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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).

Tab. 1
Deaths caused by the electric energy in Ukraine during the last S years “
Year 2014 2015 2016 2017 2018

Technical electricity 286 330 287 332 292
Atmospheric electricity 25 24 27 22 2]
T

otal nu@ber of deaths caused 371 354 314 354 313
by electric energy

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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