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The WG members and Scope

�ƒ Resolve uncertaintiesrelated to measured
and computed thresholdsfor 
electrostimulation in the context of exposure 
to external ELF electromagnetic fields

�ƒ Link modelsto experimentalverification 
(highly important)

�ƒ Produce conclusionsthat will:

• Identify research needs

• Guidethe development and the revision
of human exposure limits

�ƒ Ilkka Laakso
�ƒ Alexandre Legros
�ƒ Akimasa Hirata
�ƒ Hideyuki Matsumoto
�ƒ Valerio De Santis
�ƒ Pat Reilly
�ƒ Tongning Wu
�ƒ Dragan Poljak
�ƒ Esra Neufeld
�ƒ Julien Modolo
�ƒ SangWook Park
�ƒ Leonardo Angelone
�ƒ Maria Iacono
�ƒ Kevin Graf

�ƒ The white paper draft was circulated to the working group for comments and updated 
accordingly
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�ƒ Retina and (and phosphene perception) is anappropriate model for induced
electric field effects in the CNS(Attwell et al. 2003, Saunders and Jefferys, 2007, IEEE 2002, ICNIRP

2010):

�ƒ Part of the CNS
�ƒ Direct acute reproducible effect perceptually detected

�ƒ Experimental limitations 

�ƒ Small n-sizes, lack of replication, non-uniform exposures

�ƒ No experimental magnetophosphene threshold above 50 Hz

�ƒ Methods not entirely described and work sometimes “difficult to evaluate” 
(Saunders and Jefferys, 2007)

�ƒ Simultaneous objective neurophysiological parameters

�ƒ “guidelinesare based on upon limited data and assumptionsregarding 
phosphenes”(Kavet, 2008)

Experimental bases
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Experimental uncertainty

Review of 14 electrophosphene and 2 magnetophosphene studies

Main sources of variability: 
�ƒ Physical factors- Electrode 

placement, electrode type and size 
(sponge, silver), current intensity and 
waveform, duration of stimulus, magnetic 
field characteristics (homogeneity, Freq)

�ƒ Environmental and 
methodological factors- Threshold 
definition, number of repetitions, lighting 
conditions (colour, existence of visual 
stimuli, total darkness), light adaptation, 
open / closed eyes 

�ƒ Inter-individual variability-
Anatomical variability, physiological 
variability, naïve/skilled subjects 

Kar and Krekelberg, 2012

Kanai et al., 2008

Laakso and Hirata 2012
Data from: Lovsund 1980, Schwartz 
1947, Adrian 1977

Naycheva et al., 2012

Shape of frequency-threshold curves
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Dosimetric modeling studies

�ƒ Experimentalphosphene thresholds inconsistently reported         Nodirect 
comparisonspossible          E-field or J-currentonly estimated

Review of 5 electro- and magnetophosphene dosimetry studies

(a)

Cz

Oz

thgirtfel ��

0 3.0 6.0 mA m� í2

15�•
30�•
45�•

15�•
30�•
45�•

�ƒ Main sources of variability: 

�ƒ Retrospective analysis: no means to test the 
model with new experimental data

�ƒ Dosimetry cannot account for experimental 
uncertainties

�ƒ Different head anatomical models - not
corresponding to the actual subjects

�ƒ Inaccurate modeling of the sourceof exposure 
(electrode placement or magnetic field) 

�ƒ Uncertaintiesrelated to the numerical method

�ƒ Uncertaintiesrelated to electrical properties of 
tissue
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Dosimetric modeling results

Experimental study Exposure setup Measured 
threshold

Calculated current 
density

Reference for dosimetric
analysis

Lövsund et al 1980a Electromagnet pole-pieces 
placed on temples

8.1 -- 9.5 mT 8.5 – 10 mA/m2 Laakso and Hirata 2012

Electromagnet pole-pieces 
placed on temples

11 mA/m2 Taki et al 2003

61.9 mV/m          
(= 31.0  mA/m2)

Hirata et al 2011

Kar and Krekelberg
2012

Fpz – Cz
T5 – Cz
Oz – Cz

30 µA
109 µA
145 µA

8.7 mA/m2

8.0 mA/m2

8.6 mA/m2

Laakso and Hirata 2013a

Kanai et al 2008 Oz – Cz 500 µA 30 mA/m2 Laakso and Hirata 2013a

Rohracher 1935 Fpz – Oz
T3 – T4
T3 – Oz
PO7 – PO8

50 µA
200 µA
300 µA
900 µA

17 mA/m2

16 mA/m2

15 mA/m2

11 mA/m2

Laakso and Hirata 2013a

Adrian 1977 Montage A
Montage B
Montage C

14 µA
17 µA
24 µA

27 mA/m2

33 mA/m2

18 mA/m2

Laakso and Hirata 2013b



IEEE ICES TC95 SC6: EMF Dosimetry Modeling – January 12th 2017, Plantation

�ƒ Provide adefinition of electrostimulation in the context of the guidelines, taking into
account the fact thatno action potential isdirectly triggeredby these exposure levels

�ƒ Document and reduce thevariability in the experimental threshold for electrophosphene
and magnetophoshene perceptions in the entire ELF frequency range

�ƒ Address theheterogeneityin the methods, protocols and exposure characteristics

�ƒ Recommendexperimentally testing the frequency responsecurve in the entire ELF range
(0-300Hz) for both electric and magnetic stimulations

�ƒ Recommendexperimentally testing the threshold adaptation to the darknessfor both
electric and magnetic stimulation

�ƒ Systematicmacro-and micro-dosimetry(exposure characteristics and calculated E- and J-
fields) integrated to experimental studies

�ƒ Using the above information to feed realistic mathematicalneuronal modelsto question
the possible mechanisms of action

�ƒ Overall, studies allowing a betterunderstanding of the mechanisms of actionfor
phosphene perception willreduce uncertainty

Recommendations
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Thank you!

Open discussion 




































































































































































