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ABSTRACT

Relevance: The expanded use of magnetic resonance imaging in clinical practice has increased the number of specialists in this field
and their exposure to non-ionizing radiation. Although some side effects of non-ionizing radiation have been reported in the literature,
the data are fragmentary and contain little volume. There is insufficient systematic data on medical workers exposed to non-ionizing
radiation over extended periods, underscoring the need for further research.

The study aimed to evaluate the health effects of occupational exposure to non-ionizing radiation among healthcare workers, using
published scientific evidence.

Methods: The review was conducted in accordance with PRISMA guidelines. A comprehensive search was conducted in the PubMed,
Scopus, and Web of Science databases. Eligi-ble studies included original studies, systematic reviews, and meta-analyses that evaluated
the health outcomes of healthcare workers exposed to non-ionizing radiation. Data on working conditions, symptoms, and diagnostic
methods were collected. The survey included 21 studies that met the in-clusion criteria. Differences between studies, variations in
exposure measurement methods, and reli-ance on employee self-reports are the main limitations that can affect the accuracy of the

findings.

Results: The studies included in this review consistently reported a high prevalence of short-term subjective complaints among
healthcare personnel working with MRI, most commonly headache, dizziness, fatigue, sleep disturbances, sensory alterations, and
cognitive problems. A relationship between dose and symptoms was observed, especially with high-field MRI systems (=3T).

Conclusion: Occupational exposure to non-ionizing radiation poses a significant health risk to med-ical workers. While non-ionizing
radiation is primarily associated with acute subjective symptoms, these results underscore the importance of strengthening preventive
measures, revising dose-limits, and implementing regular medical supervision to mitigate occupational risks.

Keywords: Non-ionizing radiation; Occupational exposure; Healthcare workers; Electromagnetic fields (EMF); Magnetic

resonance imaging (MRI).

Introduction: The growing use of magnetic resonance
imaging (MRI) in clinical practice has led to an increasing num-
ber of specialists being exposed to specific physical factors.
The literature highlights certain adverse effects; however, the
available data are still incomplete and inconsistent. The sharp
increase in environmental electromagnetic fields (EMFs) has
raised global concerns about public health. Based on more
than 70 years of research in this field, the World Health Organ-
ization has concluded that scientific knowledge in this area is
currently more extensive than for most chemical substances,
and current data do not support the existence of any health
consequences from exposure to low-level EMFs [1].

Nevertheless, debates over electromagnetic safe-
ty continue. Two international groups - the International
Committee on Electromagnetic Safety of the Institute of
Electrical and Electronics Engineers (IEEE) and the Inter-
national Commission on Non-lonizing Radiation Protec-
tion - have been addressing this issue for decades. While
both organizations aim to establish human exposure limits
that protect against established or well-founded adverse
health effects, some groups advocate for stricter exposure
limits based on potential biological effects [2].

Acute exposure occurs only in accidents or gross viola-
tions of safety regulations, when a worker is subjected to
a powerful EMF. Symptoms include fever (39-40°C), short-
ness of breath, muscle pain in the arms and legs, muscle
weakness, headaches, palpitations, bradycardia, and hy-
pertension. Marked autonomic-vascular disturbances have
been described, including diencephalic crises, episodes
of paroxysmal tachycardia, anxiety, and recurrent nose-
bleeds. Chronic exposure -the leading clinical manifesta-
tions are functional disorders of the central nervous and
cardiovascular systems. Asthenic, neurotic, and autonomic
reactions characterize changes in the nervous system [3].

Most commonly, patients complain of general weakness,
rapid fatigue, reduced work capacity, sleep disturbances, irri-
tability, sweating, and diffuse headaches. Some report chest
pain, which can be constricting and radiate to the leftarm and
scapula, as well as shortness of breath. Cardiac discomfort is
more common by the end of the workday, following emo-
tional or physical stress. Some individuals also report visual
darkening, dizziness, and impairments in memory and atten-
tion. Objective neurological examinations in many patients
reveal unstable vascular responses, cyanosis of the extrem-
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ities, excessive sweating, persistent dermographism (more
often red), eyelid and finger tremors, and increased tendon
reflexes. These findings manifest as an asthenic vegetative
syndrome of varying severity. Cardiovascular disorders in in-
dividuals exposed to microwave radiation (MW) develop pri-
marily against the background of functional disturbances of
the central nervous system. Endocrine-metabolic disorders
also manifest based on CNS dysfunction. Shifts in thyroid
function toward increased activity are often noted, though
clinical signs are usually absent. In severe cases, gonadal dys-
function may occur. There is evidence of disturbances in the
gastrointestinal tract and liver function, as well as alterations
in protein and pigment synthesis [3].

Although non-ionizing radiation lacks sufficient ener-
gy to cause direct DNA damage, several studies suggest
a potential association with oncogenic and physiological
effects via indirect mechanisms, such as oxidative stress,
altered cell signaling, and dose-dependent biological re-
sponses [4-7]. Recent radiation safety guidelines increas-
ingly emphasize the importance of monitoring and reg-
ulating not only ionizing but also non-ionizing radiation,
including MRI-related magnetic fields [8]. These consid-
erations underline the need for further investigation and
careful assessment of occupational risks among medi-
cal personnel with repeated or prolonged exposure to
non-ionizing radiation. Consequently, systematic data
are virtually absent for healthcare workers exposed to
non-ionizing radiation in MRI environments, highlighting
a gap in the literature and the need for further research.

The study aimed to evaluate the health effects of oc-
cupational exposure to non-ionizing radiation among
healthcare workers, using published scientific evidence.

Materials and methods: This systematic review was
conducted according to the PRISMA 2020 guidelines [3].
The literature search was conducted across the PubMed,
Scopus, and Web of Science databases. The search strat-
egy included combinations of keywords and MeSH terms
such as occupational exposure, non-ionizing radiation,
EMFs, MRI staff, healthcare workers, radiofrequency ra-
diation, and occupational risk, using Boolean operators
(AND/OR).

Additionally, reference lists of relevant publications
were manually screened to identify potentially eligible
studies. Grey literature (Google Scholar, ResearchGate)
was also examined; however, dissertations, non-peer-re-
viewed materials, and unindexed sources were excluded
due to insufficient methodological transparency.

Source Selection Process. The initial search identified
159 articles (61 from Web of Science and 98 from PubMed).
After removing 25 duplicates, 122 studies remained for
screening. During title and abstract screening, 95 articles
were excluded due toirrelevance, lack of exposure data, or
insufficient methodological quality.

A total of 27 full-text articles were assessed for eligibil-
ity. From these, 6 articles were excluded for the following
reasons:

- No clear assessment of occupational exposure to
non-ionizing radiation (n=3);

- Absence of clinically relevant cardiovascular or neu-
ropsychological outcomes (n=2);

- Unclear description of healthcare worker popula-
tion (n=1).

Ultimately, 21 studies met the inclusion criteria and
were included in the final review. The selection process
consisted of two steps: (1) title and abstract screening; and
(2) full-text assessment. Duplicate removal was performed
using EndNote and verified manually.

Quality Assessment and Risk of Bias. The methodological
quality of included studies was assessed using the Joanna
Briggs Institute (JBI) critical appraisal tools and the New-
castle-Ottawa Scale (NOS) for observational studies. The
risk of bias was evaluated using the ROBINS-I tool. Most
studies demonstrated moderate methodological quali-
ty, with common limitations including small sample sizes,
lack of confounder adjustment, and variability in exposure
assessment methods.

Heterogeneity. Considerable heterogeneity was ob-
served in exposure types (static magnetic fields, radiof-
requency radiation, ELF-EMF), study designs, outcome
measures, and assessment tools. Due to this heterogenei-
ty, a quantitative meta-analysis was not feasible; therefore,
a narrative synthesis approach was applied.

Inclusion criteria: studies in which the study population
consists of medical professionals (doctors, nurses, radiolo-
gists, dentists, and other medical personnel), studies eval-
uating the impact of occupational exposure to non-ion-
izing radiation on the health of medical professionals,
including original research, systematic reviews, and me-
ta-analyses.

Exclusion criteria: studies conducted exclusively on pa-
tients, without analyzing occupational risks among med-
ical professionals, experimental studies in vitro or in vivo
(on cell cultures or animal models) without clinical inter-
pretation concerning medical personnel.

Figure 1 provides an overview of the included studies.
It is worth noting that the number of studies on non-ioniz-
ing radiation is limited compared to the larger body of ev-
idence on ionizing radiation.

Results: A total of 21 studies met the inclusion cri-
teria and were included in the final analysis. The main
characteristics of these studies, including the author,
publication year, country, type of personnel, expo-
sure conditions, and reported symptoms, are summa-
rized in Table 1. Most studies were conducted in Eu-
ropean countries, particularly Sweden and Italy, and
focused primarily on MRI and ultrasound operators.
Several studies included in the analysis have shown
that healthcare workers exposed to MRI sources re-
port a range of subjective symptoms. Exposure to MRI
has been associated with acute sensory disturbances,
including tingling, muscle contractions, headache, re-
duced concentration, dizziness, a metallic taste, and
visual phenomena (magnetophosphenes). A depend-
ence on scanner power was noted: symptoms were re-
ported significantly more often when working with MRI
systems of 3T and higher.
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Figure 1 - Source selection algorithm according to PRISMA

Neurological and sensory effects: Personnel exposed to
static magnetic fields (SMF) and motion-induced time-vary-
ing magnetic fields (TVMF) in MRI environments common-
ly report mild, short-term neurological symptoms. In a 2016
multicenter study of 234 employees across 14 MRI facili-
ties, K. Schaap et al. (2016) observed dizziness in 20 workers
across 22 shifts. Symptom frequency showed a clear dose-
response relationship with both SMF and TVMF, with ver-
tigo occurring at peak SMF levels of ~409 mT and TVMF of
~477 mT/s, and at average TWA values of 3 mT and 0.6 mT/s,
indicating that acute effects can occur even below current
exposure thresholds [9].

Similarly, Wilén and de Vocht reported in 2011 that 15%
of MRI nurses experienced dizziness, nausea, headaches,
or sleep disturbances, with symptom frequency rising with
field strength [10]. P.C. Rathebe found in 2022 that MRI
staff frequently reported headaches, fatigue, sleep distur-
bances, concentration difficulties, and sensations of verti-
go or imbalance, with perceived risk higher among more
experienced employees and those working with high-field
MRI units (=3T) [11].

M. Walker et al. reported in 2020 that 78% of MRI tech-
nologists experienced dizziness, visual disturbances, or a
metallic taste, particularly among operators of high- and
ultra-high-field systems [12]. In a cohort of physicians new
to MRI, Zanotti et al. observed that 94% reported at least
one MRI-related symptom (fatigue - 88%, reduced con-
centration - 82%, headache - 76%), with prevalence de-
clining substantially after two months, suggesting partial
adaptation [13].

Although the paper by Schaap et al. (2014) is more
than 10 years old, it remains a key publication document-
ing a dose-dependent relationship between exposure to
high-intensity SMF (1.5-7 T) and transient neurosensory
and autonomic symptoms such as dizziness, metallic taste,
nausea, and difficulty concentrating [14].

Occupational exposure may also affect sleep. Huss et al.
reported that MRI technicians exposed to stray magnetic
fields within the preceding four weeks had a slightly higher
likelihood of sleep disturbances (OR = 1.93, 95% Cl: 1.00-3.70).
Frequent exposure (7-20 days) was associated with shorter
sleep duration compared to occasional exposure (1-6 days;
OR = 1.95, 95% Cl: 1.11-3.44). Most participants with subopti-
mal sleep reported sleeping less than seven hours [15].

In sum, the reviewed studies indicate that acute neu-
rological complaints - predominantly dizziness, headache,
and fatigue - are generally mild and affect between 15%
and 78% of MRI staff, and are associated with both field
strength and movement within magnetic gradients; re-
peated exposure may attenuate some symptoms.

Cardiovascular and microcirculatory effects: Available
experimental and epidemiological data suggest that EMF
exposure may influence circulatory dynamics, but evi-
dence remains limited and inconclusive. V.D. Vencel et al.
described mechanisms by which magnetic field fluctua-
tions could magnetize blood microelements, potential-
ly promoting the formation of thrombus-like aggregates,
slowing capillary flow, thereby impairing tissue oxygen-
ation, contributing to neuronal changes, and influencing
blood pressure regulation [16]. Epidemiological observa-
tions among workers in MRI manufacturing have suggest-
ed a possible correlation between prolonged SMF expo-
sure and slightly increased incidence of hypertension [17].
Overall, these data suggest potential, but not firmly estab-
lished, vascular or microcirculatory effects associated with
chronic SMF and ELF-EMF exposure.

Cognitive and psychophysiological outcomes: Personnel
exposed to occupational EMF commonly report transient
cognitive complaints, such as fatigue, sleepiness, and re-
duced concentration, particularly during the initial months
of employment in MRI settings [13]. Vencel and colleagues
linked long-term EMF exposure to possible chronic fatigue
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and early cognitive changes, conceivably via altered cere-
bral microcirculation and hypoxia [16]. A 2006 meta-analy-
sis investigating ELF-EMF exposure and Alzheimer’s disease
reported elevated risk estimates (case-control combined
OR =2.03; 95% Cl: 1.38-3.00; cohort combined RR=1.62; 95%
Cl: 1.16-2.27), with particularly consistent findings among
men (RR=2.05; 95% Cl: 1.51-2.80) [18]. By contrast, meta-an-
alytic evidence on short-term cognitive performance after
50 Hz ELF-MF exposure is weak and inconsistent [19].
Oncological outcomes: Recent comprehensive reviews
by Caripidis et al. (2024-2025) evaluated the relationship
between radiofrequency EMF (RF-EMF) and cancer. The
2024 analysis found no statistically significant evidence
linking RF-EMF exposure (from mobile phones, cordless
phones, or fixed transmitters) with risks of glioma, men-
ingioma, acoustic neuroma, or childhood brain tumors
[20]. The 2025 update addressing less common malignan-
cies (leukemia, non-Hodgkin lymphoma, thyroid and oral

cancers) likewise identified no consistent associations, al-
though the evidence base was limited by small study num-
bers and heterogeneity in design and exposure assess-
ment [21]. Accordingly, current evidence does not support
a causal link between occupational RF-EMF exposure and
cancer risk, but further studies with rigorous dosimetry
and long follow-up are warranted.

The most robust and recurrent findings across occupa-
tional groups indicate mild, short-term neurovestibular and
sensory symptoms among MRI personnel, closely related
to magnetic field intensity and motion-induced exposure.
Chronic EMF exposure may influence vascular regulation
and contribute to subjective neurocognitive complaints,
while evidence for a carcinogenic effect of occupational
RF-EMF remains inconclusive. Heterogeneity in exposure
metrics and outcome definitions highlights the need for
standardized exposure assessment and harmonized health
outcome measures in future occupational research.

Table 1 - The main characteristics of articles on professional exposure to non-ionizing radiation

Symptom / Effect Studies

Personnel Type Exposure / Field Conditions

Walker M. et al. [12]

Zanotti G. et al. [13]

Huss A. et al. [15]

Glans A. et al. [28]

Bongers C.M. et al. [29]
Ghadimi-Moghadam A. et al. [30]

Dizziness / Vertigo / lans A. et al. [7] MRI nurses, radiographers, and SMF 1.5-9.4 T, static and time-
Disorientation / lllusion of Schaap K. et al. [9] engineers varying fields, symptoms increase
Movement Wilén J. et al. [10] with movement near the magnet,

Walker M. et al. [12] higher intensity fields linked to

Zanotti G. et al. [13] stronger symptoms

Huss A. et al. [15]

K. Schaap et al. [22]

Glans A. et al. [28]

Bongers C.M. et al. [29]
Headache / Fatigue / Fedorovich TM et al. [4] Nurses, MRI/ultrasound SMF 1.5-3 T, ultrasound/
Sleepiness / Reduced Glans A. et al. [7] technicians, students microwave co-exposure, acoustic
Concentration Rathebe et al. [11] noise, duration of exposure;

symptoms often transient and
intensity-dependent

Nausea / Metallic Taste
/ Tinnitus / Sensory
Disturbances

Glans A. et al. [7]

Schaap K. et al. [9]
Walker M. et al. [12]
Zanotti G. et al. [13]

MRI technicians, radiographers

SMF 1.5-3 T, movement near
scanner, acoustic noise; metallic
taste often brief and correlated
with proximity to magnet

Cognitive Impairment /
Memory Decline / Slower
Reaction / Attention Deficits

Rathebe et al. [11]

Barth A. et al. [19] meta-analysis)
Caripidis K. et al. [20]
Ghadimi-Moghadam A. et al. [30]

MRI staff, students, volunteers

SMF 1.5-7 T, ELF EMF, RF
exposure; cognitive tests, working
memory, reaction times; dose-
response effects observed in
some studies

Sleep Disturbances Glans A. et al. [7]
Walker M. et al. [12]

Huss A. et al. [15]

MRI technicians/radiographers

SMF and acoustic noise;
symptoms reported after shifts,
sometimes cumulative

Risk of Injury / Accidents /
Near-Miss Events

Rathebe P.C. et al. [11]
Huss A. et al. [25]
Bongers C.M. et al. [29]

MRI technicians, production
personnel

High recent and cumulative SMF
exposure; movement near the
scanner associated with near-
miss events and accidents

Discussion: The most consistently reported effects
among MRI personnel are acute neurological and vestib-
ular symptoms. Observed exposure levels ranged from ap-
proximately 0.3 to 3 mT (TWA) and up to 400-500 mT for
peak static fields, with 5-15% prevalence of neurovestibu-
lar complaints in several observational studies]. Across the
broader evidence base, 15-78% of healthcare workers re-
ported transient symptoms such as dizziness, headache,
or fatigue following exposure to static or motion-induced
time-varying magnetic fields [10, 12, 13, 22].

In 2015, De Vocht et al. demonstrated that healthcare
workers exposed to 1.5 T and 3.0 T MRI scanners frequent-
ly experienced dizziness, nausea, metallic taste, and bal-

ance disturbances, supporting a dose-response relation-
ship between field strength and symptom occurrence [23].
Schaap et al. [22] similarly documented vertigo even at rel-
atively low average TWA exposure (3 mT and 0.6 mT/s).
Wilén and de Vocht [10] reported increased dizziness and
headache at higher field strengths.

Sleep disturbances have also been observed. Huss
et al. [15] reported that workers who frequently entered
MRI rooms had nearly double the risk of sleep problems
(OR=1.93), though the mechanisms remain unclear and
may involve both occupational and individual factors.
These findings suggest a potential association but do not
establish causality.
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Evidence regarding vascular or circulatory changes is
limited and mostly theoretical. Some experimental stud-
ies suggest that magnetic fields may affect microcirculation
by magnetizing and aggregating blood elements. Observa-
tional data indicating slightly higher prevalence of hyper-
tension among chronically exposed workers [17] remain
inconclusive due to small sample sizes, potential confound-
ers, and lack of standardized exposure assessment. These
results should therefore be interpreted with caution.

Cognitive complaints, including reduced concentra-
tion, sleepiness, and chronic fatigue, were reported in sev-
eral studies [13, 16]. These are mainly self-reported, and
no consistent objective cognitive impairment has been
demonstrated. Hypotheses involving microcirculation or
mild cerebral hypoxia remain speculative. MRI personnel
may experience impaired balance, transient cognitive ef-
fects, and increased risk of accidents due to peak expo-
sures, particularly at higher field strengths [18, 24]. Con-
sistent with this, Huss et al. (2017) identified an elevated
risk of commuting accidents among MRI workers, suggest-
ing that exposure-related neurovestibular disturbances or
reduced alertness could have safety implications even be-
yond the workplace environment [25].

Regarding cancer risk, current systematic reviews do
not support a causal relationship between occupational
RF-EMF exposure and malignancies. Research on rare tum-
ors and long-term effects remains insufficient [20, 21]. The
absence of evidence should not be interpreted as defini-
tive evidence of no risk.

The findings align with those of Franco and Murolo
(2018), who documented a range of transient neurovestib-
ular and cognitive symptoms among MRI workers, espe-
cially at higher field strengths [26]. Mild et al. (2019) high-
lighted that non-ionizing radiation exposure in healthcare
remains insufficiently regulated and poorly monitored,
indicating a gap between occupational risk and existing
safety measures [27].

Overall, occupational exposure to non-ionizing radia-
tion is most consistently associated with short-term sen-
sory and neurovestibular symptoms, particularly at higher
field strengths or during motion-induced exposure. Evi-
dence for long-term cardiovascular, cognitive, or oncolog-
ical effects remains limited. Substantial heterogeneity in
study design, exposure metrics, and outcome definitions
limits comparability across studies, emphasizing the need
for standardized longitudinal research with objective ex-
posure characterization.

Conclusion: Healthcare workers exposed to non-ion-
izing EMFs, particularly MRI operators, frequently report
short-term symptoms such as dizziness, headache, fa-
tigue, and sleep disturbances. These symptoms may de-
pend on the intensity and duration of exposure and may
diminish with repeated exposure, suggesting possible
adaptation over time. While some studies indicate that
chronic exposure might contribute to subtle vascular or
cognitive alterations, current evidence remains limited
and insufficient to confirm long-term health effects or in-
creased cancer risk.

Although exposure levels are generally below harmful
thresholds, even low-intensity non-ionizing radiation may
have temporary functional effects on the nervous system.
This highlights the importance of monitoring occupation-
al exposure, optimizing ergonomic and work-rest condi-
tions, and improving awareness of protective measures.

Given the limited number of studies and the predom-
inance of short-term symptom reporting, it remains dif-
ficult to establish clear causal links between non-ioniz-
ing radiation and disease progression. Future longitudinal
studies with standardized methods, objective exposure
assessment, and larger sample sizes are required to clarify
mechanisms and potential long-term implications of occu-
pational EMF exposure.
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AHJATIIA

WOHJAYIIBI EMEC COYJIEJEHYIIH MEJIULIMHA KbI3BMETKEPJIEPIHIH,
JEHCAYJIBIFbIHA KOCIBA OCEPIHIH, CAJIIAPBI:
YKYHEJI LIOJTY

B. Omapkynos', A. Ocnanoex', /1. Hopaesa', H. bauesa', /I. Poioankuna'
I«Kaparaxabl meauuuHa yHusepcuteTi» KeAK, Kaparanzbl, Kazakctan Pecny6nukacol

Kipicne: Kaunukanwix moocipubede macnummi-pesonancmol momoepagpusnvt (MPT) xondanyoeiy apmyel conl canadazvl
mamanoapowiy Kebewine dcone 0aapobly UOHOAYWbL emMec coyneneHyOiy ocepine yuvlpayvina okendi. Odebuemmepoe UOHOAYULbL
emec coynenenyoiy KellOip scanama acepiepi mypaivl XabapiansanviMeH, depekmep ppazmeHmapivl Hcone as Koaemoi Kammuobl.
¥3ax yaxvim 001ibl UOHOAYULLL eMec coylleNeny2e Yiublpdean MeOUyuna KolzMemrepiepi mypasl Jcylienenzen 0epekmep Jcemrinikcis,
Oy 0OCbl MAKBIPBIN AACLIHOA 00AH dpi 3epmmey Kaxcemminicin kepcemeo.

3epmmey marcamol — sxcapusIaAH2aH 2blIGIMU OepeKmep He2i3iH0e UOHOAYULbl eMec CIYNeNeHYOiH MeOUYUHA Kbl3MemKepaepiHil
Oencaynvieblna Kociou ocepin b6azanay..

AQoicmepi: JKyiieni wony PRISMA nyckaynapeina cotixec, PubMed, Scopus srcone Web of Science depexxopaapvinoa maxananaposi
Kewenoi iz0ey scypeisindi. 3epmmeyee UOHOAYUWIbL eMeC CoyaeleHyee YbIpazan MeOUYUHa KblzMemKepaepinily 0eHCayibl2blHblY
Homuoicenepin 6a2anaiimol L MynHYCKd 3epmmeynep, J#yueni wonyiap deone mema-manoayiap Kipoi. Meouyunanvik Keismemrepiepoiy
eHOeK JHcaz0ainapul, MAa3aiaumvly CUMRIMOMOAPbL JHCOHE OUASHOCTNUKATLIK d0icmep mypaibl Moiimemmep HCunaiovl. 21 sepmmey
JorcyMblcmapsl 3epmmey Kpumepuiiiepine colikec Kendi. 3epmmeynep apacvblHOazbl atiblpMAwblIbIKMAp, SKCNOZUYUAHBL OTUMEY
aoicmepi dcoHe Kvlzmemrepaepoiy 03iHOIK ecenmepi Heeizel wekmeynep 001bin madvliadsl, onap Homuycenepoiy 0o10icine ocep
emyi MyMKIiH.
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INSTITUTE OB30PbI JIMTEPATYPbI

Homuocenepi: XKyiieni wonyea eneen makaiaiapowly Homudiceci 60UbIHWA MACHUMMI-PE30HAHCIIbL MOMOCPADUAMEH JHCYMBIC
JACacatmoli MEOUYUHA MAMAHOAPLL APACHIHOA 6AC aypybl, 6aAcC AUHALY, WAPUAY, YUKbIHbLY OY3bLLYbI, CEHCOPIbIK 032epicmep JdCOHe
KocHumuemi 6y3vliynapobl Koca aieanod, emip cybvekmuemi Oencinepoiy dcozapvl mapanzanobiebl aHblKmanovl. Jloza meH
cumnmomoap apacvinoazvl Oailianvic, acipece dxcozapavl axcvipamvimoviivikmaavt MPT acyuenepin (=3 Tl) naiioananzan xezoe
AHLIKMALObL.

Kopvitmuinowi: Honoayuivl emec coynenenyoiy kociou ocepi 0eHCayivlk cakmay MamaHOapblHbll 0eHCayableblHa aiumapiblKmati
Kayin mendipeoi. Honoayuivl emec coyneneny, ey ailoblmeH, 6mKip cyovexmugmi beneinepmen 6auianvicmol 00ica oa, Oyi Homuoicenep
NPOPUIAKIMUKATBIK WUAPALAPObl Kyuetmyoiy, 003aHblL WeKmey epexcesepin Kauma Kapayovly dHcone Kociou moyekenoepoi azaumy
YULiH mypakmol MeOUYUHALbIK OAKbLIAYObI JHCY3e2e ACLIPYObIH MAHbL30bLIbIZbIH KOPCEemeOi.

Tyitin co30ep: uonoayuibl emec coyieieHy, KOCINMIK acep emy, MeOUyuHda Kvlzmemrepaepi, 31eKmpoMacHummix epicmep,
maznummi-pezonancmol momoepagus (MPT), Hencaynvikka ocep.

AHHOTALUA

MOCJIEJICTBHUS MPO®PECCUOHAJBHOI'O BO3JAENCTBAA HEMOHU3UPYIOIIET O
N3JIYYHEHUS HA 3JOPOBBE MEJUIIMHCKUX PABOTHHUKOB:
CUCTEMATHYECKHUHU OB30P JIMTEPATYPbBI

B. Omapxynos', A. Ocnanéex', JI. Hopaesa', H. Baueea', /I. Pvibankuna'
THAO “KaparaHamuHcKuit MeanUmMHCKnil yHuBepcuTeT’, Kaparanaa, Pecny6nuka Kasaxcran

Axmyansnocms: Bce 6onee wupokoe ucnonbszosanue macHumuo-pesonancnoti momoepaguu (MPT) 6 kaunuueckou npaxmuke
npueeno K y8eaiudeHuio Yucia CReyudiucmos @ dmoti 001acmu u ux no08epICeHHOCHU 8030eUCMEUI0 HeUOHUSUPYIOUe2O ULV YeHUSL.
Xoms 6 numepamype coobwanocs 0 HEKOMOPLIX NOOOUHBIX dPPeKkmax HeUoOHUUPYIoujezo usiyuerus, OanHvie OpazmenmapHbl
u cooepoicam neboavuioi 06vem. CucmemamusupoBaAHHLIX OAHHBLIX O MEOUYUHCKUX PAOOMHUKAX, NOO0BEPIUUXCSH ONUMETbHOMY
6030elicmBUI0 HEUOHUSUPYIOWe20 U3LYYeHUs, HeOOCMAamOYHO, YO CEUOemeNbCmeyen 0 HeOOX00UMOCMU OANbHETMUX UCCIe008aH Ul
6 PAMKAX OAHHOU MeMbl.

ILlenv uccneoosanus — oyenums gosoelicmeue NPOPeccUuoHaAIbHO20 6030€UCMEUS HEUOHUSUPYIOWEe20 U3TYUeHUs HA 300P08be
MeOUYUHCKux pabomnuKos Ha 0CHo8e OnyOIUKOBAHHBIX HAYYHBIX OAHHBIX.

Memoowr: O630p nposoouics 6 coomsemcmeuu ¢ pekomenoayusimu PRISMA. Bvin npogeden cecmoponnuil nOUCK 8 6a3ax OaHHbIX
PubMed, Scopus u Web of Science 3a nepuoo 2005-2025 co0vi. IIpuemnemvie uccie0o8anus 6Ka04AIU OPUSUHATbHBIE UCCACO0BAHUS,
cucmemamuyeckue 0030pbl U MemMa-anaiusvl, 8 KOMOPLIX OYEHUBANUCH pe3YIbmambvl 0N 300P06bs MEOUYUHCKUX PAOOMHUKOS,
no0BeP2UUXCA 8030EUCNBUI0 HEUOHUUPYIOWe20 U3NYYeHus. Buliu cobpanbl dannble 00 ycrosuax mpyod, NpUsHaKax 6030eucmeus na
opaanuzm u memooax ouaznocmuxu. 21 ucciedosanuii cCoomeemcmeosaiu Kpumepuam eKaouerus. Paznuuus mesxncoy ucciedosanusami,
€cnocobbl UsMepenus dIKCNO3uyuY U Onopa Ha camoomuyémol COMpPYOHUKOG ABNAIOMC OCHOBHLIMU 02PAHUYEHUAMU, KOMOpble MO2YN
6IUAMb HA MOYHOCMb 8bIBOO0S.

Pesynemamui: Cocnacno pesyibmamam cmameil, 8KIIOUEHHbIX 6 CUCeMamuuecKull 0630p, cpedu MeOUYUHCKUX padbomHuKos,
pabomarowux mazHumHo-pe3oHancrol momozpaghueti (MPT), 6vina 6vis81eHa 8b1COKASA PACNPOCNPAHEHHOCHb OCMPBIX CYObLEKIMUBHBIX
CUMNIMOMO8, 6KIIOUAs 20108HYI0 00Ib, 201080KPYICEHUE, YCMANLOCHb, HAPYWIEHUS CHA, CEHCOPHblE U3MEHEHUs U KOZHUMUGHbIE
napyuwenus. bviia obnapysicena 83aumocesnss mexcoy 00301 u cumnmomamu, 0cobenno npu ucnoavsosanuu cucmem MPT ¢ evicokum
paspewenuem (=3 Tn).

3axntouenue: Ipogeccuonanvroe 030elicmeue HeUOHUZUPYIOWE20 USLYUEHUs NPe0CMABIAen SHAYUMENbHbIIL PUCK 05l 300PO6bS
MeOUYUHCKUX pabomuuxos. Xoms HeuoHusupyloujee usiyieHue 8 nepgyio ouepeddb Ce53aHo ¢ OCMPLIMU CYObEKMUBHLMU CUMNIMOMAMU,
9MuU  pe3ynbmamvl NOOYEPKUBAIOM BAMHCHOCTb YCUNEHUS NPOPUIAKMUYECKUX Mep, NepecMompd Npasull O0ZpaHuyeHus 003bl U
ocywecmenenus pecyisapHo20 MeOUYUHCKo20 Haba00enus 0 CHUMCEHUS NPOYeCCUOHANLHBIX PUCKOB.

Kniouesvie cnosa: neuonusupyiowee usiyienue, npogeccuonaivhoe oonyyenue, MeOUyuHckue pabomuuxy, 21eKmpomacHumHble
noas, maeHumuo-pesonancuas momozpagpus (MPT), Bozoeiicmsue Ha 300posve.
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