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Abstract- Purpose: This review aims to examine the
biological effects of Magnetic Resonance Imaging (MRI)
exposure in healthcare professionals working with high-
field MRI systems (1.5 Tesla and above). By synthesizing
current evidence, it seeks to inform future safety
guidelines and highlight potential risks associated with
cumulative, long-term exposure among MRI technicians
and radiologists.

Materials and Methods: A systematic literature search
was conducted on studies published from 2000 to 2024.
Databases (e.g., PubMed, Scopus) were queried using key
terms such as “MRI exposure,” “occupational health,”
and “high-field MRI.” Studies were evaluated based on
methodological rigor, relevance to occupational settings,
and reported biological effects. The search aimed to
identify both short-term and long-term physiological
impacts of repeated MRI exposure.

Results: Although short-term MRI exposure is generally
safe, healthcare workers consistently operating high-field
MRI systems may experience transient sensory
disturbances (e.g., vertigo, nausea) and possible long-
term physiological effects. Findings suggest an elevated
concern for cumulative exposure, yet conclusive evidence
on the magnitude and nature of these risks remains
limited due to variability in study designs and outcomes.
Conclusion: While MRI technology plays a pivotal role in
diagnostic medicine, ongoing research is needed to clarify
the occupational hazards for healthcare professionals
exposed to  high-field environments. Improved
monitoring,  standardized  safety  protocols, and
comprehensive longitudinal studies are recommended to
ensure the continued safe use of MRI in clinical settings

Index Terms- Electromagnetic Fields; Magnetic
Resonance Imaging; MRI Safety

I. INTRODUCTION

Magnetic Resonance Imaging (MRI) is a cornerstone
of modern diagnostic medicine, providing high-
resolution images of internal body structures using
non-ionizing electromagnetic fields [1-3]. Since its

IRE 1713391

introduction in the 1980s [4], MRI has revolutionized
the way medical professionals diagnose and monitor
a wide range of conditions, from neurological
disorders to cardiovascular diseases. The widespread
use of MRI is due in large part to its ability to offer
detailed anatomical and functional information
without the risks associated with ionizing radiation,
such as that used in X-rays and CT scans. This has
established MRI as a preferred modality in many
clinical and research settings [5-8].

However, as MRI technology has advanced, so too
have concerns regarding its long-term safety,
particularly for healthcare workers who are regularly
exposed to the powerful magnetic fields generated by
MRI machines. While MRI is generally regarded as
safe for patients due to the relatively short duration of
exposure, the same may not hold true for medical
staff, who may be exposed to these fields for hours
each day over the course of their careers. These
concerns have been amplified with the increasing use
of high-field MRI systems, such as those operating at
3 Tesla (T) or higher, which offer greater image
resolution and contrast but also produce stronger
magnetic fields that could pose a greater risk of
biological effects [9,10].

The potential biological effects of MRI exposure are
associated with three primary sources: static magnetic
fields, time-varying gradient magnetic fields, and RF
fields [11]. Static magnetic fields, which are a
constant feature of MRI, can interact with biological
tissues, leading to effects such as magneto
hydrodynamic phenomena, which can cause dizziness
and other sensory disturbances [12,13]. Time-varying
gradient magnetic fields are used to spatially encode
the MRI signal and can induce electrical currents in
the body, potentially leading to peripheral nerve
stimulation. RF fields are responsible for heating
tissues, and while regulations limit the specific
absorption rate (SAR) to prevent excessive heating,
higher field strengths could pose a greater risk of
localized tissue damage [14].
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A key concern for healthcare workers is the
cumulative effect of prolonged exposure to these
fields over time. While individual MRI examinations
may not pose a significant risk, repeated exposure
over months or years could potentially lead to adverse
health outcomes. For example, studies have reported
transient effects such as dizziness, vertigo, metallic
taste, and concentration difficulties among MRI
technicians and radiologists, suggesting that there
may be physiological consequences to long-term
occupational exposure to MRI environments [15-17].

To date, research on the long-term effects of MRI
exposure has been inconclusive. Several studies have
examined the acute effects of MRI exposure, often
focusing on short-term symptoms such as dizziness or
nausea. However, fewer studies have investigated the
long-term health consequences for healthcare workers
who are exposed to MRI environments on a regular
basis. Existing studies are often limited by small
sample sizes, short follow-up periods, or a lack of
consistent exposure measurement. Additionally, there
is significant variability in the levels of exposure
experienced by MRI staff, depending on factors such
as their proximity to the MRI machine, the duration
of exposure, and the strength of the magnetic field.
[18-23]

Despite the growing body of research, many
questions remain unanswered. For instance, it is
unclear whether chronic exposure to high-field MRI
could lead to more serious health conditions, such as
cognitive impairment, cardiovascular issues, or even
cancer. Additionally, the variability in exposure
levels among MRI staff highlights the need for more
precise monitoring and risk assessment protocols.
Understanding the mechanisms by which MRI
exposure might affect biological tissues is crucial for
developing  effective  safety  guidelines and
minimizing risks for healthcare workers.

Given the increasing reliance on high-field MRI in
both clinical and research settings, it is critical to
assess the safety of long-term exposure to MRI
environments, particularly for healthcare
professionals who may be at higher risk. This study
aims to provide a comprehensive review of the
current literature on the biological effects of MRI
exposure, with a particular focus on healthcare
workers who are regularly exposed to high-field MRI.
By synthesizing existing research, this review will
identify both the potential benefits and risks
associated with long-term MRI exposure, and will
highlight areas where further research is needed to fill
existing knowledge gaps. The outome of this review
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will contribute to the development of more robust
safety guidelines for healthcare workers, ensuring
that the benefits of MRI technology can be fully
realized without compromising the health and safety
of those who operate these systems daily.
Furthermore, by identifying gaps in the current
literature, this study will help to inform future
research priorities and guide the development of new
safety protocols for high-field MRI environments.

II. MATERIALS & METHODS

Figure 1 illustrates a flow chart describing that A
comprehensive review was conducted of the
biological effects of MRI exposure by systematically
searching relevant literature across multiple
databases, including PubMed, Google Scholar,
Scopus, and Science Direct, ensuring broad coverage
of scientific publications and clinical studies .The
search was performed using specific keywords and
Boolean operators, such as “MRI exposure,”
“biological effects of MRI,” “occupational health
MRI staff,” “high-field MRI safety,” and “MRI-
induced cognitive effects.” Boolean operators (e.g.,
AND, OR) were applied to refine and combine search
terms where necessary. The complete list of all
search terms and combinations used in this review is
provided in Appendix A to facilitate reproducibility
and to support future related research. The search
spanned studies published between 2000 and 2024,
focusing on research related to MRI machines
operating at field strengths of 1.5 Tesla and above.
This threshold was chosen because these field
strengths are the most widely used in clinical
environments and generate stronger magnetic fields,
making them more relevant for evaluating
occupational safety.

ICONIC RESEARCH AND ENGINEERING JOURNALS 459



) (e

Screening

i |

© JAN 2026 | IRE Journals | Volume 9 Issue 7 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV917-1713391

Records removed before
screening:
Records identified from™ Dufl\cale records removed
- (n=258)
Databases (n = 1023) R d Kked ligibl
Ragisters (n = 78) ecords marked as insligible
by automation tools (n =43 )
Records removed for other
reasons (n =15)
Records screened »| Records excluded*™
(n=787) (n=482)
Reports sought for retrieval Reports not retrieved
(n=305) (n=25)
Reports assessed for eligibility Reports excluded:
(n =280) Not specific to MR| exposure (n
=165)
Lack of data on long-term effects
(n = 58)
Non-peer-reviewed (n =40 )
ete.

Studies included in review
(n=16)

Reports of included studies
(n=18)

Figure 1. Methodology Flow Chart

Figure 2 illustrates the study review criteria applied
in this review, including both inclusion and

exclusion  parameters.  Studies  investigating
biological effects on healthcare staff—such as MRI
technicians, radiologists, and other medical

professionals  frequently exposed to MRI

environments—were included. In addition to the
database search, we conducted a manual review,
which involved screening the reference lists of all
included studies to identify additional relevant
articles not captured during the initial search. These
additional articles were retrieved, read in full, and
assessed against the same inclusion and exclusion
criteria to ensure eligibility. physiological changes,
and potential long-term risks such as DNA damage.
Studies that did not meet these criteria were
excluded from the review.
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The analysis of studies [24—39] Table 1 on magnetic meta-analyses [35,39] indicate a potential link

resonance imaging (MRI) exposure reveals both
immediate and potential long-term health effects for
individuals in MRI environments. Studies such as
[24] identified short-term subjective symptoms (e.g.,
drowsiness, concentration issues) among healthcare
professionals exposed to MRI. However, symptoms
typically resolved within weeks, suggesting possible
adaptation. ~ Studies  [25-28]  explored the
physiological impacts of ultra-high-field (UHF) MRI
systems (>7T), noting transient effects like dizziness
and vertigo but insufficient evidence for lasting
biological damage, underscoring the need for regular
monitoring and strict adherence to occupational
safety protocols.

For MRI technicians and workers in industries with
static magnetic fields, studies [29,30] noted sleep
disturbances and inconclusive
emphasizing the need for

cancer  risks,
improved exposure
assessment and ongoing health monitoring. In
particular, the lack of conclusive epidemiological
studies limits understanding of MRI’s cumulative
effects over extended periods, especially at high field
strengths. Studies focusing on childhood leukemia
and environmental EMF exposure, such as studies
[31-39], present conflicting findings. While some
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between extremely low-frequency (ELF) magnetic
fields (0.4 pT) and childhood leukemia, others
report no definitive associations, suggesting that
results may vary by exposure intensity and
environmental factors. These discrepancies highlight
the necessity for further large-scale, longitudinal
clarify long-term EMF impacts,

particularly among children and other vulnerable

studies to

groups.
Iv. DISCUSSION

This review highlights the current understanding and
gaps in knowledge regarding the health impacts of
MRI and EMF exposure. Short-term symptoms like
dizziness, concentration issues, and drowsiness are
frequently reported by healthcare workers in MRI
environments, with most symptoms resolving over
time. However, there remains limited and
inconclusive data on the long-term effects of high-
field MRI and EMF exposure, particularly
concerning cumulative health risks such as cancer,
reproductive effects, and neurological impacts.
Notably, studies focusing on extremely low-
frequency (ELF) magnetic fields in residential
settings indicate a potential association with an
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increased risk of childhood leukemia, though findings
vary across studies and depend on factors such as
exposure intensity and environmental context. The
lack of definitive evidence on long-term effects
points to an urgent need for more rigorous
epidemiological studies, particularly longitudinal
research that examines cumulative exposure in both
occupational and residential contexts. For healthcare
professionals, especially MRI technicians and
radiologists, the growing use of ultra-high-field (=7T)
MRI technology warrants strict adherence to
occupational safety protocols, including regular
monitoring and exposure assessments. Furthermore,
the potential vulnerability of children and other high-
risk groups to prolonged EMF exposure emphasizes
the need for precautionary measures in both clinical
and residential environments. Considering these
findings, developing robust, evidence-based
guidelines for MRI and EMF safety is essential to
balance the benefits of MRI technology with the
health and safety of both patients and healthcare
workers.  Future research  should prioritize
understanding the biological mechanisms behind
EMF-related health effects and evaluating the long-
term impacts on diverse populations to establish clear
and actionable safety standards. This study
underscores the necessity of proactive safety
protocols and continued research to support the safe
and effective use of MRI in healthcare settings.

V. CONCLUSION

This review highlights the current understanding and
remaining gaps regarding the health impacts of MRI
and EMF exposure in occupational settings. Short-
term effects such as dizziness, vertigo, and
concentration difficulties are commonly reported but
generally resolved over time, while evidence for
long-term risks remains limited and inconclusive.
The growing use of ultra-high-field MRI underscores
the need for rigorous exposure monitoring,
standardized safety protocols, and targeted research
particularly large-scale longitudinal studies to clarify
potential cumulative effects. For now, strict
adherence to occupational safety measures remains
the most effective strategy to protect MRI staff and
patients while enabling the continued safe use of
MRI technology.
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