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Abstract

Electrical injuries present serious and common form of trauma with a unique
etiology, pathophysiology and mechanism of injury. The severity of the injury is
determined by the intensity of the current, the type of current, the pathway of the
current through the body, the duration of exposure to the current and electrical
resistance to the current. Specific causes of electrical injuries are classified as: low-
voltage injuries, high-voltage injuries, lightning injuries and other electrical injuries.

The three major mechanisms of electrical injuries are: direct tissue damage,
thermal injury and mechanical injury. Exposure to alternating current is three times
more dangerous than direct current of the same voltage. Nerves, muscles, and
blood vesels have low resistance and are better electrical conductors than bone,
tendon and fat. The electrical current is transmitted by direct way, indirect way and
an arc.

Introduction
 An electrical injury occurs when a current

passes through the body, interfering with the function
of an internal organ or sometimes burning tissue.
Electrical injuries (electrocution, electrical shock, elec-
trical burns, and electrical trauma) have become a
more common form of trauma with a unique patho-
physiology and with high mortality. They may result
from contact with faulty electrical appliances or ma-
chinery or inadvertent contact with household wiring or
electrical power lines; also may occur from lightning.The
severity of the injury is determined by the intensity of
the current, the type of current, the pathway of the
current through the body, the duration of exposure to
the current, and electrical resistance to the current.
The first recorded death caused by electrical current
from an artificial source was reported in Lyons, France,
in 1879 by carpenter; and Samuel W. Smith was the

first person recorded to die in U.S. after electrocution
by a generator in Buffalo, in l881 (1).

Etiology
Electrical injuries results in an estimated 1000

deaths per year and about 3000 admissions to Hospi-
tals in U.S. Approximately 20% of all electrical injuries
occur in children, with a bimodal peak incidence
highest in toddler adolescents. Most electrical injuries
that occur in children are at home, with extension
cords (60-70%) being by far the most common source
in this age group. In adults, most electrical injuries
happen at the workplace and constitute the fourth
leading cause of work-related death. More than 50% of
the occupational electrocutions result from power line
contact, and 25% result from electrical tools or ma-
chines. Male-to-female ratio is 9:1 (2).
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Specific causes of electrical injuries are classi-
fied as:

· Low-voltage injuries- also called low-tension
injuries; low-voltage burns are caused by volt-
age less than 1000 V. This group includes most
injuries caused by household current; the child
who bites into the cord producing lip, face and
tongue injuries as well as occupational injuries
resulting from the use of small power tools, or
those who become grounded while touching an
object that is energized.

injuries occur when the patient is part of or near
the lightning bolt, and generally, the patient was
the tallest object around or near a tall object,
such as a tree (Fig. 3).

Fig. 1: Low-voltage injury. Representative electric field
lines and isopotential lines established in the lower face
during oral contact with a home power cord.

· High-voltage injuries- these burns are also
known as high-tension injuries, and they are a
result of exposure to 1000 V or more. These
injuries are often the result of occupational
exposure to outside power lines and the most
commonly occur when a conductive object
touches an overhead high voltage power line.
Rarely, patients get into electrical switching
equipment and directly touch energized compo-
nent.

- Lightning injuries- involve voltages higher than
those of the other injuries, and are usually
categorized separately. The typical lightning
injury involves energy with high voltage and high
amperage but extremely short duration. Light-
ning is usually a unidirectional massive current
impulse and is best understood as a current
rather than a voltage phenomenon. The largest
flow of current tends to jump to the ground before
much of it passes through the body. Lightning

Fig. 2: High-voltage injury. Approximate electric field lines
when current path extends from hand to hand.

Fig. 3: Lightning injury. Seasonal worker with major elec-
trical burns of deep second and third degrees.

Other electrical injuries- intentional injuries in-
clude those due to the use of high-voltage Taser
devices for rapid incapacitation, child and or spouse
abuse, and torture. Also, the use of skin electrodes in
medicine can cause a perimeter effect (3-5).
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Pathophysiology
Certain properties of electricity and tissue illus-

trate the mechanisms of electrical injury and the ability
to predict patient’s outcomes. These properties in-
clude voltage, current, resistance, and conductance.
Voltage is the electromotive force or the difference in
the electrical potential. The current is the flow of
electricity. The resistance of a material is its opposi-
tion to the passage of an electric current through it, and
its conductance is its ability to transmit a current. In
addition, electricity can also form arcs and result in the
creation of plasma. The three major mechanisms (5, 6)
of electricity-induced injury are as follows:

1. Electrical energy causing direct tissue dam-
age, altering cell membrane resting potential,
and eliciting tetany.

2. Conversion of electrical energy into thermal
energy, causing massive tissue destruction
and coagulation necrosis.

3. Mechanical injury with direct trauma resulting
from falls or violent muscle contraction.

Factors that determine the degree of injury
include the magnitude of energy delivered, resistance
encountered current, current pathway, and duration of
contact. Systemic effects and tissue damage are
directly proportional magnitude of current delivered to
the victim. Current flow (amperage) is directly related
to voltage and inversed resistance, as dictated by Ohm
law (I=V/R; where I=current, V=voltage, R=resistance).
Electrical current is categorized as direct current (DC)
or alternating current (AC). Direct current, such as
current generated by batteries, flows in the same
direction constantly. Alternating current, such as cur-
rent available through household wall sockets, changes
direction periodically. Alternating current, which is
used in most households, is more dangerous than

direct current. Direct current tends to cause a single
muscle contraction often strong enough to force the
person away from the currents source. Alternating
current causes a continuing muscle contraction, often
preventing people from releasing their grip on the
currents source. As a result, exposure may be pro-
longed; even a small amount of alternating current-
barely enough to be felt as a mild shock- may cause
a person’s grip to freeze. Slightly more alternating
current can cause the chest muscles to contract,
making breathing impossible. Still more current can
cause deadly heart rhythms (6, 7).

High voltage (>1000 V) current causes more
severe injuries than low voltage (<1000 V) and is more
likely to cause internal damage. The local electric field
is of sufficient magnitude to cause electrical break-
down of cell membranes and cell lysis. In theory, large
cells such as muscle and nerve cells are more vulner-
able to electrical breakdown. The clinical evidence
which suggests that muscle and nerve cell mem-
branes may be ruptured by electrical trauma is:

· The release of large quantities of myoglobin
from within the intracellular space;

· The intense spasm and rigor commonly wit-
nessed which suggest that the muscle cell is
depolarized and perhaps that cytoplasmic ATP
levels are inadequate to dissociate the actin-
myosin complex;

· The elevated levels of arachidonic acid deriva-
tives of membrane phospholipids;

· The delayed paralysis and nerve cell death
years after electrical trauma in which no thermal
injury component exists; and

· The particular vulnerability of large cells to
injury.

The passage of a given current generates more
heat in a more resistant conductor (tissue) than in a
less resistant conductor. Resistance is the ability to
impede the flow of electricity. The direct dissipation of
energy as heat is called joule heating, and this is the
major cause of thermal burns to tissue. This heat
generated will be proportional to the resistance of the
tissue through which the current is passing and dura-
tion of contact as dictated by Joule‘s law ( E= IVT =
I2RT; where E=energy, I= current, R= resistance and
T= duration of contact).Therefore, tissues that are less
conductive tend to heat up more as current passes
through them (7, 8). The order of tissues, from the most
conductive (i.e., least resistant) to the least conductive
(i.e., most resistant) is as follows in Table 2.

Table 1: Effects of 60 Hz Current.
______________________________________________________________________
1 mAmp- Threshold of perception
5 mAmp- Maximum harmless current
6 mAmp- Ground fault interrupter opens
10 mAmp- “Let go” current
16-20 mAmp- Tetany of skeletal muscles
20-50 mAmp- Paralysis of respiratory muscles (respi-
ratory arrest)
100 mAmp- Threshold for ventricular fibrillation
2-5 Amp- Asystolia
6 Amp- Defibrillation
20 Amp- Household circuit breaker opens
_________________________________________________________________
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Most of the body’s resistance is concentrated in
the skin. The thicker the skin, the greater its resist-
ance. The skin’s resistance decreases when broken or
when wet. If skin resistance is high, more of the
damage is local, causing only skin burns. If skin
resistance is low, wet or broken skin, more of the
damage affects the internal organs (8).

Mechanism of injury
The path that the current takes through the body

determines which tissues are affected. The most
common entry point for electricity is the hand; the
second most common is the head. The most common
exit point is the foot (Fig. 4).

A current that travels from arm to arm or from
arm to leg may go through the heart and is much more
dangerous than a current that travels between a leg and
the ground. Electrical current through the head or
thorax is more likely to produce fatal injury. A current
that travels through the head may affect the brain.
Transthoracic currents can cause fatal arrhytmic car-
diac damage, or respiratory arrest. Tissues differ in
susceptibility to electrical damage as follows in Table
3.

When an electrical current is transmitted by
means of direct contact with a conducting material or
an arc that reaches the tissue surface, the electrons
begin to flow, as ions flow in a solution. Flow can be
divided into direct type, indirect type and an arc. Direct
flow occurs when a person touches a conductor,
resulting in contact burns (Fig. 5).

Indirect flow occurs in flashovers, in which the
flow of current proceeds along the external surface of
the body and is enhanced by wet skin or clothing.
Flash (also called sideflash, flash discharge, splash,

Table 2: The order of tissues, from the most conductive
(i.e., least resistant) to the least conductive (i.e., most
resistant).
______________________________________________________________________
Least resistant Nerves

Blood
Mucous  membranes
Muscle

Intermediate Dry  skin
Tendon
Fat tissue

Most resistant Bone
__________________________________________________________________________

Fig. 4: Representative electric field or current lines when
the circuit includes the lower extremity with exit point in the
foot.

Table 3: Pattern of injury/Tussue damage.
____________________________________________
Pattern of injury/Tussue damage
___________________________________________
Skin  - flash burns, thermal burns, arc burns, linear
burns,contact electrical burns.
Muscle  – swell, pain, contractions, spasms, myonecrosis,
compartment syndrome.
Blood vessels – blood cloths, microvascular deterioration,
myoglobinemia, vasoconstriction, thrombosis, ischemia
Heart – arrhythmia, asystolia, ventricular fibrillation, sinus
tachycardia, myocardial necrosis/infarction, cardiac ar-
rest.
Nerves – weakness, paralysis, tingling, numbness, un-
controllable loss of urine (incontinence), and chronic pain.
Brain – seizures, hemorrhages, poor short-term memory,
unconsciousness, ischemia, personality changes, irrita-
bility, difficulty sleeping.
Bones- joint dislocations, fractures, other blunt injuries.
Kidney- myoglobinuria, acute renal failure, acute tubular
necrosis.
Ears- perforation of the eardrum, hemorrhagia.
Eyes - cataracts.
_________________________________________________
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or spray) occurs when current begins down one path,
such as a tree, then jumps to a grounded nearby
person, following the path of least resistance. This
mechanism is believed to be the most common in
lightning strike injuries. An arc is one of the forms of
electrical flow that produce the greatest amounts of
current and heat; it is a current spark formed between
two objects of differing potential that are not in contact
with each other, usually a highly charged source and
a ground. An arc results when a stream of plasma (a
highly ionized gaseous- good conductor) is generated
from the atoms in the conducting material. The forma-
tion of an arc depends on the voltage and the dielectric
properties of the insulating medium, usually air. In
most people with a high-voltage injury, an arc is
actually formed before they make physical contact
with the electrical source, and they are in the circuit.
The temperature of an arc is 2500-10000 C degrees (8,
9, 10).

Instead of Conclusion
Electrical injuries involve multiple body sys-

tems, entry and exit wounds fail to reflect the    true
extent of underlying tissue damage. Exposure to AC is
three times more dangerous than DC of the same
voltage because of the potential for muscular tetany
and prolonged contact. Electrical current may cause
injuries distant from its apparent pathway through the
victim. Electric fields are capable of damaging cells
through both thermal and nonthermal mechanisms.

Fig. 5:  Direct contact burns of the hand and wrist of
superficial and deep second degrees.

While joule heating is generally recognized to mediate
tissue injury in electrical trauma, the possible role of
electrical breakdown of cell membranes and cell lysis
has not been thoroughly considered. The literature
regarding the pathophysiology of electrical injuries has
been inconclusive; there have been several missing
links and contradictory interpretations and theories.
The exact pathophysiology of electrical injury is not
well understood because of the large number of vari-
ables that cannot be measured or controlled when an
electrical current passes through tissue.
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