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Magnetic Resonance Imaging

A In order to create a picture, MRI uses 3 sections of

EMF spectrum
A Static magnetic field to align protons
A High-frequency EMF i RF i to energize the protons
A Low-frequency EMF i switched gradients I to define

position and receive signals
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o Basics of MRI

System Components

W Magnet: static magnetic field

Gradient couls =A@
Time-varying eléctromagnetic fields
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Dangers of Stray Fields

T A Ferromagnetic materials will be pulled into the magnet

A Changes in magnetic field strength in time (dB/dt) or spatial
position (dB/dz) can cause movement (pull) or alignment
(torque):

ferromagnetic materials (pacemakers, aneurysm clips)
anisotrophic biological material (proteins, sickle cell)

A dB/dt accompanied by induction electrical current
muscle contraction (peripheral nerve stimulation)
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Physiological and biological effects

Maximum sensitivity  Physiological effect Point of interaction
< 1 Hz Metallic taste Various receptors in the tongue
(shift in ion gradients)
<0.1...2Hz Vertigo, nausea Inner ear (vestibular system)

Blood flow induced electric  Nerve, muscle excitation
fields in tissue (interference with heart action)

~ 20 Hz Magnetophosphenes Retina

a2 50 Hz Tactile and pain sensations Peripheral nerves
Loss of muscle control Peripheral nerves, muscles
Interference with
autonomous heart action Heart
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Adverse effects workers

A MR technicians (Netherlands) Lo

A self-reported vertigo, metallic taste, and concentration problems
higher than in reference department.

A Engineers with >1 experienced symptom ~10% higher than
in reference (n=18)

A prevalence of health complaints associated with duration and
Intensity of exposure

A MRI nurses (Sweden) 2,

A Questionnaire to MRI nurses working with both 1, 1.5 or 3 T in the
Northern part of Sweden.

A 13 out of 67 MRI nurses (19 %) experienced symptoms.

1de Vocht et al. jMRI; 2006. 2 Wilén et al. Poster presentation . Umea, Sweden.
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Measurable  adverse effects

— A Cognitive function was not affected

A Movement in the heterogeneous stray field associated with
adverse effects on 16

visuo -ocular reflex -0.7%/100mT
visual contrast sensitivity -1%/100mT
visuo - motor effects -0.2/0.7% per 100mT

A Effects associated with intensity of exposure

A Effects could already be measured b

A no effects found immediately after exposure ended 2

lde Vocht et al., 2006 ; 2de Vocht et al. j]MRI 2007. 3de Vocht et al., 2007;
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2 HM MRI Innovations
s LK over 30 years s

1980 1990 2000 2009
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Proposed EU guidelines

A General public ceiling value (reference)

A ICNIRP 2009 Guidelines 400 mT
A Static Magnetic Field TWA exposure
A EU Directive 2004/40/EC 200 mT/8hrs
A ICNIRP 1994 Guidelines 200 mT/8hrs -
A Static Magnetic Field Peak exposure
A EU Directive 2004/40/EC 2 T (torso) / 5 T (limbs)
A ICNIRP 1994 Guidelines 2 T (torso) /5 T (limbs
A ICNIRP 2009 Guidelines 2 T (torso) / 8 T (limbs)
8 T (controlled)
A Time -varying MF exposure (0 -7Hz)
A EU Directive 2004/40/EC ~ 767.9 mT/sec
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