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When story starts ?

• The story starts with Godfrey Hounsfield, a researcher at EMI back in the 1950s.

• Hounsfield did some pioneering work on computers, helping to build the first all-
transistor computer, but the division wasn't profitable for EMI and the company 
sold its computer business in 1962...right when it signed The Beatles. 

• His standing was good enough with the company that they let him conduct 
independent research with funding from the Beatles' string of massive successes in 
the 1960s. 

• He went on to invent the CT scanner, which EMI first released in 1972, and shared 
the 1979 Nobel Prize for medicine for his invention.

• Financial inputs from the UK’s Department of Health and Social Security (DHSS)
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First CT Image in Clinical use

The first clinical scan: Atkinson

Morley's Hospital, October 1971

• The first clinical CT scan on a 
patient took place on 1st October 1971 
at Atkinson Morley's Hospital, in 
London, England. 

• The patient, a lady with a suspected 
frontal lobe tumour, was scanned 
with a prototype scanner.

• First to modern scanners 
comparison. 

The progress

1969

• Hounsfield meets with Dr James Ambrose and Dr John Perry of St George's Hospital at 
the suggestion of the UK Department of Health (London, UK)

1971

• Hounsfield lectures on CT of animals (Amsterdam, The Netherlands) first patient 
(head scan), under the supervision of Hounsfield and Ambrose, at Atkinson Morley's 
Hospital, using prototype EMI head scanner (London, UK)

1972

• 320 x 320 image matrix

• EMI awarded the Queen's Award for Technological Innovation for the 'EMI scanner' 
(London, UK)

• first clinical patient scan in USA, at the Mayo Clinic (Rochester, MN, USA)

• Robert Ledley designs ACTA, a whole body CT scanner, later marketed by Pfizer
(Washington, DC, USA)

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-adv.htm&r=1&f=G&l=50&d=PALL&S1=03922552&OS=PN/03922552&RS=PN/03922552
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The progress

1974

• first body CT scan (of Hounsfield) in a prototype of the EMI body scanner (London, 
UK)

• 35 EMI head scanners installed worldwide; 60 more on order

1975

• Prototype of the EMI CT1010 body scanner installed at Atkinson Morley's Hospital
(London, UK)

• first scans from EMI body scanner shown, at first International Conference on CT 
(Bermuda)

• research body scanner installed at Northwick Park Hospital (London, UK)

• first body scan in USA, under the direction of Dr Ron Evans at the Mallinkrodt
Institute (St Louis, USA)

• 'Second generation' Ohio Nuclear Delta CT scanners are marketed; GE 'third
generation' CT scanners are marketed

1976

• 5 second scan time for an image

• 17 companies now offering 'third generation' CT scanners

• 650 scanners now installed worldwide; 450 supplied by EMI

The progress

1978

• 512 x 512 image matrix

• 200 scanners sold in USA

• ECG-synchronised CT scanning

1979

• Hounsfield and Cormack jointly awarded the 
Nobel Prize (Stockholm, Sweden)

• Around 1000 scanners in operation worldwide

1981

• 3 second scan time for an image

• Godfrey Hounsfield knighted (London, UK)

1983

• 800 CT scanners sold in USA

1985

• 1 second scan times

• 'Superfast CT' (Electron Beam Tomography) is 
developed by Douglas Boyd (San Francisco, USA)

1987

• 1024 x 1024 image matrix

1989

• First spiral (helical) CT, manufactured by
Siemens, enters the market (Erlangen, 
Germany)

1992

• Elscint CT Twin, first modern multi-slice
scanner; sub-millimetre slices (Haifa, Israel)

1994

• 0.75 second scan time

1998

• 4-slice scanners

• 0.5 second scan time

2002

• 8- and 16-slice scanners introduced

2007

• 72 million CT scans performed in USA
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OECD –CT scanners

OECD –CT exams freq 
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Trends in U.S.

2001
• From 2001 to 2002 Nu. of Vascual and Cardiac CT doubled (1,9 million)
2007
• 2/3 of the CT procedures performed in 2007 used contrast media. 
• Over half of the CTs installed in 2007 were multi-slice CTs with 64+ slices 
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Direction ?
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Comparison of medical procedures between early 1980s and 2006 showing marked increase in CT procedures 
from 3% to 49%. Norman E. Bolus J. Nucl. Med. Technol. 2013;41:255-260

1980 

Comparison of medical procedures

2006 

EU DDM 2 (2010)
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UNSCEAR Report  

Ref: United Nations Scientific Committee on the Effects of Atomic Radiation. UNSCEAR 2008 ,Report to 
the General Assembly with Scientific Annexes. Volume I, 2010.

UNSCEAR Report  

Ref: United Nations Scientific Committee on the Effects of Atomic Radiation. UNSCEAR 2008 ,Report to 
the General Assembly with Scientific Annexes. Volume I, 2010.

Approx. 60 % Approx. 70 %

The radiation risk models that have been developed from the epidemiological study of
groups receiving moderate and high doses (such as the Japanese survivors of the atomic-
bombings of Hiroshima and Nagasaki) imply that the excess risk of cancer resulting from the
low doses received during a CT scan is small, so that large and carefully designed and
conducted studies are necessary to discern this predicted small additional risk.
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UNSCEAR Paediatric

• For a given radiation dose, children are generally at more risk of tumour  induction 
than  are adults. Cancers potentially induced by exposure to ionizing radiation at 
young ages may occur within a few years, but also decades later. 

• estimates of lifetime cancer risk for those exposed as children were uncertain and 
might be a factor of 2 to 3 times as high as estimates for a population exposed at all 
ages.

• Radiogenic tumor incidence in children is more variable than in adults and depends 
on tumor type, age and gender.

• For about 25% of cancers children are more radiosensitive (leukaemia and thyroid, 
skin, breast and brain cancer), for 15% the same (colon cancer), 10% less 
radiosensitive than adults (lung cancer), for others week relationship.

Growth curves of different parts and tissues of the body, 
showing four main patterns of  growth. 

Cancer Risk

• The radiation risk models -epidemiological 
study.

• 25000 bomb survivors in Hiroshima and 
Nagasaki in August 1945, exposed to up few 
CT scans.

• Studies :
– BEIR VII (2006)

– UNSCEAR(2006)

– ICRP (2007)
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Risk

Health risks from exposure to low levels of ionizing radiation —
BEIR VII.¸ Washington, DC: National Academies Press, 2005

Estimated Organ Doses and Lifetime Cancer Risks from Typical Single CT 
Scans of the Head and the Abdomen. Computed Tomography — An 
Increasing,  Source of Radiation Exposure David J. Brenner

UK Report !
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UK Study

On the basis of risk estimates and data on CT use from 1991 through 1996, it has 
been estimated that about 0.4% of all cancers in the United States may be 

attributable to the radiation from CT studies. 
By adjusting this estimate for current CT use this estimate might 

now be in the range of 1.5 to 2.0%.
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Radiation Risks from CT in 
Children

2013

"The potential risk of leukemia was highest from 
head scans for children younger than 5 years of age 
at a rate of 1.9 cases per 10,000 CT scans," the 
authors reported. "If radiation doses from those CT 
scans parallel our observed dose distributions, 
approximately 4,870 future cancers (95% 
uncertainty limit, 2,640-9,080 future cancers) 
could be induced by pediatric CT scans each 
year."

Results …
The absolute excess incidence rate for all 
cancers combined was 9.38 per 100 000 
person years at risk, as of 31 December 2007. 
The average effective radiation dose per scan 
was estimated as 4.5 mSv.
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• James Duncan, M.D., a radiologist at Washington University in St. 
Louis, experienced intense pain in his abdomen in 2010, he rushed 
to a local emergency room. 

• His doctors suspected kidney stones, but they wanted to be sure, so 
they ordered a CT scan. 

• He knew that the test was done when the machine stopped 
whirring. So he was surprised when the scanner kicked back on 
after a few seconds. 

• “I later learned that the technician running the CT mistakenly 
believed that the first scan didn’t include the top of my kidneys, 
and decided to acquire more images ‘just to be sure,’ ” Duncan says. 

• “The irony: I was getting ready to give a lecture on reducing 
radiation exposure from medical imaging. And there I was, 
reluctantly agreeing to a CT scan and then getting overexposed.”

2010

37 of them just up the freeway at 
Providence Saint Joseph Medical 
Center in Burbank, 269 more at 
the renowned Cedars-Sinai 
Medical Center in Los Angeles 
and dozens more at a hospital in 
Huntsville, Ala.

• There was a misunderstanding about an embedded default setting applied by the 
machine . . . ," 
• The dose of radiation was eight times what it should have been.
• The error went unnoticed for the next 18 months, until this August, when a stroke 
patient informed the hospital that he had begun losing his hair after a scan.
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Pediatric CT radiation 
overdose

• A rural California hospital is being sued by parents of a child who underwent a 
CT exam during an emergency department visit for a neck injury. The parents 

allege that their 23-month-old boy received radiation burns and has permanent 
chromosomal damage due to excessive radiation exposure from the CT scan, 

which took over an hour to perform.

• The incident allegedly took place on January 23, 2008, at Mad River Community 
Hospital in Arcata, a rural town of 17,000 located 290 miles north of San Francisco. 
The child received the scan after being taken to Mad River Community Hospital by 

his parents the day after he fell out of bed and injured his neck. A CT scan was 
ordered to determine if the child had internal injuries, according to court documents. 

• The parents stated that they were in the CT suite and observed the entire procedure. 
They claim that because their child did not lie still on the CT table, the 

technologist took 151 CT scans in a 68-minute period, at which time the parents 
insisted that the procedure be halted. A hospital radiologist who reviewed the images 

ordered an additional CT exam, the parents stated, and a different technologist 
took an additional 15 scans.

• Two hours after the exams were completed, the boy developed radiation burns 
under his eyes on the bottom half of his face. The parents met with hospital 

managers when they returned the child to the hospital and said they were told not to 
be concerned about the visible burns on the child's body and face. 

• described their efforts to identify which patients are getting the most CT scans --
and, thus, the highest radiation dose.

• some patients received more than 300 mSv of cumulative radiation in a 
year, and one pediatric patient was scanned some 70 times.

RIS

July 2009 - June 2010 

Total exams Total patients

72,601 24,953

Nu. CT scan Freq.

18,987 3 or less

5,906 3 to 20

60 20 or more

15 Trauma

20 Oncology

16
Surgical 

complications

5
Shunted 

hydrocephalus

4 Other 50 adults 10 children

42 mSv -310 mSv 40 mSv - 135 mSv
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CT dose  Reports strats with 
invention of CT  

Ref :Early Days of CT: Innovations ,Robert G.Gould

Dose from first CT scanners
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Radiation Protection Principles

Basic Principles
• Justification
• Optimisation

All medical exposures must be subject to the principles of
justification and optimisation of Radiological Protection which are 
common to all practices dealing with potential exposures of
humans to Ionising Radiation.

Useful – not to forget

• Dose levels ?!
• DRL(Diagnostic Reference Level)

Justification 

Decisions introducing a practice shall be justified in the 

sense that such decisions shall be taken with the intent to 

ensure that the individual or societal benefit resulting 

from the practice outweighs the health detriment that it 

may cause. 
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Roles in Justification

Referring Clinician who is responsible for the
management of the patient.

Radiologist who selects the most appropriate
imaging examination to answer the referrer’s
question.

The practice involving exposure to radiation must be 

justified in principle through the endorsement of 
relevant professional societies.

Refferal guidelines

• Referral Guidelines for imaging are precise statements to 
help the clinician in making correct decisions on which type of
radiological examination is most appropriate given the 
clinical conditions.

• While such guidelines are not absolute rules, there must be good 
reasons for ignoring them, as they are examples of good
practice.

• The objectives of the referral guidelines are to improve clinical
practice, to reduce the number of unnecessary examinations
and hence to reduce Unnecessary Medical Exposure.
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Referral Guidelines

Dose limits

• The ICRP has recommended that dose limits not 
be applied to medical exposures and, even with 
the higher radiation sensitivity of children, this
recommendation is also applied to paediatric
radiology. It is based on the fact that the exposed 
individual will derive benefit from the procedure, 
provided it has been properly justified.

MORE GOOD THEN HARM !
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Diagnostic Reference Level (DRL)

• A level used in medical imaging to indicate whether, in 
routine conditions, the dose to the patient or the amount 
of radiopharmaceuticals administered in a specified 
radiological procedure for medical imaging is unusually 
high or unusually low for that procedure.

• The objective of a diagnostic reference level is to help 
avoid radiation dose to the patient that does not 
contribute to the clinical purpose of a medical imaging 
task.

DRL

• Diagnostic reference levels (DRL): in account shall be taken 
the need for adequate image quality.

• Such diagnostic reference levels shall be based, as far as 
possible, on wide scale surveys or on published values that are
appropriate for the local circumstances.

• Particular attention should be paid to establishing and using 
DRLs in paediatric radiology because children have a higher 
risk (for some organs and body areas) compared to adults 
from the detrimental effects of radiation. 

Measurable
Easy to compare 

(same modality, same indication, same age and gender group)



09/11/2017

19

Why we need DRL ?

TOP 20 / 36 countries/adults

RADIOGRAPHY

FLUOROSCOPY

COMPUTED TOMOGRAPHY
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CT Frequency

COMPARISION

Methodolgy is described
Different technology
DR country has higer doses than CR country
CT Doses ? (Iter. Recon, …)
Fluoroscopy (low dose features)
TRAINING ?
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COMPARISION

CRO ITA SI

CTHead 1,8 1,6 2,9

CT neck 2,5 2,2 3,0

CT Chest 5,0 7,9 6,7

CT spine 6,2 6,3 9,9

CT abdomen 7,5 8,6 15,3

CT pelvis 4,8 7,8 9,8

CT trunk 15,7 / 17,6

DRL per Country –EU 97/43

Adult Paediatric
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DRL

Reasons

Methodolgy is described

• Different technology

• DR country has higer doses than CR country

• CT Doses ? (Iter. Recon, …)

• Fluoroscopy (low dose features)

• TRAINING 
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What  is a problem ?

• More good then harm !!

• How to do it ?

• Awareness is decades long !

• More training !

• Identification of responsibility !

• If I don`t know am I “guilty”.

• Interested in expanding technology (speed, software 

possibilities, spectral imagining, IR..) with less orientation 
in technology-dose

Ref: Sue Edyvean
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• Different techniques
• For same CT Examination
• Vendor ?
• User defined ?
• Excellent overview !

CTDIvol similar, but DLP increase 
(lower trunk and paediatric head)



09/11/2017

25

DRL – Trends and comparision

EU 1999 EU 2004 MSCT EU DDM2 UK 2011 IE

CT EXAM DLP CTDIvol DLP CTDIvol DLP CTDIvol DLP CTDIvol DLP CTDIvol

(mGy.cm) (mGy) (mGy.cm) (mGy) (mGy.cm) (mGy) (mGy.cm) (mGy) (mGy.cm) (mGy)

Head 1050 60 x 60 1000 60 890 58 940 66/58

Neck x x x x 500 x 525 24 420 19

Chest 650 30 x 10 400 10 500 11 390 9 (11)

Abdomen 780 35 x 15 800 25 670 13 600 12

Chest/abd x 35 x x x x 900 10 850 10(12)

Australia USA Canada Japan Turkey
CT EXAM DLP CTDIvol DLP CTDIvol DLP CTDIvol DLP CTDIvol DLP CTDIvol

(mGy.cm) (mGy) (mGy.cm) (mGy) (mGy.cm) (mGy) (mGy.cm) (mGy) (mGy.cm) (mGy)
Head 1000 60 x 75 930-1300 60 1350 85 810 66,4
Neck 600 30 x x x x x x x x
Chest 450 15 x 21 580-650 30 550 15 289 11,6
Abdomen 700 15 x 25 560-1100 35 20 1000 204 13,3
Chest/abd 1200 30 x x x x x x x x

Better then NDRL  

USA California

CT EXAM DLP CTDIvol DLP CTDIvol

(mGy.cm) (mGy)
(mGy.cm

)
(mGy)

Head x 75 1120 62

Neck x x 650 23

Chest x 21 610 17
Abdomen x 25 860 17

Chest/abd x x 1800 18
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Slovenia 

Type 2013 New Out 2014

Dental 469 33 14 488

Radiography 260 9 7 262

Trherapeutic 10 2 0 12

Simulator 3 1 0 4

Mmmography 38 4 8 34

CT 25 3 1 27

Densitometry 46 1 1 46

Vet 62 5 3 64

913 58 34 937

95 %

Where is Slovenia ?

64%
11%

6%

19% CT

Interventional

Nuclear Med.

Radiography
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Frequency

Head                Neck          Thorax              Spine        Abdomen
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Doses 

Head                Neck          Thorax              Spine        Abdomen

Frequency Lower and Higher dose ?  Reason : ImQ , knowledge ?
Dose – money, frequency , management---Identification needed !

Results

Facts:
• Lower Frequency of CT procedures

• Higher doses

Reasons:
• High Image Quality

• Lack of knowledge

• Workload, experience in decision 

How to improve it !

• Dose – money, frequency , management, Identification needed !

• Dose as quality indicator- but until Images has diagnostic quality

• Research (more deep).

• Optimization ?

• Involvement of professional societies
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DRL

• 75 % - 50% +IR – 25% IR +tech

• Samples are too small 

• What if we are inside „safe zone“ should we 
stop with optimisation

• Acceptable quality dose (AQD)?

Radiation Protection Principles

Basic Principles

• Justification

• Optimisation

All medical exposures must be subject to the principles of
justification and optimisation of Radiological Protection which
are common to all practices dealing with potential exposures of
humans to Ionising Radiation.

Useful – not to forget

• DRL(Diagnostic Reference Level) – Local DRL
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Optimisation 

exposure shall be optimised with the aim of keeping the 
magnitude of individual doses, the likelihood of exposure 
and the number of individuals exposed as low as reasonably 
achievable taking into account the current state of technical 
knowledge and economic and societal factors.

• This principle shall be applied not only in terms of effective dose but 
also, where appropriate, in terms of equivalent doses, as a
precautionary measure to allow for uncertainties as to health 
detriment below the threshold for tissue reactions.

(Understanding the dose !)

Ref : Council Directive 2013/59/EURATOM

Optimisation 

Optimisation is a multidisciplinary task involving the medical
physicist, radiologist, radiographer, hospital or vendor engineer 
and department management.

It is a cyclical process comprising:
• Evaluation of clinical image quality and patient dose to identify 

the need for action.

• Identification of the possible alternatives to maintain necessary image 
quality and minimising patient absorbed doses.

• Selection of the best imaging option under the given circumstances.

• Implementation of the selected option.

• Regular review of image quality and patient dose to evaluate if 
either requires further action.
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We need data

Who is responsable ?

• Already done !

• More deep data collection !

• Responsable person !

• Head of departemnt support !

• Support from team !

• How difficult is ?
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EMAN - 2012

WP 4 : CT Dose Reduction Techniques: Scan Protocols

“Each CT facility should identify a “core team” including a 
radiographer, a radiologist and a medical physicist and being 
responsible for optimisation of CT protocols. This “core team” is 
also responsible for ensuring training of CT radiographers and 
supervision of utilization of scanning protocols.”

EMAN - WP 8 :Training & Education 

1.The medical practitioners requesting a CT examination. This group requires knowledge about 
indications for CT, its alternatives and the associated risks and benefits.

2. The core CT team that defines and optimizes the set of standard scan protocols on a specific 
scanner (radiographer, medical physicist and radiologist).This team will usually start with a 
standard set of protocols provided by the manufacturer and adapt it to the local needs. This 
team requires in-depth knowledge of scan parameters and how to optimize them.

3. The professionals (radiologists, radiographers) define the CT protocols. This group has to have 
knowledge when not to use CT, but another image technique, according to patient clinical 
indication. They are ultimately responsible for the individual choice of the correct protocol 
associated with each of the set of available standard protocols at a specific scanner / 
institution.

4. The radiographers that actually perform the examination. This group requires knowledge about 
individual routine adaptations required for each patient, such as centring of patients, 
adapting scan range, adapting protocol to patient size, optimizing modality performance in 
order to obtain the best diagnostic image at the lowest possible dose.

1. and 3.  - Justification

2. and 4.  - Optimisation
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Registrants and licensees shall ensure that:

(a) The radiological medical practitioner performing or overseeing the radiological 
procedure has assumed responsibility for ensuring overall protection and safety for 
patients in the planning and delivery of the medical exposure, including the 
justification of the radiological procedure and the optimization of protection and
safety, in cooperation with the medical physicist and the medical radiation
technologist.

Meaning ?

Which pprofessional body or who recognize the level of.. ?

(b) Radiological medical practitioners, medical physicists, medical radiation
technologists and other health professionals with specific duties in relation to 
protection and safety for patients in a given radiological procedure are specialized 
in the appropriate area.

Optimization – operational  
considerations 

For diagnostic radiological procedures and image guided interventional 
procedures, the radiological medical practitioner, in cooperation
with the medical radiation technologist and the medical physicist 
shall ensure that the following are used:

(a) Appropriate medical radiological equipment be used

(b) Appropriate techniques and parameters to deliver a medical exposure 
of the patient that is the minimum necessary to fulfil the clinical 
purpose of the radiological procedure, with account taken of relevant norms of 

acceptable image quality established by relevant professional bodies and of relevant diagnostic 
reference levels established

Problem – ImQ level ?
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Investigation of unintended and 
accidental medical exposures

Registrants and licensees shall promptly investigate any of the following
unintended or accidental medical exposures:

(a) Any medical treatment delivered to the wrong individual or to the wrong
tissue or organ of the patient..

(b) Any diagnostic radiological procedure or image guided interventional
procedure in which the wrong individual or the wrong tissue or organ of 
the patient is subject to exposure;

(c) Any exposure for diagnostic purposes and image guided interventional 
procedure that is substantially greater than was intended;

MEDRAPET

• European legislation for radiation protection
(Council Directive 2013/59/Euratom) maintains the education and training 
requirements of the previous legislation and provides a further basis for 
integrating the protection of medical staff and patients.

• Radiographers are included
• KSC table
• EQF for Lifelong Learning (LLL)
• Very clear descriptions of competencies
• Coming from educational and practical organisations
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Knowledge

Means the outcome of the assimilation of 

information through learning. 

Knowledge is the body of facts, principles, theories and 
practices that is related to a field of work or study. 

In the context of the European Qualifications Framework 
knowledge is described as theoretical or factual.

Skills

Means the ability to apply knowledge and use know-how to 
complete tasks and solve problems. 

In the context of the European Qualifications Framework 
skills is described as cognitive (involving the use of logical, 
intuitive and creative thinking) or practical (involving 
manual dexterity and the use of methods, materials, tools 
and instruments).



09/11/2017

36

Competence

Means the proven ability to use knowledge, skills and personal 
social and/or methodological abilities, in work or study 
situations and in professional and personal development. 

In the context of the European Qualifications Framework 
competence is described in terms of responsibility and 
autonomy.

Knowledge Skills Competence

Healthcare professionals LO

• LO in radiation protection for referrers 

• LO in radiation protection for diagnostic radiologists 

• Additional LO in radiation protection for interventional radiologists

• LO in radiation protection for non-radiological specialists employing high-dose interventional 
techniques

• LO in radiation protection for non-radiological specialists employing low-level interventional 
techniques

• Additional LO in radiation protection for nuclear medicine specialists

• Additional LO in radiation protection for radiation oncologists

• LO in radiation protection for dentist/dental surgeons 

• Core learning outcomes in radiation protection for radiographers

• Additional LO in radiation protection for radiology radiographers

• Additional LO in radiation protection for nuclear medicine technologists

• Additional LO in radiation protection for radiotherapy technologists

• LO in radiation protection for medical physicists/medical physics experts

• LO in radiation protection for nurses and other healthcare workers

• Additional LO in radiation protection for maintenance engineers/technicians

• Recommended syllabus and ECTS for radiation protection education and training for radiographers
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K1. Explain physical principles of radiation generation, 
interaction, modification and protection 

K2. Explain radiation physics, radiation hazards, 
radiation biology and dosimetry 

K3. Understand risk: benefit philosophy and principles 
involved in all aspects of radiography 

K4. Identify current national and international radiation 
protection legislation and regulations relating to 
staff, patients, carers and the wider general public 

K5. Explain the physics underpinning non-ionising
imaging techniques, including magnetic 
resonance imaging and ultrasound along with 
associated safety considerations 

K6. Describe professional roles and responsibilities in 
terms of aspects of justification and optimisation 

K7. Explain QA and QC practices to include: legislation, 
regulations and guidelines, test equipment and 
methodologies, programme design and 
implementation and reporting to ensure the 
provision of an effective, safe and efficient service 

K8. Understand occupational risks to health and safety 
that may be encountered such as safe moving and 
handling of patients and equipment 

K9. Describe the importance of audit, research and 
evidence-based practice to include: the stages in 
the research process, research governance, ethics, 
statistics and statistical analysis to facilitate a 
deeper understanding of research findings and 
clinical audit 

K10. Identify the different determinants of radiation risk 
perception; know the pit-falls of 

communication on radiation risks

C1. Practise effectively, accurately and safely and within the 
guidance of legal, ethical and professional frameworks 

C2. Use the appropriate and correct form of identification, 
address and treatment of the patient (and any 
accompanying carer if appropriate) 

C3. Avoid unnecessary exposure and minimise necessary 
exposure as part of optimisation 

C4. Seek consent for any examination/treatment to proceed 

C5. Carry out work in a safe manner when using ionising
radiation, taking into account current safety standards, 
guidelines and regulations 

C6. Participate in the process of creating and guaranteeing 
maximum safety for the patient, oneself and others during 
examinations /treatments involving ionising radiation and 
maintain the ALARA principle 

C7. Refuse to accept or carry out a request or referral which, 
in one’s professional opinion, is dangerous or inadvisable 

C8. Recognise the limitations to one’s own scope of 
competence and seek advice and guidance accordingly

C9. When taking decisions about care for (individual) 
patients be able to make use of relevant national and 
international (scientific) insights, theories, concepts and 
research results and integrate these approaches into one’s 
own professional actions (evidence-based practice) 

Knowledge 

(facts, principles, theories, practices) 

Competence 

(responsibility and autonomy) 

S1. Use the appropriate medical devices in an effective, safe 
and efficient manner 

S2. Use effective, safe and efficient radiation protection 
methods in relation to staff, patients and the general public 
applying current safety standards, legislation, guidelines and 
regulations 

S3. Critically review the justification of a given procedure and 
verify it in the light of appropriateness guidelines and when 
in doubt consult the responsible specialist 

S4. Use and undertake clinical audits 

S5. Identify the principles of evidence-based practice and the 
research process 

S6. Critically reflect on and evaluate one’s own experience 
and practice 

S7. Participate in CPD 

S8. Recognise the complicated situation pertaining to 
radiation protection regarding scientific knowledge on the 
one side and societal concern and personal emotions on the 
other side 

S9. Identify different image quality standards for different 
techniques 

S10. Apply the concepts and tools for radiation protection 
optimisation 

Skills 

(cognitive and practical) 

Core LO in RP radiographers

K15. Understand the particular protection aspects of 
pregnant women (includes pregnant 
radiographer/employee), carers and children and 
knows how to take care of these persons 

K16. Describe the risk to pregnant women and foetus
involved in radiotherapy, NM, and diagnostic and 
IR 

K17. Explain dose, quantities and units and their 
relevance to own professional practice 

K18. Explain the management of accidental/unintended 
exposures 

K19. Explain the concepts and tools for radiation 
protection optimisation 

C10. Recognise the radiation hazards associated with one’s 
work and take measures to minimise them 

C11. Monitor radiation exposure with the use of a personal 
dosimeter 

C12. Establish safe working conditions according to the 
recommendations and the statutory requirements of 
European, national, regional legislation, where applicable 

C13. Instruct other personnel participating in matters 
relating to appropriate radiation protection practices 

C14. Carry out short-term and practice-oriented research or 
clinical audit, either independently or in collaboration with 
colleagues, to improve the quality of care 

C15. Participate in clinical audit and applied research for the 
further development of professional practice and its 
scientific foundation 

C16. Place radiation risks in relation to other risks within a 
societal context 

C17. Reflect on one's own radiation risk perception 

C18. Evaluate the results of routine QA tests 

Knowledge 

(facts, principles, theories, practices) 

Competence 

(responsibility and autonomy) 

Skills 

(cognitive and practical) 

Core LO in RP radiographers
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K1. Explain the relationship of exposure factors to patient 
exposure 

K2. Understand how patient position affects image 
quality and dose to radiosensitive organs 

K3. Understand the effect of filter type in diagnostic X-
ray systems 

K4. Understand the purpose and importance of patient 
shielding 

K5. Understand post-processing possibilities for CR and 
DR systems (filters, noise, magnification, raw data 
manipulation) 

K6. Know recommendations and legal requirements 
applying to medical, occupational, and public 
exposure 

C1. Take responsibility for use of proper exposition 
parameters according to type of modality and to radiological 
procedure 

C2. Identify the appropriate image receptor that will result in 
an optimum diagnostic image with the minimum radiation 
exposure to the patient 

C3. Identify proper C-arm position regarding occupational 
doses 

C4. Discuss added and inherent filtration in terms of the 
effect on patient exposure 

C5. Compare dose measurements (DAP, DLP, KAP, ESD, CTDI, 
glandular dose) readings or equivalent to National or 
European DRLs 

C6. Participate in the optimisation of all parameters to create 
protocols regarding to National or European DRL. 

C7. Optimise radiological procedure to fit pregnant women 
and use appropriate paediatric protocols 

C8. Take responsibility for choosing post-processing tools 
and change exposure parameters to obtain lower dose for 
clinical diagnostic images 

C9. Advise on the proper use of personal protection. 

C10. Optimise the use of radiology equipment according to 
ALARA principles 

Knowledge 

(facts, principles, theories, practices) 

Competence 

(responsibility and autonomy) 

S1. Perform the medical procedure with the appropriate X-
ray equipment suited and optimised for the specific medical 
procedure (adult, paediatric, projection possibilities, 
adjustments for longer procedure time, etc.) 

S2. Operate according to Good Medical Practice in order to 
minimise overall fluoroscopy time 

S3. Put into practice the basic principles of preventing 
(unnecessary) exposure (time, distance, shielding) 

S4. Programme the use of beam filters in mammography and 
conventional radiography (proper use of additional filtration) 

S5. Use and record the integrated dose meter (DAP) and 
checks the measured values against DRLs and/or threshold 
doses for deterministic effects in order to prevent 
deleterious effects on patients whenever possible 

S6. Identify various types of patient shielding and state the 
advantages and disadvantages of each type 

S7. Use the appropriate method of shielding for a given 
radiographic procedure 

S8. Identify difference between continuous and pulsed 
fluoroscopy and use each mode when appropriate 

S9. Explain and communicate effectively the nature and 
magnitude of radiation risk and benefits, in order to obtain 
informed consent 

Skills 

(cognitive and practical) 

Additional LO in RP radiographers

Training recommendation

Recommended radiological protection training requirements for different categories 

DR, diagnostic radiology specialists; NM, nuclear medicine specialists; CDI, interventional cardiologists; MDI, interventionalists from other specialties; MDX, other medical specialists using x-ray systems; 
MDN, other medical specialists using nuclear medicine; MDA, other medical doctors assisting with fluoroscopy procedures such as an aesthetists and occupational health physicians; DT, dentists; MD, 
medical doctors referring for medical exposures and medical students; MP, medical physicists specialising in radiation protection, nuclear medicine, and diagnostic radiology; RDNM, radiographers, nuclear 
medicine technologists, and x-ray technologists; HCP, health care professionals directly involved in x-ray procedures; NU, nurses assisting in x-ray or nuclear medicine procedures; DCP, dental care 
professionals including hygienists, dental nurses, and dental care assistants; ME, maintenance engineers and applications specialists; CH, chiropractors and other healthcare professionals referring for, 
justifying, and delivering radiography procedures (amount of training depends on range of tasks performed); RL, radiopharmacists and radionuclide laboratory staff; REG, regulators; 
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CTDIvol – DLP – Effective Dose

• CTDIvol can be used as a metric to compare 
protocols across different practices and 
scanners when related variables, such as 
resultant image quality, are also taken in 
account.

• The Dose Length Product (DLP) is also 
calculated by the scanner.

Effective dose

Normalised values of effective dose per dose-length product (DLP) 
over various body regions.

E = EDLP · DLP

Effective dose E -
measured in Sievert (Sv) units, includes the sensitivity to radiation of the different organs. It is the 

sum of the equivalent doses in all irradiated organs multiplied by the respective tissue weighting factors 
wi.
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ICRP 60 – ICRP 103

The Recommendations of the International Commission on Radiological Protection of 2007 
(ICRP 103) has different coefficients than that of 1990 (ICRP 60).

In particular, gonads are less radiosensitive and the breast is more radiosensitive than 
previously assumed.

The effective dose E is an approximate measure that was introduced to compare the 
stochastic risk of a nonuniform exposure of ionizing radiation with the risk caused by a 

uniform exposure of the whole body.

Procedures ?

• written protocols for every type of standard medical radiological 
procedure are established for each equipment for relevant categories 
of patients; E :e.g. pediatric, indication, DRL...

• information relating to patient exposure forms part of the report of 
the medical radiological procedure; E : e.g.modality”DICOM RDSR “ 
or calculated retrospectivly or on displays –DLP, CTDI vol, DAP, IRP, 
Air Kerma..)

Who is responsible for DOSE ?

FEB, 2018
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When to record a Dose ?

COMARE, 16 th Report, Patient radiation dose issues resulting from the use 
of CT in the UK

From Display to ..?

Scan LENGHT :
294/ 49 = 6 
420/48,2 = 8,7
= 14,7 

E = DLP x 0,0021
= 714 x 0,021
= 1,5 Sv

EU DDM2 UK 2011

CT EXAM DLP CTDIvol DLP CTDIvol

(mGy.cm) (mGy) (mGy.cm) (mGy)

Head 1000 60 890 58

Neck 500 x 525 24

Chest 400 10 500 11

Abdomen 800 25 670 13

Chest/abd x x 900 10
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From Display to ..?

Scan LENGHT :
Measured from localizer: 40,2 cm
297 mGycm/ 6,91 mGy  = 43 cm 

E = DLP x 0,015
= 297 x 0,015
=4,45 Sv (11,82 Sv 3 phase) 

SSDE eff. diameter
350 + 213 = 563 mm

conversion factors based on the 
use of the 32 cm diameter 
PMMA phantom for CTDIvol
1,35 x 6,91 mGy = 9,33 mGy
9,33 mGy x 43cm = 401,2 mGycm

E = SSDE x 0,015
= 401,2 x 0,015
= 6 Sv 

CT – Head – trauma -4 m

AEC – No
100 kV
190 mAs
CTDIvol 15,42
DLP 264
17 cm

AEC – No
100 kV
380 mAs
CTDIvol 32,9
DLP 492
15 cm

1st Few h later
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Optimisation ?

AEC – No
100 kV
190 mAs
CTDIvol 15,42
DLP 264
17 cm

AEC – No
100 kV
380 mAs
CTDIvol 32,90
DLP 492
15 cm

https://www.aapm.org/pubs/CTProtocols/documents/PediatricRoutineHeadCT.pdf

Age groups Nu.Procedures AVE. DLP DRL-adult DLP/DRL
PiDRL EU

(DLP)

4 month - 1 year

CT HEAD 21 273,2 1000 0,27 400

1 - 5 year

CT HEAD 73 581,7 1000 0,58 600

CT PARANASAL 1 263,0 267 0,99

CT SINUS 1 215,0 1000 0,22

CT ORBIT NO CM 2 152,5 267 0,57

CTA PE 1 8,0 262 0,03 45

6 year or older (≥15)

CT ABDOMEN 32 696,5 734 0,95 210-580

CT HEAD 10819 874,7 1000 0,87 750

CT GLAVE S KS 525 1394,0 1336 1,04 750

CT PARANASAL 358 252,7 267 0,95

CT SINUS 288 737,9 1000 0,74

CT ORBIT NO CM 71 253,4 267 0,95

CTA HEAD 200 538,3 533 1,01

CTA PE 1013 260,9 262 1,00

SUM/AVE 13405 818,1 926 0,89

European DRLs for computed tomography

Computed tomography

CTDIvol, 
mGy

DLP, 
mGy cm

Head 0-<3 months 24 330
3 months-<1 y 28 400

1-<6 y 40 600
≥6 y 50 750

Thorax <5 kg 2,7 45
5-<15 kg 2,5 75

15-<30 kg 4,1 100
30-<50 kg 4,8 155
50-<80 kg 6,9 200

Abdomen <5 kg 95
5-<15 kg 5,7 155

15-<30 kg 5,4 210
30-<50 kg 7,3 360
50-<80 kg 14 580

Exam Age or weight 
group

EDRL

Database evaluation / EDRL
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Dose Comparision

Diagnostic 
procedure

Typical effective 
doses (mSv)

Equivalent period 
of natural 

background 
radiation 1

Lifetime 
additional risk of 
fatal cancer per 
examination 2

Limbs and joints 
(except hip) < 0.01 < 1.5 days 1 in a few million
Teeth (single 
bitewing) < 0.01 < 1.5 days 1 in a few million

Teeth (panoramic) 0.01 1.5 days 1 in 2 million
Chest (single PA 
film) 0.02 3 days 1 in a million

Skull 0.07 11 days 1 in 300,000
Cervical spine 
(neck) 0.08 2 weeks 1 in 200,000

Hip 0.3 7 weeks 1 in 67,000

Thoracic spine 0.7 4 months 1 in 30,000

Pelvis 0.7 4 months 1 in 30,000

Abdomen 0.7 4 months 1 in 30,000

Diagnostic 
procedure

Typical effective 
doses (mSv)

Equivalent period 
of natural 

background 
radiation 1

Lifetime 
additional risk of 
fatal cancer per 
examination 2

Lumbar spine 1,3 7 months 1 in 15,000

Barium swallow 1,5 8 months 1 in 13,000
IVU (kidneys and 
bladder) 2,5 14 months 1 in 8000

Barium meal 3 16 months 1 in 6700

Barium follow 3 16 months 1 in 6700

Barium enema 7 3.2 years 1 in 3000

CT head 2 1 year 1 in 10,000

CT chest 8 3.6 years 1 in 2500
CT 
abdomen/pelvis 10 4.5 years 1 in 2000

1UK average = 2.2mSv per year: regional averages range from 1.5 - 7.5 mSv per year
2 Approximate lifetime risk for patients 16 to 69 years old: for paediatric patients 
multiply risks by about 2 for geriatric patients divide risks by about 5

Ref: https://www.gov.uk/government/publications/medical-radiation-patient-doses/patient-dose-information-guidance

Warning !

CT examinations
Mean effective 

dose (mSv)

Equivalent number of PA 
chest radiograph (each 0.02 

mSv)

Head [ME] 2,0 100

Neck [ME] 3,0 150

Calcium scoring [ME] 3,0 150

Pulmonary angiography [BR] 5,2 260

Spine [ME] 6,0 300

Chest [WA] 8,0 400

Coronary angiography [EI] 8,7 435

Abdomen[WA] 10,0 500

Pelvis [WA] 10,0 500

Virtual colonoscopy [ME] 10,0 500

Chest (pulmonary embolism) [ME] 15,0 750

IAEA, Rpop website : Typical radiation doses associated with CT examinations
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Technology impact
CT dose

Ref :Cynthia H. McCollough, Achieving routine submillisievert CT scanning

Thank you !
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Data collection !

Equipment not in compliance by Jan. 1, 2016, will be subject to a 5 % per scan technical component 
reduction on diagnostic CT procedures billed in physician office and hospital outpatient settings. 
The reduction will increase to 15 % Jan. 1, 2017.

DICOM Dose Structured Reporting, which enables recording of post-exam dose 
information in a standardized electronic format. This information can be included in the 
patient record, promoting the establishment of diagnostic reference levels, as well as 
facility dose management and quality assurance.
Pediatric and adult reference protocols, a set of pre-loaded protocols on a CT system 
that serve as a baseline for a variety of clinical tasks.
CT Dose Check, which incorporates two features — dose notifications and dose alerts 
that can alert operators and physicians when dose exceeds established thresholds.
Automatic Exposure Control (AEC), which automatically adjusts the amount of 
radiation used, based on the size, shape and composition of the patient, in order to achieve 
a specified level of image quality. 

Table Height - study

• How accurate we are
• Dose difference / isocenter (anatomy) 
• If my patient is offcenter (move table or repeat localizer)
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One Finger More

Form Hospital CT Protocols (Adult)

Body 
region

CTDI
(mGy)

E_DLP 
(mSv mGy-1cm-1) 

+2,5 cm
(mSv)

Chest 
x-rays

Head 60 0,0021 0,32 3

Thorax 12 0,014 0,42 4

Abdomen 15 0,015 0,56 6

diameter A -
dolžina cm

diameter B-
širina cm

A+B cm kV mAs CTDIvol DLP remark scan lenght (cm)

16,98 13,04 30 120 200 38,3 483 AX 12,60

17,84 13,6 31 120 163 31,09 519 TCM 16,00

Paediatric Head, 5y

Similar size Lower ex. parameters

0

50

100

150

200

250

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 10
1

10
6

11
1

11
6

12
1

12
6

13
1

13
6

14
1

14
6

15
1

15
6

16
1

16
6

17
1

17
6

18
1

18
6

19
1

19
6

20
1

20
6

21
1

21
6

22
1

22
6

23
1

23
6

24
1

TableHeight

TH (od 30-60 let)

TCM – da,                      CTDIvol SD = ?

Hitro ali redno naročeni – v izogib politravmi
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Dose alerts - Vendors

SIEMENS

GE

TOSHIBA

SSDE (x and /)

diameter A -
dolžina cm

diameter 
B- širina 

cm
A+B cm

age               
(birth 
date)

weight 
(kg) kV mAs CTDIvol DLP Conversi

on Factor SSDE remark
scan 

lenght 
(cm)

DLP 
(SSDE) E DLP E 

(SSDE)

17,83 12,9 31
30.12.200

8 20 kg 120 KV 200 mAs 37,27 552 1,04 38,76 SEQ 12X1,5mm 14,80
573,66 3,15 3,27 0,0057

16,98 13,04 30 25.1.2009 ? 120 KV 200 mAs 38,3 483 1,06 40,60 SEQ 12X1,5mm 12,60 511,53 2,75 2,92 0,0057

17,84 13,6 31 10.4.2009 ? 120 KV 163 mAs 31,09 519 1,04 32,33 CARE DOSE on 16,00 517,34 2,96 2,95 0,0057

18,2 13,26 31 29.4.2009 ? 120KV 150 mAs 28,8 415 1,04 29,95 SEQ 12X1,5mm 14,40 431,31 2,37 2,46 0,0057

17,58 12,9 30 30.4.2009 15 kg 120 KV 200 mAs 38,3 522 1,06 40,60 SEQ 12X1,5mm 13,60 552,13 2,98 3,15 0,0057

18,79 13,3 32 4.6.2009 ? 120 KV 196 mAs 37,31 636 1,02 38,06 CARE DOSE on 17,05 648,72 3,63 3,70 0,0057

17,45 12,97 30 4.8.2009 ? 120 KV 180 mAs 34,56 435 1,06 36,63 SEQ 12X1,5mm 12,59 461,10 2,48 2,63 0,0057

16,91 12,74 30 31.8 2009 ? 120 KV 171 mAs 32,65 519 1,06 34,61 CARE DOSE on 15,90 550,14 2,96 3,14 0,0057

16,8 13,69 30 24.1.2010 ? 100 KV 165 mAs 21,29 307 1,06 22,57 SEQ 12X1,5mm 14,42 325,42 1,75 1,85 0,0057

16,8 12,54 29 28.8.2010 ? 100 KV 150 mAs 18,83 279 1,08 20,34 SEQ 12X1,5mm 14,82 301,32 1,59 1,72 0,0057

15,68 12,26 28 8.12.2010 ? 120 KV 200 mAs 38,3 552 1,1 42,13 SEQ 12X1,5mm 14,41 607,20 3,15 3,46 0,0057

17,63 12,83 30 8.5.2011 10,6 kg 100KV 150 mAs 18,33 279 1,06 19,43 SEQ 12X1,5mm 15,22 295,74 1,59 1,69 0,0057

16,45 12,78 29 17.9.2011 ? 100KV 114 mAs 14,43 250 1,08 15,58 CARE DOSE on 17,33 270,00 1,43 1,54 0,0057

16,61 11,77 28 25.9.2011 ? 120 KV 172 mAs 32,98 475 1,1 36,28 SEQ 12X1,5mm 14,40 522,50 2,71 2,98 0,0057

14,16 14,39 29
19.12.201

1 10 kg 120 KV 152 mAs 29,02 530 1,08 31,34 CARE DOSE on 18,26
572,40 3,02 3,26 0,0057

16,05 12,01 28 12.3.2012 10 kg 100 KV 115mAs 26,28 268 1,1 28,91 CARE DOSE on 10,20 294,80 1,13 1,24 0,0042

16,2 12,14 28 22.3.2012 ? 100 KV 150 mAS 18,83 244 1,1 20,71 SEQ 12X1,5mm 12,96 268,40 1,02 1,13 0,0042

15,33 11,76 27 4.10.2012 ? 100 KV 98 mAs 12,37 181 1,13 13,98 CARE DOSE on 14,63 204,53 0,76 0,86 0,0042

10,14 8,78 19
30.12.201

2 2,2 kg 100KV 51 mAs 7,31 87 1,13 8,26 CARE DOSE on 11,90
98,31 0,37 0,41 0,0042

13,98 11,75 26 1.1.2013 7,5 kg 100 KV 100 mAs 12,96 163 1,15 14,90 SEQ 12X1,5mm 12,58 187,45 0,68 0,79 0,0042

13,55 10,13 24 13.3.2013 ? 100 KV 58 mAs 7,93 100 1,19 9,44 SEQ 12X1,5mm 12,61 119,00 0,42 0,50 0,0042

16,1 12,4 29 24.3.2013 ? 100 KV 100 mAs 12,71 190 1,08 13,73 CARE DOSE on 14,95 205,20 0,80 0,86 0,0042

17,52 13,63 31 20.7.2013 ? 120 KV 170 mAs 32,54 410 1,014 33,00 SEQ 12X1,5mm 12,60 415,74 3,49 3,53 0,0085
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Višina mize
Isti bolnik – isti aparat 1,5 leta narazen
kV 120 ,2 mm debelina slike 
Axialne slike – recon- skrije šum slike 

180  mAs
219    vm

356  mAs
147  vm


