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Introduction: The widespread use of electricity both in industry and everyday life leads to relatively frequent
incidents of electrical trauma including fatal cases. It is commonly known that autopsies findings in electrocution deaths
are often inconclusive because of lack of specific morphological changes. Most deaths by electricity are usually caused
by cardiac rhythm disorder or respiratory arrest [1], which changes is non-specific exclusively for electrocution and may
overlap with findings in any case of sudden death. Thus, a local skin lesion, the so-called current mark, continues to be
the most important evidence and sometimes the only sign of the influence of electrical current on the body. Specific
macro- and microscopic skin changes caused by electric current can be not only reliable signs of electrocution, but in
some cases may be a source of information about conductor properties, current conditions etc. Data of this type can be
obtained first of all by using additional methods of examinations, in particular the qualitative elemental analysis method,
which could be a reliable way to assess the chemical composition of the conductor material. Thus, using the full range
of available methods of examination of skin lesion caused by electrical current can improve the capabilities of forensic
medical examination of the corpses of people who died from electrical injuries.

Objective: Conduct the analysis of the possibilities of forensic medical examination of local changes in the skin
that occur during the exposing to an electric current, on the basis of data from special medical literature.

Material and methods: In the research data of twenty two medico-legal reports in the cases of death of
electrocution and annual reports of the Bureaus of Legal Medicine in Ukraine were analyzed. Sources of information
available in electronic scientific databases, concerning the assessment of electric current mark were studied and analyzed.

Results: Deaths by electrocution still have a significant part in the structure of violent deaths. According the
annual reports data of Bureaus of Legal Medicine in Ukraine percentage of death caused by the action of electrical energy
in the structure of violent death is relatively constant and during the last five years fluctuates within 0.93-1.13% with
total number — 1646 people killed by the electricity. Most deaths by electrocution were caused by the action of technical
electricity (Tab. 1).

Deaths caused by the electric energy in Ukraine during the last 5 years Tab.1
Year 2014 2015 2016 2017 2018
Technical electricity 286 330 287 332 292
Atmospheric electricity 25 24 27 22 2
1

Total number of deaths

caused by electric energy 311 354 314 354 313

During the analysis of 22 medico-legal reports in the cases of death of electrocution caused by the technical
electricity was found that in 14 cases one of the most significant signs confirming the death of electrocution were specific
skin lesion (current marks), which origin was approved by histological examination and only in one of them method of
elemental analysis and detection of local metallization were used. In four cases there were no specific traces on skin and
death by electrocution was approved by non-specific changes and circumstances of death. In four other cases there was a
high-voltage trauma with massive electrical burns of the body and the determination of cause of death was not difficult.

As it was said before, in cases of death from electrocution specific skin lesions and its histopathological features
sometimes the most important evidence of the electric impact on the body. There are a large number of studies aimed on the
establishment of specific microscopic changes in current marks compared to the thermal injuries and blunt force lesions of
skin. Hystophatological changes in current marks are usually manifested as intra-epidermal and sub-epidermal separation,
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microvesicles formation and epidermal nuclear elongations [2]. Separation of epidermis is caused by the evaporation of
fluid from skin tissues due to the increase of temperature of the contact electrode. At the same time, the elongation of
nuclei is explained as caused by electromagnetic effect of an electrical current [3]. However, researches indicate on the
presence of all described changes in both thermal and electrical injuries, and even blunt trauma, emphasizing only degree
of manifestation of this signs in different cases [2]. Such, in the case of electric injuries the nuclear elongation is most
pronounced, but also observed in abrasions and thermal lesions. Authors also describe some differences in the intra-
epidermal and sub-epidermal separation. In electric current marks intra-epidermal separation was more common and in
the case of thermal injuries sub-epidermal separation was mostly observed. Other authors describe wider spectrum of
microscopic changes observed when comparing electrical current marks, flame burns and blunt force injuries (abrasions)
[4]. Histological findings, described in the article, were divided on three groups: epidermal. dermal and vascular changes.
Such, epidermal findings included intra-epidermal and sub-epidermal separation, coagulative necrosis, elongation and
streaming of nuclei, dark staining of nuclei, pyknosis of nuclei and tightly packed nuclei. The dermal changes were:
coagulative necrosis, nuclear elongation, dermal collagen homogenization. Vascular changes included vascular dilatation,
hemorrhage and thrombosis. According to the authors, elongation and streaming of the epidermal and dermal nuclei were
observed in all three types of injuries, but in cases of electrical trauma were observed more frequently. Tightly packed and
pyknotic nuclei in the epidermal cells were specific for electrical trauma but only cased by high voltage electricity and
were not observed in cases of other lesions. This changes proposed by authors for differential diagnosis of high voltage
and low voltage trauma. At the same time, there were not specific markers to distinct low voltage electricity impact from
thermal injuries. Coagulation necrosis of the dermis and the epidermis is specific feature of electrical marcs and flame
burns and obviously was not observed in tissue samples from abrasions. Thus, histophatological changes in electrical
current marks can indicate the impact of electric current but sometimes could be non-specific, especially comparing low-
voltage trauma to thermal injuries.

One of the important signs of the local action of electric current could be metallization in current mark, which
corresponds to the elemental composition of the metal of conductor. The metallization phenomenon can be explained the
form of electrolysis when metallic ions are embedded in the skin during the transmission of electric current from the metal
to the skin [1]. The metallization in electric current marks is known and studied in forensic medicine for a quite a long
period of time [5]. During this research the injuries caused by metal object heated to a high temperature or exposed to
alternating current were studied, and the presence of metallization was determined by an electrographic method. The
metallization appeared only in the cases of electric injuries. Various methods is possible for detecting metallization in
electric current marks including histochemical methods [6,7,8] in particular the staining in Prussian Blue by Perl’s (for
iron) and Okamoto-Utamura Rubeanic acid or Timm’s method (for copper). However, the detection of metallization in
current marks by histological examination sometimes is a difficult task [8].

Nowadays, the most effective and promising methods of metallization detection in current marks are different
methods of elemental analysis, like energy-dispersive X-ray spectrometry (EDS), which is a convenient and simple
method to detect various elements in different types of samples [9,10]. This method shows higher ability for metallization
detection in electric current marks than histochemical methods of examination. Such, during the experiment on animals
divided on two groups (first with exposure of electric current during 5 seconds, second with exposure of electric current
during 10 seconds) a comparative study of histological findings and the results of energy-dispersive X-ray spectrometry
was performed [11]. The detection of metallization (copper) indicated by histochemical methods of examination was about
40% in each current exposure group, but high peak of copper was detected using energy-dispersive X-ray spectrometry in
all skin samples of the both current exposure groups compared to the control group, which emphasizes the usefulness of
elemental analysis for proving the metallization in the current marks, especially if metallization is not observed on
histological examination. The energy-dispersive X-ray spectrometry method also shows high enough detection efficiency
for tissues samples after preparation for histological examination in particular to paraffin-embedded tissues [12] and
formalin-fixed tissues [13]. Often found the use of energy-dispersive X-ray spectrometry method in combination with
scanning electron microscopy (SEM), which expand and improve the diagnostic possibilities of EDS. It has been reported
that the SEM with EDS-microanalysis is a useful tool for identification of metallization and the correspondence between
elemental composition in the current mark and the metal of conductor [14, 15]. Other proposed elemental analysis
methods include variable-pressure scanning electron microscope with energy dispersive X-ray microanalyser [16], atomic
absorption spectroscopy [17], transmission electron microscopy [14] etc. It also should be noted the possibilities of
electron microscopy in detection of some ultrastructural changes of skin tissues due to electrical impact [18] which was
explained to the effects produced by the rapid dehydration of the tissue or that Joule effect can act upon the filaments and
contractile proteins, causing the cell deformation. However, this research needs further investigation of morphologic
ultrastructural characteristics of the current mark compared to thermal burns and blunt trauma changes in skin.

CONCLUSION. In Ukraine percentage of deaths by electrocution in the structure of violent death is quite
significant, relatively constant and fluctuates within 0.93-1.13%. In the determination of the cause of death in case of
electrocution, the investigation into current marks, especially from the histological point of view have the most significant
role. Histophatological changes in electrical current marks can indicate the impact of electric current but sometimes could
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be non-specific, especially in the cases of trauma caused by low-voltage electric current. The metallization in current mark
not only an important signs of the local impact of electric current, but also can help in the identification of specific object
due to the corresponding the elemental composition of the metal of conductor to the qualitative chemical composition
of metal particles in the electric current mark. The ultrastructural changes of skin tissues could also be helpful in the
determination of electric impact, but needs further research first of all aimed on the comparison with thermal burns, blunt
trauma (abrasions) and other changes in skin.
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CYYACHI METO/JIA TA HOBI TEHJAEHIII B CYIOBO-MEJTUYHII
OLIIHLI EJEKTPOMITKH

baunncekuii B.T., Banuyask O.4., CaBka LI'., 'apazmioxk M.C.,
Kozaos C.B., Kocrenko €.51.

Pe3ome: B crarTi HaBeAeHO Micle eNEKTPOTPaBMH B CTPYKTYpi HACHIBHHUIIBKOI CMEpTI 3a JaHUMHU 3BITIB OHOpO
CY/IOBO- MEJIMYHOI EKCIEePTU3U YKpaiHu, MiJIKpecIeHa BaXIMBICTh CYJA0BO-MEIUYHOI OI[IHKK SIEKTPOMITKH, KA 1 HA JaHU
4yac CIYrye OJiHI- €0 3 HAWBAXIMBINIMX O3HAK, IO MiJTBEP/UKYE JiI0 €IEKTPUYHOIO CTPYMY Ha TLIO Ta HACTAHHS CMEpTI
BHACINIJIOK ypPa)KEHHS €JeK- TpUIHHM cTpyMmMoM. [IpoaHamizoBaHi CydacHi JTepaTypHi IpKepena iHpopmamii Ta 3a3Ha4yeHi
Halie(eKTUBHIII METONM BCTAHOBJICHHS HASBHOCTI €IEKTPOMIKH Ta CYJOBO-MEIMYHOI OIIHKM MICIEBHX 3MiH B TUISHIN il
ENEKTPUIHOTO CTPYMY.

Kuro4oBi ciioBa: cymoBa MemuImHa, €IEKTPOTPABMa, SEKTPOMITKA, METai3allisl, SMIEMEHTHINA aHAai3.

COBPEMEHHBIE METO/IbI U HOBBIE TEHAEHIIUU B CYJIEBHO-
MEJUIIAHCKOM OIEHKE DJIEKTPOMETKH

bauuncknii B.T., Banuyask O.51., Caska W.I'., I'apazaioxk M.C., Ko3nos C.B.,

Koctenko E.S1.
Pe3mMe: B CTaThbeC YKaBaHO MECTO C-)HGKTpOTpaBMBI B CprKType HaCHHbCTBeHHOfI CMepTI/I 110 JaHHBIM OTYETOB 6I0p0
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cyz[e6H0- MGZ[I/IIII/IHCKoﬁ OKCIICPTU3BI YKpaI/IHBI, NOAYCPKHYTAa Ba’XHOCTb CyI[e6HO-M€,HI/IHI/IHCKOﬁ OLICHKU J3JICKTPOMECTKU,
KOTOpasa u ceiiuac Ipo- JOJKACT CIIYKUTh OAHUM M3 CaMbIX Ba’XXHbBIX TPU3HAKOB ﬂeﬁCTBHﬂ QJICKTPUYCCKOI'O TOKAa Ha OpTraHnU3M U
HACTYIUICHUA CMCPTHU BCJICA- CTBUC MOPAKCHHUA IJICKTPUUCCKUM TOKOM. HpOElHaHI/ISI/IPOBaHI)I COBPCMCHHBIC JIMTCPATYPHBIC
HUCTOYHUKU I/IH(I)OpMaIII/II/I ¥ 0003HaUYEHBI HAauboJIEe B(I)q)eKTI/IBHLIG MCTOAbI YCTAHOBJICHU HAJIUYIUA SJICKTPOMCTKH U cyz[e6H0-
MeI[I/IHI/IHCKOfI OILICHKH JIOKaJIbHBIX W3MEHEHUH B 00/1acTh BO3ﬂ€ﬁCTBI/IH QJICKTPHUYICCKOI'O TOKA.

KuarwueBbie ciioBa: cy;[eGHaﬂ MCIWIHUHA, SJICKTPOTPpaBMa, 3JICKTPOMETKA, METAJIIN3alusl, 3JIEMEHTHBIN aHaU3.

MODERN METHODS AND NEW TRENDS FOR FORENSIC MEDICAL
ASSESSMENT OF ELECTRICAL CURRENT MARKS

Bachinskiy V.T., Vanchulyak O., Savka I.G., Garazdiuk M.S., Kozlov S.V., Kostenko E.Ya.
Resume. The article indicates the role of electrocution in the structure of violent death according to the annual reports
of the Bureau of Forensic Medicine of Ukraine, emphasizes the importance of the forensic medical evaluation of the electric
current mark, which still continues to be one of the most important signs of the electric current impact on the body. Modern
literary sources of information are analyzed and the most effective methods for determination of the electric current marks and
forensic assessment of local changes in the area of electric current impact are described.
Keywords: forensic medicine, electrocution, current mark, metallization, elemental analysis.
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MEXAHI3M YTBOPEHHS NOJIBIMHOI IITAHIIMAPKH
IIPU ITOCTPUIAX I3 IIICTOJIETIB MOIEJIBHOI'O PALY «®OPT»

©I'ypos O.M, Kyuenko C.B., lllep6ak B.B., 'nagkux /I.b., Caneakin B.B.
XapkiBChbKa MEIMYHA aKaIeMisl MiCISIIUIIIOMHOT OCBITH

Pe3tome. 3Baxcaroun Ha MeXaHOreHe3 BiAOOIO Ui MICTOJETIB, Oyno OOIPYHTOBAaHO MEXaHi3M (OpPMYBaHHs TMOABIHHOT
LITaHI- MAPKH TIPH TocTpiiax i3 microneTiB «Popt-12», «Dopt-17» Ta «Dop1-14TII». VcranosieHo, M0 MOABIHHI BIIOUTKH
YTBOPIOBA- JIMCS JIMIIE 32 YMOB IMOCTPUIY B IIIJIBHUI NPUTYJ 13 MICTONETA, CHOPSKEHOr0 OUIBII HIXK OJHUM OOEMPHUITACOM,
TOOTO 3a YMOB OO0OB’SI3KOBOIO 3BOPOTHOrO pyxy 3arBopa. Ll o3Haka Moke OyTH BUKOpHUCTAaHAa IIPH BCTaHOBIICHHI
TIOCJTIIOBHOCTI TOCTPIJIIB, @ TAKOX BKA3y€E HA CIIOPSPKEHHS MiCTOJIETa OUIBII HiXK OJTHUM TaTPOHOM.

KarouoBi ciioBa: BorHenaibHi MOLMIKOKESHHSI, MTicTo1eTH «DopT», MOCTPLI YIPHUTYJI, IITaHIMAapPKa.

BCTYVYII. OxopoHa TIpoMaJICbKOro TMOpPSIAKY BHKOHYEThCS TIpAlliBHUKAMU OpPraHiB BHYTPIILIHIX CIpaB sK Y
MOBCSIKJICHHUX yMOBaxX, TaK 1 3a HaJI3BUYailHUX OOCTaBHMH, IIOB’SI3aHUX 13 3aTPUMaHHSIM O030pOEHHMX 3JIOYMHIIIB,
TIOMEPEeUKEHHAM a00 NPHUIIMHEHHSIM TPYINOBUX MOPYIIEHb IPOMAJCHKOrO MOPAAKY 1 MAacOBHX OE3MOPSIKIB Y HACEIEeHHX
nyHkTax [1, 2]. O3HayeHe 3yMOBIIIOE BHIIQ/IKU 3aCTOCYBAHHSI BOTHENAlbHOI 30poi NpaiiBHUKaMU MPaBOOXOPOHHHUX OPTaHiB,
30Kkpema, OiipsiMu crienmiapo3ainie MBC Vkpainu. I1ITaTHOIO KOPOTKOCTBOJIBHOIO 30pO€EI0 TiIPO3/LTIB CHIOBUX CTPYKTYP
VYkpainu € nicroneru BiTan3HsiHOro BupoOHuiTBa (Binuuipkoro KHBO «DOPT») «Dopr-12»,

«Dop1-17» Ta «DopT-14TII», sKi Hapa3i BUKOPUCTOBYIOTHCS Pa3oM i3 yce IIe MomupeHuM mictonerom Makaposa (IIM). 3
2014 p micronetn «®opt-14TII» Ta «DopT-17» Takok MPUAHATI SIK MTaTHA 30pOsi CYXOMYTHHUX BiiCEK YKpaiHu.

[Ipu mocmimkeHHI 00’€KTIB CyIOBO-MEIUYHOI €KCIepTHU3H (YIIKOHKEHb Tila Ta TOIIKOMKEHb OMAATY) y BHIAJKAX
BOTHENAJNBFHOI TPaBMH HAJ3BUYAl BaXKIIMBUM CTAa€ MUTAHHS BCTAHOBJICHHS MOJENi BOrHemaibHOi 30poi. Tomy meranphe
BUBUYCHHS OCOOJIMBOCTEI BOIHENAIBHUX YIIKODKEHB IIPH ITOCTPINIaX YIPUTYJI Mae 0COOIMBE Ta MPUHIMIIOBE 3HaYeHHs. Came
MIpU KOHTAKTHHUX ITOCTPiTaxX MOXKJIMBO BHSBHTH BiIOWTOK TyIHHOTO KiHIA 30poi (IITaHIIMAapKy), IO € BiPOTiTHOIO O3HAKOIO
MOCTPITYy BHPHUTYI Ta 3a IIEBHUX YMOB JIO3BOJISIE BU3HAUUTH MOJENH BOTHENaNbHOI 30poi. MexaHi3M yTBOPEHHS THIIOBOI
MITaHIIMAPKA € 3aralbHOBIIOMUM Ta TIOB’SI3aHUIA HacamIepel 3 Ji€l0 IMOPOXOBUX Tas3iB, IO BiAMIAPOBYIOTH Ta IIBHO
MIPUTUCKAIOTh IMUIETTi TKAaHWHH 10 3pisy 30poi, CIPHYMHAIOYM IX YIOKO/KCHHS, SKE& MOXKE BiII3EPKATUTH AEsKi
KOHCTPYKTHUBHI 0coOmuBocTi 30poi. LIItamMm-BiqONTKH MOXKYTh XapaKTepU3yBaTHCS HE JIUIIEe Oe3IocepeTHIM YITKOKCHHIM
IIKipA Ta emijepMicy ado IMOMIKOMKEHHSM MaTepially olsry, ale ¥ crenupiyHIM KOHTYPHUM BiJKIATaHHSAM KiNTSBU
MTOCTPLITY, SIKE 32 POPMOIO MOXKE BiITBOPIOBATH KOHCTPYKTHBHI €IEMEHTH KOHTaKTHOI oBepxHi [3, 4].

Jns 3’scyBaHHS MeXaHi3My YTBOPEHHS MOJBIHHOI MITAaHIIMapKH CIiJ PO3TIITHYTH JAESKiI TOIOKEHHS BHYTPIITHBOI
0aiCTUKH, IO CTOCYIOTHCS caMe MPOIECY MOCTPITYy Ta SBUIN, SKi BUHUKAIOTH i 9ac mocTpiny. [locTpinom HazWBaeTbes
BUKHJIAHHS KyJi 3 KaHaJy CTBOJA 30poi €Hepri€lo MOpOXOBHX Ta3iB. Bix ymapy yaapHHKa IO Karcyiio, 3a4MHEHOTO B
MIATPOHHUKY TAaTPOHA, BiTOYBAETHCS BUOYX yIApHOTO CKIAJy, KM 3amallioe MopoxoBui 3apsy. I1pu 3ropaHHi TOpOXOBOroO
3apsay YTBOPIOETHCS BENMKA KUTBbKIiCTh CHTbHO Harpitux (o 3000°C) razis, 0 CTBOPIOIOTH Y KaHAIII CTBOJIA BHCOKHHA THCK
HA JTHO KYJi, THO Ta CTIHKH TLTB3H, a TAKOXK HAa CTIHKHM CTBOJNA Ta 3aTBOP. [li7] THCKOM MOPOXOBUX Ta3iB KyIs 3MIIIYeEThCS 3
MICIIS, BpI3a€ThCs OOOJIOHKOIO B Hapi3W KaHaly CTBOJa Ta HaOyBae obepraibHOro pyxy. Kyist mpocyBaeTbest MO KaHaiy
cTBOJIA, OE3MepepBHO HAPOLIYIOUM IIBHJKICTh, Ta BUINTOBXYETHCS HA30BHI 32 HAMpPSMKOM OCi KaHalTy CTBOJA. Y HACHiJIOK
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