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Outline

• Radiation protection from medical exposures
• Justification
• Elements of optimization
• Roles of multi-disciplinary in dose 

optimization
• Radiological review – new international BSS
• Patient dose assessment and Dose 

Reference Levels (DRLs)
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Definition of medical exposure

IAEA 1 : Overview of Radiation Protection in 
Diagnostic Radiology
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• Mr. Sharp, I am given 
to understand that 2 
CT examinations 
performed on me 
have given me 25 
mSv whereas 20 mSv 
is the safe dose. I 
want to file legal suit 
against the doctor. 
What do you feel ??
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Medical exposure

versus

occupational
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My resident doctor 
has got 12 mSv in 
her last badge 
report as she was 
wearing the badge 
while getting her 
barium study. She 
wants off from 
radiation work.
?????

IAEA 1 : Overview of Radiation Protection in 
Diagnostic Radiology

7

While holding his 
child in diagnostic 
examination Mr. 
Joseph got 2 mSv. 
As a member of the 
public with 1 mSv 
dose limit, he can 
not get any 
additional radiation 
dose this year.
??????? 
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Dose constraints 
for 
Comforters
under a category of 
Medical exposure
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Three types of exposure

• Medical Exposure
principally the exposure of 
persons as part of their 
diagnosis or treatment

• Occupational Exposure
exposure incurred at work, 
and practically as a result 
of work

• Public Exposure including 
all other exposures
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Medical exposure

• Medical Exposure 
• Exposure of persons as part of their diagnosis or 

treatment
• Exposures (other than occupational) incurred 

knowingly and willingly by individuals such as 
family and close friends helping either in hospital 
or at home in the support and comfort of 
patients

• Exposures incurred by volunteers as part of a 
program of biomedical research

IAEA 1 : Overview of Radiation Protection in 
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Framework of radiological protection 
for medical exposure

• Justification
• Optimization
• The use of doses limits 

is NOT APPLICABLE
• Dose constraints and 

Diagnostic Reference 
Levels ARE 
RECOMMENDED

IAEA

The Basic Safety Standards
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Basic Safety Standards

IAEA

Planned Exposure Situations

• Fundamental principles of radiation protection
• Justification

• Net benefit exceeds radiation detriment
• Only justified practices to be authorized
• Non-medical exposure (e.g., image for legal evidence, 

insurance, employment, immigration purposes)
• Responsibility for justification decision
• Input to the decision of justification

• RP is one part of broader decision process
• Optimization

• Constraints for risk and dose
• Responsibility for setting dose constraints

• Dose Limitation
• Equivalent dose for the lens of eyes

IAEA

Multi-disciplinary effort for
dose reduction

IAEA

Bonn Call for Action (2012)

Action 1: Enhance the implementation of the principle of 
justification
Action 2: Enhance the implementation of the principle of 
optimization of protection and safety
Action 3: Strengthen manufacturers’ role in contributing to 
the overall safety regime
Action 4: Strengthen radiation protection education and 
training of health professionals
Action 5: Shape and promote a strategic research agenda for 
radiation protection in medicine
Action 6: Increase availability of improved global 
information on medical exposures and occupational
exposures in medicine
Action 7: Improve prevention of medical radiation incidents 
and accidents
Action 8: Strengthen radiation safety culture in health care
Action 9: Foster an improved radiation benefit-risk-dialogue
Action 10: Strengthen the implementation of safety 
requirements globally
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Putting theory into practice

• Justification has numbers of levels
• Now goes to individual patients

• Who is responsible?
• How can implementation be improved?

IAEA

Justification of Medical Exposure

Key Points:

Clinical Audit is a key tool

Justification would be 
facilitated by ‘3A”

1.Awareness
2.Appropriateness
3.Audit

IAEA
International Atomic Energy Agency

Justification
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The justification of a practice

• The decision to adopt or continue any human 
activity involves a review of benefits and 
disadvantages of the possible options, e.g., 
choosing between the use of X Rays or ultrasound

• Often, the radiation detriment will be only a small 
part of the total detriment

• Most of the assessments needed for the 
justification of a practice are made on the basis of 
experience, professional judgement, and common 
sense
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Three levels of justification

• General level: The use of radiation in 
medicine is accepted as doing more good 
than harm

• Generic level: specific procedure with a 
specific objective: chest radiographs for 
patients showing relevant symptoms

• Third level: the application of the procedure 
to an individual patient

IAEA 1 : Overview of Radiation Protection in 
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Generic justification (I)

• It is a matter for national professional bodies, 
sometimes in conjunction with national regulatory 
authorities

• The exposures to staff (occupational) and to 
members of the public should be taken into 
account

• The possibility of accidental or unintended 
exposures (potential exposure) should also be 
considered

• The decisions should be reviewed from time to 
time as new information becomes available

IAEA 1 : Overview of Radiation Protection in 
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Generic justification (II)

• The resources in a country or region should 
be considered, e.g., fluoroscopy for chest 
imaging could be the procedure chosen 
instead of radiography for economical 
reasons

• The justification of diagnostic exposures for 
which the benefit to the patient is not the 
primary objective needs special 
consideration, e.g., radiography for 
insurance purposes

IAEA 1 : Overview of Radiation Protection in 
Diagnostic Radiology
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Generic justification (III)

• Any radiological examination for 
occupational, legal or health insurance 
purposes undertaken without reference to 
clinical indications is deemed to be not 
justified unless it is expected to provide 
useful information on the health of the 
individual examined or unless the specific 
type of examination is justified by those 
requesting it in consultation with relevant 
professional bodies.
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Justification for an individual patient 
(third level)

• To check that the required information is not  
already available

• Once the procedure is generically justified, 
no additional justification is needed for 
simple diagnostic investigations

• For complex procedures (such as CT, IR, 
etc) an individual justification should be 
taken into account by medical practitioner 
(radiologist, referral doctor..)
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Audit – as part of justification

• Audit
• Reviewing the effects of the referral and related 

processes
• New BSS – Radiological Review

IAEA

Radiological Reviews

• A new requirement in the BSS:
• At each facility:

• A periodic review of the current practical 
implementation of the radiation protection 
principles of justification and optimization in the 
facility

• By the radiological medical practitioners, the 
medical radiation technologists and the medical 
physicists
• How are we really doing?
• What can we do better?

IAEA

Optimization of protection and safety

• BSS requires the optimization of protection 
and safety for each and every medical 
exposure
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Optimization – Design consideration

• Two aspects in the new BSS
• Medical radiological equipment
• Software that could influence the delivery of 

medical exposure
• Used only if conforms to applicable 

standards

IAEA

Diagnostic Reference Levels (DRLs)

• DRLs have important role in the BSS for imaging, including 
image guided interventional procedures

• Clear evidence for their effectiveness

IAEA

OPTIMIZATION -
DESIGN CONSIDERATIONS (I)

Equipment used in medical exposure should be so 
designed that:

• failure of a single component of the system be promptly 
detectable so that any unplanned medical exposure of patients 
is minimized

• the incidence of human error in the delivery of unplanned 
medical exposure be minimized

IAEA

OPTIMIZATION -
DESIGN CONSIDERATIONS (II)

èRegistrants and licensees should:
� Take into account information provided by

suppliers, identify possible equipment
failures and human errors that could result
in unplanned medical exposure

� Take all reasonable measures to prevent
failures and errors (qualified personnel,
calibration, quality assurance, training,…)
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OPTIMIZATION -
DESIGN CONSIDERATIONS (III)

èRegistrants and licensees should:
� Take all reasonable measures to minimize

the consequences of failures and errors
� Develop appropriate contingency plans for

responding to events that may occur,
display plans prominently, and periodically
conduct practice drills

IAEA

OPTIMIZATION -
DESIGN CONSIDERATIONS (IV)
➨With regard to equipment consisting of radiation 

generators, registrants and licensees should ensure 
that:
� Whether imported into or manufactured in the

country where it is used, the equipment conform to
applicable standards (IEC, ISO)

� Performance specifications and operating and
maintenance instructions be provided in a major
world language understandable to the users and in
compliance with the relevant IEC and ISO
standards

� Radiation beam control mechanisms be provided
(devices indicating clearly and in a fail-safe manner
whether the beam is “on” or “off”)
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OPTIMIZATION -
DESIGN CONSIDERATIONS (V)

➨With regard to equipment consisting of radiation 
generators, registrants and licensees should ensure 
that:
� As nearly as practicable, the exposure be limited to 

the area being examined by using collimating 
devices aligned with the radiation beam

� The radiation field within the examination area 
without any radiation beam modifiers (wedges) be 
as uniform as practicable and the non uniformity be 
stated by the supplier 

� Exposure rate outside the examination area due to 
radiation leakage or scattering be kept as low as 
reasonably achievable
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OPTIMIZATION OF PROTECTION FOR MEDICAL 
EXPOSURES - DESIGN CONSIDERATIONS (VI)

➨With regard to equipment consisting of 
radiation generators...:
� Radiation generators and their accessories be 

designed and manufactured so as to facilitate 
the keeping of medical exposures to the 
minimum necessary to obtain adequate 
diagnostic information

� Operational parameters (kVp, filtration, focal 
spot position, source-image receptor distance, 
field size, either tube current and time or their 
product) be clearly indicated
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OPTIMIZATION -
DESIGN CONSIDERATIONS (VII)
➨With regard to equipment consisting of radiation 

generators...:

� Radiographic equipment be provided with devices 
that automatically terminate the irradiation after a 
preset time, current-time product or dose

� Fluoroscopic equipment be provided with a device 
that energizes the X Ray tube only when 
continuously depressed (such as a “dead-man’s 
switch” and equipped with indicators of the 
elapsed time and/or entrance dose monitors
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OPTIMIZATION -
OPERATIONAL CONSIDERATIONS (I)

èRegistrants and licensees should ensure for
diagnostic radiology that:
� The medical practitioners who prescribe or conduct

radiological examinations:
• ensure that the appropriate equipment be used
• ensure that the exposure of patients be the minimum

necessary to achieve the required diagnostic objective,
taking into account norms of acceptable image quality

• take into account relevant information from previous
examinations in order to avoid unnecessary additional
examinations
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OPTIMIZATION -
OPERATIONAL CONSIDERATIONS (II)

èRegistrants and licensees shall ensure ... that:
� The medical practitioner, the technologist or other

imaging staff select the following parameters such that
their combination produce the minimum patient exposure
consistent with acceptable image quality and the clinical
purpose of the examination

• the area to be examined, the number and size of views
per examination and the fluoroscopy time

• the type of image receptor (e.g. high v.s. low speed
screens)

• the use of anti-scatter grids
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OPTIMIZATION -
OPERATIONAL CONSIDERATIONS (III)

• proper collimation of the primary X Ray 
beam to minimize the volume of patient 
tissue being irradiated and to improve 
image quality

• appropriate values of operational 
parameters (kVp, mA…)

• appropriate image storage techniques in 
dynamic imaging (number of images per 
second)

• adequate image processing factors 
(chemicals, developer temperature, …)
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OPTIMIZATION -
OPERATIONAL CONSIDERATIONS (IV)

èRegistrants and licensees should ensure ……. that:
� Portable and mobile radiological equipment be used

only for examinations where it is impractical or not
medically acceptable to transfer patients to a stationary
radiological installation

� Radiological examinations causing exposure of the
abdomen or pelvis of women who are pregnant or likely
to be pregnant be avoided unless there are strong
clinical reasons for such examination

� Whenever feasible, shielding of radiosensitive organs
such as gonads, lens of the eye and thyroid be
provided as appropriate
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OPTIMIZATION -
CLINICAL DOSIMETRY

• Registrants and licensees should 
ensure that in radiological 
examinations, representative values for 
typical sized adult patients of entrance 
surface dose, dose-area products, 
dose rates and exposure time, or 
organ doses be determined and 
documented
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OPTIMIZATION -
QUALITY ASSURANCE (I)

• Registrants and licensees should establish a 
comprehensive QA program with the participation 
of appropriate qualified experts in radiation physics
taking into account the principles established by 
the WHO and the PAHO
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OPTIMIZATION -
QUALITY ASSURANCE (II)
Quality Assurance programs should include:

• measurements of the physical parameters of the 
radiation generators, imaging devices at the 
time of commissioning and periodically 
thereafter

• verification of the appropriate physical and 
clinical factors used in patient diagnosis or 
treatment

• written records of relevant procedures and 
results

• verification of the appropriate calibration and 
conditions of operation of dosimetry and 
monitoring equipment
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GUIDANCE LEVELS

Registrants and licensees should ensure that guidance
levels be determined as specified in the Standards,
revised as technology improves and used as guidance
by medical practitioners, in order that:

• corrective action be taken as necessary if doses fall
substantially below the guidance levels and the exposures do
not provide useful diagnostic information and do not yield the
expected medical benefit to patient

• reviews be considered if doses exceed the guidance levels as
an input to ensuring optimized protection of patients and
maintaining appropriate levels of good practices

• for diagnostic radiology, including CT and pediatric
examinations, the guidance levels be derived from the data
from wide scale quality surveys for the most frequent
examinations

IAEA

ACCEPTABLE AND INTERVENTION (or 
investigation) LEVELS 

+ intervention level
+ tolerated level

guidance level
- tolerated level
- intervention level

time

(Immediate action required)

(Investigation recommended)

te
st
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DOSE CONSTRAINTS FOR MEDICAL 
EXPOSURE

• For medical exposure dose constraints 
should only be used in optimizing the 
protection of persons exposed for 
medical research purposes, or of 
persons, other than workers, who 
assist in the care, support or comfort of 
exposed patients. 

IAEA
International Atomic Energy Agency

Patient dose assessment
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Reasons to measure dose

• To assess/quantify the risk of radiation 
damage to both healthy and unhealthy 
tissues

• To establish a “calibration” mechanism for 
the assessment and comparison of 
outcomes/performance for particular 
applications
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Dosimetric system in Diagnostic 
Radiology

• ICRU – there is a need of 
harmonization of quantities 
and terminology for 
dosimetry in diagnostic and 
interventional radiology

• IAEA TRS-457 provides 
standard on diagnostic 
dosimetry

IAEA

IAEA code of practice

IAEA

IAEA code of practice
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Optimization

Dose Reference Levels 
(DRLs)

IAEA

Typical dose distributions
“. . . even now, order of magnitude variations in patient doses 

are possible for the same diagnostic examinations “ CoP, 
Appendix VII

• Numerous examples can be found in the literature:

CT of abdomen and Pelvis, from Galanski et al. 1999
CT Expositionspraxis in der Bundesrep. Deutschland 

Pelvis pa, Ng et al, Doses to 
patients in routine X-ray 

examinations in Malaysia, Br J 
Radiol 1998 71(846):654-60

Skull x-ray of 
1year olds in 
Austria, Billinger 
and Homolka, 
2008 

Individual
patients

IAEA

Variation in average patient doses

• Variation in individual patient doses is higher than variation 
in average doses, i.e. average doses typically used by a 
hospital for a standard examination (in projection 
radiography typically by a factor 5, much more in 
fluoroscopy) 
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Thorax x-ray of newborns, PKA, Smans et al, 
Results of a European survey on patient 

doses in paediatric radiology, Rad Prot 
Dosim 129 (2008) 204-10

Skull x-ray in 
children in 
Austria, Billinger 
and Homolka, 
2008 

Factor > 10 is also 
found in average
doses 
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Diagnostic Reference Levels

• Typical dose distributions are right-skewed  asymmetric 
distributions
• Some users apply

uncommonly high
doses

• Reference values cannot be applied to judge 
appropriateness of dose to a individual patient
• Individual patient doses exhibit a much higher variation than 

average doses
• Use of dose limits is inappropriate in diagnostic radiology
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What are DRLs, and what are 
they not?

Basic concept

IAEA

Application of DRLs

• Values of measured quantities above
which some specified action or decision
should be taken
• à Values must be specified

and
• Action must be specified

• DRLs will be intended for use as
a convenient test for identifying
situations where the levels of patient
dose are unusually high.

IAEA

Guidance level for medical exposure (as 
defined by the BSS) are

• A value of applied dose, dose rate or activity to the 
patient for standard examinations

• to indicate a level above which there should be a 
review by medical practitioners in order to 
determine whether or not the value is excessive, 
taking into account the particular circumstances 
and applying sound clinical judgement 

• Does this mean in case of using higher doses on one patient or 
on average?

• selected by professional bodies in consultation 
with the Regulatory Authority

IAEA

What are DRLs

• a basis for the review of dose values applied

• dose values not exceeded on regular base, 
provided good radiographic practice is applied
• for standard patients
• undergoing standard diagnostic and interventional 

procedures

• DRLs serve as a means to identify situations 
where patient doses are unusually high 
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What are they NOT?

• Static à DRLs require continuous updating

• DRLs are no limiting (maximum) values; the definition of dose limits is not 
appropriate in diagnostic radiology and DRLs have to be applied with some 
flexibility, because in some individual situations application of higher doses can 
be required

• DRLs do not provide a guidance on the reason or a remedy in case they are 
exceeded 
• Instead: exceeding of DRLs triggers investigation

• A carte blanche that
• image quality is appropriate
• the examination is performed at an optimized dose level

• Provide a possibility for individual dose estimation
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Suitable dosimetric quantities for DRLs to 
be expressed as 

• DRLs should be defined in easily assessable quantities 
• Ki
• Ke
• Incident kerma rate (fluoroscopy) (BSS)

• Note: incident to patient, not incident to image intensifier or flat panel 
detector

• PKA, for fluoroscopy and GR (alternatively to Ki or Ke)
• CT: CT Air Kerma Index: CVOL(CTDI) and/or CT Air Kerme 

Length Product PKL,CT (DLP)

• Effective dose or organ dose is usually not a suitable quantity, 
despite in mammography: MGD
• In mammo entrance dose was widely used. New beam qualities 

and K-edge filter materials (as silver, e.g.) will be a good 
argument to change to mean glandular dose 

• Also not suitable
• Fluoroscopy time 

IAEA

For which examinations and procedures 
should reference levels be defined?

• DRLs can only be defined for standardizable 
procedures to ensure to compare apples 
with apples

• DRLs should be defined for frequently 
performed procedures and are most 
important for potentially high dose 
procedures

IAEA

A team effort in clinical setting

• Radiologist – lead the effort
• Clinical information
• Image quality
• Protocol design

• Medical Physicist – important role
• Parameters affecting IQ and dose
• Patient dose monitoring and audit
• Protocol management (in many places = Technologist’s role)

• Technologist – key player
• Can it be done or not?
• Practical concern
• Patient instruction
• Workflow
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Conclusion

• Fundamental principles of radiation protection 
include justification and optimization

• Elements of optimization include equipment QA&QC, 
appropriate technical factors resulting in dose as low 
as minimum necessary to obtain diagnostic 
information and means to ensure patient safety

• Multi-professional approach is encouraged to ensure 
optimization of medical exposure

• Radiological Review is part of new BSS, to ensure 
the implementation of justification and optimization in 
the practice

IAEA
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