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Preface

Modern Radiology is a free educational resource for
radiology published online by the European Society of
Radiology (ESR). The title of this second, rebranded ver-
sion reflects the novel didactic concept of the ESR eBook
with its unique blend of text, images, and schematics in the
form of succinct pages, supplemented by clinical imaging
cases, Q&A sections and hyperlinks allowing to switch
quickly between the different sections of organ-based and
more technical chapters, summaries and references.

Its chapters are based on the contributions of over 100 rec-
ognised European experts, referring to both general tech-
nical and organ-based clinical imaging topics. The new
graphical look showing Asklepios with fashionable glasses,
symbolises the combination of classical medical teaching
with contemporary style education.

Although the initial version of the ESR eBook was cre-
ated to provide basic knowledge for medical students
and teachers of undergraduate courses, it has gradually
expanded its scope to include more advanced knowledge
for readers who wish to ‘dig deeper’. As a result, Modern

Radliology covers also topics of the postgraduate levels
of the European Training Curriculum for Radiology, thus
addressing postgraduate educational needs of residents.
In addition, it reflects feedback from medical professionals
worldwide who wish to update their knowledge in specific
areas of medical imaging and who have already appreci-
ated the depth and clarity of the ESR eBook across the
basic and more advanced educational levels.

I would like to express my heartfelt thanks to all authors who
contributed their time and expertise to this voluntary, non-
profit endeavour as well as Carlo Catalano, Andrea Laghi
and Andras Palké, who had the initial idea to create an ESR
eBook, and - finally - to the ESR Office for their technical
and administrative support.

Modern Radiology embodies a collaborative spirit and
unwavering commitment to this fascinating medical disci-
pline whichis indispensable for modern patient care. | hope
that this educational tool may encourage curiosity and crit-
ical thinking, contributing to the appreciation of the art and
science of radiology across Europe and beyond.

Minerva Becker, Editor
Professor of Radiology, University of Geneva, Switzerland
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Translation Credits

This is a translation of the Chapter of the Modern Radiology eBook.

ORIGINAL TITLE:
Principles of Radiation Biology and Radiation Protection

TRANSLATED BY:
Prof. Yantao Niu, Beijing Friendship Hospital, Capital Medical University
Prof. Qing Lu, Shanghai East Hospital

COORDINATED BY:
Prof. Shiyuan Liu, Shanghai Changzheng Hospital
Prof. Yi Xiao, Shanghai Changzheng Hospital

ENDORSED BY:

Chinese Society of Radiology

NOTE FROM THE COORDINATORS:

Thank you to Chinese radiology experts for bridging languages and
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Most figures and part of the text included in this eBook
chapter are based on an e-learning module that was
produced by the the teams of Radiation Protection and
Medical Physics of the Geneva University Hospitals
(Hopitaux Universitaires de Geneve, HUG, Geneva,
Switzerland), the Lausanne University Hospital (Centre
Hospitalier Universitaire Vaudois, CHUV, Lausanne,
Switzerland) and the University Hospital Zurich
(Universitatsspital Zurich, USZ, ZUrich, Switzerland).

The illustrations for the above-mentioned e-learning
module were created by Rosaria Marraffino (Rosaria
Marraffino, Learning and Communication for
e-learning). The illustrations for the current e-Book
chapter were adapted with the permission of all three
university hospitals and of Mrs Rosaria Marraffino.
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<=> CORE KNOWLEDGE

/ Constituents of Matter

Matter is composed of molecules, which form solids,
liquids or gases. Molecules are composed of atoms.
Atoms are the smallest units of matter that retain all
chemical properties of an element. Atoms consist of
protons (positive charge, +1) and neutrons (no charge)
located in the nucleus and electrons (negative charge,
-1) located on orbitals surrounding the nucleus. Pro-
tons and neutrons have about the same mass (1.67 x

10-2* grams), which is defined as one atomic mass unit
(amu) or one Dalton. Atoms are electrically neutral.

Quarks are subatomic particles without struc-
ture, which make up protons and neutrons. Each
proton and each neutron has 3 quarks.

nucleus
22k
atom AN
[RF neutron
-
proton
Vi
neutron/
proton
hF/RF

quarks _— ‘
=
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/lonising Process

/- The ionising process is the process by which
electrically neutral atoms are transformed into
electrically charged atoms or molecules (= ions)
by losing or by gaining electrons.

/ Radiation, e.g., X-rays and particles, is capable
of tearing electrons out from atoms.

fonisation
particle/wave

EEF/ K

During this process, the radiation loses its energy
which it transmits to the matter. This energy, depos-
ited by the electrons, will define the radiation dose.
> see next pages

atom

S

" @ Ejected electron

G189 F
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<=> CORE KNOWLEDGE

/ Types of lonising Radiation

A key difference among EMW is their ability to ion-
ise atoms or molecules. This ability depends on the
energy of the wave, which increases with frequency.

do not have enough energy to cause ionisation
and are considered non-lonising radiation.

Electromagnetic waves with higher frequencies, such
as ultraviolet light, X-rays and gamma rays, have enough
energy to ionise atoms and are called ionising radiation.

<!> ATTENTION

Electromagnetic waves (EMW) -
only part of the spectrum is capable

In contrast, waves with lower frequencies, such of ionisation!

as radio waves, microwaves and visible light,

;27 IONISATION ENERGY
\ BT ik
FEERE
_ ] 8
¥
5 L ] Sl
-0 [ B o 7
LT}
RADIO MICRO-WAVES
FREQUENCIES AND RADARS INFRA-RED  VISIBLE LIGHT ULTRAVIOLET X-RAYS AND GAMMA RAYS
547 RS oML AR | ES= X SRS 5745
10%eV  10°eV 107 eV 1eV 3eV 1 keV 1 MeV

NON-IONISING RADIATION IONISING RADIATION
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<=> CORE KNOWLEDGE

Alpha radiation: occurs during the radioactive decay
(alpha decay) of some radionuclides, e.g., uranium 238,
radium 226, polonium 210 which give off alpha par-
ticles (= 2 protons + 2 neutrons, i.e., a doubly ionised
helium atom). Alpha particles are slow and heavy, highly
ionising (because of the double positive charge) and
unable to travel very far (only a few cm in the air). They
cannot penetrate the outer skin layers but can cause
major cell damage if ingested in food or inhaled in air.

Beta radiation: occurs during the radioactive decay
in which an atomic nucleus emits a beta particle.
Beta particles (= high-energy, high-speed elec-
trons or positrons) are less ionising and can travel
farther (a few meters in the air) than alpha parti-
cles. They can penetrate the skin a few cm.

Gamma radiation: a photon of energy (no mass,
EMW) is emitted from an unstable nucleus. Photons
can travel much farther than alpha and beta particles

X-ray radiation: is produced by energy changes in an
electron. X-rays (EMW) are produced in an X-ray tube.

X-rays usually have lower energy than gamma radiation.

Neutron radiation: free neutrons are produced

by nuclear fission, which occurs in neutron rich
and proton poor nuclei. Neutrons travel thousands
of meters through air. They do not ionise atoms
directly but being absorbed in a stable atom, the
atom becomes more unstable. The unstable atom
then emits ionising radiation (indirect ionisation).

Particles capable of ionisation:

AIER B BV -
& o o
alpha neutron beta
a RF B

Penetrating power of different types of radiation

FRRBEHNEFEN

B =

Y SAAAAANANY

neutron s vonmnnn s
PAPER ALUMINIUM LEAD CONCRETE
& B i BRL

Image reproduced from: https://commons.wikimedia.org/wiki/
File:Penetrating_power_of_different_types_of_radiation_-_alpha,_beta, _
gamma_and_neutrons.svg
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<=> CORE KNOWLEDGE

/ Absorbed Dose (D)

The absorbed dose (D) is defined as the
energy imparted by ionising radiation per
unit mass of irradiated material.

The absorbed dose is a measur-
able quantity.

The absorbed dose can be measured for
all types of ionising radiation.

The unit of the absorbed dose is the
Gray [Gy] » 1 Gy =1J/kg.

The absorbed dose describes the energy
deposited into a volume of tissue anywhere in
the body. It is used to assess the potential for
biochemical changes in tissues.

Measurable quantity

D =

\

Energy

/]

Mass

[kg]
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/ Equivalent Dose (H)

/- Not all types of radiation
cause the same biologi-
cal damage.

J
H=DxWy 2

/- The radiation weighting factor
W, is the factor reflecting the
relative effectiveness of the
type of radiation in producing

biological damage.

TYPE OF RADIATION
/ The product of the absorbed

RADIATION WEIGHTING
FACTOR W_

dose by the radiation weight-

. . X- , , bet ticl
ing factor W/, is called the rays, gamma rays, beta particies

equivalent dose H.

Protons 2
/ The unit of the equivalent
dose is the Sievert [Sv] Neutrons* 2.5-20
- 1Sv=1J/kg.
Alpha particles and multiple 20

/ Htakes the damaging prop- charged particles

erties of different types of
radiation into account.

*wj, of neutrons is a continuous function of energy
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/ Effective Dose (E)

/ Not all tissues are equally sensi-
tive to radiation.

/- The tissue weighting factor W, reflects the pro-
portion of the detriment from stochastic effects
resulting from irradiation of that tissue compared
to uniform whole-body irradiation.

/-~ The W, were developed for a reference
population of equal numbers of both gen-
ders and a wide range of ages.

/ The effective dose (E) is the sum of the prod-
uct of the equivalent dose to each organ mul-
tiplied with its weighting factor.

/ The unit of the effective dose is
the Sievert [Sv].

/  E takes the radiosensitivity of different tis-
sues into consideration.

E= ) [Wp+H]
T

ORGAN/TISSUE W,
Breast, Bone marrow, colon, lung,

. " 0.12
stomach, remainder
Gonads 0.08
Bladder, oesophagus, liver, thyroid 0.04
Bone surface, brain, salivary gland, skin 0.01

TOTAL

*shared by remainder tissues are adrenals, extrathoracic tissue, gallbladder, heart,

kidneys, lymphatic nodes, muscle, oral mucosa, pancreas, prostate (male), small intestine,
spleen, thymus, uterus/cervix (female)
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Effects on the Human 7 ABYE
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the energy absorbed is the product of the sum of the product Order of Magnitude HER #1135 Gyo B Sve
per unit of mass. the absorbed dose of the equivalent dose
N multiplied with the to each organ multiplied Radiation Protection SRR
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<=> CORE KNOWLEDGE

Analogy using an apple tree

The energy deposited by the apple
falling on the man is measured
in Gray > Absorbed dose (D).

The different types of apples
(green or red) have different
effectiveness in producing bio-
logical damage, expressed in
Sievert > Equivalent dose (H).

The effects are different depending
on the location of the impact of the
apple on the person's body. The
radiosensitivity of the irradiated
area is considered and expressed
in Sievert > Effective dose (E).
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/" Interactions of lonising
Radiation With the Cell

Indirect
effects
(yellow)

lonisation of
water molecules
and creation of free
radicals that can induce
harmful chemical
reactions within cells.

Radiation

RN

Direct effects
(orange)

lonisation of atoms

in the DNA molecule
creating ions capable of
damaging it.
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/ Effects of Radiation Exposure

DNA damage can lead to one of the following effects:

lonising radiation
EEiEN
a®
cevs
L]

Healthy cell
R4

AT CELL LEVEL
K F

Repaired cell

EErv4m

Mutated cell
R

Dead cell

FELHRE

¢, Regains its original

*,* functions

mEHRBRIINEE

Survives and is not
¢, eliminated by the
#.% immune system
¢ FEERWRER

ROUERR

Eliminated by the

» .
e ¢ immune system

WRERG B

<!> ATTENTION

AT ORGANISM LEVEL

BEKFE
°s  No effect
o TR

Stochastic effect, i.e.
o cancer induction

o FENIAN, BMEEIAES

=> see next pages
=> DRI

* Deterministic effect,

® & reversible or not

. ME ML, AIEEEA el
=> see next pages
=> DT
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Source:

> PLAY VIDEO
i3 87

| ) [ @ Centers for Disease Control and Prevention

CDC 24/7- Saving Lives, Protecting Pecple™
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A cell is more sensitive to radiation when:

It is young

ERFR

It is poorly differentiated

ERNZUHERE

It has a fast turnover rate

EARREVEEER

The law of Bergonie and Tribondeau states that the
radiosensitivity of a biological tissue is directly propor-
tional to its mitotic activity and inversely proportional to

<!> ATTENTION

This is why children are more
sensitive to radiation than

older people. ;
XitE) LE LB F AXEESY
EHENIREA, °

Reasons why some tissues are . %
more sensitive than others. Y ) .
—ANLEMAREHEN . @

RE,

a high proliferation rate of cells and a high growth
rate for tissues result in increased radiosensitivity.

the degree of differentiation of its cells. In other words,
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/ Characteristics of Radiation Effects

Radiation effects on biological systems vary
depending on the type of radiation, dose, duration
of exposure and the biological system exposed.

>|< COMPARE

Radiation effects can be categorised as stochastic (by
chance) versus deterministic, acute versus chronic,
direct versus indirect, systemic versus localised.

<!> ATTENTION

DETERMINISTIC versus STOCHASTIC
fREN FILE REN
DOSE LEVEL «High » doses Already at low doses
FlZkF (=] #IE TEFIERK
.I[IIlI. THRESHOLD Threshold demonstrated No threshold demonstrated
U 1 (General value: 0.5 Gy) FRIEBIE
ETEE (—&E: 05Gy)
@ MECHANISMS Cellular destruction: loss of Cellular modification: induction of cancer,
Ml functionality of a tissue/organ other somatic diseases
DELAYS MEERIT: ALR/3BEThEETRR e B SEENEMIRERR
@ FER Short Latency up to several years
5] BREKAHE
Ii VARZ\T'SkN WITH DOSE Severity Probability of dying from cancer  # 53¢ / 5y
sl pERIENTR SRR FEEEFE TR
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>|< COMPARE <!> ATTENTION

<E>  ZDAELR

Principles of B EME <> x&
/ Radiation Biology and / [RIEA] m

Radiation Protection LEE T

CHAPTER OUTLINE: BEVWAN:

Acute versus chronic Direct versus indirect Systemic versus Cumulative SRR S8R

effects effects > see page 21 localised effects effects lonising Radiation IS /| EEENERSTSRARRE, TEIMIRER KEHEETEOE

/ Acute effects result / Direct Effects: / Systemic Effects / Repeated - o Hatests. SIHESEATE (Acute Radiation Syndrome, ARS) R4
Dose Quantification FIENE #5155,

from a high dose
of radiation over

radiation directly
ionises atoms in

occur when
radiation affects the

exposures increase
the risk and severity

[ KENEKTREMSEMEUENE, SESEEREHIN. BEKAIEE

a short period, the DNA leading to entire body, such as of effects. The body Effects on the Human . SERE. OMERBNENE,
often leading mutations and cell radiation sickness. has some capacity Body HABHIEI
to immediate death. 7 [l osaliend Biesis to repair radiation / Characteristics of /RS BT
symptoms. These g _ damage, but Radiation Effects .
can include / Ind|.re.ct Effepts. occu.r.when only a repeated exposures IS SEESR > WE 21 7

" radiation ionises specific area of the e
radltatlond_bl'tlrns‘ water mo|ecu|es body is exposed tohan OVerWEeln_’] Sources of Exposure and FERFM / EIENMN:. B EEER DNA FHRF, SRRTMARET,
acute radiation - - ese mechanisms. i HER
syndrome (ARS) B S Lo 9 FECIEIEN, SUEh Order of Magnitude = /R B AREAREKAT, FEARE DNA MR
and tissue dama’ o producing free as localised tissue o . B,

ge. radicals that can damage or burns. Radiation Protection BB EN

Chronic effects damage DNA Principles
result from long- and other cellular N
term, low-level structures. Take-Home Messages BLER SRS RN
exposure, often wim At PN .
mfm . References B2 / HBREEREEE, SFELEMN, FINKMEHR.
after exposure. / UBFNREXERBETREMN, ML ERWMBN, FlINFEHALIRGR
Chronic effects Test Your Knowledge FIRM =45,

can include cancer,
cardiovascular

disease and SR
cataracts.
/ REZBEMXRM™ERE, AMFEE—ENEERFRHENES, 8
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<=> CORE KNOWLEDGE

/ Stochastic Effects —
The Linear Non-Threshold Model

There are different models
used in radiation protection to
estimate the stochastic health
effects of ionising radiation.

The most accepted model
is the Linear Non-Thresh-
old (LNT) model.

The LNT is used by reg-
ulatory bodies for formu-
lating health policies.

Chance of cancer induction

BRFEIERTLER

<!> ATTENTION

Linear-no threshold
“4-TEHE
Linear-quadratic
ZME-—R

Adaptive

Bi&n 4%

\_/ Dose

FIE

The different models used in radiation protection to estimate stochastic effects of radiation.
Source: https://radiopaedia.org/articles/5099
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/ Stochastic Effects -
Lifetime Attributable Risk (LAR)

Lifetime Attributable Risk (LAR) = probability that an individual will develop a particular disease, typically cancer,
because of exposure to a hazardous agent like radiation over their lifetime. It represents the additional risk above the
baseline risk (the risk of developing the disease without any exposure to the hazardous agent).

The key characteristics of LAR
related to radiation include:

/

its cumulative nature, reflecting the risk of dis-
ease from lifetime radiation exposure

it is a population-based metric, derived from stud-
ies like those on atomic bomb survivors

it varies by age and sex, and is most
often calculated for cancer, though appli-
cable to other diseases

it follows a dose-response relationship, with
risk increasing with radiation dose

is typically expressed as a probability

LAR is crucial in risk assessments for long-term
health impacts from radiation in various contexts
and informs guidelines set by regulatory bodies like
the Environmental Protection Agency (EPA) and the

International Commission on Radiation Protection ICRP.

Example calculation: if 100,000 people
exposed to radiation develop 500 additional
cancer cases: LAR for cancer = 0.5%.
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/ Deterministic Effects

/ Deterministic effects have a
threshold below which the
effect does not occur.

/- When the effect appears,
its severity depends on the
radiation dose.

<!> ATTENTION

Examples of deterministic effects and onset of appearance

EFFECT : DOSE THRESHOLD [GY] : ONSET
Cataract 05 Several years
Skin erythema 2-6 Hours/weeks
Sterility 4-6 (male) 3 weeks

. 4-20 (female) L <1week
Hair loss 7 3 weeks
Irreversible skin damage 18 >10 weeks
Lethality (whole body irradiation) 3-5 30-60 days
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/ In Utero Exposure

As for adults, for in utero exposure, there are two types of possible effects due to ionising radiation:
Deterministic effects: Stochastic effects:

/ The effects appear above a thresh-
old of 100 mGy.

/ The stochastic risk is present from the implanta-
tion moment until the end of pregnancy.

/ The effects depend on the stage of preg-
nancy: different damaged organs (mal-
formation, IQ reduction).

/ The probability of occurrence is higher
for the foetus (10 to 20% per Sv) com-
pared to adults (5% per Sv).

/ The effects increase with increasing dose.
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/ In Utero Exposure

The effects depend on the gestational age:

Dose to the foetus

(mGy)

Ba) LEZHRIE

(mGy) 4
250
200_|

150
100
50 |

0}

DETERMINISTIC EFFECTS
R RE R R

Weeks of
gestation

Z[3

A
T ‘ Malformation/B5# Severe mental retardation/™ &2 KT

‘ Growth retardation/41<iR4%| Severe mental retardation

Undetectable 1Q reduction
1Q BARTE 1

1Q reduction

| | B 5 (T 10 A

Natural rate of non-fixation (excluding radiation) -> 30-50%
BALEE (FaiEES) -> 30%-50%

F Y

6 7 8 9 10 11 12 13 14 15 |16 17 18 19 20 21 22 23 |24 25 26-37 38

Baseline level of foetal malformation (excluding radiation) -> 4%

B8) LB KFER (FEERES) > 4%

v

STOCHASTIC EFFECTS
B S% R

Risk of dying from paediatric cancer increases by 10% per Sv
5 Sv ) LEREFETXIEN 10%
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/ Sources of Radiation Exposure

Every day, humans are exposed to radioac-

tivity, whether of natural or artificial origin. son, depending on location

SOIL IRRADIATION
@ HimiEs 3
0.35 mSv ||

T
=

=

The exposure varies from person to per-

and lifestyle.

INTERNAL IRRADIATION
RERES

0.35 mSv(food)

0.35mSv (B&)

.
OTHERS
RADON
Hith =}
<0.1 mSv COSMIC 3.3 mSv
IRRADIATION MEDICAL
I l==}] &
(Tfr:"é? APPLICATIONS
. EZjrdd:|
1.5 mSv

The numbers in this figure are shown for the Swiss population. The average annual effective dose per person in the Swiss population is 6 mSv. Source: The data has been

extracted from BAG report 2022 (rounded values).
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/ Global Medical Radiation Exposure

Medical exposure is the largest human- KB UNSCEAR B BET(EH A EHRGIE

Annual effective dose per caput from different UNSCEAR medical exposure evaluations

made source of radiation exposure 07 06
globally.
06 - 0.57
3
/ Approximately 4.2 billion medical %g 05 - 043
radiological examinations were con- SE N
ducted in 2020 for a global popu- s 033
lation of 7.3 billion, contributing to a %E 03 -
significant collective radiation dose. %2 oz ]
[o]
o
/" The global population received an 01
effective dose per capita of 0.57
mSyv from these medical procedures 0+ 1088 1993 2000 2008 2020

in 2020, excluding radiotherapy. As reported in the UNSCEAR reports for the years given

31 UNSCEAR 3R EHLATEEH PR
/" There is a high degree of uncertainty
(+30%) in these estimates due to
data gaps and variations in dose per
examination across different regions.
The data do not take occupational
radiation exposure into account.

Source: UNSCEAR report 2020/2021 - Volume 1 Scientific Annex A.
https://www.unscear.org/unscear/uploads/documents/unscear-reports/
UNSCEAR_2020_21_Report_Vol.l.pdf
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kiR : UNSCEAR report 2020/2021 - Volume 1 Scientific Annex A.
https://www.unscear.org/unscear/uploads/documents/unscear-reports/
UNSCEAR_2020_21_Report_Vol.l.pdf



https://www.unscear.org/unscear/uploads/documents/unscear-reports/UNSCEAR_2020_21_Report_Vol.I.pdf
https://www.unscear.org/unscear/uploads/documents/unscear-reports/UNSCEAR_2020_21_Report_Vol.I.pdf
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Medical procedures and dose per imaging modality (excluding radiotherapy)

(a) Examinations/procedures

Interventional radiology, 0.6%
TANKETE, 0.6%

Diagnostic nuclear
medicine,1.0%

Computed tomography, 9.6% A
’ i b BEES, 1.0%

IHEAETERE, 9.6%

Dental radiology,
26.3%

SV
FHBEIF, 263% Conventional

diagnostic radiology
(excluding dental),
62.6%
BRISHIRSTE
(FEFEEFED ,
62.6%

Distribution of examination/procedures by imaging modality (a) and their contributions to the collective effective dose from medical exposures excluding radiotherapy (b).

Source: UNSCEAR report 2020/2021 — Volume 1 Scientific Annex A.

(b) Collective effective dose

Diagnostic nuclear medicine, 7.2%
BHIES, 7.2% Conventional diagnostic
radiology (excluding dental),
23.0%
EAISHTRSE
(FEEFR) , 23.0%

Interventional
radiology, 8.0%
NNKETE, 8.0%

Dental radiology,
0.2%
FRIESTE, 02%

Computed tomography, 61.6%
IHENEIERE, 61.6%

https://www.unscear.org/unscear/uploads/documents/unscear-reports/UNSCEAR_2020_21_Report_Vol.l.pdf
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/ Examples of Effective Radiation Doses for
Different Imaging Modalities in Adults

}  oNATORAL
TYPE OF RADIOLOGICAL EXAMINATION : E‘(:)FSEEC(T\:ZS) : :JRLFF:\IRI(?TION
X-ray of the extremities (hand, foot) 0.001 2 hours
Dental X-ray <0.01 <1day
Chest X-ray 0.05 4 days
Head X-ray 0.05 4 days
Mammography (4 acquisitions) 01 8 days
Abdominal X-ray 07 2 months
Pelvic X-ray 1 3 months
Head CT scan 2 6 months
Chest CT scan 3.5 1year
Abdominal CT scan 8 2years
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/- Order of Magnitude

1CT abdomen = 8 mSv (1 acquisition)

80 RX thorax rr'r‘" rf"r‘ r‘?‘n
;rgej”‘mﬁ(\)lsterior rT“"i E“r‘"" r'r‘r‘"“

and profile)

=100 flights GVA " JFK

GENEVA > NEW YORK Dose
received from the flight =
0.0432 mSv

Time of flight =9 h
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/ Scientific Background, Doctrine, » &

Standards and Legislation it

National
legislation:

National regula-
tions aim to protect
workers, members
of the public and
patients exposed to
lonising radiation.

International
scientific studies:

a scientific consensus
is developed at the

General principles,
doctrine:

based on scientific,
economic and social
international level from considerations, the
studies carried out International Com-
in different countries ‘ mission on Radio-

Pre-regulatory
standards:

International gov-
ernmental agencies
(IAEA**, Euratom***)
develop standards
intended for states,

>ie, UNSCEAR* logical Protection which are more or

(ICRP) proposes a less legally binding.
method of managing Y
radiological risk.

l ™

-

* The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), established in 1955, collects and analyses data from various sources, conducts scientific studies
on the biological impacts of radiation and evaluates associated health risks. It provides scientific advice to the United Nations (UN), guiding international radiation protection standards. It
publishes comprehensive reports used by governments and researchers worldwide and collaborates with organisations like the IAEA and the WHO to ensure global standards are informed
by the best scientific evidence.

** The International Atomic Energy Agency (IAEA), established in 1957, promotes peaceful nuclear energy use and prevents nuclear weapons proliferation. As an independent UN agency, it
assists countries in utilising nuclear energy for electricity, medicine and agriculture, while ensuring safety and security through international standards. The IAEA implements safeguards to
verify non-proliferation, supports scientific research and provides training. It collaborates internationally to advance safe nuclear technology use for global development and health.

*** Euratom, established in 1957, is the European Atomic Energy Community focused on coordinating and promoting the peaceful use of nuclear energy among EU member states. Its key
functions include ensuring nuclear safety, supporting research and development, safeguarding nuclear materials, regulating nuclear fuel supply and representing members in international
agreements. Operating under its own legal framework, Euratom remains vital for nuclear safety, research and regulation within the EU, despite the shift towards sustainable energy policies.
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Council Directive 2013/59/Euratom, December 5" 2013

CHAPTERIII
SYSTEM OF

RADIATION PROTECTION

Article 5

General principles of
radiation protection

‘ \ USTIFICATION
0 ‘ PTIMISATION

L IMITATION

SSN 1977-0677

Official Journal L 13

of the European Union

Volume 57

Eaglih ediion Legislation 17 January 2014

Contents

Il Non-kgislative acts

DIRECTIVES

% Council Directive 2013/59(Euratom of 5 December 2013 laying down basic safety standards for

protection against the dangers arising from exp o ionising and rep. 2
Directives  89/618/Euratom,  90/641/E 96/29)E 97/43E and
2003/122fEMEA0M .. ... 1

<!> ATTENTION

Source: https://osha.europa.eu/en/legislation/directives/directive-2013-59-euratom-protection-
against-ionising-radiation
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/ Justification

An activity is justified

/ when the benefits associated with it clearly out-
weigh the harms due to radiation

/- when there is no alternative that is generally more
favourable for humans and the environment

This principle can be summarised by the phrase:
"Do more good than harm”

<!> ATTENTION

EXAMPLES:

/" Reducing a fracture using a fluo-
roscopy device.

/- Making a diagnosis with a CT scanner.
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/Justification - Three Levels
of Justification in Medicine

FUNDAMENTAL JUSTIFICATION
BAESE

The society considers that the use of ionising radiation is
justified when it allows a diagnosis to be made or a pathology
to be treated.

ZFRING, HEEEGATHHEISIEATRIEN, AR
BRNEAEN,

JUSTIFICATION OF INDIVIDUAL APPLICATIONS
TMEEEETEFNESE

When a physician prescribes or performs examinations involving
ionising radiation, he/she must consider the available diagnostic
information and the patient's medical history — to avoid unnecessary
exposure.

HEEFRSREERNNASSHHTRERN, M/tsnE SRR
PHEEMBENE LB R T U BRI RE,

JUSTIFICATION OF DIAGNOSTIC OR
THERAPEUTIC PROCEDURES
ST AT IR ERIIE St

The widespread application of a procedure must be
justified — no other existing procedure with less
radiation is as effective (recommendations of scientific
societies).

IR 2 AR R IEN — HthiEgiR rm
BRFLEEREY EFFREN .

Doctors prescribing radiation procedures and doctors who perform
them are responsible for applying the principle of justification.
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/- Optimisation

The optimisation principle is also called the ALARA principle :

As DOSE /- Anoptimum in the
benefit/risk ratio must
Low \/ be found.
/ Economic and social
As aspects must also be
considered.
Reasonably
Achievable DOSE

This involves optimising procedures, using protective measures and continually striving to minimise exposure.

Radiation exposure should be limited to levels below the prescribed dose limits set by regulatory bodies.

<!> ATTENTION
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/- Optimisation — Occupational

There are 3 fundamental rules in radiation protection for professionally exposed staff:

l lG

TIME: 4 time = exposure

Bdia] BHE = EE

Stay near radiological eqU|pment for as short a time as possible

R I &M= B R AT RERZRYAY |E] o
SHIELDING:  ” shielding = “\ exposure

=08 Rk = RE

Always use shielding

YRR B R BRIk

DISTANCE: N distance = “ exposure

s BEE = R ae

Stay as far as possible from the source of exposure
(sometimes the source can be the patient)
RufenERER (ENEBRAIESESE)

Further radiation protection measures include:

/ continuous monitoring of radiation lev-

els in the workplace

/use of personal dosimeters to track individ-
ual exposure and regular health surveillance

of personnel exposed to radiation

/ adequate training about radiation risks, safety pro-
cedures and the proper use of protective equipment
and ongoing education regarding the best practices
and changes in regulations or technology
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/- Optimisation - Patients

<!> ATTENTION

Non-exhaustive list of actions for radiation exposure optimisation in patients:

/- Minimise the number of acquisitions/
projections/images.

/ Collimation.

/ Appropriate patient positioning (PA
vs AP, centring, etc.).

/ Protocol optimisation.

/ Implementation of modern dose reduction tech-
nologies such as automatic exposure control and
organ-based tube current modulation.

* see next page

Selective filtration, appropriate expo-
sure parameters.

[terative reconstruction.

Establishing and monitoring of Diagnostic
Reference Levels (DRLs)*.

Communication with patients to encour-
age their cooperation.
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Diagnostic Reference Levels (DRL) are an essential part of ensuring patient safety in medical imaging. They help
prevent unnecessary radiation exposure by providing a benchmark for the typical dose used in common diagnostic
procedures, encouraging continuous optimisation of imaging practices.

. i Frequency g
DRLs are: DRLs are not: puteed ) TN
f %
/ generic for a col- / alimit between good i/ "xH
lective of patients and bad practice !f kY .
/- modality specific / adose limit / -
- ,%}:w .

/anatomical / intended to be
region specific

Median Dose

applied to individual DRL A&
patients and individ-
ual examinations

/ National DRLs (NDRLS) are setup via a national /A comparison of DSDs to NDRLs
survey by adopting the third quartile value should be performed and possible cor-
of the distribution of the median doses. rective measures implemented.

/ Local DRLs (LDRLs) correspond to the local / In case of exceeding NDRLs, an anal-
practice of an institution/group of institutions by ysis should be performed.
adopting the third quartile value of the median
doses; each imaging centre should establish its own
LDRLs or “Diagnostic Standard Doses — DSDs”.

/ The revision of DRLs (NDRLs and
LDRLs) is an iterative process.
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Currently there is a consensus view of the main bodies involved
in radiation safety and imaging.

Gonad and Patients Shielding Group (GAPS): European Consensus

= O RS

EUROPEAN SOCIETY
OF RADIOLOGY

& EFOMP €URADOS

ESPR

European Society of
Paediatric Radioloay

EF-S

EUROPEAN FEDERATION OF
RADIOGRAPHER SOCIETIES

@A EIROSAFE

©
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<=> CORE KNOWLEDGE

Their work and recommendations have been published in different scientific journals
for better accessibility.

ey " Qe Miew 0l

[adlogr aplr y European Journal
of l}?edical Physics

Insights
mtoklmagmg

g education and

Physia

erspectives to you

STATEMENT Open Access

4 ] ®
European consensus on patient contact =

tic Briers®, Cristian Candela-Juan®’, Dario Faj®®
{ugo de las Heras Gala*'*, Ruben Pauwels™
® and Hiseo Vano*'?

<> REFERENCE

Hiles P, Gilligan P, Damilakis J, Briers E, Candela-Juan C, Faj D, Foley S, Frija G, Granata C, de Las Heras Gala H, Pauwels R, Sans Merce M, Simantirakis G, Vano E. European consensus on
patient contact shielding. Insights Imaging. 2021 Dec 23;12(1):194. doi: 10.1186/513244-021-01085-4. PMID: 34939154; PMCID: PMC8695402.
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Hiles P, Gilligan P, Damilakis J, Briers E, Candela-Juan C, Faj D, Foley S, Frija G, Granata C, de Las Heras
Gala H, Pauwels R, Sans Merce M, Simantirakis G, Vano E. European consensus on patient contact
shielding. Insights Imaging. 2021 Dec 23;12(1):194. doi: 101186/513244-021-01085-4. PMID: 34939154;

PMCID: PMC8695402.
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This is the outcome of the consensus on patient contact shielding:

Table 1 Rationale for consensus statements/Z& 1 $£iREBRARIKIE

<!> ATTENTION

Rationale/{&k{E

Consensus Recommendation/ttiREiY

Symbol/fF5

Evidence that using patient contact shielding is beneficial and effective

ERBERMRRE S EANERE

General agreement favours usefulness of patient contact shielding in some circum -
stances

HEHAS R ERMIIFSEREERTER - 17

Evidence or general agreement not to use patient contact shielding

TMERSERMERNEHERSELR

‘Should use shielding’
“ [ {5 P

‘May use shielding’

“EJ AR

‘Not recommended to use shielding’

TR ERRR

QCe

<> REFERENCE

Table reproduced from: Hiles P, Gilligan P, Damilakis J, Briers E, Candela-Juan C, Faj D, Foley S, Frija G, Granata C, de Las Heras Gala H, Pauwels R, Sans Merce M, Simantirakis G, Vano E.

European consensus on patient contact shielding. Insights Imaging. 2021 Dec 23;12(1):194. doi: 10.1186/s13244-021-01085-4. PMID: 34939154; PMCID: PMC8695402.
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<!> ATTENTION

This is the outcome of the consensus on patient contact shielding:

Patient shielding is generally not recommended for most imaging modalities, buy may
be used in some specific situations.

Application  Imaging Inside or Recommendation ~ Symbol Application  Imaging Inside or Recommendation Symbol Application Imaging Inside or Recommendation Symbol
o) modality outside FOV  #2iY #HS o] modality outside FOV  #iY #HS vl modality outside FOV iy #HS
AR FOV pyfat AR FOV ppak AR FOV pyfat
9hap 5hap shap
Thyroid contact  Radiogra-phy,  Outside ‘Not recommended Embryo/Fetal Al X-ray Inside ‘Not recommended ,
shielding Mam - mography, 5423 ( nlelding’ contact shielding P X &Kz R to use shielding’ Eye lens contact  All X - ray Both Not recommended
ERIIEMFE  Fluoroscopy, CT b o usesherdng i) LR “FRILERRR shielding Fi X i E wE to use shielding
3 pu—— N ey ety .
X IR LB X TR AR 13 R RO FRINERFR
LR RHEN. Embryo / Fetal Radiogra- phy,  Outside “Not recommended
cr contact shielding ~ Mam - b8 to use shielding’
EBAIRS) AR mography, TR ER R
Rk Fluoroscopy,
Thyroid contact Dental intraoral Outside ‘May use shielding' Dental Radi -
shielding and cephalomet - sag “EIERRE ography, CT
FURBRIZMFER ric radiogra - phy XEHT, LR
ORI AILF
Thyroid contact  CBCT Outside ‘May use shielding’
shielding 5hap “AIERRR
FURBRIE A
Application Imaging Inside or Recommendation Symbol
mA modality outside FOV il "
Thyroid contact  All X - ray (except  Inside ‘Not recommended Application  Imaging Inside or Recommendation Symbol RgE FOV fyzpal
shielding Cephal.) P to use shielding’ o] modality outside FOV Y #s 5has
FRBEEER A X EHRE Gk FEWERRE RS FOV Azpat
RSN MR Male and female Al X - ray Both ‘Not recommended
gonadcontact  FiE X 4ME  FE o use shielding’
Breastcontact  AllX-ray Both ‘Not recommended shielding R R R
Thyroid contact  Cepha - lometric  Inside ‘May use shielding’ shielding Fil X 0E wE to use shielding’ BUMLHER
shielding radiography HE “AERRR B AR SRR
FRIIERFR kAR

<> REFERENCE

Table reproduced from: Hiles P, Gilligan P, Damilakis J, Briers E, Candela-Juan C, Faj D, Foley S, Frija G, Granata C, de Las Heras Gala H, Pauwels R, Sans Merce M, Simantirakis G, Vano E.
European consensus on patient contact shielding. Insights Imaging. 2021 Dec 23;12(1):194. doi: 10.1186/513244-021-01085-4. PMID: 34939154; PMCID: PMC8695402.
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/ Limitation

The limitation principle consists of establishing limit dose values, indicated in the
national legislation. Three categories of exposed persons have been defined:

Professionally
exposed worker

Publlic + professionally Patient
exposed pregnant women

20 mSv/year whole body 1mSv/year No dose limit

20 mSv/year eye lens The principle of justification applies.

500 mSv/year for the extremities
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/ Limitation — Professionally
Exposed Personnel

<!> ATTENTION

Professionally exposed workers are required to wear different dosimeters depending

on the type of work performed.

The whole - body dosimeter is placed at the chest
level (or at the abdominal level for pregnant workers)
under the apron. Used to estimate the effective
dose.

25 ETETHRR T AT EFZ2TA
BUBEERKTF) o AFEITAERNE.

The extremity dosimeter is placed on the finger to
estimates the dose to the hands. Normally required
when performing interventional procedures or
activities with open sources (i.e. Nuclear
Medicine).Used to estimate the extremity dose.
BEAFSTHREFREL, UETFESBHNE, BEE
BHIINANFARERFARER EMZES) #TE
FE, ATEITHRETIE,

The dosimeter placed at the eyes level provides an
estimation the dose to the eye lens.

B TIREE 200977 21t ARG RIATIE,

The over apron dosimeter provides an estimation of
the dose for the organs placed outside the
apron. It can also be used, depending on the local
legislation, to estimate more accurately the
effective dose or even the dose to the eye lens.

PR it Al it B PRSP R B RIS, RIE LM
R, A TEERETTERTEEEREKE
bl
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/ Take-Home Messages

/ There are different types of
ionising radiation.

/ Absorbed dose (D) is defined as the energy imparted

by ionising radiation per unit mass of irradiated
material, it is the only measurable quantity.

/ The equivalent dose (H) is the product
of the absorbed dose multiplied with the
radiation weighting factor.

/ The effective dose (E) is the sum of the
product of the equivalent dose to each organ
multiplied with its weighting factor.

/ Radiation can damage the cell
directly or indirectly.

/" There are two characteristic effects of ionising
radiation: deterministic and stochastic.

The linear non threshold model is the most
accepted model to estimate the stochastic
health effects of ionising radiation.

We are all exposed to natural radiation.

Physicians prescribing irradiating procedures and
physicians who perform them are responsible for
applying the principle of justification.

Optimisation is achieved following the ALARA (As
Low As Reasonably Achievable) principle.

There are dose limits for occupationally
exposed workers and the public but not for
the patient. For the patient, the justification
and optimisation principles apply.
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/ Test Your Knowledge

The general threshold for the
appearance of deterministic effects is:

O 0.5Gy
O 20 mSv
0 No threshold
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/ Test Your Knowledge

The general threshold for the
appearance of deterministic effects is:

0.5 Gy
O 20 mSv
0 No threshold
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/ Test Your Knowledge

Stochastic effects represent
(several answers possible):

0 Anincrease in the risk of cancer occurrence
of 10 to 20% per Sievert in the foetus.

[0 Anincrease in the risk of cancer
occurrence of 5% per Sievert in adults.

[0 The occurrence of tissue effects as soon
as a threshold dose is exceeded.
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<=> CORE KNOWLEDGE

/ Test Your Knowledge

Stochastic effects represent
(several answers possible):

An increase in the risk of cancer occurrence
of 10 to 20% per Sievert in the foetus.

An increase in the risk of cancer
occurrence of 5% per Sievert in adults.

[0 The occurrence of tissue effects as soon
as a threshold dose is exceeded.
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<=> CORE KNOWLEDGE

/ Test Your Knowledge

A single 2 Gy irradiation to the skin
can cause in the short term:

[0 No reaction.
0 Tissue necrosis.

[1 Transient erythema.
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<=> CORE KNOWLEDGE

/ Test Your Knowledge

A single 2 Gy irradiation to the skin
can cause in the short term:

[0 No reaction.
0 Tissue necrosis.

Transient erythema.
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<=> CORE KNOWLEDGE

/ Test Your Knowledge

The fundamental principles of
radiation protection are:

[1 Time, shielding, distance.
[1 Justification, optimisation and limitation.

[ Justification, optimisation, limitation and training.
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<=> CORE KNOWLEDGE

/ Test Your Knowledge

The fundamental principles of
radiation protection are:

[1 Time, shielding, distance.
Justification, optimisation and limitation.

[ Justification, optimisation, limitation and training.
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<=> CORE KNOWLEDGE

/ Test Your Knowledge

Which of the following statements
regarding limits of radiation
exposure is/are correct?

[1 Thereis no limit of radiation dose for the patient.

J The limit for occupationally exposed
personnel is 1 mSv per month.

J The limit for occupationally exposed
personnel is 20 mSv per year.

[0 Thereis no limit of radiation dose for the public.
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<=> CORE KNOWLEDGE

/ Test Your Knowledge

Which of the following statements
regarding limits of radiation
exposure is/are correct?

There is no limit of radiation dose for the patient.

J The limit for occupationally exposed
personnel is 1 mSv per month.

The limit for occupationally exposed
personnel is 20 mSv per year.

[0 Thereis no limit of radiation dose for the public.
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