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IINXCS OT AENCTBUA TEXHUIECKOTO JJIEKTPUIECTBA B BOJE
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AHHOTAIIUA

B crarbe npe/cTaBIeH S9KCIEPTHBIN CIydail MOpaKeHUsI TEXHIHUECKUM 3JIEKTPUUECTBOM B BOJie (TPYII A€BYIIKY C TPU3HA-
KaMU TEPMHUYECKOTO 03K0Ta ObLI OOHAPY>KEH B BAHHOH KOMHATe, PAOM HAXOIHJICA ITO/ICOEANHEHHBIA K JIEKTPUYECKOU
ceru TesiepoH). BpLUIO IPOBEIEHO CYIEOHO-THCTONIOTHYECKOE HCC/IE0BAHIE IOBPEKIEHHDBIX TKaHEH. ABTOPbI U3YUNIH
THCTOJIOTHYECKYIO KAPTHUHY 3JIEKTPOMETKHU U M3MEHEHUE IEPMbI, BbI3BAaHHOE JIEHCTBUEM JIEKTPUUECKOTO TOKA B BOJHOM
cpeze. BpIsiBIIIM, UTO, BO-TIEPBBIX, MOP(OJIOTHUecKass KapTUHA 3JIEKTPOMETKH, CGOPMUPOBABIIENCS B BOJIE, OTIPEEIIs-
€TCs KaK 3JIEKTPOXUMUYECKUM [TOBPEKIAIONINM /IeHICTBHEM, CBSI3aHHBIM C PA3BUTHEM 3JIEKTPOJIUTHUECKUX IIPOLIECCOB B
TKaHX, TAaK U TEDMUYECKUM BO3ZIEHCTBUEM; BO-BTOPBIX, MACCUBHOMY TPaBMAaTHYECKOMY BO3/IEHCTBUIO IIO/IBEPIKEHBI HE
TOJIPKO KO’Ka U TOJKOXKHO-’KMPOBAsl KJIETUATKA, HO TJIyOrKesIeKalie TKaH|, YTO JIOJPKHO YIUTHIBATHCS MPU OKA3aHUH
MEUITUHCKOM TOMOIITHM ITOCTPA/IaBIINM C HECMEPTEJIbHOH 3JIEKTPOTPABMOMT.

Knaouesnble ca08a: 31eKTpOMETKA, HEKPO3, TEPMUYECKOE JEHCTBYE JIEKTPUIECKOTO TOKA.
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Jlebenenko E.A., HaceipoB P.A. Mopdosornyeckine 0co6eHHOCTH TMOBPEXAEHNH, chOPMHUPOBABIIIUXCS OT JE€HCTBHUSA
TEXHUYECKOTO 3JIeKTpUIecTBa B Bozie // Journal of Siberian Medical Sciences. 2023;7(4):138-145. DOI: 10.31549/2542-
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Morphological features of damage caused
by technical electricity in water

Z.V. Davydova, E.Yu. Kalinina, N.M. Anichkov, P.E. Lazarev, M.K. Smirnov, E.A. Lebedenko,
R.A. Nasyrov

St. Petersburg State Pediatric Medical University, St. Petersburg, Russia

ABSTRACT

The article presents an expert case of electrical injury from technical electricity in water (the corpse of a girl with signs of a ther-
mal burn was found in the bathroom, nearby there was a telephone connected to the electrical network). A forensic histological
examination of the damaged tissues was carried out. The authors studied the histological picture of the electrical mark and
changes in the dermis caused by electrical current in water. It was revealed that, firstly, the morphological picture of the electrical
mark in water is determined by both the electrochemical damaging effect associated with the development of electrolytic pro-
cesses in tissues and thermal exposure; secondly, not only the skin and subcutaneous fat, but deeper tissues are subject to mas-
sive traumatic effects which should be taken into account when the treatment of patients with non-fatal electrical injuries.
Keywords: electrical mark, necrosis, thermal effect of electrical current.
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BBEJAEHUE

CoBpeMeHHYIO KU3Hb HEBO3MOXKHO ITPE/ICTABUTD
0e3 HCII0JIb30BaHUS BJIEKTPUUECKOTO TOKAa. TexXHU-
YeCKHU IIporpecc, IIOBBINIEHHE KauecTBA KU3HU
JII0JIell Hepa3pBIBHO CBSA3AHBI C IPHUMEHEHUEM 3JIeK-
TPUYECKOTO TOKa B PA3JIUUYHBIX 00s1acTsAX U cdepax
YeJIOBEUECKOU JIeATeSIbHOCTH. IlepBbIA  cirydait
BJIEKTPOTPABMbBI OT JIEMCTBUS TEXHUYECKOTO JJIEK-
TPpUYECTBA IPHU CIAYYaHHOM COIPUKOCHOBEHHHU C
TOKOBEIYIIUMH YacTAMU omrcai Jlepya e Me3ukyp
B 1860 r. [1]. Uncao sKCHepTH3 CiiydaeB CMePTeTb-
HOTO TIOPAYKEHUS BJIEKTPUUYECKUM TOKOM B IIpaK-
THKE SKCIIEPTHBIX MOJipasjiesieHnit biopo cymebHo-
MeIUIMHCKON 3sKcnepTusbl CaHkT-Ilerepbypra B
2017 I'. COCTaBWIO 21, B 2018 T. — 14, B 2019 T. — 19,
B 2020 T. — 19.

CnexTp 06CTOATEIIBCTB MOJIyUEeHHS TPABM OT JIeH-
CTBUSI BBICOKOTO M HU3KOTO HANPSKEHUS IIHPOK. Y
JleTeld OHU, KaK MPaBWJIO, IIPOUCXO/AT B JOMAIITHUX
VCJIOBUSAX; Y IOAPOCTKOB — CBA3AHBI C JIETKOMBICJIEH-
HBIMHU IIOCTYIIKAMH BHE POJUTEJICKOTO JIOMa; Y
B3POCJIBIX — ABJISIOTCA CJIEJCTBHUEM, MPEXK/E BCETO,
OITMOOYHBIX MPOMECCUOHATBHBIX AEHCTBUH WJIH
HECUYACTHBIX CJIy4aeB Ha IMPOU3BOJICTBE. DTO MOXKET
OBITH PE3YJIPTATOM CJIYYaHHOTO KOHTAKTa C BHICOKO-
BOJIBTHBIMU Ka0eJIsIMU, Pa3TUYHBIX TPAHCIOPTHBIX
aBapuil WM CJIEJICTBUEM HE3aKOHHBIX JIEHCTBUH
(Bampmanusma) [2].

UccnemoBaHusi 3apyOeKHBIX YUEHBIX ITOKA3bI-
BAIOT, YTO CMEPTHOCTH OT BJIEKTPUUECKOU TPABMbI B
Havasie XXI B. BAppUpyeT OT O 10 25 % B 3aBUCUMO-
CTH OT TSXKeCTH mopaxkeHus [3]. Jlaske KpaTKoBpe-
MEHHBI KOHTaKT C TOKOHECYIIel IIOBEPXHOCTHIO
[PUBOAUT K YAaCTUYHOMY WJIA TIOJTHOMY HEKPO3Y
OT/IeJIbHBIX aHATOMUYECKUX 00JiacTel, pa3BUTHIO
MMOJIMOPTaHHOU HexocTaTouHocTH [4]. B Hamnbosee
TSKEJIBIX CITyJasX THOes b IOCTPAIABIIETO ITPOUCXO-
JTUT U3-32 OCTAHOBKU CEPEUYHOU esITETbHOCTH WU
MAaCCHBHOT'O KPOBOTE€UEHHUs BCJIE/ICTBUE HAPYIIIEHUs
[IEJIOCTHOCTH CTEHOK KPYITHBIX cocynos [5]. [TocTpa-
JIaBIlIFe OT 3JIEKTPUUYECTBA B HAIlle BPEMs COCTaB-
JISIIOT OKOJIO 5 % OT IOCTYIIUBIIKX B O?KOTOBBIE II€H-
TPBI 10 BceMy Mupy. HecMOTpst Ha HeOOJIBIITYIO I0JTI0
BJIEKTPOTPABMbI B CTPYKTYype OKOTOBOTO TpaBMa-
TU3Ma, OHA fABJIAETCA HauboJee TSKEJION U paspy-
[IUTEIHFHOHN, TPUBOJA K WHBAJMTHOCTA U BBICOKOH
JIETAJIBHOCTH. DJIEKTPOTPaBMa IPeobiiaiaeT y MyK-
YUH TPYZOCIIOCOOHOTO BO3PACTA U COCTABJIIET OKOJIO
1.7 % cpeayd TOCIUTAIU3UPOBAHHBIX B OXKOTOBBIE
IeHTpPHI. JIeTaTbHOCTh 3aBUCHUT OT BO3PAcCTa, O0IIIei
IJIOIIA/TH IOPAKEHMUS U ILUIOIIA/IH TITyOOKOTO 02KOra.
IIpu s/1eKTPOTPaBME B OIIEPATUBHOM JIEUEHUU HY K-
JTAIOTCS 2/3 MOCTPAJIaBIINX, IPU 3TOM 30.9 % maru-
€HTOB TPeOYIOTCS BHICOKOTEXHOJIOTHIHBIE MUKPOXH-

INTRODUCTION

Modern life cannot be imagined without the use
of electric current. Technological advances and
improving the quality of life of people are inextrica-
bly linked with the use of electric current in various
fields and areas of human activity. The first case of
electrical injury due to accidental contact with live
parts was described by Leroy de Mésicourt in 1860
[1]. The number of examinations of electrocution
cases in the practice of units of the Bureau of Foren-
sic Medicine of St. Petersburg in 2017 was 21, in
2018 — 14, in 2019 — 19, in 2020 — 19.

The range of circumstances of high- and low-vol-
tage electrical injuries is wide. In children, they usu-
ally occur at home; in adolescents — are associated
with frivolous actions outside the house; in adults —
are, first of all, a result of erroneous actions or indus-
trial accidents. This may be the result of due to an
accidental contact with high-voltage cables, various
traffic accidents, or a consequence of illegal actions
(vandalism) [2].

Studies by foreign authors show that mortality
from electrical injury at the beginning of the 21st
century varies from o0 to 25% depending on the sever-
ity of the injury [3]. Even short-term contact with a
live surface leads to partial or complete necrosis of
individual anatomical areas and the development of
multiple organ failure [4]. In the most severe cases, a
patient dies due to cardiac arrest or massive bleeding
caused by large vessel walls’ destruction [5]. Patients
with electrical injury now account for about 5% of
those admitted to burn centers around the world.
Despite the small proportion of electrical injuries in
the structure of burn injuries, it is the most severe
and devastating, resulting in disability and high mor-
tality. Electrical injury predominates among men of
working age and accounts for about 1.7% among
patients hospitalized in burn centers. Mortality
depends on age, total body surface area damaged
and area of deep burn. In case of electrical injury, 2/3
of patients need surgical treatment, with 30.9% of
patients requiring high-tech microsurgical opera-
tions, and 29.1% requiring amputation [6, 7].

Electrical injury is formed either through direct
contact with an electrical conductor, or from a step
voltage arising from the voltage difference between
two parts of the body touching the ground near a
lying wire; its formation is also possible through an
arc contact (in cases with high-voltage currents).
According to the literature, at the site of contact of
the current carrying conductor with the body, a skin
lesion forms called an electrical mark. In typical
cases, it is a round or oval-shaped dense vallate area
of the skin (with a sunken bottom and roller-like
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pyprudueckue omepanuiv, a 29.1 % — aMIIyTalluu
(6, 71.

dnexTporpaBMa (popMupyercs JuO0 IPU HEIO-
CPEICTBEHHOM KOHTAKTE C IIPOBOJIHUKOM 3JIEKTPH-
YEeCKOro TOKa, JINOO OT «IIarOBOTO HAIPSKEHUS»,
BO3HHKAIOIIETO M3-32 PA3HOCTH IMOTEHITUAJIOB JIBYX
yacTeH Tesa, KacaroIluXCsl 3eMJIN BOIU3H JIeKAIIEro
MIPOBO/IA; TAaK:Ke BO3MOIKHO ee 00pa3oBaHUe U Yepes
JIyTOBOM KOHTAaKT (B CIy4asiX ¢ TOKAaMH BBICOKOTO
HanpspkeHus). CoryiacHO JIAaHHBIM JIMTEPATYyphI, B
MeCTe COIPUKOCHOBEHUSI TOKOHECYIET0 IIPOBO-
JIHUKA C TeJIoM (opMHUpyeTCsl TOBPEKIEHUE KOXK-
HOTO TIOKpOBa — 3JIEKTPOMETKA. B TUMMYHBIX CITy-
Yasx OHA MPEeJICTaBJIsAeT cOO0I OKPYIJION UIN OBAJIb-
HOU (OpMBI IVIOTHOBATBIN Y4aCTOK KOKU € 3aIa/ia-
OIIM JIHOM U BaJIMKOOOPA3HO IPHUIIOHSITHIME
KpastMu, ¢ OJIeJTHO-KeJITOH, cepo-0elofi Wi cepo-
JKeJITOU OKpackoil. opMUpOBaHHE 3JIEKTPOMETKHU
00yCJIOBJIEHO MEXaHUYECKUM, TEIIOBBIM, 3JIEKTPO-
XUMHYECKUM TOBPEXKIAIOIINM JIEHCTBHEM TOKA Ha
opranusMm [1]. TerioBoe BO3/IeHCTBHE BOBHUKAET B
pesyJibTaTe TpaHChOPMAIUH JIEKTPUUECKON HHEP-
THU B CHUJIy COIIPOTUBJIIEMOCTH TKaHeH. Temmosomy
JIECTBUIO TOKA B OOJIBINEN CTEIEHH TIOJIBEPIKEHBI
TKaHU C HU3KOU YAEeJTbHOU 3JIEKTPOIPOBOJHOCTHIO.
MeHHO B TKaHAX, 00J1a/Iaf0IHUX BBICOKMM COIPO-
TuBJIeHHeM (KO’Ka, KOCTHASA TKaHb), B COOTBETCTBUH
¢ 3akoHOM JIkoysis — Jlenna (Q = I2Rt), TpOUCXOTUT
BbIJIeJIEHHE HAanOOJIBIIIETO KOJIMYecTBa Teria. Kou-
YeCTBO BBIIEJISIONIETOCS TeIIa IPSAMO MPOIIOPIIHO-
HAJIbHO CHJIE TOKA, 3JIEKTPUYECKOMY COIPOTHBIIE-
HUIO TKAHEeH U JJINTEIbHOCTA KOHTaKTa. UeM BBIIIe
HaIpsDKEHWe, TeM OOJIbIlle BBIZIEISIeTCS TeIlla B
MecTax KOHTAKTa, TJle ¥ BO3HUKAIOT 0k0Th. Corpo-
TUBJISIEMOCTh TKAHEH ABJISETCA OJHHUM W3 TJIaBHBIX
(axkTOpOB, 00YCIOBIMBAIOIINX TIXKECTH BJIEKTPOO-
JKora. YYacTKaMH JIOKQJIU3aIUU  3JIEKTPUUIECKHUX
0’KOTOB SIBJIAIOTCSI B OCHOBHOM MeCTa BXOAa H
BBIXO/Ia DJIEKTPHUUYECTBA Ha KOJKe, TaK Kak OHa 00Jia-
JlaeT BBICOKOW CONPOTHUBJIAEMOCTBIO. TeroBast
SHeprus, obpasyiolasicsi Opu TpaHchoOpMaIUu
BJIEKTPUYECKON HHEPTUU, MPUBOJUT K KOATYJISAI[UHN
U HeKpoTu3amuu TKaHed. I[locie TmpeomosieHus
COTIPOTUBJISIEMOCTH KOKH BJEKTPUYECKAS HHEPTHs
CJIEAYET IO IyTH HAWUMEHBIIETO COIMPOTUBIIEHUA —
10 HEPBHOU TKaHU ¥ KPOBEHOCHBIM COCY/IaM, IIOpa-
JKas OKPYKAOIIUe TKAHU ¥ IPHUBO/S K 00IITHUM H3Me-
HEHUAM. DJIEKTPOXUMUUYECKHE U3MEHEeHUs, BO3HU-
KalolllFie B pe3yJIbTaTe JIEUCTBUs DJIEKTPUUECKOTO
TOKA, MPUBOAT K arperanui GOPMeEHHBIX DJIeMEH-
TOB KPOBH, U3MEHEHHI0 OajlaHCa NOHOB BHE W BHY-
TPH KJIETOK, MOJIsIpu3anuu 6eJIkoB. B pesysbrare y
aHOJla BO3HMKAET KOATyJIAIUOHHBIA HEKpPO3, a y
KaToJla — KOJUIMKBAIIMOHHBIN. MexaHuuyeckoe JIer-

raised edges), of pale yellow, gray-white or gray-yel-
low color. The formation of an electrical mark is due
to the mechanical, thermal, electrochemical damag-
ing effect of electrical current on the body [1]. Ther-
mal effect is a result of the transformation of electri-
cal energy due to high tissue resistance. Tissues with
a low electrical conductivity are more susceptible to
the thermal effect of current. It is in tissues with high
resistance (skin, bone tissue), in accordance with the
Joule-Lenz law (Q = I?Rt), that the greatest amount
of heat is released. The amount of heat released is
directly proportional to the current power, the elec-
trical resistance of tissues and duration of contact.
The higher the voltage, the more heat is released at
the contact sites, where burns occur. Tissue resis-
tance is one of the main factors determining the
severity of an electrical burn. The localization for
electrical burns are mainly the inlet and outflow
points of electricity on the skin, as it has high resis-
tance. Heat energy generated during the transforma-
tion of electrical energy leads to coagulation and
necrosis of tissue. After overcoming the fastness of
the skin, the electrical energy follows the path of
least resistance — through nervous tissue and blood
vessels, affecting surrounding tissues and leading to
general changes. Electrochemical changes caused by
the action of an electric current lead to blood cells
aggregation, changes in the ionic balance outside
and inside cells, and protein polarization. As a result,
coagulative necrosis occurs at the anode, and colli-
quative necrosis — at the cathode. The mechanical
action of current occurs due to the direct transition
of electrical energy into mechanical energy. Mechan-
ical action manifests itself in the formation of tissue
dissection and ruptures, bone fractures.

However, there are also publications that indicate
that electrical injury in aquatic environments is char-
acterized by the formation of an atypical electrical
mark as bubbles without liquid content, as well as
electrogenic edema: density and pallor of the skin
surrounding the area of the electrical mark. Macro-
and microscopic examination of such an electrical
mark does not reveal signs of grade III-IV thermal
burns and thermal damage to hair in the area of the
electrical mark, and there is no metallization of the
skin [8].

AIM OF THE RESEARCH

Investigation of morphological changes and fea-
tures of damage caused by electricity in water.

CASE REPORT

The corpse of a girl was brought to the Thanato-
logy Department of the Bureau of Forensic Medicine
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CTBHE TOKA BO3HHUKAET 3a CUYET IPSAMOTO Iepexofa
BJIEKTPUYECKON SHEPTUM B MeXaHUYECKYIo. [Iposs-
JISIETCST MeXaHU4YecKoe JielcTBue B (OPMUPOBAHUU
paccioeHWii u Pa3pbIBOB TKaHEH, IIEPEIOMOB
KOCTel.

OnHako WMEIOTCS U TMyOJIUKAMH, B KOTOPBIX
VKa3bIBAETCSA, UTO JJIS DJIEKTPUUECKOH TPaBMBI B
BOJTHOU CpeJle XapaKTepHO 0Opa3oBaHUE HETHUITHY-
HOH 2JIEKTPOMETKHU B BHJE Iy3bIpei 0e3 JKUIKOTO
COZIEP’KMMOTO, a TaKXKe DJIEKTPOTEHHOTO OTeKa:
IUIOTHOCTh ® OJIEAHOCTh KOXKH, OKpYKaIoIIer
o6s1acTh ayeKTpoMeTKu. [Ipr Makpo- ¥ MUKPOCKO-
IIMYECKOM WCCJIEZJOBAHUU TAaKOU 3JIEKTPOMETKU He
BBIABJIAIOTCA NPU3HAKU TEpMUYECKUX 0:K0ros 11—
IV cTemeHW M TEpMHYECKOTO MOPaXKEHUs BOJIOC B
30HE BJIEKTPOMETKH, OTCYTCTBYeT MeETAJUTH3AI[Us
koxu [8].

IIEJIb NCCJIEAJOBAHUA

N3yuenue MOpdOIOTUIECKUX UBMEHEHUU U 0CO-
OeHHOCTE!N TTOBpEXKIeHUH, C(OOPMHUPOBABIIUXCA OT
JIeMCTBUS TEXHUYECKOTO 3JIEKTPUYECTBA B BOJIHOM
cpefie.

AKCIIEPTHBIN CJIYVUAN

B TanaTtosiornueckoe otziesieHue bopo cyzme6HO-
MeIUIUHCKONH  dkcrneptu3bl  Caukr-IlerepOypra
IIOCTYTIFJI TPYH JIeBYIIKU. 113 006CTOATENIHCTB IIpOKC-
IIIECTBUS U3BECTHO, UTO TPYII JIEBYIIKY ObLI 00OHAPY-
JKEH MaTepbhlo B BAHHOU KOMHATe, ¢ NpU3HAKaMHU
TEPMUYECKOI0 03KO0Ta, PAJIOM HAXOAWJICA IIO/ICOe/ -
HEHHBIH K BdJeKTpudeckoil cetu TesnedoH. Ha
MOMEHT OCMOTpPa MeCTa IIPOUCIIECTBUS Boa ObLia
CIyIIeHa, MOOWUIBHBIN TeledOH U 3apsaka ObLIH
U3BATHI CJIe/ICTBeHHBIMU opraHamu. Ilo npegsapu-
TeJBbHBIM JAHHBIM JIaBHOCTb HACTYIJIEHUS CMepTH
cocTaBJisyia OK0JIO 10—14 4.

ITpu Hapy:XKHOM HCCJIEZJOBAaHHH Tpyna oOHApy-
JKEHBbI CJIeAyIolllNe TIOBPEXKAEeHUA: Ha JIaJOHHOHU
IIOBEPXHOCTU IPABOM KHUCTU KOXKAa CEPOBATO-
KpacHOBATO-KeJITOBATOIO IIBeTa, MeXIy 1-M U 2-M
najabllaMU KOXKa OTCYTCTBYeT, OTOJIsAA IO COXIIYIO
JKeJITOBATYIO KJIETUATKY U cyxoxkmnus. Ha mepegueit
IIOBEPXHOCTU I'Py/iu caeBa B npoeknuu VII mexpe-
OepbsA, Ha (OHE KEITOBATO-KPACHOBATOTO II0/ICO-
XIIIEro ydacTka pasMepoM 8x5 cM, oIpefesseTcs
cepoBaToe BCIlyYMBaHUE 3IHJIepMHCA, pPa3MepoOM
6x3 cM, 6€e3 KUJIKOTO COIEPKUMOT0 BHYTPH.

[ BBIABJIEHUA NPU3HAKOB, XapaKTEPHBIX JJIA
JIEVICTBUSI TEXHUYECKOTO BJIEKTPUYECTBA, 00s13a-
TeJIbHBIM SIBJISIETCSI TIPOBEJIEHUE CY/1e0HO-TUCTOJIO-
rU4YecKoro uccjeopanus. Kycouku KoXKu ¢ IOBpeX-
JIEHUSAMU II0CJIe CTaHJApTHON THCTOJIOTUYeCKOH
MIPOBOAKYU 3aJIUBAJIM B TMapaduH, U3TOTaBIUBAIN

of St. Petersburg. The incident circumstances: girl’s
corpse was found by her mother in the bathroom,
with signs of a thermal burn; nearby there was a tele-
phone connected to the electrical network. At the
time of the incident scene inspection, the water was
drained, cell phone and his charger were seized by
the investigative authorities. According to prelimi-
nary data, the duration of death was about 10—14 h.

A visual examination of the corpse revealed the
following injuries: on the palmar surface of the right
hand, the skin is grayish-reddish-yellowish in color;
between the 1st and 2nd fingers, there is no skin, and
dried yellowish tissue and tendons are exposed. On
the anterior chest wall, in the left seventh intercostal
space, in the midst of the yellowish-reddish dried
area 8x5 cm in size, the grayish swelling of the epi-
dermis 6x3 cm without liquid contents inside is
determined.

To identify the signs characteristic of technical
electricity action, it is mandatory to conduct a foren-
sic histological examination. After standard histo-
logical processing, pieces of the skin with the lesions
were embedded in paraffin; serial sections 0.3—
0.5 um thick were prepared, and stained with hema-
toxylin and eosin; Masson trichrome staining was
additionally used (to identify necrotic changes in tis-
sues). Changes in the epidermis and dermis in the
area exposed to the damaging factor were studied in
the specimens; then a comparative analysis of the
identified microscopic signs was carried out. Sam-
ples were photographed using a Nikon DS-Fig digital
camera mounted on a Nikon Eclipse 80i microscope.

A histological examination of the damaged skin
on the anterior chest wall revealed a wave-like defor-
mity of skeletal muscle bundles with focal loss of
contour and cross-striation of fibers (Fig. 1).

Microscopic examination revealed signs of ther-
mal effect of the current: deep extensive fibrinoid
necrosis of the epidermis, dermis, hair follicles; flat-
tening of the epithelial layer of the epidermis, with
homogenization of layers and a site of coagulative
necrosis (Fig. 2).

Areas of nuclear elongation in the basal, granular
and lucid layers of the epidermis with palisade
stigma, with single irregularly rounded voids forma-
tion, caused by electrochemical action of the electric
current and associated with the ionic imbalance in
tissues were observed (Fig. 3).

Masson trichrome staining revealed yellow dif-
fuse areas in skeletal muscles at the site of the elec-
trical mark. Thus, both routine hematoxylin and
eosin staining and additional Masson trichrome
staining demonstrated necrotic changes in the tis-
sues (Fig. 4).
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CepUIHbIE CPe3bl TOIIIUHOHN 0.3—0.5 MKM, OKpaIIu-
BaJIM TEMATOKCUJIMHOM U 303UHOM; IOIIOJIHUTETHHO
OBLII0 UCIIOIB30BAHO TPUXPOMHOE OKpAIIMBaHUE TI0
Maccony (211 BBISIBJIEHUS HEKPOTHUUECKIX U3MEHe-
HU B TKaH:X). B mpemnapaTax usydaau U3MeHeHUs
SUUZIEpMUCA M JIEPMBI B 00JIACTH BOB3JIEHCTBUA
MIOBPEXK/AAIOIIEro (paKkTopa, 3aTeM IIPOBETH CPABHU-
TeJIbHBIA aHAIU3 BISBJIEHHBIX MUKPOCKOITMUECKUX
npusHakoB. O6pasipl (oTorpadgupoBasn ¢ IMOMO-
mpio nrdposoi kamepsl Nikon DS-Fi3, ycranos-
JienHOH Ha Mukpockortie Nikon Eclipse 80i.

IIpy TUCTOJIOTUYECKOM HCCIIEOBAaHUU JledeKTa
KOXKH C TepeJHel IMOBEPXHOCTU TPYAHON KJIIETKH
BBISIBJIEHA BOJIHOOOpasHas jedopMaius IyJyKoB
CKEJIETHBIX MBIIIII C 0YaroBOH IOTEpel KOHTypa U
MIOTIEPEYHON MCUePUYEHHOCTH BOJIOKOH (pHC. 1).

MUKPOCKOIIMYECKOE HCC/Ie/IOBAHHE  BBISBUIIO
[IPU3HAKH TEPMHUYECKOTO JIEHCTBUSA TOKA: TITyOOKUI
OOIIUPHBIA (PUOPUHOUAHBIA HEKPO3 DIUAEPMICA,
ZIEPMBI, BOJIOCSHBIX (DOJUTUKYJIOB, YIUIOIIEHHE DIIH-
TEJTNAIBHOTO IUIACTa BIIH/IEPMUCA, TOMOTEHU3AIUA
CJI0EB W YYAaCTOK KOATYJIAIMOHHOTO HEKpPOo3a
(puc. 2).

Hab6nrojanuch y4YacTKU  BBITATUBAHUA — sA/IED
6a3aJIbHOTO, 3€PHUCTOTO U OJIECTAIIETO CJIOEB SIIH-
Jlepmuca ¢ o0pasoBaHUEM (DUIYD «UaCTOKOJIA», C
€IMHUYHBIMH  HEIPABHUJIbHO-OKPYIJIBIMHA  IIyCTO-
TaMH, 4TO OOYCJIOBJIEHO DJIEKTPOXUMHUYECKUM Jeli-

Analysis of the data obtained allowed us to con-
clude that the morphological picture of the electric
mark due to the action of electrical current in water
is determined by both the electrochemical damage
associated with the development of electrolytic pro-
cesses in tissues and thermal effects. It is worth not-
ing that not only the skin and subcutaneous fat, but
the deeper tissues are subject to massive traumatic
effects.

CONCLUSION

For the electrical mark due to the action of techni-
cal electricity in both aquatic and ordinary environ-
ments, the characteristic microscopic signs are cell
elongation, presence of bubbles inside the stratum
corneum, and detachment of epidermis from dermis.
The presented case showed that the specificity of the
manifestation of the electrochemical and thermal
damaging effects of electrical current in the aquatic
environment is determined not only by the depth of
the coagulative necrosis itself, but also by the dam-
age to surrounding tissues which is characterized by
a deep spread of necrosis in soft tissues, which indeed
should not remain unaddressed in the treatment of
patients with non-fatal electric injury.

Conflict of interest. The authors declare no
conflict of interest.

Puc. 1. dnexktpomeTka. BomHOOOpasHas nedopmalius myuyKkoB CKEJIETHBIX MBIIIIIL C 0YaroBOH MOTepel KOHTypa U IoTe-
PEYHOH HCUePUEHHOCTH BOJIOKOH. OKpacka reMaTOKCHJIMHOM U 03UHOM. YBeaudeHue (yB.) X100
Fig. 1. The electrical mark. The wave-like deformity of skeletal muscle bundles with focal loss of contour and cross-
striation of fibers. Hematoxylin and eosin staining. Magnification (magn.) x100
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Puc. 2. JnekTpoMeTKa. BoITsruBanue siiep KIeTok anuzepmuca. QUrypsl «IeTOK» HIH «4aCTOKOIa»
B 30He MPOXOZKZEHUs ToKa. OKpacKa reMaTOKCHIMHOM U S03UHOM. YB. X200
Fig. 2. The electrical mark. Epidermal nuclear elongation. Brush- or palisade-shaped epithelial cells
in the area exposed to electric current. Hematoxylin and eosin staining. Magn. x200

Puc. 3. dnexrpomerka. [ry6oKkuil o61upHbIi GHOPUHONTHBIN HEKPO3 AIHAEPMUCA, IEPMBI,
BOJIOCSHBIX (hosiKys10B. OKpacKka reMaTOKCHIMHOM U S03UHOM. YB. X100
Fig. 3. The electrical mark. Deep extensive fibrinoid necrosis of the epidermis, dermis, hair follicles.
Hematoxylin and eosin staining. Magn. x100

Puc. 4. MbliieyHast TKaHb C IepeHel IOBEPXHOCTH IPY/IHON KJIeTKU. HeKpo3 OTeIbHBIX CKEIETHBIX MBIIIIEYHBIX BOJIO-
KOH, QYKCUHOMIIIbHBIE YIACTKU HEKPO3a COEAMHUTENIFHON TKAHU: A — OKpPacka reMaTOKCIJIMHOM M 303WHOM, YB. X50;
B — TpuxpomHoOe okpamuBaHue 1o MaccoHy, yB. X400
Fig. 4. Muscle tissue from the anterior chest wall. Necrosis of individual skeletal muscle fibers, fuchsinophilic areas of
connective tissue necrosis: A — hematoxylin and eosin staining, magn. x50; B — Masson trichrome staining, magn. x400

Journal homepage: http://jsms.ngmu.ru 143



Jlasvtoosa 3.B. u dp. / Journal of Siberian Medical Sciences T. 7, N° 4 (2023)

CTBUEM TOKa, CBA3aHHBIM C HapyIIeHUEM HOHHOTO
paBHOBecHUs B TKaHAX (pHUC. 3).

[Ipu TPUXPOMHOM OKpaIlIUBaHUU 10 MaccoHy B
CKeJIETHBIX MBIIIIAX B IPOEKIUU (POPMUPOBAHUA
BJIEKTPOMETKH OOHapy:KeHbI TUdPy3HbIE paccesH-
HbIE€ YYACTKH KeJITOro mBeTa. Takum obpaszom, U
PYTUHHAsA OKpacka reMaTOKCUWIMHOM U 303UHOM, U
ZIOTIOJTHUTEJIBHOE OKpAIINBaHueE IT0 MaccoHy mpojie-
MOHCTPUPOBIN HEKPOTUUYECKUE U3MEHEHUS B TKa-

HsX (puc. 4).

AHaJIN3 OJYYEHHBIX JAHHBIX ITO3BOJIMII 3aKJIIO-
YUTh, YTO MOP(OJIOTHYECKAS KapTHHA 3JIEKTPO-
METKHU, COOPMUPOBABIIIENUCS OT JEUCTBUSA DIJIEKTPU-
YECKOro TOKa B BOJIE, OIIPE/IEIISIETCA KaK DJIEKTPOXH-
MHYECKUM TOBPEXKJAIINM JeHCTBUEM, CBA3aH-
HBIM C PAa3BUTHEM 3JIEKTPOJTUTHIECKUX IIPOIIECCOB B
TKaHAX, TAK 1 TEPMHYECKUM BozzaercTBreM. CTOUT
OTMETHUTD, YTO MACCUBHOMY TPaBMaTHYECKOMY BO3-
JIEICTBUIO TIOABEP’KEHBI HE TOJIPKO KOXKa U
MTOJIKOKHO-3KMPOBasi KJIETUaTKa, HO TIryOrKkesexka-
K TKaHHU.

CIIMCOK JINTEPATYPBI

1. Hasapos TI'H., Huxkonenko JIL.II. Cyne6Ho-
MEUITUHCKOE HCCIeIOBAaHUE JJIEKTPOTPaBMbL. M.:
donuym, 1992. C. 6-78.

2. CokosoB B.A., Cremamenko A.A., IlerpaukoB C.A.,
AnvakuH AJl. OUuEMHOJIOTUS TOPAXKEHUH 3JIeK-
TPUYECKUM TOKOM: BJIEKTPOTPABMa U 3JIEKTPOOKOTU
(0630p wHOCTpaHHBIX myOnuKkanuit) // Meaguko-
OHOJIOTHYECKUE U COIHATIbHO-TICXOJIOTUUECKHUE TIPO-
6s1eMbI GE30MACHOCTH B YPE3BBIYANHBIX CHUTYAI[UsX.
2014;(4):26-33. DOI: 10.25016/2541-7487-2014-0-4-
26-33.

3. Luz D.P.,Millan L.S., Alessi M.S. et al. Electrical burns:
aretrospective analysis across a 5-year period // Burns.
2009;35(7):1015-1019.

4. Ahmad I., Akhtar S., Rashidi E. et al. Electrical
burns in children: an experience // Indian J.
Burns. 2012;20(1):30-35. DOI: 10.4103/0971-
653X.111778.

5. Opara K.O., Chukwuanukwu T.O.G., Ogbonnaya I.S.,
Nwadinigwe C.U. Pattern of severe electrical injuries in
a Nigerian regional burn centre // Niger. J. Clin. Pract.
2006;9(2):124-127.

6. Cnupuponosa T.I'., JKupkosa E.A., CaukoB A.B. u fip.
JJIEKTPOTpPaBMa: XapaKTEPUCTHUKA IOCTPAIABIIUX,
MeTO/Ibl OIIEPATUBHOTO JIeUeHusI, MUKpodJiopa paH //
Menununckuit andasut. 2018;3(28):59-62.

7. CumopoB AM. O craTucTuke 3JIeKTPOTpaBMa-
tu3ma. XXI Bek // TexuochepHass 06e301acHOCTb.
2021;6(2):180-188. DOI: 10.21285/2500-1582-2021-
2-180-188.

8. MMuronkun [0.M., CxkoBopomuukoB C.B., JIyOGpoBuH
N.A. CynebGHO-MeQUIIMHCKAs. TMAaTHOCTHKA B3JIEKTPO-
METKH TIPU TOPa)KEHUH TEXHUUYECKHUM 3JIEKTpUYe-
CTBOM B BOJHO cpefie // CynmeOHO-MeqUuITUHCKasT SKC-
reprtusa. 2014;57(3):19-21.

3AK/IOYEHUE

s snekrpomerky, cpopMupoBaBlenics ot Jiei-
CTBUS TEXHUYECKOTO JIEKTPUYECTBA KaK B BOJHOM,
Tak U B OOBIYHOM cpejie, XapaKTEPHBIMU MUKPOCKO-
NUYECKUMU NPU3HAKAMU ABJAIOTCA yJUIMHEHUE
KJIETOK, HUINYHE Iy3bIpell BHYTPU POTOBOTO CJIOS,
OTcJIauBaHUe 3IIN/IepMIca OT fiepMbl. [IpesicTaBieH-
HBIM SKCIEPTHHIN c/Iy4yal IoKasaj, uyTo cruenudmd-
HOCTH IIPOSIBJIEHUS 3JIEKTPOXUMUYIECKOTO U TEPMU-
YeCKOTO IIOBPEXK/IAIOIIEero eHCTBUS 3JIeKTpude-
CKOTO TOKa B BOZHOU cpezie 00ycIoOBJIeHa HE TOJIBKO
IJIyOMHOH CaMOTO KOaTyJISIHOHHOTO HEKPO3a, HO U
IopakeHNeM OKDY’KAIOIIUX TKaHeH, /I KOTOPOTo
XapaKTepHO TIyOOKOe pacIpoCTpaHEeHHe HEKPO3a B
MATKUX TKAHX, YTO, O€3YCIIOBHO, HE JOJI?KHO OCTa-
BaTbcsA 06e3 BHUMAaHUA IIPY OKa3aHUU METUIIMHCKON
IIOMOII[A TOCTPAZaBIIMM C HECMEPTEJIbHON BdJIeK-
TPOTPaBMOH.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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