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Functional Magnetic Resonance Imaging (FMRI) has become a popular tool for neuroscientists seeking to localize brain activity correlated with certain cognitive tasks.  The FMRI operates by detecting small changes in the ferromagnetic properties of deoxy-hemoglobin (Hb) relative to the oxygenated Hb--and uses this “oxygen dispersion signal” as a surrogate for neural activity.  This involves confining subjects in narrow cylinders, and applying very strong electromagnetic fields to their heads--stronger even than those used in standard (structural) MRI.  The long term biophysical impacts of such fields are NOT well understood but are likely to be more devastating to those subjects who already have suboptimal neural function than to young, healthy subjects (who are generally the “volunteer” subjects used in FMRI experiments).  Furthermore, the inherent  resolution  limits  of the technology and the likelihood of spurious data make the information gleaned from FMRI of  questionable value. Increasing the strength of the fields could give marginal improvement to the spatial resolution but would increase the risk even more so.   Existing  techniques, such as EEG and MEG offer a far better balance of  efficacy versus safety  for studying cognitively disabled subjects

The intensity of static magnetic fields typically used in FMRI is 3 Tesla or more.  This is about 100,000 times as strong as the earth’s magnetic field and can produce substantial electric current in conductive objects that move in the field.  For the FMRI subject,  tissue motion includes inevitable movements of the head and even the pulsating flow of  blood in arteries.  These induced currents are stronger than the natural ambient  bioelectric fields in the brain and could thus affect ongoing  neural signal processing. The rapid switching of the (gradient component of the) magnetic field is of even more concern with regard to strong transient currents induced across neurons.  To make matters still worse, RF pulses must also be applied to the brain  (to cause hydrogen atoms to resonate coherently).  During these pulses, the peak energy deposition of  RF energy in the brain is far greater than that for even the most virulent cell  phones. 

The long term effects on neural health from these biophysical impacts of FMRI fields have not been well studied. Generally, the subjects that have been used in FMRI studies are young, neurally vibrant, volunteers (often grad students involved in the research).  Small degradations in neural function subsequent to  FMRI exposure would likely be hard to detect (in the short term)  for this cadre.  Subjects that already suffer significant neural dysfunction would, however, likely be far more impacted by neural perturbations accompanying FMRI exposures. In regard to long term effects, a cautionary note can be taken from the recent  finding that many former NFL football players have a high risk for early onset of Alzheimer’s disease (in their 30s, 40s or 50s) even though they showed little or no sign of persistent neural damage during their playing days.

Another, somewhat facetious,  recent report of spurious FMRI “brain signals” purportedly educed from a dead salmon also points to the shortcomings of the methodology.  There are other, much safer, alternatives (such as EEG and MEG) for localizing neural activity in the higher (cognitive) regions of the brain.   Like the FMRI  these passive techniques are limited in spatial accuracy -- but they are far superior to the FMRI in determining the exact timing of neural events.  Most importantly, they do not involve applying strong, potentially adverse, electromagnetic fields to the head.

When the efficacy shortcomings of the FMRI method are weighed against the neural hazards it presents, its use to study cognitively disabled subjects seems to be a very dubious  proposition.   
