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Introduction

The interactions of static magnetic fields (SMFs) with the body are 
at molecular, cellular, tissue and organ level. Magnetic Resonance 
Imaging (MRI) is a widely used important diagnostic imaging 

method. Although MRI has been known as a safe diagnostic imaging 
procedure, adverse health effects such as a headache, vertigo, nausea, 
concentration problems, metallic taste, balance problems, bone health 
and seeing light flashes have been reported by MRI staff [1-4]. The 
number of MRI scanners worldwide is estimated to be 20,000–25,000 
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MRI workers are occupationally exposed to static and time-varying gradient magnetic 
fields.  While the 24-hour time-averaged exposure to static magnetic fields is about a 
few mT, the maximum static field strength can be as high as 500 mT during patient 
setup. Over the past several years, our laboratory has performed extensive experiments 
on the health effects of exposure of animal models and humans to different sources 
of electromagnetic fields such as cellular phones, mobile base stations, mobile phone 
jammers, laptop computers, radars, dentistry cavitrons and MRI. This study is to in-
vestigate the adverse health effects in MRI workers and also to assess the effect of 
exposure of MRI workers to static magnetic fields on their cognitive functions. In the 
first phase of this study a questionnaire was designed to collect information from 120 
MRI personnel. The collection of data about the adverse health effects was based on 
self-reporting by the participants. In the second phase, 47 volunteer university students 
were asked to continuously move around a 1.5 T MRI scanner. Visual reaction time 
and working memory tests were performed on all participants before and after the 
experiment. Forward digit span and backward digit span were used for assessing the 
working memory. Furthermore, participants were asked to report the symptoms they 
had experienced during the movement. The first phase of our study showed increased 
frequencies of adverse health effects in MRI workers. In this study the rates of self-
reported symptoms such as a headache, sleep problems, myalgia, palpitation, fatigue, 
concentration problems, attention problems, nervousness and backpain were possibly 
affected by static magnetic field. Furthermore we found that reaction time and working 
memory could be influenced by the movements of the body around a MRI scanner. It 
can be concluded that movement through a high magnetic field can also lead to some 
adverse cognitive effects in MRI staff.

Keywords
Static Magnetic Fields (SMF), Electromagnetic Fields (EMFs), MRI, Health Ef-
fects, Cognitive Functions

333



J Biomed Phys Eng 2018; 8(3)

www.jbpe.orgGhadimi-Moghadam A. et al
and as usually about 5 personnel from differ-
ent disciplines (MRI technologists, nurses, 
anesthetists, technicians, engineers, cleaners, 
etc.) are involved in each MRI scanner [5, 6], 
it is estimated that about 100,000 workers are 
being exposed to substantial electromagnetic 
fields generated by MRI scanners [7]. MRI 
workers are occupationally exposed to static 
and time-varying gradient magnetic fields.  
While the 24-hour time-averaged exposure to 
static magnetic fields is about a few mT, the 
maximum static field strength can be as high 
as 500 mT during patient set up [8]. 

It is worth mentioning that MRI workers 
are exposed to a static magnetic field during 
the whole working hours. As the static mag-
netic field of an MRI scanner is always on, 
MRI personnel moving around the scanner 
will be exposed to time-varying extremely 
low frequency magnetic fields which induce 
electric fields and currents in their bodies. Fur-
thermore, MRI personnel are occupationally 
exposed to radiofrequency radiation and the 
switched gradient fields used for image encod-
ing only during patients’ examinations. 

   Over the past several years, our labora-
tory at the Ionizing and Non-ionizing Radia-
tion Protection Research Center (INIRPRC) 
has performed extensive experiments on the 
health effects of exposure of animal models 
and humans to different sources of electro-
magnetic fields such as cellular phones [9-16], 
mobile base stations [17], mobile phone jam-
mers [18], laptop computers [19], radars [10], 
dentistry cavitrons [20] and MRI [21, 22]. The 
first goal of this study was to investigate the 
adverse health effects in MRI workers. The 
second goal of this study was to assess the 
effect of exposure of MRI workers to static 
magnetic fields on cognitive functions.

Materials and Methods

Questionnaire Study
A questionnaire was designed to collect in-

formation from MRI personnel from seven 
teaching hospitals affiliated to Shiraz Univer-

sity of Medical Sciences. The collection of 
data about the adverse health effects was based 
on self-reporting by the participants (120 per-
sonnel including technologists and nurses). 

Cognitive Functions
In this part of the study, 47 volunteer uni-

versity students (18 males and 29 females) 
were asked to continuously move around a 
1.5 T MRI scanner (Siemens Medical Solu-
tions, Erlangen, Germany) for 15 minutes. Vi-
sual reaction time and working memory tests 
were performed on all participants before and 
after the experiment. Forward digit span and 
backward digit span were used to measure the 
working memory. Furthermore, participants 
were asked to report the symptoms they had 
experienced during the movement. 

Results

A. MRI Workers
A statistically significant difference was 

found between the frequency of individuals 
who reported getting headaches in MRI work-
ers and the control group (P=0.037). More-
over, a statistically significant difference was 
found between the frequency of individuals 
who reported sleep problems in MRI workers 
and the control group (P<0.001). Furthermore, 
frequencies of myalgia, palpitations, fatigue, 
concentration problems, attention problems, 
nervousness and backpain significantly af-
fected MRI personnel compared to the control 
group. 

B. Volunteer Students
The mean age of participants was 22.23 ± 

1.99 years (ranged 20-32 years). As shown in 
Figure 1, the means of pre and post exposure 
reaction times were 635 ± 82 and 684 ± 126 
msec, respectively (P=0.034).  Furthermore, 
reverse digit span was found to be lower af-
ter exposure compared to that of pre-exposure 
(p>0.040). However, forward digit span, was 
not affected by exposure to static magnetic 
fields.
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who performed an observational study on 361 
employees of 14 clinical and research MRI fa-
cilities in the Netherlands. After analysing 633 
diaries, they reported that in spite of the varia-
tions in their exposure categories, symptoms 
were reported during 16-39% of the MRI work 
shifts. Schaap et al. observed a positive asso-
ciation between the magnetic field strength of 
each scanner and reported symptoms (mainly 
vertigo and metallic taste) in staff working 
with closed-bore MRI scanners of 1.5 Tesla 
and higher [3]. These researchers suggested 
an exposure-response association between 
exposure to strong SMFs and transient health 
symptoms on the same day of exposure.

B. Volunteer Students
Altogether, these data suggest that in healthy 

individuals, reaction time and working memo-
ry can be influenced by the movements of the 
body around a MRI scanner. It can be hypoth-
esized that the electric currents induced in the 
body during movements in the magnetic field 
may cause these cognitive effects. The in-
creased reaction time observed in our study is 
in line with the findings of Bongers et al. who 
found a link between occupational exposure to 
SMFs of MRI scanners and an increased risk 
of accidents which caused injuries[25].
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Discussion

A. MRI Workers
In a general view, our results showed in-

creased frequencies of adverse health ef-
fects in MRI workers. In our study the rates 
of self-reported symptoms such as headache, 
sleep problems, myalgia, palpitations, fatigue, 
concentration problems, attention problems, 
nervousness and backaches were possibly af-
fected by exposure to static magnetic field. 
Altogether these findings are in line with this 
well documented point that movement in a 
static magnetic field, depending on the ba-
sic factors such as magnetic flux density, the 
speed of movement and the magnitude of in-
duced currents in the tissues, may result in 
physiologically significant sensory perception 
disorders such as vertigo, nausea, the per-
ception of flickering light in the visual field, 
and a metallic taste in the mouth due to the 
changes of the magnetic flux penetrating the 
body [23, 24]. These findings are in line with 
several studies which reported temporary and 
dose-correlated vertigo and nausea in workers 
and patients exposed to static magnetic fields. 
Further studies are needed to explore these 
bioeffects as well as their magnitudes and pos-
sible mechanisms. Our findings are generally 
in line with reports submitted by Schaap et al. 
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