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Abstract. Sports-related traumatic brain injuries (TBI) accounts for up to 20 % of all injuries that are obtained by athletes
and its incidence rises annually due to rise in population involving in sports, growing popularity of extreme sports and high
level of motivation to achieve record results among young sportsmen. The aim of the review is to present the potential benefits
of using microwave radiothermometry and craniocerebral hypothermia technologies in sports-related TBI. The review considers
most common form of traumatic brain injury in athletes — mild TBI, which in turn can provoke a wide range of complications
and negative consequences in near and delayed periods after the injury. The main shortcomings of programs for complication
prevention in treatment and rehabilitation of athletes after TBI are considered, which do not take into account the peculiarities
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of injury mechanisms, its significant differences from household, road or criminal injuries with brain damage. Lack of objective
methods of instrumental diagnosis for injury severity is also described. In addition, pathophysiological component characteristics
of sports TBI is accentuated: frequency of repetition, increasement of brain and body temperature, peripheral redistribution of
blood flow and hypocapnia, which significantly affects cerebral blood flow. Based on the analysis of the available scientific
literature, it is elicited that TBI is an independent cause of cerebral hyperthermia development, which significantly aggravates the
consequences of the injury. Conclusions. The authors propose an innovative way to use microwave radiothermometry method as
a diagnostic tool for sports-related TBI. In addition, the review highlights the main recommendations for complications prevention
by using craniocerebral hypothermia technology, which reduces overall physical and cerebral hyperthermia, and augments the
resistance of cerebral cortex neurons to hypoxia and trauma. However, the authors believe that the described approaches in sports
medicine are not used purposefully due to lack of awareness of sports team doctors and coaches.
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or rotation of the head, in which the patient is in clear
consciousness, or the level of wakefulness is reduced

Introduction

In the structure of sports injuries, traumatic brain
injuries (TBI) account for up to 20 % of all types of
injuries [1]. About 97 % of sports TBIs are mild TBIs
(MTBIs) and the neurological symptoms are often le-
nient so that most of the injured young, strong, highly
motivated athletes tend to downplay the injury. This can
also cause an underestimation of the severity and the
extent of received injuries by a doctor or a trainer [2].

Minor brain injury is an acutely developed im-
pairment of brain function, which is the result of
a blunt blow with sudden acceleration, deceleration
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to moderate deafness, while there may be a short-term
loss of consciousness (up to 30 minutes) and/or amnesia
(up to 24 hours) [3,4]. In most patients, recovery after
mild TBI occurs in a short time (within 1-2 weeks),
and in 5-20 % of cases, symptoms of post-concussion
syndrome (cognitive, emotional, and behavioral disor-
ders) are noted for a long time. The severity of TBI is
most often assessed using the Glasgow Coma Scale,
and MTBI corresponds to a score of 13—15 points in the
acute period after injury. Metabolic, ionic, and neuro-
transmitter disorders and neuroinflammation develop in
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mild TBI, but changes on computed tomography (CT)
scan and magnetic resonance imaging (MRI) may be
absent.

Of great importance in worsening the prognosis
of the course of injury is the syndrome of re-injury
during the period of the special vulnerability of the brain
when the brain is especially susceptible to changes in
intracranial pressure, blood flow, and hypoxia.

Acute cerebrovascular disorders and neurotrauma
are accompanied by a focal increase in brain temper-
ature, which may not be reflected in changes in basal
temperature. In these cases, it is diagnostically important
to use non-invasive microwave radiometry (MWR),
which makes it possible to identify the foci of cerebral
hyperthermia. MWR is based on measuring the power
of the intrinsic emissions of human tissues in the mi-
crowave range, which makes it possible to calculate
the temperature of the cerebral cortex at a depth of 4-6
centimeters from the skin surface [5].

Up to date, in sports MTBI with neurological man-
ifestations, symptomatic pharmacotherapy is usually
carried out, and as recommendations, a reduction in
physical activity during the rehabilitation period is
suggested. The arsenal of rehabilitation technologies for
mild TBI is limited. At the same time, it is known that
a decrease in brain temperature provides the develop-
ment of pronounced neuroprotective effects: an increase
in the resistance of brain cells to ischemia, hypoxia, rep-
erfusion, and trauma, limitation of glutamate-mediated
excitotoxicity reactions, inhibition of the inflammatory
response to damage and the development of oedema,
as well as apoptotic and necrobiotic cascades [6-8]. It
seems very tempting to use this colossal potential of
brain protection in MTBI.

In the treatment of severe TBI, artificial hypother-
mia induction methods were previously widely used [5].
Low-temperature technologies of cerebral protection
include various methods of general cooling of patients,
achieving a decrease in body temperature to 32—-33 °C
[9], which is not applicable for mild TBI. The known
technique of nasopharyngeal hypothermia is of little
use in sports medicine due to the need to obturate the
nasal passages with cooling systems [10, 11].

256

Also the craniocerebral hypothermia (CCH) method
is known which is based on lowering the temperature
of the scalp in the craniocerebral region in combina-
tion with neck cooling in the area of projections of the
carotid arteries [12]. It is also possible to use selective
craniocerebral hypothermia (SCCH) without cooling the
neck, which has proven itself well in the treatment of
acute ischemic stroke and many diseases accompanied
by cerebral and general hyperthermia (paroxysmal
sympathetic hyperactivity syndrome, delirious and
withdrawal syndromes, pyretic fever) [13]. Selective
CCH does not affect basal body temperature and other
homeostasis parameters with a heat removal session of
up to 4 hours and is the best candidate for use in sports
with mild TBI.

Thus, there are convincing prerequisites that MWR
and SCCH can be used to diagnose sports-related mild
TBI and prevent the development of negative conse-
quences of injury. In this regard, it seems important
to consider the issues of the features of changes in the
thermal balance of the brain in sports-related TBI and
the use of selective CCH.

Temperature balance of the brain and CCH

The brain is characterized by the highest metabolic
activity, accompanied by a powerful heat release (20 %
of the body’s total heat at rest), which requires at least
20 % of the total oxygen utilized by the body, 25 % of
glucose and IOC, with a brain mass of not more than
2 % [fourteen].

Almost all processes occurring in the central nerv-
ous system are sensitive to temperature fluctuations —
the resting potential and the action potential, the rate of
excitation, the efficiency of synaptic interactions, the
production and release of signal molecules, etc. [15,16].
Temperature internally affects the efficiency and rate of
metabolism in the brain, and temperature fluctuations
modulate behavioural and autonomic responses and
affect cognitive functions [17-19].

Under conditions of rest and norm, the brain is
moderately thermo-heterogeneous, and the level of
functional and temperature heterogeneity increases
with excitation (emotion, affect) and various patho-

TPABMATOJI0T 1A



Shevelev OA et al. RUDN Journal of Medicine. 2023;27(2):254—264

logical processes (cerebrovascular accident, trauma),
accompanied by the development of focal cerebral
hyperthermia.

With direct invasive temperature measurement in
the oesophagus, ear canal, arterial blood in the aorta
and venous blood in the jugular vein bulb in athletes,
it was shown that during physical exertion, causing an
increase in temperature in the oesophagus to 37.8 °C,
the blood temperature in the aorta increased to 38 °C,
in the jugular vein up to 38.5 °C, while the tympanic
temperature did not exceed 37.5 °C. An increase in
the temperature of the blood flowing from the brain
emphasizes the fact of the accumulation of cerebral
heat during working hyperthermia [20].

The human brain has a spherical shape, which
contributes to the retention of heat due to the effective
ratio of surface area to its mass, and the removal of
excess heat is limited since the brain is enclosed in
a hard bone “case” of the skull, which makes it difficult
to transfer heat to the outside.

The brain has certain passive ways of removing
heat. The main pathway for removing excess heat from
the brain is provided by a powerful influx of arterial
blood [21], which is sufficient to maintain normal
cerebral heat balance at rest [22].

However, with an increase in body temperature,
the influx of warm blood worsens the conditions for
removing excess heat from the brain, which begins to
accumulate. A decrease in cerebral perfusion with oede-
ma and an increase in ICP also impairs heat dissipation.

Another convection mechanism for regulating brain
temperature is formed by cooling the cerebral cortex
with venous blood flowing from the scalp through the
emissary’s veins and reaching the venous sinuses of the
dura mater through perforators [22]. This very short
transit route of venous blood cooled in the external
environment to the cerebral cortex seems to be very
effective, but its contribution to the maintenance of
brain thermo-homeostasis has not been sufficiently
studied. At the same time, it is clear that the colder the
scalp and the venous blood flowing from it, the more
effective the cooling of the cerebral cortex will be.

It should be borne in mind that the brain is the
only organ whose blood supply is carried out from the
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surface. Therefore, the cerebral cortex in normal and
at rest is somewhat colder than the basal structures.

Thus, the physiological mechanisms and anatomical
security of maintaining the thermal balance of the brain
are aimed primarily at cooling the cerebral cortex.

Insignificantly involved in the removal of excess
heat from the brain direct heat transfer from the surface
of the brain to the outside through the flat bones of
the skull and soft tissues of the head due to their low
thermal conductivity.

The described pathways for the removal of excess
cerebral heat make it possible to understand the mech-
anisms of hypothermia induction during craniocerebral
cooling, which requires factual evidence.

With CCH, the temperature of the scalp can be
reduced to 5-8 °C. The outflowing venous blood under
these conditions enhances the heat exchange between
the jugular vessels and the internal carotid arteries.
The blood flow in the scalp at low temperatures is not
completely blocked due to the initial vasoconstriction
and is partially restored after 15-20 minutes [23]. Cold
blood penetrating the sinuses of the dura mater through
the emissary’s veins enhances convection heat removal
and contributes to a decrease in the temperature of
the cerebral cortex. With CCH, a significant temper-
ature difference is formed between the surface of the
brain and the scalp, reaching 25-30 °C, providing an
increase in the flow of heat to the outside by thermal
conductivity.

There are calculated and experimental justifications
for the effectiveness of induced brain hypothermia
during craniocerebral cooling. In particular, an analytical
solution of heat transfer during targeted hypothermia
of the brain is presented, confirmed by experiments,
where it is shown that the cooling of the scalp signif-
icantly affects the temperature in the superficial zone
of the brain, ensuring its decrease without affecting the
temperature of the basal structures [24].

The nature of the temperature distribution in the
human brain was studied using magnetic resonance
spectroscopy (MRS), where it was found that with
a decrease in the temperature of the scalp, hypothermia
of the cerebral cortex is formed, but the temperature of
the subcortical structures remains at 37 °C [25].
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When modeling the brain cooling process, it was
shown that 4-hour cooling of the scalp at a tempera-
ture of about 10 °C can lower the temperature of the
superficial areas of the brain to 33.2 °C at a depth of
up to 25 mm [26].

These calculated data very closely match the mod-
el of the heat balance of biological tissues given in
another study [27]. Experiments with thermal sensors
implanted in the brain have shown that selective cerebral
hypothermia in monkeys is reproduced when the scalp
is cooled [28].

The use of MWR made it possible to show that
30—45 minutes of CCH induction in healthy individu-
als provides a decrease in temperature over the entire
surface of the brain by 1.5-2 °C. The lengthening of
the cooling period by up to 4 hours made it possible to
reduce the average temperature of the cerebral cortex
by 2.5-4 °C. The basal temperature did not change
significantly during this duration of cooling, as did
blood pressure and heart rate [29].

Features of sports MTBI and the use of SCCH

An increase in temperature during overheating due
to physical exertion can lead to significant disorders of
the cerebral circulation and contributes to the develop-
ment of cerebral oedema, increased intracranial pressure,
disorders of interneuron relations, a decrease in the
level of consciousness and cognitive impairment [30].

Hyperventilation and a decrease in partial pressure
of Carbon Dioxide (PCO2) in the blood are accompa-
nied by a decrease in cerebral perfusion due to regular
reactions of autoregulation of cerebral blood flow.
In addition, a peripheral redistribution of blood flow
develops in favour of the working muscles and skin to
increase heat transfer during sweating, dehydration, and
hypovolemia increase. Taken together, these phenomena
lead to a significant decrease in cerebral perfusion and
oxygenation, forming a kind of “steal” syndrome of the
brain, which becomes especially vulnerable during this
period to traumatic injury [31].

An increase in brain temperature against the back-
ground of reduced perfusion and oxygenation underlies
the central mechanisms of fatigue, impaired speed,
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strength, and coordination functions, which also con-
tributes to an increased risk of sports-related TBI [32].

The development of cerebral hyperthermia forms
a cascade of reactions typical of neuronal damage dur-
ing ischemia, hypoxia, reperfusion, and neurotrauma:
glutamate release increases, proinflammatory cytokines
(IL-1, IL-6) accumulate, and free radical processes
increase [33]. Cerebral hyperthermia forms vicious
circles of neuronal damage even in cases where there
is no primary brain damage, and if it is present, it ex-
acerbates the pathological process.

For sports-related TBI, especially in martial arts,
it is typical to get repeated injuries in short periods.

Thus, the specific features of sports-related TBI are
repeated frequent TBI, high body and brain temperature,
and reduced cerebral perfusion. Post-traumatic changes
are formed in conditions of high stress on the cardio-
vascular system. Timely objective assessment of MTBI
is very often hampered by the effacement of symptoms
and anti-gravity behavior of athletes seeking to continue
participating in training and competitive cycles, which
can cause underestimation of the severity of the injury.
After sports MTBI, obtained in sparring in boxers and
not accompanied by the formation of neurological
symptoms, focal hyperthermia of the brain develops
with foci of temperature increase up to 38—40 °C [34].
Localization of foci turns out to be individual, often
manifesting itself in a certain projection of the cerebral
cortex, which indicates the formation of “locus minoris
resistentia” (lat.) — a weak spot that can eventually
become the basis of structural brain disorders.

The use of MWR by recording temperature in 9
symmetrical regions of the left and right hemispheres
makes it possible to build a map of the distribution of
brain surface temperature and evaluate the differences
recorded at rest, during exercise, and after mild TBI
(Fig. 1).

Considering the neuroprotective potential of hy-
pothermia and the pathogenetic role of cerebral hyper-
thermia, it seems appropriate to present the results of
the practical application of hypothermia during physical
exertion and MTBI obtained in several studies [35-38].

In athletes of cyclic sports, the axial temperature
and the temperature of the cerebral cortex were re-
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Fig. 1. Example of thermal maps obtained by microwave radiothermometry. A — before training, B — after a 20-minute warm-up
workout, C — after sparring, and D — one hour after sparring. The arrow marks the area of hyperthermia typical for this athlete
(according to Shevelev O.A. et al. [39])

corded using medical microwave radiometry (MWR).
Athletes performed the PWC-170 test. Temperature
measurements showed that the axial temperature after
the test increased from 36.21+0.07 °C to 37.67+£0.06,
and the brain temperature from 36.58 +0.07 °C to
38.17+0.08 °C, which is higher than body temperature.

With an interval of a day, a second study was car-
ried out on the same athletes, and the exercise test was
preceded by a 60-minute CCH session. 20—30 minutes
later (the period of spontaneous brain warming) after the
hypothermia session, the athletes were asked to perform
the PWC-170 test. At this stage of the study, after exer-
cise, the axial temperature increased to 37.23+0.03 °C,
and the brain —up to 37.60+0.07 °C.

These data demonstrate that the preventive CCH
session allowed for a reduction in the severity of general
and cerebral hypothermia caused by the test load. In
addition, the CCH session preceding the PWC-170 test
provided a significant increase in maximum oxygen
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consumption by 9.5 %, the power of work performed
at the aerobic threshold by 13.5 %, and at the anaerobic
threshold by 5.6 %, compared with the results obtained
during the test without a preventive hypothermia session.

The facts that preventive brain hypothermia can
reduce the degree of development of physical general
and cerebral hyperthermia, as well as increase aerobic
and anaerobic performance, are extremely important
in terms of optimizing the training of athletes and in
the recovery period.

The introduction of single sessions and course use
of CCH into the training programs for athletes can
reduce the risks associated with working hyperthermia
and overheating, improve sports performance, and pro-
tect the athlete’s brain from development of negative
consequences of accidental and “planned” (martial arts)
sports-related TBI of varying severity.

In particular, after sparring, in which missed blows
to the head were registered, the athlete’s brain tempera-
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ture in the focus of hyperthermia reached 38.1 + 0.13 °C,
and after the CCH session, it was 35.8+0.25 °C. These
facts are quite remarkable since they demonstrate the
possibility of stopping focal hyperthermia, which is the

basis for preventing the development of sports-related
TBI complications. An example of an athlete’s brain
temperature map is shown in Fig. 2.

Fig. 2. Thermal maps obtained from athletes by using microwave radiothermometry.

A —before sparring, B — after sparring (3 rounds of 3 minutes each), and C — after 60 minutes of CCH, carried out immediately
after sparring (according to Shevelev O.A. et al. [39])

It is notable that particularly in sports during train-
ings and competitive cycles is possible to bring the time
of SCCH induction as close as possible to the moment
of injury, what is fundamentally important, since the
earlier the hypothermia procedure is started, the better
the clinical effects will be [40].

Conclusion

MWR of the brain can serve as an objective tool
for diagnosing sports-related mild TBI. Therapeutic
hypothermia, used for cerebro-protection after total cir-
culatory arrest, in cases of cerebral circulation disorders
and brain injury, has long been known. The mechanisms
of its action have been thoroughly studied, including
urgent effects that develop during hypothermia, and
delayed effects, i.e., molecular mechanisms based on
the initiation of the expression of early response genes
encoding stress-protective proteins by low temperatures.
The accumulation of stress proteins prolongs the action
of hypothermia, which is responsible for the effects of
preventive cooling, and the increase in the resistance
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of cells and tissues to the action of damaging factors
is due to a wide range of cytoprotective reactions that
develop with their participation. The evidence base
for the effectiveness of hypothermia comes mainly
from animal experiments and tissue culture and to fully
extrapolate the results in relation to sports-related TBI,
special extensive studies are required; however, given
the potential risks of brain injuries due to sports-related
TBI consequences and available clinical experience
on hypothermia technology, it is advisable to recom-
mend it for a wider application in sports medicine and
rehabilitation.
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AnHoTanusa. Ha 710110 CIOPTUBHBIX UeperHo-Mo3roBbix TpaBM (UMT) npuxoautcs 1o 20 % Bcex CIOPTUBHBIX ITOBPEXX-
JIeHUI, @ BCTPeyaeMOCTb IIepBbIX BO3pacTaeT eKerofHo 3a CUeT NPUPOCTa YMC/Ia JH0fel, 3aHUMaroLXCsl CIIOPTOM, pacTyliei
TMIOMY/IIPHOCTH 3KCTPeMasIbHbIX U KOHTAKTHBIX BUJIOB CIIOPTA, a TAaK)Ke BHICOKOTO YPOBHSI MOTHBALU Ha [JOCTHKEHHE PEKOPAHBIX
pe3y/bTaToB CpeJiv MOJIOZIbIX CIIOPTCMeHOB. OCHOBHas LieJsib JAHHOTO 0630pa — Mpe/iCTaBUTh BO3MOXXHOCTH NIPUMEHEHHsT METO-
VKW MUKDOBOJTHOBOH PaJiIMOTePMOMETPUH U TEXHOJIOTMHU KpaHHOLepebpabHOY TUIIOTePMUU B KOHTEKCTe criopTiBHOW UMT.
B 0630pe paccMoTpeHHa Hanbosiee yacto Berpevatorasicst popma UMT y criopremeHoB — sierkast YMT, koTopasi B CBOIO ouepeib
MOYKeT CIIPOBOLIMPOBATh Pa3BUTHeE OUeHb LIMPOKOrO CIeKTpa OCI0KHEHHH U HeraTUBHBIX MOCJIe/ICTBUH Kak B O/vKaiiiem,
TaK U OTCPOYEHHOM IepHuo/e MocJle MoyuyeHHON TpaBMbl. PacCMOTpeHbI OCHOBHBIE He/IOCTaTKK IIPOrpaMM 10 NpoduIakTHKe
OCJIOKHEHUH TP JIeYeHUH U peabuInUTaluy CriopTcMeHoB nociie YMT, KoTopbie He[OCTaTOYHO YUUTHIBAIOT 0COOEHHOCTU
MeXaHW3MOB Pa3BUTHsI CAMOH TPaBMbI, €€ 3HaUMMble OTJIMUMS OT OBITOBBIX, IOPOXKHBIX VJ/TM KPUMUHAJIBHBIX TPABM C TTOBPEX/ie-
HMEM T'0JIOBHOTO MO3ra. ABTOpPaMH OIMCaHa aKTyasbHasi Mpob/ieMaTKa OTCYyTCTBUSI OObEKTHBHBIX METO/I0B MHCTPYMEHTA/IbHOM
JIMarHOCTHKHU TSDKeCTH TpaBMbl. [leTann30BaHa rnaTohr3noa0ruuecKasi COCTaB/IsoLas], XapaKTepHasi /sl ClIOpTUBHbIX UMT:
MepUOANYHOCTE ITOBTOPEHNS, MOBBIIIeHHe TeMITepaTyphl Tejla U Mo3ra [10CTpa/iaBliiero, neprdepryeckoe repepacripesiesieHue
KPOBOTOKA M TMIIOKAITHUS, KOTOpble 3HAYMMO BJIMSIIOT Ha MO3rOBOM KpOBOTOK. Ha 0CHOBaHMM NTPOBe/IEHHOTO aHa/lr3a NMero-
11elicst 0TeueCTBEHHOU U 3apy0e)KHON HayuHOH JIMTepaTyphbl MO>KHO C/Ie/1aTh BBIBOJI, UTO UEPETHO-MO3r0OBast TPaBMa SIB/ISIETCS
He3aBUCHMOU MTPUUMHOM pa3BUTHS LjepeOpabHOM TUTIepTePMUH, KOTOPasi CYIleCTBEHHO yCyryOsisieT Moc/ieCTBYS IOy YeHHOM
TpaBMbI. Bbi80Obl. ABTOPaMU TPeJIOKeH HOBaTOPCKHI CIIOCO0 MCIO/B30BaHUsI MeTO/la MUKPOBOJTHOBOM PaJJiOTePMOMETPHU
B KayeCTBe JMarHOCTUUeCKOr0 UHCTpyMeHTa crioptuBHbIX UMT. Kpome Toro, B 0630pe BbIINSIOTCS OCHOBHBIE PEKOMe/Ialivy
JU1st TPO(UNIAKTUKY 0CJIOKHEHUHN C MCITO/Ib30BaHUEM TEXHOJIOTMM KpaHHUoLepeOpabHOM TUIOTePMUH, KOTOpasi TI03BOJISIeT
CHU3UTH 00I1y10 GU3NUeCKYIO U LiepeOpasbHYH TUIIepPTePMHIO, a TAK)Ke CTIOCOOCTBYET MOBBIILIEHUIO YCTOMYUBOCTH HEMPOHOB
KOpPBI FOJIOBHOT'O MO3ra K FMITIOKCUY U TpaBMe. OfHaKO aBTOPbI CUMTAIOT, UTO OMUChIBAaeMble TI0AX0/ibl B CIIOPTHBHOW MeJULIHe
UCII0/B3YIOTCS Helle/leHarpaB/ieHHO U CBSI3aHO 3TO C HeZ,0CTaTOUHOM 0CBeJOM/IEHHOCThI0 TPEHEPOB 1 Bpaueii CIIOPTUBHBIX KOMaH[,.

KiiroueBble ¢j10Ba: TUNIOTEPMUS, BU/IBI CTIIOPTA, TPABMaTHUeCKOe MOBPeK/IeHHe MO3Ta, peaduIUTalysl, TUITepPTepMUst

Hudopmarysi o puHaHCHPOBaHUHU. ABTODBI He Mo/Ty4au (GMHAHCOBOM NMOAIEPKKH JIJis UCCITeJOBAHUS U ITyOTMKALY JAHHOM CTaThU.
Bknap aBTopoB: llleeenes O.A, lNopsinun V.M. — KoHUenust 1 HanmucaHue ucxogHoro Tekcra; [lerpoBa M.B., CMmosneH-

ckuii A.B. —kyparopctBo; Becuun C.I. — KypupoBaHue AaHHbIX; MeHructy 3.M., Menructy A.A. — HarucaHue, pelieH3lpoBaHye
U pefilakTrpoBaHue; Bauuk-T'opozerkas M.B., XaHaxmenosa Y.I'", Merxypenkosa [I.H. — c6op faHHBIX U opMaTbHBIN aHaN3.

TRAUMATOLOGY 263


https://orcid.org/0000-0002-6204-1110
https://orcid.org/0000-0001-5663-9936
https://orcid.org/0000-0003-4272-0957
https://orcid.org/0000-0002-6928-2320
mailto:drmengistu%40mail.ru?subject=Mengistu%20Elias%20Mesfin
https://orcid.org/0000-0001-8999-6972
https://orcid.org/0000-0002-6874-8213
https://orcid.org/0009-0002-4893-2846
https://orcid.org/0009-0002-7997-0079
https://orcid.org/0000-0003-4353-8962
https://orcid.org/0000-0002-8293-774X
mailto:drmengistu%40mail.ru?subject=Mengistu%20Elias%20Mesfin

Shevelev O.A. et al. Bectuux PYIH. Cepust: Meguiuna. 2023. T. 27. Ne 2. C. 254—264

Bce aBTOpBI BHEC/IM 3HAUUTE/IBHBIN BK/Ia[ B Pa3pabOTKy KOHIIEMLMH, UCCIeJOBAHUS U TIO[TOTOBKY PYKOIIMCH, IIPOYUTAITH
Y YTBEPJWIN OKOHYATE/TLHYIO BEPCHUIO Tiepes] IyOmKaryei.

Hudopmanus 0 KOHGIMKTEe HHTEPECOB. ABTODbI 3asB/ISTIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.
JTHYeCKOe YTBepKAeHHe — HelpUMeHHMO.

BiiaropapHoCTH — HENIPUMEHUMO.

HudopMupoBaHHoe coIIacue Ha My0/IMKALHI0 — HEMPUMEHHUMO.

INoctynuna 19.03.2023. ITpunsra 24.04.2023.

Jnsa qurupoBanus: Shevelev O.A., Smolensky A.V., Petrova M.V., Mengistu E.M., Mengistu A.A., Vatsik-Gorodetskaya M. V.,
Khanakhmedova U.G., Menzhurenkova D.N., Vesnin S.G., Goryanin I.I. Diagnostics and prevention of sports-related traumatic
brain injury complication // Becthuk Poccuiickoro yHuBepcuTeta Apy»k0b1 HapogoB. Cepusi: Meauiuaa. 2023. T. 27. No 2.
C. 254—264. doi: 10.22363/2313-0245-2023-27-2-254-264

Corresponding author: Mengistu Elias Mesfin — PhD student, Department of Anaesthesiology and Intensive Care, Institute
of Medicine, RUDN University, 117198, Miklukho-maklaya st., 6, Moscow, Russian Federation. Email: drmengistu@mail.ru
Shevelev O.A.ORCID 0000-0002-6204-1110

Smolensky A.V. ORCID 0000-0001-5663-9936

Petrova M.V. ORCID 0000-0003-4272-0957

Mengistu E.M. ORCID 0000-0002-6928-2320

Mengistu A.A. ORCID 0000-0001-8999-6972

Vatsik-Gorodetskaya M.V. ORCID 0000-0002-6874—-8213

Khanakhmedova U.G. ORCID 0009-0002—-4893-2846

Menzhurenkova D.N. ORCID 0009-0002-7997-0079

Vesnin S.G. ORCID 0000-0003-4353-8962

Goryanin I.I. ORCID 0000-0002—-8293-774X

OmeemcmeeHHbili 3a nepenucky: MeHructy Dmbsic MecduH — acrupaHT, KadeZpa aHeCTe310I0TMH ¥ PEAHUMATOJIOTHUH C KyPCOM
Me/IULIMHCKOM peabunurariyy, MeauumHckuii uHCTUTYT PYITH, Poccutickast @enepariys, 117198, Mocksa, yin. Mukiyxo-Makas,
n-6. E-mail: drmengistu@mail.ru

[Teener O.A. SPIN-kox 9845-2960; ORCID 0000-0002-6204—1110

Cmonenckuid A.B. SPIN-kog, 4514-3020; ORCID 0000-0001-5663-9936

ITerpoBa M.B. SPIN-koz 9132—4190; ORCID 0000-0003—4272-0957

Menructy 3.M. SPIN-kog 1387-7508; ORCID 0000-0002-6928-2320

Menructy A.A. ORCID 0000—-0001-8999-6972

Bauuk-Topogenkast M.B. SPIN-kog 5531-0698; ORCID 0000—0002—-6874-8213

Xanaxmezosa Y.I. ORCID 0009-0002—-4893-2846

Memxypenkosa JI.H. ORCID 0009-0002-7997-0079

Becnun C.I. ORCID 0000-0003-4353-8962

T'opsinun .M. ORCID 0000-0002-8293-774X

264 TPABMATOJI0T 1A



