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the general public, however, it also offers enormous 
benefits in selected cases. Modern medicine would 
be impossible without the use of ionizing radiation. 
As seen below in Table 1, radiation doses variability is 
high, depending on the diagnostic medical procedure. 

Typical radiation doses from common 
medical imaging procedures

In recent decades, for dose limitation purposes, the 
International Commission on Radiation Protection (ICRP) 
has divided the diverse radiation effects into either 
stochastic effects (cumulative low dose effect with no 
apparent threshold) or tissue reactions (formerly termed 
non-stochastic or deterministic effects, which do have a 
threshold of visible injury). It is known that cancer risks 

increase almost linearly as exposure doses increase 
above approximately 150 mSv. Relying on the uncer-
tainty of the stochastic risk from ionizing radiation asso-
ciated with medical imaging, it is impossible to describe 
precisely the risks of a medical imaging procedure. The 
estimated risk from a diagnostic or therapeutic medical 
procedure should be compared to general statistical 
risks of death from other common causes. 

In the late 1990s, data was released by the Radiation 
Effects Research Foundation of their longitudinal study 
of 50.000 survivors of the atomic bombs in Hiroshima 
and Nagasaki who were exposed to radiation doses of 
less than 500 mSv. Analysis of solid cancer incidence 
in these individuals was performed after a follow 
up over 55 years [12]. The investigators found direct 
and statically significant evidence of risk in the dose 
range from 50–100 mSv.   Τhis  linear no-threshold 
hypothesis is questioned by a strong biologic argu-
ment. With doses up to 50 mSv, error-free DNA repair 
is expected. With doses over 100 mSv, error-prone 
repair is possible. At this level, some aberrant cells 
may go on to become preneoplastic cells that may 
then differentiate into invasive cancers. Tubiana et al. 
[13] concluded there is no evidence of a carcinogenic 
effect for acute radiation doses less than 100 mSv. 
The International Atomic Energy Agency (IAEA) has 
adopted a protection strategy with reference level of 
20-100mSv, in order to reduce the risks of stochastic 
effect. General principles of radiation protection from 
the hazard of ionizing radiation in medicine are sum-
marized in three principles: justification of the proce-
dure, optimization of individual protection, and dose 
limitation. The best approach on stochastic effects is 
suggested by the consensus between the physician 
who has the responsibility of evaluating the relevant 
risks from a medical procedure and the patient who 
has to accept those risks as possible outcomes in a 
written informed consent [14].

II. Non-ionizing radiation
Electromagnetic fields (EMF) are fields of energy 

produced by moving electrical charges. In the electro-
magnetic fields, the oscillations of electric and magnetic 
fields can propagate in space in the form of a wave 
and transmit energy at the speed of light. Electromag-
netic radiation is defined according to its wavelength 
and frequency, which is defined as the number of cy-
cles of a wave from a reference point per second. Its 
frequency is measured in Hz. Non-ionizing radiation 

Table 1. Τhe radiation exposure is high in several techniques 
of cardiology imaging. Source:  Greek Atomic Energy Commis-
sion (E.E.A.E.).

Medical procedure
Effective dose 
in Millisieverts 

(mSv)

Dental X-Ray 0.005

Upper / lower extremity X-Ray 0.001

Chest X-Ray 0.02

Skull X-Ray 0.03

Mammogram 0.3

Lumbar spine X-Ray 1.0

Intravenous urography 3.0

Computer Tomography  
(CT) of the head / brain

2.4

CT of the chest 9.0

CT of the abdomen and pelvis 18.0

Coronary angiography 14.0

Percutaneous transluminal  
coronary angioplasty

31.0

Pacemaker implant 4.0

Nuclear bone scan with  
Technetium 99m (99mTc)

3.8

Nuclear medicine myocardium  
stress test with 99mTc

2.5

Nuclear medicine myocardium  
stress test – Thallium201

15.0

Positron Emission Tomography (PET) / CT 6.6




