects? 

Or deterministic effects?Or deterministic effects?

Recall: ESD are generally poor indicators of patient riskRecall: ESD are generally poor indicators of patient risk……
But, when considering skin reactions, estimating ESD is importanBut, when considering skin reactions, estimating ESD is important t 
(i.e. interventional radiology)(i.e. interventional radiology)

Transient Erythema Transient Erythema –– 2 2 GyGy (onset: hours)(onset: hours)
Temporary Epilation Temporary Epilation –– 3 3 GyGy (onset: about 3 weeks)(onset: about 3 weeks)
Main Erythema Main Erythema –– 6 6 GyGy (onset: 10 days, peak: 2 weeks)(onset: 10 days, peak: 2 weeks)
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Radiation DoseRadiation Dose
Organ DoseOrgan Dose

It is possible to estimate organ doses from a given entrance skiIt is possible to estimate organ doses from a given entrance skin n 
exposure (ESE)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

Embryo/fetal dose rules of thumb (Huda):Embryo/fetal dose rules of thumb (Huda):
Note: these are estimates for embryo/fetus Note: these are estimates for embryo/fetus in the direct beamin the direct beam

AP projectionsAP projections: dose will be between 1/3: dose will be between 1/3rdrd and 1/4and 1/4thth the ESE the ESE 
PA projectionsPA projections: dose will be about 1/6: dose will be about 1/6thth of the ESE of the ESE 
LAT projectionLAT projection: dose will be about 1/20: dose will be about 1/20thth of the ESEof the ESE
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Radiation Dose Radiation Dose 
Computed Tomography DosesComputed Tomography Doses

Highest expected doses to any part of the patient (Huda):Highest expected doses to any part of the patient (Huda):
Typical Head CT (120 Typical Head CT (120 kVpkVp, 300 , 300 mAsmAs) ) –– about 40 mGy (4 rad)about 40 mGy (4 rad)

Lens dose Lens dose –– @ 40 mGy (cataracts threshold is 2 @ 40 mGy (cataracts threshold is 2 GyGy))

Typical Body CT (120 Typical Body CT (120 kVpkVp, 250 , 250 mAsmAs) ) –– about 20 mGy (2 rad)about 20 mGy (2 rad)

Skin doses Skin doses –– typically between 20 and 40 mGy (transient skin erythema typically between 20 and 40 mGy (transient skin erythema 
threshold is 2 threshold is 2 GyGy))

Embryo/Fetus (120 Embryo/Fetus (120 kVpkVp, 250 , 250 mAsmAs, , in direct beamin direct beam) ) –– about 15 mGy about 15 mGy 
(according to Wagner, doses less than 150 mGy during the 2 and 8(according to Wagner, doses less than 150 mGy during the 2 and 8thth

weeks of pregnancy do not necessarily warrant therapeutic abortiweeks of pregnancy do not necessarily warrant therapeutic abortion) on) 
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Radiation Dose Radiation Dose 
General XGeneral X--ray Examinationsray Examinations

c.f. c.f. MettlerMettler et. al, et. al, Effective doses in Effective doses in 
Radiology and Diagnostic Nuclear MedicineRadiology and Diagnostic Nuclear Medicine; ; 
Radiology 248(1); July 2008Radiology 248(1); July 2008 ©© RenRenéée L Dickinson & UWe L Dickinson & UW 2020

Radiation Dose Radiation Dose 
General XGeneral X--ray Examinationsray Examinations

c.f. Bushberg, et al. The Essential Physics of c.f. Bushberg, et al. The Essential Physics of 
Medical Imaging, 2Medical Imaging, 2ndnd ed., p. 798.ed., p. 798.
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Radiation Dose Radiation Dose 
CT and IR ExaminationsCT and IR Examinations

c.f. c.f. MettlerMettler et. al, et. al, Effective doses in Effective doses in 
Radiology and Diagnostic Nuclear MedicineRadiology and Diagnostic Nuclear Medicine; ; 
Radiology 248(1); July 2008Radiology 248(1); July 2008 ©© RenRenéée L Dickinson & UWe L Dickinson & UW 2222

Radiation Dose Radiation Dose 
Interventional Radiology ExaminationsInterventional Radiology Examinations

c.f. Bushberg, et al. The Essential Physics of c.f. Bushberg, et al. The Essential Physics of 
Medical Imaging, 2Medical Imaging, 2ndnd ed., p. 798.ed., p. 798.
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Radiation Dose Radiation Dose 
Communicating with the PatientCommunicating with the Patient

So, weSo, we’’ve estimated the dose byve estimated the dose by……
Consulting the literature for average (and/or ranges) of Consulting the literature for average (and/or ranges) of ESDsESDs, effective , effective 
doses, etc.doses, etc.
OR, we used a program that estimate doses based on Monte Carlo OR, we used a program that estimate doses based on Monte Carlo 
techniques (e.g. Xtechniques (e.g. X--Dose, Impact Scan, etc)Dose, Impact Scan, etc)
OR, someone calculated the doseOR, someone calculated the dose

Great! But how do you explain the radiation risk to the patient?Great! But how do you explain the radiation risk to the patient?????
Literature Literature 

e.g. Wagner e.g. Wagner –– embryo/fetal risksembryo/fetal risks
e.g. BEIR VII; BEIR = Biologic Effects of Ionizing Radiation; ree.g. BEIR VII; BEIR = Biologic Effects of Ionizing Radiation; reports ports 
cancer incidence and cancer mortality per 100 mSv exposurecancer incidence and cancer mortality per 100 mSv exposure

BERT = Background Equivalent Radiation TimeBERT = Background Equivalent Radiation Time
People in the United States are exposed to an average of 3.6 mSvPeople in the United States are exposed to an average of 3.6 mSv of of 
annual background radiationannual background radiation
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Radiation Dose Radiation Dose 
Communicating with the PatientCommunicating with the Patient
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Misc InfoMisc Info

CT Lifetime Attributable Risk (LAR) CalculatorCT Lifetime Attributable Risk (LAR) Calculator
http://depts.washington.edu/diagphys/DPS_Folder/BEIRhttp://depts.washington.edu/diagphys/DPS_Folder/BEIR--VII/BEIRVII/BEIR--77--
TableTable--12D12D--091106e.xls091106e.xls

Impact scan & fetal doseImpact scan & fetal dose
XdoseXdose
CT Expo CT Expo –– no demono demo
RSNA/AAPM Web modulesRSNA/AAPM Web modules
In HudaIn Huda

General info on patient dose General info on patient dose –– pg 78pg 78--8080
CT dose info CT dose info –– pg 130pg 130--132132
Radiation protection Radiation protection –– chapter 10 (some old info, previous to NCRP 160)chapter 10 (some old info, previous to NCRP 160)
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Example Board QuestionExample Board Question

The following effects are:The following effects are:
a.a. StochasticStochastic
b.b. DeterministicDeterministic
c.c. BothBoth
d.d. NeitherNeither

1. Induction of cancer from exposure to radiation.1. Induction of cancer from exposure to radiation.
2. Skin burns from prolonged fluoroscopic exams.2. Skin burns from prolonged fluoroscopic exams.
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Example Board QuestionExample Board Question

The national average ESE for a normal 23 cm thick A/P abdomen fiThe national average ESE for a normal 23 cm thick A/P abdomen film lm 
with a 400 speed screenwith a 400 speed screen--film system is:film system is:

A. 13 A. 13 mRmR
B. 150 B. 150 mRmR
C. 300 C. 300 mRmR
D. 850 D. 850 mRmR
E. 3000 E. 3000 mRmR

©© RenRenéée L Dickinson & UWe L Dickinson & UW 2828

Example Board QuestionExample Board Question
Match the exposure or dose with the appropriate item:Match the exposure or dose with the appropriate item:

A. 15 A. 15 mRmR
B. 40 B. 40 mRmR
C. 5 RC. 5 R
D. 10 RD. 10 R
E. 50 E. 50 mremmrem

1. CT head scan ESE 1. CT head scan ESE 
2. Lateral chest ESE 2. Lateral chest ESE 
3. 10 min 3. 10 min fluorofluoro (thin patient) (thin patient) 
4. Monthly limit for a pregnant technologist4. Monthly limit for a pregnant technologist



Radiation Dosimetry – Chapter 24 Bushberg
RSNA/AAPM Physics Curriculum Modules 9 & 11

15 April 2010

© UW and Renee Dickinson, M.S. 8

©© RenRenéée L Dickinson & UWe L Dickinson & UW 2929

Example Board QuestionExample Board Question
Order the following procedures from highest to lowest effective Order the following procedures from highest to lowest effective dose:dose:

A. Chest CTA. Chest CT
B. Barium enemaB. Barium enema
C. C. TransjugularTransjugular intrahepaticintrahepatic portosystemicportosystemic shunt (TIPS) procedure shunt (TIPS) procedure 
D. Head CTD. Head CT
E. CT Coronary AngiographyE. CT Coronary Angiography
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Example Board QuestionsExample Board Questions

Which has a higher estimated effective dose?Which has a higher estimated effective dose?

1.1. Cervical spine xCervical spine x--ray or thoracic spine xray or thoracic spine x--ray?ray?

2.2. Pelvic xPelvic x--ray or upper GI series?ray or upper GI series?

3.3. Mammogram or extremity xMammogram or extremity x--ray?ray?


