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Combat pathology, particularly mine-blast injury
is the main cause of military casualties. In our country,
as a factor of destabilization, are widely used terrorist
attacks using explosive devices of different capaci-
ties. Blast injury over 60% is cause of military casual-
ties during armed conflicts. It is known that the con-
dition for the formation of air-shock wave is creating
waves of pressure, which is distributed at supersonic
speed as possible with pulsed gas explosion and ex-
pansion of compression ambient air. The brain, chest,
abdomen, and bladder are the most sensitive parts of
the human body to blast. But the pathogenesis, diag-
nosis, treatment and rehabilitation of post-traumatic
explosion-induced disorders, namely, neurodegener-
ative complications psychosomatic, cognitive impair-
ment, currently not fully understood and are not clear
enough for an adequate therapy.

The purpose of the study was to analyze the ad-
vantages and disadvantages of experimental models
of blast-induced injury and to improve method and
compressed air-driven shock tube.

Material and methods. We used the following
methods: analysis and evaluation of experimen-
tal models of explosion-induced injury by scientific
publications, monographs and invention obtained in
stages patent information search in the library collec-
tion of the State institution “Dnipropetrovsk Medical
Academy of the Ministry of Health of Ukraine” (Oc-
tober 2019), a retrospective search of the literature
database PubMed (February 2020).

Results and discussion. A retrospective analysis
of the number of literary sources on the experimental
reproduction of explosive trauma has shown a high in-
terest of a large circle of scientists in the last decade.
A qualitative study of scientific publications has shown
a wide range of physical characteristics of an experi-
mental shock wave, methods and devices for simulat-
ing an explosive injury. The absence of a standardized
model of explosive injury with characteristics as close
as possible to real circumstances creates conditions
for the implementation of our own proposals.

Conclusion. This work presents a tested modified
experimental model for reproducing an air shock wave
under laboratory conditions, which makes it possible
to study the features of the course of an explosive
injury of various organs and organ systems at various
periods after injury.
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Research relation to the programs, plans,
and department themes. This study was carried out
within the research of the Department of Pathological
Physiology of the State Medical Academy “Study of
the mechanisms of central nervous system disorders
under extreme factors, including on the background of
heavy metal intoxication”, the state registration num-
ber is 0118U001276.

Introduction. Combat pathology, particularly
mine-blast injury is the main cause of military casu-
alties [1, 2, 3, 4, 5]. In our country, as a factor of de-
stabilization, are widely used terrorist attacks using
explosive devices of different capacities. Blast injury
over 60% is cause of military casualties during armed
conflicts [6]. In turn, explosive wave, known for spec-
tacular explosion factor, including cumulative effect
of several factors, including air-shock wave (ASW)
is one of the main factors of initial explosion. Its ef-
fect on human was poorly studied [7]. The problem
is difficulty visualizing interactions between ASW and
biological objects. It is known that the condition for
the formation of ASW is creating waves of pressure,
which is distributed at supersonic speed as possible
with pulsed gas explosion and expansion of compres-
sion ambient air [8]. Most sensitive to blast in the hu-
man body is the brain, chest and abdomen, bladder
[9]. But the pathogenesis, diagnosis, treatment and
rehabilitation of post-traumatic explosion-induced
disorders, namely, neurodegenerative complications
psychosomatic, cognitive impairment, currently not
fully understood and are not clear enough for an ad-
equate therapy [10]. Despite recent advances in iden-
tifying the key mechanisms of neurological deficits
after exposure factors blast, modern diagnostic and
treatment strategies require new fundamental knowl-
edge about the mechanisms of explosion-induced
injury [11]. It is known that clinical trials of pharmaco-
logical agents of influence in experimental pathology,
is progress in the development of the healthcare in-
dustry and the results of treatment, but they are based
on the general principles cerebral protection without
specific pathogenic effect.

Thus, for a comprehensive understanding of
the biological effects of factors blast, mechanisms of
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injury, the study of neuroendocrine and behavioral
changes, time-dependent post-traumatic disorders
creation of reliable experimental models of playback
according to the actual conditions of the shock is im-
mediate problem [12]. Existing data on the pathology
induced explosion conditions are often controversial,
due primarily to the use of preclinical studies in differ-
ent species of animals as well as experimental mod-
els [13, 14, 15].

Due to the large number of clinically established
remote complications at this time there is an urgent
problem understanding the causes of development,
namely, the mechanism of brain trauma [16], stress
disorders, heterotopic ossification etc. Taking into ac-
count the inexplicability pathogenic mechanisms, post
explosive consequences of being an international sci-
entific community is making great efforts to study this
problem. One of the essential aspects is playing and
simulation of biological factors in the explosion object
in tightly controlled laboratory conditions [17, 18, 19].

The purpose of the study was analyzing the ad-
vantages and disadvantages of experimental models
of blast-induced injury and improve method and com-
pressed air-driven shock tube.

The material analysis and evaluation of experi-
mental models of explosion-induced injury by scien-
tific publications, monographs and invention obtained
in stages patent information search in the library col-
lection of the State institution “Dnipropetrovsk Medical
Academy of the Ministry of Health of Ukraine” (Oc-
tober 2019), a retrospective search of the literature
database PubMed (February 2020).

Results and Discussion. The results are pre-
sented as two units. The first unit presents an analysis
of existing experimental models of explosion-induced
injury with their advantages and disadvantages; the
second contains a developed and modified device for
generating air shock wave in the experiment describ-
ing the experience of its usage in the laboratory.

Depending on the goals pursued by the re-
searcher in modeling the impact of adverse factors
of the explosion on the body of experimental animals,
the algorithm experiment should be pre-planned, well-
built procedure defined location (environment) experi-
ment, method and apparatus for the generation of
pathogenic factors, timing and duration experiment,
species, age and sex of animals, means of control
and quantify the physical, chemical and other charac-
teristics of the factor (s) explosion, exploring.

The basic requirement for an experimental model
of explosion-induced injury is a single or repeated act
pathogenic factor that will play back the most natural
abnormal phase in animals that occur in real clinical
situations. In addition, the result set physiological,
morphological, biochemical or other methods of re-
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search should be linked to the action of harmful com-
ponents explosion [20].

To meet the foregoing requirements of the exper-
iment we conducted a retrospective analysis of se-
lected literature search in PubMed between 1987 and
2019 at the following links: [(((rodent or rat) or mouse)
or mice)) and ((blast injury trauma) and (model))))].
On 13 February 2020 the database was presented
242 scientific publications. 218 papers for this search
was in the period from 2011 to 2019 (90%). The great-
est activity was recorded in 2018 when there were 34
scientific publications (nearly 14%). Thus, it is clear
that the issue of experimental simulation of blast inju-
ry has a long history, but during the last decade, these
studies are gaining importance every year.

There is evidence of harmful factors research on
biological objects of explosion, since the period of the
First World War. The first experimental studies were
conducted in an open landfill using artificial explosive
devices, as well as biological objects using large ani-
mals, such as, primates, pigs, rabbits. Depending on
the power of the explosion animals died due to lung or
blood loss. However, the experiments did not give any
idea of the pathogenesis of non-fatal injuries in an ex-
plosion. But researchers were close to understanding
effects of the explosion on the body and differentiation
mechanisms of harmful factors blast into primary, sec-
ondary, tertiary and quaternary effects [21].

Analysis of selected scientific sources showed
that research explosion-induced injury with different
methodologies, which differed on a number of attri-
butes, namely, a way to generate (playback) of explo-
sive or shock wave devices that are used for this pur-
pose, the position (location) of experimental animals
at the time action harmful factor range pressure, etc.
[22, 23, 24].

There are two ways by the method of reproduc-
tion or explosive shock wave. The first method is re-
produced using a detonation of explosives in an open
landfill [25] and in special devices, explosives cham-
ber or shock tube. The second way generates shock
waves Play destruction of the diaphragm, which sepa-
rates the gas or air mixture at high pressure from a
biological object. The advantages of the first method
is that the circumstances are closer to the real situ-
ation with influence of the explosion hazards. More-
over, these conditions may involve both large group
of animals with different distances from the epicenter
and equipment. But a study in the open space (land-
fill) has significant drawbacks due to the fact that bio-
logical objects are several factors damaging explo-
sion (simultaneous action of the blast wave, thermal,
chemical, and other factors), which prevents the in-
vestigation of individual exposure or explosive shock
wave in the dynamics of post-traumatic period. We
should also add that the explosion affects the whole
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body of the subject, leading to high mortality of ani-
mals because of pulmonary barotrauma and this pre-
vents further traced, in particular, reactive changes
of the central nervous system at different times trau-
matic period. There were some limitations, which sig-
nificantly hinder the widespread use of this method.
To conduct the experiment, one should get special
permission of researchers and relevant services for
using explosives requiring special equipment. The
second way of generating explosive or shock can
eliminate the rest deficiencies due to changes in
methodology of reproduction model state by destruc-
tion of the diaphragm in a special unit high pressure
gas or air mixture and a local impact on the appropri-
ate part of the body. The drawback of this method is
that it has great impact or shock waves on biological
objects as many researchers state.

The use of explosives in the blast playing in the
lab using a shock tube is not only costly but also dan-
gerous. Despite this, the shock tube is an alternative
device for generating explosive or shock wave in the
experiment. At this time the shock tube is recognized
and standard unit for studying the effects of harm-
ful factors, namely, the shock waves on biological
objects. Shock tube, depending on the design, can
be oriented horizontally or vertically, open or closed
muzzle. On the closed end shock tube was used
to study the thermodynamic properties of the blast
wave. At the same time, the shock tube open end has
a wide range of characteristics for research ASW in
the experiment.

During the experiment using a shock tube thing
is the location of laboratory animals. Currently known
is a modern experimental device for the study of the
impact on the organism of the shock wave of the ex-
plosion, which consists of means of simulating the
impact of explosive factors and means of placing ex-
perimental animals in the area of action of the ex-
plosive factors of the explosion [10]. Modeling tools
damaging factors include the explosion shock tube
consisting of a camera, high and low pressure sepa-
rated damaging the diaphragm. Means placing the
animals in the area of the explosion damaging fac-
tors include lattice cell that is located in low pressure
chamber. Placing animals within the device (low pres-
sure chamber) prevents obtaining state model (local
impact of air shock wave to the appropriate part of
the body, the dynamic change of parameters of air
shock wave playback speed impact) making it impos-
sible to further study the ASW impact the dynamics,
because in experimental animals has generally shock
wave to the entire body, affecting all organs and body
systems. Taking into account the above-mentioned
disadvantages of placing animals outside shock tube
is the most peculiar study aimed to examine, for ex-
ample, the primary mechanism of injury and can be

made by standard biological object position in the
study of the impact shock or blast wave.

Taking into account the relevance of research,
we have developed a device for generating air shock
wave (Figure 1). Prototypes following describes de-
vices and methods are experimental models of brain
trauma [26, 27, 28]. The design of the device con-
sists of two hollow steel cylinders, which are mounted
between the solenoid valve. Short cylinder (pressure
chamber) contains two technological threaded holes,
for fixing the pressure gauge that registers pressure
injection and air mixture. Long cylinder (low pressure
chamber) with a free end hole has a threaded hole
technology for measuring dynamic pressure sensor.
The free end of a single camera closed a rubber dia-
phragm, a fixed circular metal clamp. The whole con-
struction is fixed on three metal supports. Two related
valve cylinders with threaded connections. Supply
air mixture in the chamber pressure is by forcing air
through the hose using a compressor. Electromag-
netic valve and compressor with electric power from
a standard electrical outlet.

Fig. 1. Compressed air driven shock tube
Notes: 1. High pressure camera; 2. Low pressure cam-
era; 3. Compressor; 4. Solenoid valve; 5. Hose for air
mixture supply; 6. Overpressure relief valve; 7. Pressure
gauge for static pressure measurement; 8. Pressure
gauge for measuring excess pressure; 9. Metal supports
for fixing the shock pipe; 10. Diaphragm.

ASW reproduction occurs in two stages. The
first step is pumping air mixture to the camera using
a high-pressure compressor. Regulation correspond-
ing pressure gauge readings provided by the as-
sessment. The second stage consists of two phases,
namely, in the first phase takes place opening sole-
noid valve (switching air mixture with a high-pressure
chamber to chamber low pressure) in the second - the
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gap aperture free end camera low pressure fixation
threshold gap using the high dynamic manometer.
Thus, the advantages of shock tube in studying the
effect of blast on living objects are the following: it is
possible to reproduce a wide range of pressure peak of
the shock wave, modeling different conditions of pos-
ture and distance; the lack of need for special protec-
tive equipment for the researcher, and minimal jet effect
play close to the real profile of the gas shock [29].
Conclusion. Summarizing the advantages and
disadvantages of existing experimental models of
explosion-induced injury should note the significant
progress methodological and design approaches that
allow to conduct comparative studies. But the lack of a
standardized explosion-induced trauma valid models
should be developed further processing methods for
better play in vitro simulation of factors influence the
explosion. The proposed model of explosion-induced
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trauma rules out a number of shortcomings inherent
in some models and allows you to generate a certain
range with minimal material costs quickly and in the
laboratory without special training air blast with local
action.

There is a necessity to join separate thoughts of
known experts in the field of experimental medicine
concerning explosion-induced brain trauma [30] for
coordinated multidisciplinary research approach to
address controversial issues, and contradictory ex-
perimental blast injury.

Prospects for further research. In further re-
search it is planned to introduce this device to repro-
duce blast-induced trauma of individual organs and
organ systems of varying severity, followed by dis-
closure of pathogenesis, determination of functional,
pathomorphological and biochemical markers of dam-
age at different times after injury.
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PETPOCNEKTUBHWIA AHATI3 TA CYYACHUA CTAH

EKCNEPUMEHTANbHUX MOOENEW BUBYXO-IHOYKOBAHOI TPABMU

Kosnoea KO. B., KowapHut A. B., Kop3zayeHko M. A., Kumoea I. B.

Pe3tome. [Mpobnema BMOyxo-iHOYKOBaHOI TpaBMM Ha Xarb He BTpayae CBOE| aKkTyanbHOCTI, afxe 03bpoe-

Hi KOHCMIKTM 3 BUKOPUCTaHHSAM BUOYXiBKM BiOyBalOTLCA B PidHMX KpaiHax CBiTy. Ane naTtoreHes, AiarHocTuka,
nikyBaHHs Ta peabiniTauis nocTTpaBMaTu4HUX BUBYX0-iHAYKOBaHUX pO3nagiB rocTpux Ta BigaaneHux, a came,
HerpodereHepaTUBHNX YCKIagHEeHb, MCUXOCOMaTUYHUX CTaHIiB, KOTHITUBHUX MOPYLUEHb, YCKNaAHEHb 3 OOKy
CEHCOPHUX CUCTEM, fereHb, KULLKIBHMKA, NapeHXiMaTo3HUX OpraHiB YepeBHOI MOPOXHUHW Ha aHWK Yac Ao
KiHUS He BUBYEHI Ta [OCTATHBO He 3pO3yMini Ans afekBaTHOI Tepanii. Ha TenepilHin Yac gaHi woao mexaHis-
MiB YLUKO)KEHHS € MOBEPXOBMMM, HE PO3POBNIEHO HiTKUX KPUTEPIIB OLHKM PyHKLIOHANbHNX, MOPEOMNOriYHNX
Ta BioxiMiYHMX 3MiH Ha TNi BUBYXO-iHAYKOBaHOi TpaBMM.
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PeTpocnekTMBHUI aHani3 nitepaTypHUX SKepen Wwoao eKCcnepuMeHTanbHoro BiATBOPEHHST BUOYXO-iHay-
KOBaHOT TpaBMM MOKa3aB BMCOKY 3aLlikaBNeHiCTb LLUMPOKOro Kofa HayKoBLiB B OCTaHHE AecaTupidys. HAkicHe
OOCNIMKEHHS HAyKOBMX NyOBnikawin nokasano LWWMPOKUIN cnekTp disnyHNX XapaKTepUCTUK ekCnepmumeHTansHoi
yAapHOI XBUIi, cnocobiB Ta NPUCTPOIB AN1s1 MOAENOBaHHSA BUOYXO-iHAYKOBaHOi TpaBMU. BigcyTHicTb cTaHaap-
TM30BaHOI Mogeri BUbyxo-iHaykoBaHOI TpaBMM 3 MakCMMaribHO HabnmxeHMMmM 4o peanbHUx ob6CcTaBunH Xapak-
TepUCTUKaMn CTBOPIOE YMOBM AN1S BNPOBaAKEHHS BriacHWX npono3uuin. B uin poboti npegcrasneHa anpo-
OoBaHa MogudikoBaHa ekcrnepumeHTanbHa MoAenb Ans BiATBOPEHHSA B NlabopaToOpHUX yMOBaXx MOBITPSIHOI
yOapHoOi XBuni, WO HAgae MOXIMBOCTI AOCNIAMTU 0cobnuBocCTi nepebiry BMOYyXo-iHAYKOBaHOI TpaBMU Pi3HMX
OpraHiB Ta CMCTEM OpraHiB B pi3Hi nepiogn nicns yLWKOMKEHHS.

KnrouoBi cnoBa: BnOyxo-iHaykoBaHa TpaBMa, yaapHa Tpyba, ekcnepMmMmeHTarnbHa Mogenb.
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PETPOCMNEKTUBHbIW AHAITIU3 U COBPEMEHHOE COCTOSIHUE

3KCNEPUMEHTAJbHbIX MOOEJIEW B3PbIBHOU TPABMbI

Kosnoea KO. B., KowapHsiii A. B., Kop3zayeHko M. A., Kumoea !. B.

Pe3tome. Mpobrnema B3pbLIBHOM TpaBMbl, K COXaNeHuo, He TepsieT CBOEWN akTyarbHOCTWU, BEAb BOOPY-
XKEHHbIE KOHMPIUKTLI C MCMONb30BAaHNEM B3pPbIBYATKM MPOUCXOAST B pasHbIX CTpaHax Mupa. Ho natoreHes,
AMarHocTuka, nevyeHvne n peabunutauusa NOCTTpaBMaTUYECKNX PacCTPONCTB OCTPbIX W OTAANEHHbIX, @ UMEH-
HO, HerpoaereHepaTMBHbIX OCITOXHEHN, NCUXOCOMATUYECKNX COCTOSIHUI, KOTHUTUBHBIX HaPYLUEHWUIA, OCNOX-
HEHWIN CO CTOPOHbLI CEHCOPHbIX CUCTEM, NIETKUX, KULLEYHUKA, NAaPEHXUMATO3HbLIX OPraHoB BGPHOLLHON MONOCTY B
HacTosiLLee Bpems 40 KOHLA He U3yYeHbl U JOCTAaTOYHO He MOHATHbI ANs agekBaTHou Tepanun. B HacTosiwee
BpeMS AaHHbIE O MEXaHW3Max NMoBpPeXAeHUS ABMAKTCS NOBEPXHOCTHBIMM, HE pa3paboTaHbl YETKNE KpUTEPUM
OLEHKWN (DYHKLMOHANbHbIX, MOPAONOrM4ecknx 1 BUOXMMUYECKUX U3MEHEHWI HA (hOHE B3PLIBHOW TPaBMbl.

PeTpocnekTnBHbIN aHanu3 nuTepaTypHbIX UCTOYHUKOB 06 3KCNepUMeHTansHOM BOCMPON3BEAEHUN B3PbIB-
HOW TpaBMbl MOKa3asn BbICOKYI0 3aMHTEPECOBaHHOCTb GOMbLIOrO Kpyra yYeHbiX B nocnegHee OecATuneTve.
KauecTBeHHOE uccrnegoBaHWe Hay4YHbIX MyOnuKaumin nokasan LUMPOKUIA CNEKTP (PU3NYECKNX XapaKTEPUCTUK
3KCMEepPUMEHTaNbLHON yaapHOW BOJHbI, CNOCOBOB U YCTPOMCTB ANS MOAENMPOBAaHWUS B3PbIBHOW Tpasmbl. OT-
CYTCTBME CTaHAapTU3MPOBAHHOW MOAENN B3PbIBHOW TPaBMbl C MAKCMMarbHO NPUONMKEHHBIMU K pearibHbIM
0OCTOATENLCTB XapaKTepUCTKaMmn CO30aeT YCroBUsA AN BHeOAPEHUA COOCTBEHHbLIX NpeanoxeHuni. B aTton
paboTe npeactaeneHa anpobupoBaHHas MoandUUMPOBaHHAs 3KCnepvMeHTanbHas Mogenb Ans BOCnpous-
BegeHus B nabopaTopHbIX YCIOBMAX BO3OYLUHOW yOapHOW BOJMHbI, YTO AaeT BO3MOXHOCTb MCCNeaoBaTh OCO-
GEHHOCTN TeYEHMS B3PbIBHOW TpaBMbl Pa3fNMYHbIX OPraHOB U CUCTEM OPraHoOB B pasfuyHble Nnepuoabl nocne
NoBpeXaAEeHNS.
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