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Introduction
Current refers to the movement or flow of electric 

charge, typically carried by free electrons, within 

a material or through a circuit. It is measured in 

units of amperes (A), which represent the amount 

of charge passing through a specific point in a 

circuit per unit of time. The movement of charge 

can involve various particles, including free elec-

trons, positive ions, and negative ions. This flow 

of charge is not purely linear but rather exhibits 

some degree of randomness as these charged par-

ticles move. It is recommended that therapeutic 

intensities should generally not exceed 80 to 100 

milliamperes (mA). Exceeding these levels can 

pose a risk of adverse effects or potential harm to 

the individual undergoing therapy. It is important 

to adhere to safe and appropriate intensity levels 

to ensure the well-being and safety of the patient 

during treatment. In order to depolarize a nerve 

cell membrane, a sufficient number of electrons 

need to be compelled to move through conductive 

tissues. This movement occurs due to the princi-

ple that like charges repel each other, while oppo-

site charges attract. Consequently, a region with a 

high concentration of electrons will experience a 

flow toward an area with a lower concentration. 

The larger the disparity in electron concentration 

between the two regions, the greater the potential 

for electron flow to occur. This process is essential 

for the depolarization of the nerve cell membrane 

and the transmission of electrical signals within 

the nervous system. The therapeutic application of 

a is called “Galvanization (Galvanism)”. The gen-
eration of DC can be achieved through chemical, 
mechanical, and thermoelectric methods.1

Galvanic Current
“Galvanism” refers to the application of low-volt-
age and low-amperage DC. It is one of the oldest 
forms of therapeutic electricity (Figure 9.1). The 
waveform of the Galvanic Current can be contin-
uous or pulsed, according to the representation of 
the flow of electrons. When electrons flow toward 
the negative pole, electrochemical effects occur at 
the circuit’s poles. These electrochemical effects 
lead to specific physiological changes in tissues at 

Figure 9.1  Galvanic equipment.
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the site of application. The use of current to elicit 

physiological changes in tissues is known as “Med-

ical Galvanism”. This effect is employed, for exam-

ple, in “Iontophoresis”, where the ionic medication 

is driven into tissues. While the local electrochemi-

cal and physiological effects are important, physio-

therapists should also consider the general effects 

of Galvanization. These effects include stimulation 

of the vasomotor system, influencing the distri-

bution of blood and lymph. The use of Galvanism 

and its effects should be approached with proper 

knowledge, training, and caution. It is important 

to consult with a qualified healthcare profession-

al before attempting any therapeutic interventions 

involving Galvanic Current.2

Equipment
The devices used in electrotherapy that specifically 

provided only DC were called Galvanostats or Pan-

tostats. The discovery and use of semiconductors in 

current regulation systems enabled the production 

of well-filtered and constant DC, with the ability to 

modulate the offered current waveforms. The cur-

rent trend is to design and utilize complex devices 

that can deliver various types and forms of currents.3

The equipment used for DC (Galvanic Current) 

applications may vary depending on the specific 

therapy or treatment being administered. Here are 

some common types of equipment used for deliv-

ering a DC:3

1.	 Galvanic Stimulator: This is a specialized de-

vice designed to deliver the Galvanic Current. 

It typically consists of a power source, controls 

to adjust intensity and duration, and electrodes 

for application to the body.

2.	 Electrodes: Electrodes are used to apply the 

Galvanic Current to the body. They come in 

various sizes and shapes, such as pads, spong-

es, or specialized applicators, and are typically 

made of conductive materials like metal or car-

bon.

3.	 Conductive Gel or Electrode Solution: A con-

ductive gel or electrode solution is often ap-

plied to the skin before placing the electrodes. 

This helps improve conductivity and ensures 

good contact between the electrodes and skin.

4.	 Cables and Connectors: These are used to con-

nect the electrodes to the Galvanic Stimulator. 

They transmit the electrical current from the 

device to the electrodes.

5.	 Safety Features: Galvanic stimulators may 

include safety features such as current limit-

ing circuits, adjustable intensity controls, and 

built-in timers to ensure safe and controlled 

application of the current.

It is important to note that the specific equip-

ment used may vary depending on the intended 

application and the physiotherapist preferences. 

Always follow the manufacturer’s instructions and 

consult with a qualified physiotherapist for proper 

usage and safety guidelines.3

The Mechanism of Action and 
Physiological Effects:
The Galvanic Current generates consistent electro-

chemical and physiological effects at the location 

of application (Table 9.1).4

Table 9.1  Predictable electrochemical and physiological 

effects produced by the Galvanic Current

Electrochemical 
Effects Physiological Effects

Positive pole 
(anode)

Attracts acids Stops hemorrhage

Attracts oxygen Relieves acute inflammation

Dehydrates/hardens tissue

Constricts arterioles

Decreases nerve irritability

Negative pole 
(cathode)

Attracts bases 
(alkaloids)

Increases hemorrhage

Attracts hydrogen Congests/irritates tissue

Relieves chronic 
inflammation

Dilates arterioles

Increases nerve irritability

The physiological effects of the positive pole of 

the Galvanic Current are similar to the effects of 

cold applications, while the negative pole is analo-

gous to hot applications. To achieve the polar effect 
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of the Galvanic Current, two electrodes of unequal 

size are required, with the smaller electrode serv-

ing as the active pad and typically being no more 

than half the size of the larger dispersive electrode. 

The milliamp rule limits the amperage density to 1 

mA/inch2 of the active electrode.4

The smaller active pad exhibits stronger polar 

effects compared to the larger dispersive pad be-

cause the smaller electrode size increases the cur-

rent density. One method to determine the neg-

ative lead is to immerse the leads in salted water 

and gradually increase the amperage until bubbles 

form at the leads. The negative pole attracts posi-

tively charged hydrogen ions, resulting in the accu-

mulation of more, and smaller bubbles compared 

to the positive lead.4	

The Galvanic Current can be used to drive 

charged ions and ionic medication into the tis-

sues. Positively charged medications are deliv-

ered by the positive pole, while negatively charged 

medications are delivered by the negative pole. 

The Galvanic Current primarily penetrates into 

the dermis’s corium layer, reaching a depth of ap-

proximately 1 mm. From there, the medication is 

dispersed through capillary circulation to a larger 

area of tissue. Although the depth of current pen-

etration and ionic dispersal are relatively shallow, 

some believe that the field effect generated may 

impact ionic molecules at greater depths.5

The consequences of the physiochemical tis-

sue changes generated by the passage of DC and 

include:5

•	 Bio electrolysis: The movement of ions in the 

electric field.

•	 Iontophoresis: The transportation of ions 

through tissues.

•	 Electrolysis: The decomposition of compounds 

into ions due to the electric current.

•	 Electroosmosis: The movement of fluid within 

tissues due to the electric field.

•	 Changes in membrane potential: The alteration 

in the electrical potential across cell mem-

branes.

•	 Modulation of neuromuscular excitability: The 

effect on the excitability of nerves and muscles.

•	 Thermal effects: The heat generated by the cur-

rent flow (with higher current amplitude).

•	 Electromagnetic induction: The induction of 

electrical currents in tissues due to the chang-

ing magnetic field.

•	 Changes in the tissue composition: The alter-

ation in the chemical composition of tissues.

Specialized studies have shown that the pas-

sage of the Galvanic Current through tissues oc-

curs primarily through electrolysis, and to a lesser 

extent through the other mentioned phenomena. 

Electrolysis refers to the movement of anions and 

cations in the electric field.

The Galvanic Current produces physiological 

effects on the body, particularly on easily excitable 

tissues such as nerves. In therapy, the Galvanic 

Current is applied smoothly and has specific ef-

fects on sensory nerve fibers, motor fibers, the cen-

tral nervous system, and the circulatory system:3

1.	 Sensory nerve fibers: Galvanic Current causes 

tingling sensations that increase with current 

intensity. Prolonged exposure can lead to an 

analgesic effect, reducing sensitivity to touch 

and pain.

2.	 Motor fibers: Galvanic Current reduces the 

threshold for motor fiber excitation, increasing 

their excitability. Sudden changes in current 

intensity can cause immediate muscle contrac-

tions, which are useful for preparing denervat-

ed muscles before other treatments.

3.	 Central nervous system: Galvanic Current de-

creases reflex activity in descending applica-

tions and increases excitability in ascending 

applications.

4.	 Circulatory system: Galvanic Current can influ-

ence blood circulation.

Overall, the Galvanic Current has specific ef-

fects on nerve fibers, the central nervous system, 

and blood circulation. These effects are used in 

various therapeutic applications in electrothera-

py.3

Cordingley (1937) described two techniques 

known as general and central Galvanization. In 

“General Galvanization”, one electrode is applied 
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to the sacrum (the triangular bone at the base of 

the spine), while the other electrode is moved 

slowly along the spine and extremities. This 

technique enhances the lymphatic circulation 

throughout the body. “Central Galvanization” fol-

lows a similar approach, but the stationary elec-

trode is placed over the solar plexus, which is a 

complex network of nerves located in the upper 

abdomen. The purpose of Central Galvanization 

is also to enhance the lymphatic circulation. Both 

General and Central Galvanization techniques 

are used to stimulate lymphatic flow, which plays 

a crucial role in the immune system and the re-

moval of waste products and toxins from the 

body. These techniques are considered as part of 

the broader application of the Galvanic Current in 

naturopathic medicine to support overall health 

and well-being.6

The Purpose of the Galvanic 
Current
Medical Galvanism, or the use of Galvanic Current 

modalities, employs the  DC to achieve specific 

therapeutic effects. Using current provides target-

ed and controlled therapeutic effects to enhance 

patient outcomes. This modality offers several ap-

plications, including:7

1.	 Muscle Rehabilitation: Galvanic Stimulation 

can be used to aid in the rehabilitation of mus-

cles affected by nerve injuries or weakness. By 

delivering a controlled current, it helps acti-

vate motor nerves and promote muscle con-

tractions, facilitating muscle re-education and 

strengthening.

2.	 Tissue Healing and Edema Reduction: The Gal-

vanic Current can promote tissue healing by 

improving local blood circulation and oxygen-

ation. It also aids in reducing edema by facili-

tating the movement of fluids through the tis-

sues and promoting lymphatic drainage.

3.	 Iontophoresis: Medical galvanism is used in 

iontophoresis, a technique used to deliver med-

ications or therapeutic substances through the 

skin into the underlying tissues. The Galvanic 

Current enhances the transport of charged par-

ticles allowing for targeted and controlled de-
livery of medications for localized therapeutic 
effects.

4.	 Pain Management: Galvanic stimulation has 
been used to manage pain by modulating the 
nerve activity and reducing pain signals. It can 
help relieve various types of pain, including 
acute and chronic pain, by promoting the re-
lease of endorphins and influencing the nerve 
transmission.7

Muscle Rehabilitation
The stimulating action of the Galvanic Current on 
the motor nerve fibers is used in practice, as prepa-
ration of the denervated muscles for the excitatory 
currents. At the negative (-) pole, when it is used 
as an active electrode, the excitability threshold 
for the motor fibers decreases, so their excitability 
increases: It will therefore be possible to stimulate 
the motor fibers and cause contraction. Studies 
have proven that the sudden decrease or increase 
in current intensity represents a sufficiently im-
portant stimulus, triggering a prompt muscle con-
traction. Because of the physiological changes of 
denervated muscles, only modified Galvanic cur-
rent can elicit a contraction response. The pulse 
duration should be above 100 milliseconds (ms) 
(300-600 ms) and the pulse interval should be two 
times of pulse duration (200-1000 ms).5

Naturopathic Indications and 
Applications
Naturopathic practitioners have historically used 
Galvanism and Iontophoresis for various indica-
tions. Some of these applications include:6

Hepatic drainage: The Galvanic Current is used 
to support liver function and promote detoxifica-
tion.

Hemorrhoids: The Galvanic Current may be 
used in the management of hemorrhoids, a condi-
tion characterized by swollen blood vessels in the 
rectal area.

Wart and tinea infections: Positive iontophore-
sis with magnesium sulfate has been used for the 
removal of warts and treatment of fungal infections 
like tinea.
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Corn removal: Sodium chloride Iontophoresis 

has been employed for the removal of corns, which 

are thickened areas of skin on the feet.

Indolent ulcers: Zinc ionization has been ap-

plied in the treatment of indolent ulcers, which are 

chronic non-healing wounds.

Cervicitis: Copper ionization has been used in 

cases of cervicitis, which is inflammation of the 

cervix.

Rhinitis, hay fever, and otitis media: Positive 

galvanism has been employed for the manage-

ment of rhinitis (nasal inflammation), hay fever 

(allergic rhinitis), and otitis media (middle ear in-

flammation).3

These applications of Galvanism and Iontopho-

resis have been described within the field of natu-

ropathic medicine, providing a range of potential 

therapeutic options for various conditions.6

In addition to the previously mentioned appli-

cations, adjunctive Galvanic treatment has been 

recommended for various conditions in naturo-

pathic medicine. Some of these conditions in-

clude:6

Dysmenorrhea: Galvanic treatment may be 

used as an adjunct therapy for menstrual pain.

Abscesses: Galvanism can be applied in the 

treatment of abscesses, which are localized collec-

tions of pus.

Amenorrhea: Galvanic current may be used to 

support the restoration of menstrual flow in cases 

of amenorrhea, the absence of menstrual periods.

Adhesion resorption: Galvanic treatment is rec-

ommended to aid in the resorption of adhesions, 

which are fibrous bands that can form between 

tissues.

Bronchitis: Galvanism may be used as an ad-

junctive therapy for bronchitis, an inflammation of 

the bronchial tubes.

Colitis: Galvanic treatment is recommended for 

colitis, which is inflammation of the colon.

Emphysema: Galvanism can be applied in cas-

es of emphysema, a chronic lung condition charac-

terized by damaged air sacs.

Endometritis: Galvanic Current may be used 

to support the treatment of endometritis, which is 

inflammation of the endometrium (inner lining of 

the uterus).

Tonsillar swelling: Galvanism is recommended 

to help reduce the swelling of the tonsils.

Uterine and intestinal hemorrhage: Galvanic 

treatment may be employed in cases of uterine and 

intestinal bleeding.

Incontinence: Galvanism is recommended as 

an adjunct therapy for urinary incontinence.

Inflammation in its second stage: Galvanic 

treatment may be used in the second stage of in-

flammation to support the healing process.

Pelvic inflammation: Galvanism is recom-

mended for the treatment of pelvic inflammation.

Hepatitis and meningitis: Galvanic treatment 

may be considered as an adjunctive therapy for 

hepatitis (liver inflammation) and meningitis (in-

flammation of the meninges).

Menorrhagia and metrorrhagia: Galvanism is 

recommended to help manage excessive menstru-

al bleeding (menorrhagia) and irregular uterine 

bleeding (metrorrhagia).

Migraine and neuralgia: Galvanic treatment 

may be used as an adjunct therapy for migraine 

headaches and neuralgia (nerve pain).

Orchitis: Galvanism is recommended in cases 

of orchitis, which is inflammation of the testicles.

Cardiac palpitation: Galvanic treatment may be 

employed as an adjunct therapy for cardiac palpi-

tations, irregular or rapid heartbeats.

Chronic peritonitis: Galvanism is recommend-

ed for the treatment of chronic peritonitis, which 

is inflammation of the peritoneum (abdominal lin-

ing).

Salpingitis: Galvanic treatment may be used in 

cases of salpingitis and inflammation of the fallo-

pian tubes.

Impotence: Galvanism is recommended as 

an adjunct therapy for impotence, the inability to 

achieve or maintain an erection.

Urethral stricture and trachoma: Galvanic 

treatment is recommended for urethral strictures 

(narrowing of the urethra) and trachoma (a bacte-

rial eye infection).

Toothache pain: Galvanism may be used to 

help alleviate toothache pain.
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These applications highlight the potential use of 

Galvanic treatment as an adjunct therapy in natu-

ropathic medicine for a wide range of conditions.5

Application Methods
The application methods of Galvanic Current can 

include:

Plate Electrodes: This involves placing flat elec-

trode pads directly on the skin at the desired treat-

ment area. The positive and negative electrodes 

are positioned accordingly based on the intended 

therapeutic effect.

Electrolytic or Galvanic Bath: This method uti-

lizes a bath or pool filled with an electrolyte solu-

tion through which the body part or the entire 

body is immersed. Electrodes are submerged in 

the electrolyte solution, and the Galvanic Current 

is applied to the body through the conductive me-

dium.

Partial or Four-Cell Galvanic Bath: In this 

technique, specific body parts are immersed in 

separate compartments within a multi-cell bath. 

Each compartment contains an electrode and an 

electrolyte solution, allowing for the targeted ap-

plication of the galvanic current to different areas 

simultaneously (Figure 9.2).7

Iontophoresis: This method involves the trans-

cutaneous delivery of medicinal substances using 

the Galvanic Current. Electrodes are attached to 

the skin, and a specific medication or solution is 

Figure 9.3  Iontophoresis

Figure 9.2  Partial or Four-Cell Galvanic Bath

applied to the treatment area. The Galvanic Cur-

rent facilitates the transportation of the medica-

tion into the underlying tissues (Figure 9.3).

These various application methods of Galvan-

ic Current provide flexibility in targeting specific 

areas, delivering therapeutic substances, and pro-

moting desired physiological effects for the intend-

ed therapeutic purposes.3

Safety and Contraindications
While Galvanic Current is generally considered 

safe, certain precautions and contraindications 

should be considered. These include:

1.	 Milliamp rule: Adhering to the milliamp rule is 

crucial to prevent burns or discomfort caused 

by excessive current intensity. Following this 

rule ensures that the amperage is within a safe 

range for the patient.

2.	 Allergic sensitivity: Some individuals may have 

allergic reactions or sensitivities to the ions ap-

plied during Galvanic Current therapy. It is im-

portant to consider the patient’s medical his-

tory and assess for any known allergies before 

initiating treatment.

3.	 Broken skin: Electrode pads should not be 

placed over the broken or damaged skin, as it 

may cause further irritation or infection. The 

skin should be intact and clean before applying 

electrodes.

4.	 Electronic implants: Patients with electronic 

implants, such as pacemakers or neurostimula-

tors, should not undergo Galvanic stimulation. 

The electrical currents may interfere with the 
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proper functioning of these devices, posing po-
tential risks to the patient’s health.

5.	 Impaired pain sensation: Tissues with impaired 
pain sensation, such as in neuropathy or nerve 
damage, should be treated with caution. The 
patient may not be able to provide accurate 
feedback on discomfort or burning sensations, 
increasing the risk of injury.

It is important to assess each patient individ-
ually, consider their medical history, and ensure 
proper application techniques to maintain safety 
during Galvanic Current therapy. Consulting with 
a physician and physiotherapist can help deter-
mine the suitability and safety of Galvanic Stimu-
lation for specific individuals.8
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Definition and History of Low-
Voltage Current in Medicine
Low-voltage current therapy from electrotherapy 
currents is used therapeutically to stimulate mus-
cles, nerves, and soft tissues. Low-voltage currents 
were discovered while investigating whether elec-
tricity has other effects besides its thermal effect. 
The Italian physician Luigi Aloisio Galvani recog-
nized the effect of electricity on animals and in-
troduced the use of electric currents. In the late 
1780s, Aloisio Galvani observed that when a scal-
pel touched the nerves of a dead frog, muscle con-
traction and an electrical potential difference were 
created. After his observations, he concluded that 
electricity can be produced by animals and that 
the electrical activity transmitted by the nerves 
moves toward the muscles.1 While the use of Di-
rect currents for muscle contraction continued to 
become widespread in the process, weaker mus-
cles contracted more weakly than strong ones, ne-
cessitating the search for new currents.2,3 With the 
20th century, it was found that denervated muscles 
could also be stimulated with electrical currents. 
Electrical stimulation (ES) is used today in inner-
vated or denervated muscles, pain control, muscle 
spasm, spasticity, protection of the joint range of 
motion, and fracture treatment. The basic physical 
property of low-voltage currents is that they are 
constantly displaced in the body and are of low or 
medium-frequency. These currents cause sudden 
ion exchanges in the tissue and release excitation 
on the nerves.4

Low-Voltage Current Types and 
Characteristics
Electrons do not move unless there is an electrical 

potential difference between the two points with 

respect to the charged particles. The electrical po-

tential difference that must be applied to create 

a flow of electrons is called volt. Voltage, on the 

other hand, is the force released during the elec-

tron flow occurring between two points with volt 

difference. The electric currents we use at home in 

our daily lives produce a force of 115 or 220 Volts 

(V). Currents used in therapy are classified as low 

or high voltage currents.5 Currents below 150 V are 

considered low-voltage currents. 5000 Hertz (Hz) 

is the cut-off value for the frequency, and the use 

of low-voltage currents in the clinic differs accord-

ing to their frequencies and waveforms. The most 

commonly used low-voltage currents in clinical re-

habilitation are Faradic, Russian, Sinusoidal, and 

Diadynamic currents.6,7

Faradic Current
Parameters of the Faradic Current

Low-voltage and low-frequency currents are ba-

sically divided into two types as Intermittent Gal-

vanic current and Faradic current. Faradic cur-

rents were in the form of an asymmetrical, bipha-

sic waveform consisting of a 1 millisecond (ms) 

sharp and sudden negative increase followed by a 

smooth positive curve of 4-19 ms at first use. The 

first Faradic currents used were alternating cur-



C
ur

re
n

ts
 U

se
d

 f
or

 E
le

ct
ri

ca
l S

ti
m

ul
at

io
n

94

IIII
Part

Clinical Key for Electrical Stimulation in Physiotherapy and Rehabilitation

Figure 10.1  A. Ancient Faradic form (Created by the author), B. New Faradic Form

rents due to the constant reversal of the current 

direction. The amplitude of the negative portion 

of the wave was not large enough to produce any 

physiological response. Since these wave charac-

teristics are difficult to tolerate in rehabilitation, 

it was started to be used by keeping the frequen-

cy constant and changing the pulse durations. The 

new form, resembling a monophasic sawtooth, ris-

es gradually and falls abruptly. This waveform can 

stimulate denervated muscle without affecting the 

innervated muscle. Because the gradual increase 

in current intensity allows the accommodation of 

the normal muscle, it provides contraction in the 

denervated muscle. Faradic current, which is fre-

quently preferred in rehabilitation, resembles a 

very short-term monophasic intermittent Galvanic 

current with a frequency between 50 and 100 Hz 

and a stimulation duration of 0.01 to 1 ms.6

To provide better results in therapy, the Faradic 

current used is differentiated to provide near-nor-

mal tetanic contraction and muscle relaxation. The 

machines and apparatus used must have sufficient 

control, to control muscle contraction and relax-

ation and to gradually increase the impulses. To-

day, the production of the Faradic current by elec-

trotherapy devices is also differentiated. In the old 

devices, the direction of the current was produced 

by diversifying the coil structure. Asymmetrical, 

biphasic currents that travel in both directions be-

tween the electrodes were produced by these coils. 

In new devices, the Faradic currents can be diver-

sified with the help of electronic cards without re-

quiring mechanical arrangement. By varying the 

waveform, current types can be provided in vari-

ous durations, frequencies, and waveforms. This 

diversity allows the selection of the most suitable 

one for the patient (Figure 10.1).6,7

Effect Mechanisms of Faradic Current

Electrical impulses with the appropriate pulse du-

ration, strength, and shape provide an action po-

tential in the nerve. As a result of depolarization in 

the motor nerve, the action potential moves along 

the nerve membrane and the potential reaching 

the muscle spreads to the muscle fibers, causing 

muscle contraction. In normal muscle contraction 

physiology, depolarization of sensory nerves cre-

ates activation in the sensory cortex area, trigger-

ing impulses from the central nervous system to 

the muscles. Stimulation to the muscle first elicits 

contraction in Type I slow oxidative small-sized 

muscle fibers and then on fast glycolytic Type II 

fibers. In applications made directly on motor 

nerves and muscles, such as Faradic currents, this 

sequence is reversed.8

Usage Fields of Faradic Current

ES can be used to induce contraction in muscles 

that cannot be actively contracted due to pain, 

weakness or constraints such as a cast. The Faradic 

current, one of the currents used for this purpose, 

provides significant increases in muscle mass and 

strength. The Faradic current also increases gly-

cogen content, adenosine triphosphate synthesis 

capacity, and metabolism.9 The pumping action 

released by contractions helps to accelerate blood 

flow and discharge metabolic wastes from the 

muscles. Faradism under pressure, which is one of 

the special techniques of the application of the Far-

adic current, is used for edema control by increas-

ing venous and lymphatic drainage.6

Another field of the use of the Faradic current 

is examination and treatment in the muscle de-

nervation process. A denervated muscle will fail to 

A B



Lo
w

-V
ol

ta
g

e 
an

d
 M

ed
iu

m
-F

re
q

ue
n

cy
 C

ur
re

n
ts

Co-funded by the
Erasmus+ Programme
of the European Union

95

1010
Chapter

respond to the Faradic stimulation if left untreated 

for approximately two weeks or more. This is due 

to the fact that the Faradic current cannot stimu-

late the denervated muscles because of its 0.1-1 

ms duration. In addition, since the muscle tissue 

starts to break down after the 10th day, it loses its 

excitability. The contractibility of the denervated 

muscle cannot be achieved with low-frequency 

currents such as the Faradic currents.9,10 Howev-

er, prolonged Faradic stimulation of denervated 

muscles provides a beneficial effect on excitabili-

ty.11 If there is no electrophysiological evidence of 

denervation in the muscle and neuropraxia causes 

muscle weakness, the Faradic currents ranging in 

duration from 0.1 ms to 1 ms may be preferable.12 

Novak stated that the effect of ES to prevent muscle 

degeneration has not yet been determined. If ES is 

used, the stimulation parameters must match the 

normal muscle firing pattern. In order to achieve 

this equality, it is necessary to be able to contract 

while the patient feels the flow.13

The Faradic current accelerates regeneration 

after neuropraxia in the motor nerve. The stimuli 

below the lesion level easily penetrate the muscle 

and cause contraction.6 Low-intensity currents 

applied to the proximal parts of the motor nerves 

can provide nerve regeneration and proliferation 

of Schwann cells. The Faradic current can be used 

together with steroids, surgical techniques, and 

exercise to accelerate nerve regeneration.14 It has 

been reported that low-intensity 20 Hz or less fre-

quency) stimulation between 30 minutes (min) 

and 1 hour increases the regenerative efficiency.15 

However, it should be noted that in the complete 

incision of the nerve, there is a response to the Far-

adic current until the degeneration process ends, 

but after the degeneration is completed, the nerve 

only responds to the Direct current.6,10

The Faradic current is also used for retrain-

ing the muscle and learning the new work of the 

muscle in cases where there is no voluntary con-

trol of the muscle, such as tendon transplantation, 

reconstructive operations, and deformities.6,16,17 

For example, in diseases such as pes planus and 

hallux valgus, the foot intrinsic muscles are not 

used for a long time because cannot voluntarily 

produce muscle contraction. In such cases where 

muscle movement patterns are disrupted, correct 

movement can be taught with the Faradic stimu-

lation and active contractions can be achieved.6 In 

clinical practice, the treatment usually starts with 

the Galvanic current and then the Faradic current 

is preferred in muscle retraining and denervated 

muscle rehabilitation.16

Effusions present in the tissues after surgery 

cause adhesions. The Faradic current may be pre-

ferred if sufficient active exercise cannot be per-

formed to prevent adhesions. The resulting mus-

cle contraction, stretches and loosens the adhe-

sions.6,17 In muscle transplantation from the Grac-

ilis muscle in facial paralysis, daily Faradic flow for 

5-10 min is recommended until voluntary contrac-

tion is obtained from the muscle. It is a generally 

accepted approach to start treatment at 6 weeks 

after transplantation.12 It has been reported that 

low-frequency ES should be used until electro-

myographic reinnervation is observed in muscle 

transfer after brachial plexus injury.18

The stimulation of the antagonist muscle with 

the Faradic current is preferred to stretch the soft 

tissue, that cause contracture and limitation of 

joint movement, and to increase the range of mo-

tion. For example, in scoliosis, the trunk muscles 

on the convex side can be stimulated to stretch 

the muscles that shorten in the concave part of 

the curve and cause movement limitation. Ad et 

al. stated that motor stimulation with 40-80 milli-

amperes (mA) intensity, 0.2 ms duration, and 25 

Hz frequency is effective in scoliosis and improves 

trunk balance.19 In the treatment of scoliosis, just 

not applied to the convex area. Karabay et al. ap-

plied the Faradic current with 20-30 mA intensity, 

0.25 ms duration, and 25 Hz frequency to the ab-

dominal and back muscles of children with cere-

bral palsy in sessions of 30 min, 5 days a week for 

4 weeks. Treatment resulted in improvement in 

Cobb’s angle and kyphotic angle.20

As it is used to strengthen healthy muscles, the 

Faradic current is preferred for muscle strengthen-

ing after different ailments. In patients with chron-

ic heart failure, it has been reported that the Far-

adic current with a pulse duration of 200 ms and a 
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frequency of 10 Hz, 1 hour a day, 5 days a week for 

5 weeks, maintains cardiac output and causes an 

increase in exercise capacity. This effect occurs as 

a result of the increase in oxidative capacity in the 

muscles.21 It has also been reported that the same 

protocol provides functional independence by in-

creasing knee extensor strength in patients with 

hip replacement.22 In order to increase the torque 

power in the muscles, the use of low-frequency (20 

Hz) currents instead of high frequency (60 Hz) cur-

rents provides more benefits.23

Faradic Current Treatment Protocol and 
Practical Information

The Faradic current provides impulses with dura-

tion of 0.1-1 ms and frequency of 50-100 Hz. These 

parameters cause tetanic contraction of the inner-

vated muscles. However, due to the short duration 

of stimulation, it is difficult to obtain a response 

from the denervated muscle. The new devices 

provide more channel output and produce more 

tolerable current form. Response can also be ob-

tained from denervated muscles with interrupted 

currents with a pulse duration of 100 ms, repeated 

20 times per minute. This parameter allows the in-

nervated muscle fibers to contract rapidly and the 

denervated muscles to contract slowly. If the room 

temperature is below normal, denervated muscle 

contraction may be lost. In such cases, it should 

be considered that finding the motor point of the 

muscles during the application will increase the 

contraction power.11

An appropriate treatment protocol for the Far-

adic current should be shaped according to muscle 

size and energy metabolism of the muscle. While 

lower pulse duration and current intensity are pre-

ferred in small sized muscles, the number of treat-

ment sessions should be higher. To tolerate muscle 

fatigue, the treatment session should usually be 

divided into 2 or 3. Treatment should be applied 

for 10-15 sessions or 2-3 weeks for optimal gain in 

contraction speed, 20-25 sessions or 4-5 weeks for 

muscle strength gains. It is recommended to per-

form 35 sessions or 7 weeks of application to in-

crease muscle endurance.11

We mentioned that the Faradic current is of-

ten preferred to provide contraction in the mus-

cle tissue after nerve injuries in the clinic. In ap-

plications, the patient, device, and necessary 

equipment should be prepared in advance and 

necessary safety precautions should be taken. The 

pads used during application should be made of 

lint-free fabric. Excessive fabric thickness prevents 

the risk of chemical accumulation and thus the 

risk of burns. A pencil electrode wrapped in cot-

ton should be used if a specific muscle is desired 

to be stimulated. If a plate electrode is used, the 

edges of the electrode should be blunt. A positively 

charged (passive) electrode could be placed on the 

proximal part of the application area, and a neg-

atively charged (active) electrode could be placed 

on the distal part. The active electrode is the elec-

trode where electrons enter the tissue and is small-

er than the passive electrode. The active electrode 

should be placed on the motor point. Pads should 

be soaked with salt water or tap water but not dry 

or dripping wet.11

Russian Current
History and Parameters of the Russian Current
Medium-frequency currents are currents with 

frequencies between 1000 and 10000 Hz. These 

currents provide deeper penetration and higher 

tolerance than low-frequency currents. Russian 

currents, which are a medium-frequency cur-

rent and used for muscle strengthening, were first 

called “interventional currents” in the 1950s.24 In 

1977, Yakov Kots claimed that the Russian current 

increased the muscle strength of elite athletes to 

40%. Although he did not give details and referenc-

es in his study, the movement easily took its place 

in the literature as the Russian or the Kots current.25

The Russian current is a medium-frequency al-

ternating current with a frequency of 2500 Hz. The 

current consists of successive bursts with polypha-

sic waveforms. Each period of the current consist-

ing of 50 periods per second (s) consists of a burst 

of 10 ms and a rest interval of 10 ms. Each 10 ms 

burst contains 25 current loops. The most com-

mon sine wave and square wave applications are 

preferred (Figure 2). These bursts reduce the total 
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Figure 10.2  Russian Current Wave Form (Created by the author).

amount of current delivered to the patient, by this 

patient’s tolerance increases.6,24

The frequently preferred parameters of the Rus-

sian movement are;

•	 Pulse duration: 50- 400 ms

•	 Frequency: 1000 Hz to 2500 Hz

•	 Beat cycle: reported 5-15 s.26

Effect Mechanism of the Russian Current

Normal motor ES acts by activating motor units. 

Motor units consisting of a motor neuron and its 

innervated muscle fibers are regularly activated 

starting from the smallest motor units during vol-

untary muscle contractions to larger motor units 

as the force requirement increases. During ES, in-

cluding the Russian current, the motor units con-

tract non-selectively. The largest motor units con-

tract first. More muscle fibers are activated than 

during voluntary contractions. This causes a great-

er force to emerge. However, since the activation 

of motor units is not selective and the activation of 

muscle fibers is asynchronous, a contraction force 

as sharp as voluntary contractions is not obtained. 

Therefore, voluntary muscle contraction is desired 

along with ES in Russian currents. This dual con-

traction mechanism enables more muscle fibers to 

work and hypertrophy.25,27 The combination of the 

Russian current with exercise, provides coordina-

tion and trains fast-twitch and quickly fatigued mo-

tor units, provides athletic skills and coordination 

in parallel with the increase in muscle strength.28

Usage Fields of the Russian Current

Since the skin impedance is inversely proportional 

to the frequency of the applied current, the Rus-

sian currents penetrate more deeply than low-fre-

quency currents. The contraction produced by the 

Russian current is physiologically as close to nor-

mal contraction as possible. In this way, patient 

discomfort and fatigue are low, and the current 

tolerance level is high.29 The Russian currents are 

generally preferred to increase muscle strength. 

Muscle strength increases by approximately 30-

40% in athletes who receive medium-frequency 

stimulation.30 In a study using 50 Hz bursts in Rus-

sian current, the maximum torque occurred at a 

frequency of 1 (kilo hertz) kHz. For the optimum 

effect, it is recommended to use a frequency of 2.5 

kHz in applications with direct muscle stimulation 

and 1 kHz in applications on the nerve trunk. For 

maximum muscle torque generation, a burst time 

of 2 ms and frequency of 1-2.5 kHz can be used. 

Because the feeling of discomfort is quite high for 

the Russian currents, it can be applied with a burst 

time of 4 ms and a frequency of 4 kHz to minimize 

the feeling of discomfort. However, it should be 

noted that in this case less force will released.24

The application of the Russian current to the 

hip muscles of elderly neurological patients has 

positive effects on the motor mobility of the pa-

tients.29 The use of the Russian current to strength-

en the Quadriceps Femoris muscle group after 

the anterior cruciate ligament reconstruction, 

facilitates healing and increases the intensity of 

contraction.31 Russian currents increase the ex-

tremity muscle strength as well as respiratory. It is 

used to increase expiratory muscle strength. It has 

been reported that a 25-minute application with 

a frequency of 2.5kHz, by adjusting the pulse and 

resting time according to the inspiratory and ex-

piratory frequencies, increases expiratory muscle 

strength.32

Treatment Protocol of the Russian Current and 
Practical Information

After daily trainings patients, who are applied 

Russian current, can tolerate progressively higher 

intensities. Due to this gain, the current intensity 
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Figure 10.3  Sinusoidal current (Created by author).

should be increased from the first sessions, con-
sidering the patient’s tolerance. If the force pro-
duction is to be increased, stimulation must have a 
tiring effect. For this, the dose needs to be adjusted 
in the best way. The Russian current is used in a 
treatment cycle known as the Russian technique. 
This technique is also called the 10/50/10 tech-
nique. After a 10 s “on” period, a 50 s “off” period 
is applied and this technique is continued for 10 
min. In this technique, it is recommended to sup-
port voluntary muscle contractions with exercise 
after ES.25

The perception of discomfort due to stimula-
tion may limit the effectiveness of the Russian cur-
rent. If there is a feeling of discomfort, re-detection 
of the motor point can be performed with changes 
in electrode size and positioning to minimize im-
pedance effects. Electrode sizes are generally pre-
ferred as 5cmx5cm. While smaller electrodes in-
crease current density, they can cause pain. Large 
electrodes can cause antagonist muscle activation 
and decrease the desired force. It should not be 
forgotten that the device-patient preparation pro-
cess and safety measures, which are prerequisites 
in clinical applications, are valid for the Russian 
currents.26

Sinusoidal Current
Parameters of the Sinusoidal Current
Sinusoidal currents are symmetrical sine wave 
currents with a frequency of 50 Hz. These currents 
contain 100 Hz of 10 ms each (Figure 10.3). Cur-
rents produced by reducing the voltage to 60-80 V 
with intermediate transformers are generally used 

to provide rhythmic muscle contractions. Other 

effects of current are analgesic and edema reduc-

ing effects. Sinusoidal currents with pronounced 

sensory stimulation are usually applied over large 

areas. They are rarely used to provide local muscle 

stimulation.6 The sinus waveform is recommended 

when it is desired to create isometric contractions 

that cause the least tissue trauma on the skin by 

emphasizing the comfort of the patients.33

Effect Mechanism of the Sinusoidal Current
The action potential that occurs in the sinusoidal 

current applications, specifically stimulates the 

sensory and motor nerves.34 These currents are 

not used for the chemical and thermal effects of 

other electrical currents. The Sinusoidal currents 

produce a pricking sensation on the skin. This 

feeling is more than the feeling that occurred by 

the Faradic current. With this application, erythe-

ma may occur by increasing the blood flow in the 

subcutaneous tissues. However, motor nerves can 

be stimulated by increasing the current intensity.10 

Activation of potassium channels rather than in-

activation of sodium channels by high-frequency 

biphasic currents causes nerve conduction block 

and exerts analgesic effect.34

Usage Fields of the Sinusoidal Current
The biphasic Sinusoidal current is used in various 

applications such as pain management, muscle 

stimulation, electrical nerve blocking and wound 

healing. Because of the nerve blocking effect, the 

Sinusoidal currents can be used in the treatment 

of pain. In vivo experiments have shown that the 

Sinusoidal frequencies greater than 10 kHz will 

cause a localized block in rats. The Sinusoidal fre-

quencies below 5 kHz, on the other hand, may lead 

to a decrease in muscle strength as they reduce 

the release of neurochemicals at the muscle-nerve 

junction. If higher frequencies are used to block 

nerve conduction, the stimulation intensity should 

also be increased.34

If the number of stimuli is increased in Sinu-

soidal currents, tetanic contraction occurs in the 

muscle. The Sinusoidal currents can stimulate de-

nervated muscles, but the patient cannot tolerate 
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this current because high current intensity is need-

ed. Therefore, the Faradaic current is preferred 

over sinusoidal flow.10 The Sinusoidal currents can 

also be preferred to increase muscle strength in 

the innervated muscle. High current intensity at 

low-frequency is required for contraction. How-

ever, since the sinusoidal current of this intensity 

and frequency will encounter skin resistance, the 

feeling of needling increases and it may become 

difficult to tolerate the current for the patient.35-37

Due to the sinusoidal rhythm of the central sys-

tem, the Sinusoidal currents also have a central 

effect. Leung and Yu found that the Sinusoidal cur-

rents induced a maximal response in mildly depo-

larized hippocampal CA1 neurons in vitro.38

In the literature, the sinusoidal currents have 

been preferred to accelerate wound healing. In 

particular, the stimulation effect of the biphasic 

current contributes to faster healing of chronic 

wounds.39 With sinus waveform stimulation at 30 

Hz, 250 microseconds (μs) pulse width and 20 mA 

current parameters to heal diabetic foot wounds.40

In addition to its therapeutic effects, sinusoidal 

currents at different frequencies can be used for 

the sensory evaluation. Measurement of the pain 

threshold value can be achieved using different si-

nusoidal stimulus frequencies (5-2000 Hz).41

Treatment Protocol of the Sinusoidal Current 
and Practical Information
Before starting treatment, the patient should be 

explained why the treatment is necessary and how 

he or she will feel during treatment. The sensation 

to be felt can be described as a slight pulling and 

tingling sensation in the skin. If the upper extrem-

ity is to be treated, the patient should be seated 

in a chair and a wooden treatment bed should be 

placed in front of him. If the lower extremity is to be 

treated, the patient should be placed in the supine 

or side position. If the patient’s skin is dry, the pa-

tient will feel more discomfort. To reduce this feel-

ing of discomfort, moisturizing creams or a saline 

solution should be applied to the application area 

at least one hour before treatment. In this way, the 

resistance on the skin can be reduced from 5000 to 

1000 Ohms. If there is a wound or skin fold on the 

skin, this part should be covered with sterile vase-

line to prevent the electric charge from concentrat-

ing on this point.7

Diadynamic Currents
History and Parameters of the Diadynamic 
Currents
The Diadynamic currents were developed by the 

dentist Pierre Bernard in France in the early 1950s. 

Pierre Bernard reported that these currents have 

a broad analgesic effect on soft tissue injuries and 

systemic disorders. The Diadynamic currents are 

obtained by combining the Galvanic and Faradic 

currents. The Diadynamic currents include five dif-

ferent types with different physiological and thera-

peutic effects.42

Alternating type sinusoidal single-pulse mono-

phase fixed (MF) and double-pulse diphase fixed 

(DF) are low-frequency currents obtained from 

unidirectional or bidirectional regulation of the 

current. By combining these two currents, curt pe-

riod (CP), long period (LP), and rhythm syncope 

(RS) types are obtained. The risk that occurs during 

treatment in the Diadynamic current is same as in 

the Galvanic current. The main effect occurs under 

the negative electrode (cathode). An irritating and 

burning effect may occur under this electrode in 

long-term use. Types of the Diadynamic currents 

are listed below.43

Monophase Fixed (MF)

The MF is a unidirectional current with a frequen-

cy of 50 Hz and a sinusoidal waveform. The current 

fluctuates in 10 ms intervals. The analgesic effect of 

the MF, which has a strong dynamogenic effect, is 

low but long-lasting. During the MF, patients expe-

rience a very strong vibration and a deep sense of 

compression. The MF is used in painful conditions 

due to spasm and when the stimulation of sympa-

thetic ganglia is desired.6,44

Diphase Fixed (DF)

The DF is a bidirectional current with a frequen-

cy of 50 Hz, just like the MF. The current, which 

has an analgesic effect, reduces the sympathetic 

tone. While the patient feels trembling and tin-
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gling during the DF, there may be short-term loss 

of light touch sensation. The DF is administered 

at intervals of 10-15 s for pain modulation. Due to 

the rapid adaptation of the tissues, the optimal ad-

ministration time is 1-2 min and is used before the 

administration of other types of the Diadynamic 

currents.5,6,43

Curt Period (CP)

The CP modulated in short periods is created by 

the rhythmic alternation of a one-second single 

and double pulse current at regular intervals. The 

CP has vasodilation, hyperemia, and analgesia 

effects. Used for ischemic disease of the lower ex-

tremities, muscle atony, joint stiffness, facial oph-

thalmic neuralgia, subacute post-traumatic pain, 

and muscle spasm. The application time for one 

area is about 3-5 min. The total application time 

should not exceed 12 min. However, for the treat-

ment of ischemic disease of the lower extremities, 

the time can be increased but should not exceed 25 

min. The duration of the application varies accord-

ing to the depth of the targeted area and tissue. The 

CP can be applied twice a day in acute situations, 

once a day in other situations, and once a week 

during the continuation of treatment.5,6,43

Long Period (LP)

While obtaining the LP, the current is changed to 

the DF after 6 seconds (s) of the MF flow. The DF 

is achieved by a second half-wave (again lasting 6 

s) with gradually increasing amplitude and lasting 

6 s. At the end of 6 s, it is switched to the MF again. 

The LP has inhibitory and analgesic effects. It also 

has a stimulating effect on smooth muscle at ap-

propriate intensity. It is preferred in diseases such 

as neuralgia, myalgia, lumbago, functional disor-

ders of the locomotor system in general, and gas-

tric and intestinal hypotonia.5,43

Rhythm Syncope (RS)

The RS, a modulation of the MF, has a 1 s transition 

and 1 s rest time. It has equal pulse and rest periods 

within 1 s transition time. The frequency of the RS, 

which is a unidirectional current, is 0.5 Hz. It has a 

contractile effect on the muscles but can be irritat-

ing. Since pain occurs during contraction and its 

tolerance is low, care should be taken when using 

it for muscle strengthening.5,6,43

Effect Mechanism of the Diadynamic Current
The effects that occur during the application of the 

current last for several hours after the treatment is 

terminated. They exhibit the stimulating effect of 

low-voltage currents on sensory and motor nerves. 

One of the theories explaining the analgesic effect 

of the Diadynamic currents is the gate control the-

ory of Wall and Melzack. Recently, opiate system 

activation for pain inhibition has become more 

popular in pain modulation. The release of poly-

peptides called endorphins with the application 

of the Diadynamic current is used to explain the 

analgesic effect. Pain inhibition and current tol-

erance can be achieved by keeping the pulse and 

resting times of the current short. In this way, the 

continuation of the dynamogenic effect is ensured. 

Alternatively, the dynamogenic effect of the Dia-

dynamic currents has been used to treat different 

ailments.45

The Usage Fields of the Diadynamic Current
The Diadynamic currents increase the blood flow 

to the area by expanding the capillaries as they pass 

through the body. Increased blood flow locally re-

laxes the muscles, reduces edema and pain. There-

fore, the Diadynamic currents are used in chronic 

traumas, sprains, degenerative joint diseases, cir-

culatory disorders and pain management. When 

Demidaś and Zarzycki investigated the effect of 

electrotherapy on the sense of touch and pain in 

musculoskeletal disorders, they found that the Di-

adynamic currents were effective in increasing the 

sense of touch and inhibiting pain at a level similar 

to the Transcutaneous Electrical Nerve Stimula-

tion (TENS). Therefore, they emphasized that the 

Diadynamic currents should be put on the agenda 

in pain management as an alternative current to 

the TENS.

The Diadynamic currents, which have a very 

common usage area, are used for temporomandib-

ular joint pain management, dysmenorrhea, verte-

bral column pain, osteoarthritis, joint sprains, sub-
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luxations, muscle injuries, epicondylitis, sudeck 

atrophy, myalgia, torticollis, muscle atrophy, and 

circulatory disorders such as Raynaud’s syndrome 

and Burger’s disease. It is also used in the treat-

ment of neuralgia and neuralgia.45-48 It has been 

reported that it is more effective than the Direct 

current, Microcurrent, and TENS in reducing pain, 

especially when used as a single agent.47

Treatment Protocol of the Diadynamic Current 
and Practical Information
The Diadynamic currents are low-frequency cur-

rents with a Galvanic current component. It is nec-

essary to take into account the degenerative effect 

that will occur on the skin with the effect of the Gal-

vanic current during applications. Therefore, the 

safe application time of each application was deter-

mined to be 6 min. If an application is made longer 

than 6 min, the current should be stopped and the 

electrodes should be changed. If electrode replace-

ment is contraindicated due to the anode-cathode 

effect or if the application time is longer than 12 

min, protective solutions should be preferred. The 

combination of the Diadynamic current variants is 

frequently used in practice. It is recommended to 

use the CP before the LP for analgesic effect. If this 

situation is not taken into account, the analgesic ef-

fect of the LP is destroyed by the stimulating effect 

of the CP. Currents are usually used in the order as 

the DF, CP, and LP. Depending on the application 

time and current density, the Diadynamic current 

types with the Galvanic component of more than 

50% reach a maximum depth of 4 or 5 cm, while the 

DF and LP with a modulated the Galvanic compo-

nent of 66% reach deeper.44

Application time depends on various factors 

such as the disease, the stage of the disease, the 

purpose of the treatment, the personality structure 

and attitude of the patient, and the level of muscle 

tone. Depending on the severity of the disease, the 

preferred parameter should be applied for 3-5 min. 

If the application will be made on a large area or 

deeper structures, the application period should 

be extended. It should be applied 5 times a week 

in acute cases and once a week in chronic condi-

tions.47

The correct adjustment of electrode size and 

current intensity increases the treatment efficien-

cy. Before using the Diadynamic current, a Gal-

vanic current of 1-3 mA is given to the tissue. The 

Diadynamic current intensity is then increased up 

to the tolerance level. Although the tolerance level 

varies from patient to patient, it is usually between 

3 and 12 mA. For the DF and LP types, it is neces-

sary to slightly exceed the threshold level a little.44,47

The Diadynamic currents, which differ in their 

application, can be preferred two days after acute 

joint injuries. In areas where the direct application 

is contraindicated, paravertebral application can 

be made to the nerve roots. In applications with 

two electrodes in internal organ disorders, one 

electrode can be placed on the paravertebral seg-

ment and the other on the main area. For example, 

in the treatment of ischemic problems of the low-

er extremities, the anode is placed paravertebral 

to the L3 – S1 region and the cathode is placed on 

the anterior upper part of the calf. To increase sym-

pathetic activity, the DF can be applied for 10-12 

min. In the treatment of regional muscle spasms, 

the anode is placed on the trigger point and the 

cathode is placed on the origin of the muscle. For 

painful spasm of the muscles, both electrodes are 

placed on the muscle body using the CP-LP com-

bination.44,47

Hazards and Contraindications 
of Low-Voltage and Medium-
Frequency Current
The Direct current and low-frequency currents en-

counter high electrical resistance in the outer lay-

ers of the skin. In order for a current of sufficient 

intensity to reach the deep tissues, a high current 

must pass through the skin. Therefore, such cur-

rents cause pain in the treatment of deep tissues.49 

No risk has been reported for low-voltage currents. 

However, in some cases, such as high fever, hyper-

tension, anemia, severe kidney and heart failure, 

history of cobalt therapy, and mental disability, 

physiotherapists should be skeptical of practice. 

The contraindications for TENS applications, 

which is a low-voltage current model, should also 
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be considered for other low-voltage currents. Con-

traindications can be listed as;

•	 Some electrolytic reactions of the skin depend-

ing on the duration and frequency of treatment.

•	 The presence of pacemaker or implanted elec-

tronic devices.

•	 During the first trimester of pregnancy.

•	 Hemorrhagic conditions.

•	 Open wounds, carotid sinus, and over eye ap-

plications.

•	 Uncontrolled epilepsy.

•	 Electrophobia.6,50
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Ultra-Reiz (Trabert) CurrentsUltra-Reiz (Trabert) Currents

11

The History of Ultra-Reiz 
Current
Trabert currents, known today as Ultra-Reiz cur-

rents, was described by Dr. Trabert in 1957. With 

Ultra-Reiz currents, which aim to create a mas-

sage effect in areas where electric current passes, 

it is aimed to emphasize the effect of analgesia and 

hyperemia in the treatment. Ultra-Reiz currents, 

which are designed to create a fluctuating and 

kneading effect in the applied area, were called 

“stimulation current massages” in the first years 

due to the massage effect it created.1,2

Characteristics of Ultra-Reiz 
Current
The Ultra-Reiz current, with a frequency of 143 

Hertz (Hz) and a total period of 7 milliseconds 

(ms), has a 5 ms rest period after monophasic 

square wave pulses with a 2 ms transition time 

(Figure 11.1). Ultra-Reiz current applied over the 

skin combines the Galvanic current effect and the 

sensory stimulus effect. The Galvanic component 

of the Ultra-Reiz current is around 28.5%.2-5 Al-

though the strength of the Trabert current varies, it 

has a fixed pole and current direction.3

Ultra-Reiz current is used for symptom modu-

lation after degenerative lesion.6 When the current 

is applied, the patient feels a state of relaxation and 

well-being with the massage effect on the muscles, 

followed by a non-irritating bursting sensation.2

The Effect Mechanism of Ultra-
Reiz Current
The main effects and aims of Ultra-Reiz current 

are;

Figure 11.1  Ultra-Reiz Current. (Created by author).
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Figure 11.2  Parasympathetic and Sympathetic System Functions

•	 to reduce the activation of the sympathetic sys-

tem and increase the activation of the parasym-

pathetic system,

•	 to provide analgesia,

•	 to relax muscle spasms,

•	 to increase blood circulation,

•	 reflected effect,

•	 to create muscle contraction.2,5-7

Reducing the Activation of the 
Sympathetic System and Increasing 
the Activation of the Parasympathetic 
System
Ultra-Reiz current not only stimulates motor and 

sensory nerves but also provides regulatory stim-

ulation of the autonomic nervous system. By pro-

viding tetanic contraction with Ultra-Reiz current, 

muscle tension can be reduced and the sympa-

thetic activation response can be broken. Howev-

er, the stimulation of the parasympathetic part of 

the autonomic nervous system by the Ultra-Reiz 

current causes vasodilation as a reflex. In cases 

where autonomic stimulation with Ultra-Reiz cur-

rent is desired, electrodes should be placed in ac-

cordance with the passage route of the autonomic 

nerves.8 The parasympathetic and sympathetic 

system functions were shown in Figure 11.2.

Providing Analgesia
The most common aim of using Ultra-Reiz current 

is to reduce pain. There are many publications 

stating that pain is reduced after Ultra-Reiz cur-
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rent applications.8-10 Pain can be blocked from any 

point of the transit route, whether it is a pain with 

a high conduction velocity transmitted by A-del-

ta fibers after a trauma or a deep pain sensation 

with a low conduction velocity with unmyelinat-

ed C fibers. The method for inhibiting the trans-

mission carried by the pain fibers by stimulating 

other afferent nerves is known as the “masking 

effect”. This effect comes to the fore especially in 

applications with electrical stimulation. Since the 

frequency (143 Hz) of the Ultra-Reiz current is 

higher than the frequency of pain fibers with slow 

conduction velocity, the masking effect becomes 

more prominent.2

One of the main effects of the Ultra-Reiz cur-

rent is the sensory stimulus. Rapid exteroceptive 

nerve fiber stimulation blocks the pain at the level 

of the medulla spinalis.3,6 However, Ultra-Reiz cur-

rent, which stimulate opioid peptide release, allow 

stronger modulation of pain.6

Especially in the rehabilitation of spinal pain, 

Ultra-Reiz current can provide pain modulation 

by stimulating thick myelinated afferent fibers in 

accordance with the gate control theory. Com-

bining the treatment with vacuum application in-

creases the analgesic effect and reduces lumbosa-

cral movement limitation due to pain.11 Ultra-Reiz 

currents, which are used especially in the rehabil-

itation of spinal pain, are widely used in the reha-

bilitation of athletes.1 The electrode placement is 

adjusted by the physiotherapist according to the 

characteristics of the painful area.12

Relaxing Muscle Spasms
Ultra-Reiz current has a massage effect. Both an 

increase in blood flow and a mechanical stimulus 

on the muscle reduce muscle spasms.2 Ultra-Reiz 

current produces tetanic muscle contractions that 

reduce sympathetic system activity and thus mus-

cle tension. In addition to the massage effect, the 

autonomic effect also relaxes muscle spasms by 

proving vasodilation.6

Increasing the Blood Circulation
Pulse and resting duration of the Ultra-Reiz cur-

rent (2-5 ms) are quite suitable for therapeutic 

purposes in increasing blood flow. First of all, it 

should be indicated that the stimulation of mus-

cle activity during the flow increases the pump-

ing effect of the muscles. The metabolic activity 

induced as a result of increased muscle function 

increases arteriovenous and lymphatic circula-

tion. However, the prerequisite for the increase in 

circulation by this mechanism is that the muscle, 

which electric current is applied, does not exhib-

it a paretic picture and is completely healthy in 

terms of excitability.2

Another circulation-enhancing effect of the Ul-

tra-Reiz current is hyperemia. Hyperemia after Ul-

tra-Reiz flow does not only occur on the skin sur-

face but also in the deep layers of the muscles. This 

situation describes an agonistic reaction between 

skin and muscles.2

The fact that the application causes parasympa-

thetic stimulation, it also creates reflex vasodilata-

tion.5,6

Reflected Effect
Ultra-Reiz current also stimulates cutaneous re-

flexes and increases circulation in internal organs. 

By stimulating the autonomic fibers acting on the 

cutaneous nerves or the vessels of the internal 

organs, the smooth muscles innervated by these 

nerves are stimulated. The release of vasoactive 

substances such as histamine and acetylcholine 

in the regions affected by Ultra-Reiz current also 

supports the increase in blood circulation. Be-

cause of this reflex connection between the skin 

and the organs, blood supply to the internal organs 

is ensured. This is also the case in different phys-

iotherapy and rehabilitation applications such as 

massage. Interventions on the skin can produce 

reflex therapeutic effects on different body parts 

and segments.2,3

Creating Muscle Contractions
Ultra-Reiz current is also used to create muscle 

contractions and prevent atrophy.5,13 These muscle 

contractions are difficult to see with the naked eye. 

Accommodation developed against the current 

decreases the amount of contraction detected by 

palpation or observation after a while.13



C
ur

re
n

ts
 U

se
d

 f
or

 E
le

ct
ri

ca
l S

ti
m

ul
at

io
n

108

IIII
Part

Clinical Key for Electrical Stimulation in Physiotherapy and Rehabilitation

Ultra-Reiz Current Application
Ultra-Reiz current is applied with medium-sized 

electrodes (8x10 or 9x12).3,13,14 Electrodes used es-

pecially in spinal applications are placed paraver-

tebral or longitudinally.2,14 The distance between 

the electrodes should be 3-4 cm. The current inten-

sity is increased in a controlled manner. After the 

patient feels a tingling that does not cause discom-

fort, the optimum current intensity suitable for the 

patient is determined and the application is made 

at this current intensity. The patient will not feel 

the current delivered within a few minutes. Upon 

notification of the patient, the current intensity is 

increased again until the patient feels it.14

In the applications for contraction, the obser-

vation of the physiotherapist comes to the fore. It 

should be noted that 143 Hz is a frequency that 

produces tetanic contractions. Therefore, all the 

applied muscle fibers are activated and contract-

ed. For this reason, the current intensity should 

be adjusted very well and carefully by the physio-

therapist. The current is gradually increased so that 

the tolerable motor threshold is not exceeded. The 

physiotherapist should have the ability to fine tune 

the flow. In interventions performed on movable 

joints, such as the upper and lower extremities, the 

application should not be made directly on the tar-

get area (joint) in order not to give a stimulation to 

the bone.2

It is difficult for a physiotherapist determine 

whether the muscles in the spine are working at an 

optimal level. Therefore, the current intensity can 

be decreased and increased again in order to be 

aware of muscle contractions and relaxations.2

Whether it is the tingling sensation felt or the 

amount of contraction achieved, as the desired 

effect decreases, the current intensity is increased 

and the tolerance limit is reached in the patient 

within 5 to 7 minutes. Although it varies according 

to the patient, the current intensity that can be in-

creased up to 70-80 milliamperes (mA) should be 

used with thick moist viscose sponge or electrode 

pads that absorb a lot of water.3,13,14

Since the current causes a strong metabolic 

change, it may need to be used with at least one-

day interval between each session. In daily use, 

thermal reactions, tactile sensitivity, and the de-

velopment of a different type of pain may occur. To 

avoid these effects, Ultra-Reiz current can be used 

with other currents with the same purpose.3

Although it is recommended to use 6-8 sessions 

of Ultra-Reiz current, the number of sessions can 

be shortened according to our level of reaching 

the target. If Ultra-Reiz current can be applied ef-

fectively, successful results are obtained in the first 

2-3 sessions.3,13 At the end of a single treatment ses-

sion, positive effects are reported, especially for the 

inhibition of pain.4,13

Indications of Ultra-Reiz 
Current
•	 Radiculopathy, cervical, thoracic, and lum-

bar region osteochondrosis, and spondyloar-

throses2

•	 Other spinal degenerations1,2

•	 Other osteochondrosis and arthrosis2,13

•	 Sudeck Atrophy5

•	 Neuralgia13

•	 Hyperalgesia 5

•	 Post-traumatic situations13

•	 Osteoarthritis 15

•	 Myalgia 2

•	 Spinal pain 11,16

•	 Hemiplegic shoulder pain 12

Contraindications
Application of Ultra-Reiz current to paretic mus-

cles is contraindicated. The muscle may either be 

unable to respond to 143 Hz stimulation or may 

respond for a very short time. Forcing the muscle 

to stimulate may increase the existing muscle de-

nervation.2

Ultra-Reiz current should not be applied on or 

near metal implants. If applied, electrochemical 

burns may occur with an electrophoretic effect. For 

this reason, electrode placement should be done at 

least 15-20 cm away from the metal implant.3 Ul-

tra-Reiz current is also not used in patients with

•	 fever,

•	 malignancy,

•	 the presence of tuberculosis,
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•	 pregnancy (especially on the lumbar region),
•	 a pacemaker or implant stimulators,
•	 cooperation problems (who cannot give feed-

back on the given current intensity).13
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Microcurrent Electrical 
Neuromuscular Stimulation
Microcurrent Electrical Neuromuscular Stimula-
tion (MENS) was developed as a physical therapy 
modality delivering current in the microampere 
range. It has been reported that MENS has several 
physiological effects such as pain relief and facil-
itation of tissue repair including tendon injuries, 
skin ulcers, wounds, bedsores, and ligament inju-
ries.1-8

MENS current intensities vary between 1 and 
999 microamperes (µA). It has been successfully 
used to enhance soft tissue healing and to treat 
fracture non-unions. The efficacy of MENS in the 
treatment of these conditions has led some clini-
cians to suggest that it might also be valuable in the 
treatment of musculoskeletal injury.9

MENS is a physical modality delivering sub-
sensory, low-amperage current and thus mimics 
the electrical intensity found in living tissue. If 
microcurrents of a physiological amperage were 
delivered into damaged muscle tissues, it could 
control the altered membrane function by various 
mechanisms, such as the maintenance of intra-
cellular Ca2+ homeostasis and the upregulation of 
adenosine triphosphate (ATP) production. Studies 
revealed that treatment of muscle damage with 
MENS therapy with low-amperage <500µA can re-
duce the severity of muscle symptoms.10

With MENS the patient cannot feel the current 
since there is not enough current to stimulate sen-
sory nerve fibers. Traditionally, MENS therapy has 

been used to increase the rate of healing in injured 

athletes, to treat and manage muscle pain and dys-

function and to increase the rate of fracture repair.11

Nowadays, interest in the use of low-intensity 

current such as MENS is increasing, as its effects 

take place at the cell level (protein synthesizing ac-

tivity, increased ATP generation), with sub-sensory 

application (i.e., painless), besides the absence of 

collateral effect, low cost, and easy utilization.12

Physiological Effects of the 
MENS
Pain Control
MENS therapy remains a relatively obscure modal-

ity and is unfamiliar to many clinicians. This may 

in part be due to the mixed evidence of its effec-

tiveness, with studies using some forms of MENS 

therapy failing to find evidence of its use for pain 

relief. The mechanism of pain control using a 

MENS therapy device, also called Micro-Tens de-

vice, differs from traditional Transcutaneous Elec-

trical Nerve Stimulation (TENS) using nerve exci-

tation by sensory stimulation. One theory of the 

MENS for pain control is, it can create or change 

the constant Direct Current (DC) flow of the neural 

tissues, which may have some way of biasing the 

transmission of the painful stimulus. MENS may 

also make the nerve cell membrane more receptive 

to neurotransmitters that will block transmission. 

The mechanism for pain control using MENS is 

still under investigation. MENS has demonstrated 
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trends for decreasing pain and increasing function 

with acute knee pain over 4-weeks. Also during 

this intervention natural tissue healing occurs.13

Current in the range of 10 up to 500 µA was 

observed to increase ATP production, amino acid 

transportation, protein synthesis, and waste prod-

uct removal in tissues whereas ATP production lev-

eled off between 500 and 1000 µA and decreased 

when the current was above 1000 µA.14 TENS de-

vices provide up to 60 times higher current levels 

than that seen to decrease ATP production, which 

may explain why TENS units have not been found 

to be effective in treatment of delayed onset mus-

cle soreness (DOMS). Typical Microcurrent appli-

cations use only low and simple one channel fre-

quencies such as 0.3 Hertz (Hz), 3 Hz, 10 Hz, 30 Hz, 

and 300 Hz.9

One of the methods of using MENS is through 

special “transducer gloves” that allow managing 

microcurrent signals through manipulation tech-

niques. It is a key component for many medical 

and sport applications, and it is largely used for 

rehabilitation, training, and recovery purposes.15 

The utilization of electric field and currents com-

parable to different cells results in the stimulation 

of growth and tissue restoration and diminution of 

edema. The consequences on ATP production are 

described by proton actions, whereas the amino 

acids transport through the cell are facilitated by 

the alterations of the electrical gradients across the 

membranes. Throughout stimulation of damaged 

muscles, MENS manages the modified membrane 

function by various processes, such as the preser-

vation of intracellular Ca2+ homeostasis and with 

the augmented production of ATP levels.12

There is evidence that in infants with congenital 

muscular torticollis, MENS therapy improves the 

range of motion of the neck since the therapeutic 

effect of MENS therapy is likely related to increase 

in the numbers of sarcomeres and ATP production, 

thereby improving contractility as keeping a mus-

cle in a shortened position is a disadvantage be-

cause of the decrease in the number of sarcomeres 

in the muscle cells. When using MENS therapy de-

vice, intensity should be 25 µA and frequency 8 Hz. 

Therapy time is recommended 60 minutes (min) 

daily for 4 weeks. This level of current intensity is 

significantly below each child’s threshold of sensa-

tion. Current should be characterized by a mono-

phasic rectangular pulse format with polarity re-

versal every 2 seconds (s).16

Tissue Healing
MENS is now being successfully applied to promote 

healing in a number of situations including soft tis-

sue healing and the treatment of nonunion fracture, 

among others. MENS has been shown to delay the 

onset of myalgia, improve sympathetic nerve tone, 

promote wound healing, increase beta-endorphin 

and pain threshold levels, repress bacterial growth, 

reduce foot muscular fatigue and pain, and in-

crease the blood flow rate. Pain alleviation and tis-

sue changes induced by MENS therapy have been 

observed during treatment of myofascial pain syn-

drome patients with chronic back pain.17

Microcurrent stimulation between 200-800 

µA is a way of supercharging the tissue with ATP, 

which will reside there until needed. By this means, 

much of the research shows that a 200% increase in 

healing rate can be explained as it applies to hun-

dreds of conditions. In a clinical sense, any healing 

process takes a great deal of ATP and may be ac-

celerated through a means of increasing ATP in the 

tissue. MENS accomplishes this by increasing ATP 

in the tissue by up to 400%. The body does have a 

vast capacity to store ATP. One can build ATP re-

serves. This is one reason that, unlike other forms 

of electric therapy such as interferential, or high-

er amperage TENS and Galvanic; MENS stands 

unique in that it has a cumulative effect, rather 

than a diminishing effect. Other electric stimula-

tion approaches decrease ATP levels. MENS ther-

apy, which is used from one to usually 600 µA clin-

ically, is the modality of choice for increased tissue 

healing. Research and clinical trials have shown 

that with MENS, there is a 40-50% reduction in 

healing time of ulcers and sprain/strains, fractures 

heal faster and stronger, and that even bad scarring 

(keloid scars) remodel to become a healthier and 

stronger scar. Other ATP related MENS effects in-

clude decreased inflammation, edema and swell-

ing, and increased physical endurance in sports.18
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MENS has the advantage of rarely causing mus-

cle contractions and uncomfortable sensations to 

the skin, and has only a few electrical side effects; 

hence, this stimulation is suitable for patients who 

have limited mobility after surgery. The basis of the 

stimulation is the ion channel and cellular com-

munication that stimulate cell activity by normal-

izing the cell’s electrical environment.18 Further-

more, it activates the differentiation, proliferation, 

and migration of cells by facilitating the tissue 

healing and recovery process.17 Schmidt-Malan et 

al. reported that MENS stimulates receptor pro-

teins by opening Na+ and Ca2+ pathways in the cell 

membranes to stimulate the proliferation of cells 

such as chondrocytes, bone cells, fibroblasts, and 

vascular endothelial cells. The differentiation and 

migration of the cell process enhances functional 

improvement.19 Also MENS promotes higher fi-

broblast and new capillary formation in the early 

phase of tendon healing.20

MENS plays a role in restoring cells or facilitat-

ing healing by increasing the creation of ATP and 

proteins, and curing wounds through the supply of 

electric energy at the cell level, which restores the 

potential of the cell membrane to normal poten-

tial. It was shown that MENS have been beneficial 

for a wide range of conditions such as fracture and 

fatigue recovery, and various diseases involving 

cancers and diabetic nerve damage. In particular, 

MENS is known to be effective for cumulative fa-

tigue recovery as it reduces creatine kinase in the 

blood of patients with DOMS. MENS can induce 

cell responses in damaged tissues through bioelec-

tricity thereby assisting with the healing of tissues. 

It can also facilitate endogenous bioelectric cur-

rent, which would reduce resistance in the dam-

aged portion, and promote conduction of bioelec-

tric current assisting with the recovery of homeo-

stasis of the human body. That is, MENS enhances 

electrical and chemical processes, which assist the 

healing process, returning damaged muscle tissues 

to a normal state. MENS is more effective for the 

recovery of muscle fatigue and muscle tone than 

only taking a rest. The MENS therapy increases col-

lagen formation speed in the recovery of damaged 

cells more than in the TENS therapy, which is why 

the MENS had a more positive effect on muscle fa-

tigue and muscle tone.21,22

MENS is also beneficial for preventing mus-

cle atrophy. Moon et al. demonstrated that MENS 

might prevent progression of Gastrocnemius 

muscle atrophy and facilitate the regeneration 

of muscle cells.23 Fujiya et al. also confirmed that 

the MENS facilitated regrowth of atrophied sole-

us muscle.8 These effects could increase protein 

synthesis and stimulate satellite cell proliferation. 

Therefore, MENS has the potential to become an 

effective therapeutic intervention to recover mus-

cle atrophy induced by chronic immobilization. 

The intensity of electric current also plays an im-

portant role in the effective treatment of muscle 

damage. According to the previous studies, when 

an electric current with an intensity of 100–500 μA 

was applied to treat muscle damage, the healing 

process, including amino acid transport, triphos-

phate generation, and protein synthesis, could 

be achieved. Then the healing effect increased by 

30%–40% above the control level along with the ac-

tivation of myogenic precursor cells (satellite cells). 

On the contrary, when the intensity exceeded 1000 

μA, these biostimulatory effects were reversed.24

When the effectiveness of MENS with two dif-

ferent electric current intensities (50 µA vs. 500 µA) 

compared, it was concluded that current intensity 

of 50 µA was more effective than 500 µA in allevi-

ating symptoms and promoting tendon normal-

ization. Also it was confirmed that the regrowth 

of unloading-associated atrophied mouse Soleus 

muscle is stimulated by MENS.24

Application Types
Probe Electrodes
Usually probes are used by healthcare specialists 

to alleviate pain and increase function. These work 

better than self-adhesive electrodes, because it 

is possible to place them directly and around the 

painful area. When using probes, saturate them 

with an appropriate electromedical conducting 

solution. Saline solution may be used if a conduct-

ing solution is not available. Apply firm pressure to 

help minimize skin resistance.25
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Figure 12.3  MENS electrode placement for back pain. One ele-
ctrode is placed next to the spine at the level where the problem 
is, and the other on the contralateral side, antero-laterally (front 
and opposite side).

Figure 12.2  MENS electrode placements for contralateral tre-
atment of right knee pain.

Figure 12.1  MENS electrode placement for local knee pain.

While manufacturer’s recommendations vary, 
probes are typically applied for approximately 10 
s per placement. Usually one treatment set is a 
group of 12-20 of these for 10 s probe placements, 
each at a different angle of approach.

Probes placement should be applied using 
these recommendations:
1.	 First treat over a wide area well beyond the 

problem area. An example of this strategy for 
knee pain would be to treat from the medial, 
superior thigh to the lateral foot, then the later-
al hip to the medial foot. At 10 s per location this 
is completed in 20 s.

2.	 Treat closer in directly around the involved 
area (e.g., two oblique angles, one or two medi-
al-lateral, one or two anterior-posterior probe 
placements) for a total of 1 minute.

3.	 Treat around the contralateral side, directly op-
posite the problem site (e.g., opposite knee) for 
at least 20 s, even if it is asymptomatic.

4.	 Connect the two contralateral sides by placing 
a probe on each side simultaneously at four or 
more locations distal to the area being treated.

The same principle can be used in other joints 
or body parts too.

Plaque and Self-Adhesive Electrodes
Self-adhesive electrodes are placed within the 
same guidelines as the probes, except for a longer 
period of time. For optimum results, electrodes 
may also need to be moved around the problem 
area. Whereas the probes are used for 10 s a site, 
electrodes should be left at each location for at 
least 5 to 10 min. Accordingly, electrodes are best 
used for home care.

It is recommended to use low resistance elec-
trodes. Standard TENS electrodes have a resistance 
of about 200 Ohms, while some silver electrodes 
have a resistance of only 20 Ohms. Only low resis-
tance electrodes will work effectively with MENS 
devices.25 Electrode placement examples are 
shown below (Figure 12.1-3).

Transducer Gloves
Usually microcurrent instruments are supplied 
with graphite/vinyl gloves. The lightweight gloves 

have electric micro jacks cemented to the dorsal 
surface, and are designed to conduct current and 
provide sensitive tactile perception. Therapist that 
uses gloves directly on the skin can conduct mas-
sage, manipulation, mobilization techniques to re-
duce pain, increase blood flow, and tissue elastic-
ity (Figure 12.4). This method combines two treat-
ment methods: soft tissue mobilization and MENS 
procedure, which complement each other.26
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Figure 12.4  MENS transducer gloves application for low back 
pain.

Wireless MENS
Electric stimulation is traditionally performed by 

applying on the tissue pin or dressing electrodes 

connected by cables to a current-generating de-

vice. In contrast, Wireless Microcurrent Stimula-

tion (WMCS) technology is an innovative, simple, 

non-invasive, and pain-free method to transfer 

current wirelessly to the wound by using oxy-

gen and nitrogen ability to donate electrons. The 

charged particles create a DC of very low intensity. 

With no physical contact to the wound thanks to its 

spray effect, it offers a radical advantage compared 

with other currently used electrical stimulation 

techniques.

The WMCS devices work by transferring dis-

tantly low intensity electric current to the patients. 

The patient has to be part of an electrical circuit 

and, for this reason, has to be connected with the 

device through a wrist strap wire (usually placed on 

the patient’s intact skin, far away from the wound, 

e.g. in case of leg ulcers it is normally placed at the 

wrist joint). A control box permits the adjustment 

of the current (15-40μA) and treatment duration. 

Distance from the head of the device to any wound 

should be 12-15 cm. The treatment surface covered 

is about 400cm2, which can be increased by moving 

away the head of the device from the wound. The 

charged particles create a DC of very low intensity. 

With no physical contact to the wound thanks to 

its spray effect, it offers a radical advantage com-

pared with other currently used ES techniques. 

Recommended treatment time is 45 min, so it is 

important that the patient lays or sits comfortably 

because the wound position relative to the WMCS 

device should remain steady throughout the treat-

ment.27

Indication and 
Contraindications
Indications for MENS
In addition to the problems mentioned above, 

there were some more indication for the usage of 

MENS.28

•	 Joint pain,

•	 Soft tissue pain,

•	 Neuralgia,

•	 Tendinitis,

•	 Bursitis,

•	 Phantom pain syndrome,

•	 Rheumatoid arthritis,

•	 Migraine,

•	 Torticollis,

•	 Epicondylitis,

•	 Frozen shoulder,

•	 Low back pain,

•	 Intervertebral disc syndrome.

Contraindications for MENS
•	 Conditions with unknown etiology,

•	 Conditions which demand cardiac pacemak-

ers,

•	 Areas over cancer lesions or the carotid sinus 

and the transcerebral area,

•	 Pregnancy,

•	 Seizures,

•	 Pain of central origin,

•	 Epilepsy,

•	 Areas over skin and vascular disorder.29
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Transcutaneous Electrical 
Nerve Stimulation
Transcutaneous electrical stimulation (TES) is a 
technique to artificially activate motor nerves and 
muscles. It can be used for rehabilitation or the 
restoration of lost motor functions, e.g., in sub-
jects with brain or spinal cord lesions. Apart from 
selectively activating motor nerves and muscles, 
TES activates sensory fibers and pain receptors, 
producing discomfort and sometimes pain.1 It is 
used in various clinical settings to treat diverse 
acute and chronic pain conditions, and although 
clinical studies of its long-term efficacy have yield-
ed variable results, it has become popular with 
both patients and health professionals of different 
disciplines, including physiotherapists, midwives, 
nurses and doctors.2

TES definition can be divided to:
a)	 Transcutaneous electrical nerve stimulation 

(TENS),
b)	 Transcutaneous electrical neuromuscular 

stimulation (TENMS) or transcutaneous elec-
trical muscle stimulation (TEMS).

The difference and similarity between TENS 
and TES, TENMS (or TEMS) is that TENMS (or 
TEMS) is characterized by effective muscle con-
traction without creating pain, which can often 
give superior beneficial effects in improvement 
of micro-circulation, muscle function and subse-
quent relief of pain and other symptoms compared 
with TENS that creates stimulation of large diam-

eter sensory nerve fibers without creating signifi-

cant muscle contraction.3

In TES, surface electrodes are placed on the 

skin in order to stimulate motor nerves. Clinically, 

TES is applied for the rehabilitation of stroke sub-

jects or spinal cord injured subjects, or for support-

ing tasks of daily living using so called neuropros-

theses. In these applications, two main aspects are 

important 1) the selective activation of specific 

muscles to generate the intended motor function 

and 2) a comfortable stimulation to increase pa-

tient acceptance of TES. Usually, clinicians try to 

minimize discomfort caused by electric current by 

optimizing stimulation parameters, electrode lo-

cation, and electrode size.1

Main TENS Parameters
In TENS application, there are several varying fre-

quencies, intensities, and pulse durations to the 

skin for pain relief. Different TENS modalities use 

varying combinations of frequency and intensi-

ty settings on the device to elicit pain relief. This 

peripheral stimulation induces electrical activity, 

which inhibits the brain’s perception of pain.4

TENS devices are designed so that users can 

adjust the electrical characteristics of the currents 

including: pulse frequency [usually less than 200 

Hertz (Hz)], pulse amplitude [usually less than 70 

milliamperes (mA)], pulse duration [usually 50 

microseconds (μs) to 250 μs], and pulse pattern 

(sometimes termed “mode” and including con-

tinuous, burst, and modulated). Modulated pulse 
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Figure 13.1  TENS electrode placement around the painful area 
(“Bracketing” technique).

patterns may help to reduce tolerance to TENS 

caused by repeated use and include modulated 

frequency, modulated amplitude, and modulated 

duration.4

TENS propagates along smaller afferent sen-

sory fibers specifically to override pain impulses. 

“Low-frequency TENS” is consistently defined as 

the delivery of a pulsed current of 10 Hz or less or 

low-frequency trains (bursts) of high-frequency 

pulsed current (i.e. burst mode TENS). When very 

low frequencies are used, TENS specifically targets 

sensory nerve fibers and does not activate motor 

fibers; therefore, no discernible muscle con-trac-

tion is produced.5

“Acupuncture-like TENS” is also attributed 

to low-frequency TENS. It is described as low 

frequency (~2–4 Hz) and high-intensity TENS, 

evoking tolerable but painful sensations. Acu-

puncture-like TENS is more related to the diffuse 

noxious inhibitory control phenomenon: a strong 

noxious input causes the release of endogenous 

opioids in the periaqueductal gray and rostral 

ventral medulla, which in turn results in a diffuse 

descending inhibition of nociception.6 In essence, 

Acupuncture-like TENS is thought to help close 

the gateway of pain transmission and hence result 

in a reduction in pain.7

“High-frequency TENS” is defined as a pulsed 

current with the delivery of high-frequency (~50–

100 Hz) and low-intensity current, evoking a com-

fortable, nonpainful tingling sensations.8 High-fre-

quency TENS is usually related to the Gate Con-

trol Theory that high-frequency and low-intensity 

stimulation of large-diameter A-beta afferents 

results in a segmental inhibition of the transmis-

sion of nociceptive information at the dorsal horn 

level.6

High-frequency TENS is not always applied 

at a low-intensity and low-frequency TENS is not 

always applied at a high-intensity. Low-frequen-

cy TENS applied 10% below the motor threshold 
generates analgesia in humans and reduces pri-
mary and secondary joint inflammation in animal 
models of nociception.9-11 The critical factor for re-
sponse to TENS is the perceptual experience of the 
intensity of currents during stimulation, regardless 
of frequency. Evidence suggests that optimal hy-
poalgesia is achieved using pulse amplitudes (mA) 
that generate a strong, non-painful TENS sensa-
tion and therefore, pulse amplitude should be ti-
trated during treatment to maintain this intensity 
level.12 To summarize, treatment parameters can 
be divided into two main groups (Table 13.1).

Electrode Placement and Size
Response to TENS is also influenced by the site of 
stimulation according to the placement of elec-
trodes. Best practice guidelines suggest that elec-
trodes should be placed on healthy sensate skin 
so that the TENS sensation covers (permeates) 
the painful area. This is achieved by placing elec-
trodes directly over or “bracketing” the painful site 
(Figure 13.1). This may not always be possible be-
cause, for example, skin sensation is altered, there 
is a skin lesion, or a body part is absent. In these 
circumstances, electrodes are placed over the 

Table 13.1  Recommended parameters for transcutaneous electrical nerve stimulation for pain control

Parameter setting Frequency (Hz) Pulse duration (µs) Intensity (mA) Treatment time

High-rate TENS >100 Hz 50 – 80 µs Till tingling sensation May be used as long as needed

Low-rate TENS 2-10 Hz 150 – 300 µs Till visible contraction 20-30 minutes (min)
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Figure 13.2  TENS electrode placement for neck pain.

Figure 13.2  TENS electrode placement for low back pain.

main nerves proximal to the site of pain, close to 

the vertebrae of the spinal segments, over contra-

lateral dermatomes, over acupuncture points, or 

over myofascial trigger points. Research findings 

on the effect of the site of stimulation on treatment 

outcome are ambiguous. Consideration also needs 

to be given to the duration and regularity of treat-

ment and the timing of outcome measurements. 

In particular, evidence suggests that the effects of 

TENS are maximal during stimulation or immedi-

ately after stimulation.11,13

The TENS procedure can be performed on 

a painful area on the skin or can be applied over 

acupuncture sites. Clinically, application of TENS 

at these acupoints reduces pain and may be more 

effective than when applied over non-acupoint 

sites when measuring pain and pain thresholds to 

heat and pressure in normal subjects, as well as in 

patient populations compared with sham TENS. In 

postoperative hysterectomy subjects, TENS at the 

acupoint sites reduced opioid intake, nausea, and 

dizziness compared with TENS at non-acupoint 

sites.14

In a study investigating the comfort of two 

electrode sizes (4.5 x 4.5 cm and 6 x 6 cm) on the 

Quadriceps Femoris and Hamstrings muscles, a 

difference in stimulation sensation was found. To 

generate the same muscle force output, the hu-

man volunteers preferred the larger electrodes. 

Usually bigger electrodes are used on larger mus-

cles or larger pain areas, while smaller electrodes 

can be used on smaller pain areas or muscles.15 

Small electrodes are used, for example, in array 

electrodes that were proposed to improve the ef-

ficacy of TENS systems. Such array electrodes are 

composed of multiple electrode elements, which 

can be individually activated to move the electrode 

location. Elements that are too small might not be 

effective on persons with thick fat layers because 

the large current spread within the fat layer pre-

vents the current to reach the motor nerves laying 

deeper.16

Another effect of small electrodes is the gener-

ation of high current densities, which may be un-

comfortable, indeed painful, and can limit the ef-

fectiveness of TENS. However, not only the current 

density influences the perceived comfort during 

TENS but also the electrode size and stimulation 

parameters (at constant current density). In the 

upper extremities, specifically for hand functions, 

the electrode size influences selective activation 

of the multiple muscles bundled closely together. 

More selective activation of the different muscles 

can be achieved using smaller electrodes.17

Also, it is concluded that when evaluating vari-

ous parameters of pain, maximal tolerable sensory 

or motor threshold, larger electrodes were signifi-

cantly more comfortable and produced the highest 

force, when compared with the smaller electrodes. 

For example, when stimulating the Tibial nerve, 

larger electrodes (3.6 x 3.6 cm) could deliver cur-

rent with comfortable sensation, while smaller 

electrodes (0.6 x 0.6 cm) generated much more 

pain and gave the same stimulation effect.18

Electrode placement examples for low back 

pain (Figure 13.2), neck pain (Figure 13.3), knee pain 

(Figure 13.4) are shown below.
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Analgesic Mechanisms of TENS
TENS activates a complex neuronal network to 

reduce pain. The frequencies and intensities used 

clinically in TENS activates large diameter afferent 

fibers. This afferent input is sent to the central ner-

vous system to activate the descending inhibitory 

systems to reduce hyperalgesia. Specifically, the 

blockade of neuronal activity in the periaqueduc-

tal gray, rostral ventromedial medulla and spinal 

cord inhibits the analgesic effects of TENS shows 

that TENS analgesia is maintained through these 

pathways. In parallel, studies in people with fi-

bromyalgia showed that TENS can restore central 

pain modulation, which is a measure of central 

inhibition. Therefore, TENS reduces hyperalge-

sia through both peripheral and central mecha-

nisms.19

Central Mechanisms of TENS
Both low-frequency and high-frequency TENS re-

duce dorsal horn neuron activity. In animals with 

peripheral inflammation or neuropathic pain, en-

hanced activity of dorsal horn neurons (i.e., cen-

tral sensitization) to both noxious and innocuous 

stimuli is reduced by both low and high-frequen-

cy TENS. In parallel, there is a reduction in both 

primary and secondary hyperalgesia by both low 

and high-frequency TENS. Furthermore, in people 

with fibromyalgia and osteoarthritis, there is a re-

duction in pressure pain thresholds not only at the 

site of stimulation, but also at sites outside the area 

of application, implicating a reduction in central 

excitability.20

High-frequency TENS also reduces central 

neuron sensitization, and release of the excitatory 

neurotransmitters glutamate and substance P in 

the spinal cord dorsal horn in animals with inflam-

mation. The reduction in glutamate is prevented 

by blockade of δ-opioid receptors. Thus, one con-

sequence of the activation of inhibitory pathways 

by TENS is to reduce excitation and consequent 

neuron sensitization in the spinal cord.14

Peripheral Mechanisms of TENS
Both low- and high-frequency TENS have effects 

at the site of stimulation. High-frequency TENS 

reduces substance P, which is increased in dorsal 

root ganglia neurons in animals after tissue injury. 

Blockade of peripheral opioid receptors prevents 

analgesia produced by low-frequency, but not 

high-frequency TENS. Thus, TENS may also alter 

the excitability of peripheral nociceptors to reduce 

afferent input to the central nervous system.21

Underlying Mechanisms of 
TENS for Pain Control
Gate Control Theory
The theoretical underpinning for pain relief by 

electrical stimulation of the skin was established 

through the publication of the Gate Control The-

ory of Pain by Melzack and Wall (Melzack, Wall, 

1965).22 They proposed that neural activity in 

low-threshold cutaneous afferents (e.g. A-be-

ta axons) would inhibit onward transmission of 

nociceptive (pain-related) information in the 

spinal cord and brainstem. Normally, activity in 

low-threshold cutaneous afferents is generated by 

Figure 13.4  TENS electrode placement for knee pain.
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low-intensity mechanical stimuli such as “rubbing 

the skin”. They suggested that electrical currents 

could be used to stimulate the low-threshold cu-

taneous afferents to reduce pain. The physiological 

intention of using conventional TENS is to gener-

ate a strong but non-painful TENS sensation as this 

is indicative of selective activation of low-thresh-

old cutaneous afferents (A-beta axons). Evidence 

suggests that this inhibits onward transmission of 

nociceptive information at the first synapse in the 

spinal cord or brain stem (i.e. segmental modula-

tion).12

The larger-diameter axons are activated at a 

lower electrical threshold than smaller-diame-

ter axons, the Gate Control Theory predicts that 

electrical stimulation of a mixed nerve at an in-

tensity high enough to produce sensory paresthe-

sia should also produce relief of pain.23 The Gate 

Control Theory of pain proposes that the transmis-

sion of nerve impulses from afferent fibers to spi-

nal cord transmission (T) cells is modulated by a 

gating mechanism in the spinal dorsal horn. This 

gating mechanism is influenced by the relative 

amount of activity in large-diameter and small-di-

ameter fibers, so that large fibers tend to inhibit 

transmission (close the gate), while small fibers 

tend to facilitate transmission (open the gate).24

The analgesic action of TENS is mediated by pe-

ripheral and central nervous system mechanisms, 

both spinal and supra spinal. The stimulation of 

large diameter (A-beta) afferent fibers is thought to 

“close the gate” and reduce the perception of pain. 

Acupuncture-like TENS stimulates A-delta and C 

fibers and is therefore thought to achieve pain con-

trol mostly through the descending pain suppres-

sion system.7

Opioid Release Theory
Electrical stimulation may also control pain by 

stimulating the production and release of endor-

phins and enkephalins. These substances, also 

known as endogenous opioids, act similarly to 

morphine and modulate pain perception by bind-

ing to opiate receptors in the brain and other ar-

eas, where they act as neurotransmitters and neu-

romodulators. Opioids also activate descending 

inhibitory pathways that involve nonopioid (sero-

tonin) systems.25

Low-frequency pulses, at 2 to 10 Hz, at an in-

tensity high enough to produce motor contraction, 

known as “low-frequency TENS”, use repetitive 

stimulation of motor nerves to produce brief, re-

petitive muscle contractions or twitches to stim-

ulate endogenous opioid production and release 

and increase opioid receptor binding potential. 

Further increasing the intensity to produce a 

painful noxious stimulus through stimulation of 

nociceptive A-delta nerves, known as “acupunc-

ture-like TENS”, likely also works by this mecha-

nism. A pulse frequency range of 2 to 10 Hz is usu-

ally used for low-frequency TENS to minimize the 

risk of muscle soreness and because frequencies of 

less than 10 Hz are the most effective for increasing 

endorphin and enkephalin levels.25

Earlier studies have suggested that only low-fre-

quency TENS stimulated the production of endog-

enous opioids. However, more recent studies indi-

cate that both high- and low-frequency TENS acti-

vate opioid receptors, although possibly different 

opioid receptors. For example, although low doses 

of naloxone, a mu-opioid receptor blocker, block 

the analgesia produced by low-frequency TENS 

(4 Hz) and not the analgesia produced by conven-

tional high-frequency TENS (100 Hz), high doses 

of naloxone will block the effects of high-frequen-

cy TENS, suggesting that high-frequency TENS 

also stimulates some opioid production.12 Further-

more, naltrindole, a delta opioid receptor blocker, 

only blocks the analgesia produced by high-fre-

quency TENS and not the analgesia |produced by 

low-frequency TENS. Notably, high-frequency 

TENS appears to be more effective than low-fre-

quency TENS in patients taking opioids.25

Low-frequency TENS will usually control pain 

for 4 to 5 hours after a 20 min to 30 min treatment. It 

is effective for this length of time because the half-

life of the endogenous opioids released is approxi-

mately 4.5 hours. Low-frequency TENS should not 

be applied for longer than 45 min at time because 

prolonging the repetitive muscle contraction pro-

duced by the stimulus can result in delayed-onset 

muscle soreness.25
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Because TENS, particularly low-frequency 

TENS, exerts its effect by increasing opioid levels, 

patients may develop tolerance to the stimulation 

that is similar to opioid tolerance. Tolerance caus-

es higher doses of the intervention to be needed to 

produce an effect. Patients may develop tolerance 

to TENS by the fourth of the fifth day of stimula-

tion. Frequency modulations, similar to those used 

to prevent accommodation, delay tolerance to 

TENS-induced analgesia.25

Indications, Contraindications, 
and Precautions
Indications for TENS
•	 Acute and chronic pain,

•	 Arthritis,

•	 Post-surgery pain,

•	 Neuralgia,

•	 Sports trauma caused pain,

•	 Phantom limb pain,

•	 Rheumatoid and osteoarthritis,

•	 Degenerative bone and muscle diseases,

•	 Lumbago,

•	 Migraine.25

Contraindications for TENS
•	 Demand cardiac pacemaker, implantable de-

fibrillator, or unstable arrhythmia,

•	 Placement of electrodes over the carotid sinus,

•	 Areas where venous and arterial thrombosis or 

thrombophlebitis is present,

•	 Pregnancy – over or around the abdomen or 

low back (exception when electrical stimula-

tion may be used for pain control during labor),

•	 Do not use stimulated muscle contractions 

for pain control, as with low-frequency TENS, 

when muscle contractions may disrupt healing 

(e.g., muscle or tendon tear, overuse, or acute 

injury).25

Precautions for TENS
•	 Cardiac disease,

•	 Impaired mentation,

•	 Impaired sensation,

•	 Malignant tumors,

•	 Areas of skin irritation or open wounds,

•	 Because of the muscle contractions, low-fre-

quency TENS may cause delayed-onset muscle 

soreness,

•	 Because TENS can effectively reduce pain, pa-

tients may need to be instructed to avoid poten-

tially symptom-aggravating activities.25
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Introduction
Medium-Frequency Alternating Currents (MFACs) 

are widely used in physiotherapy and rehabilita-

tion and are characterized by frequencies ranging 

from 1 to 10 kilohertz (kHz). These currents find ex-

tensive application in therapeutic settings.1

The two most commonly used frequencies in 

the medium-frequency range are 4 kHz, known 

as “Interferential Currents (IFCs)”, and 2.5 kHz, 

known as “Russian Currents”. These frequencies 

are preferred because the skin acts as a capacitive 

barrier to the flow of current, and as the frequen-

cy increases, the skin impedance decreases. This 

allows better penetration of the current and more 

effective therapeutic outcomes.1

At kilohertz levels, the impedance of the skin is 

significantly reduced, resulting in less electrical en-

ergy being dissipated in the superficial epidermis. 

As a result, a higher proportion of the electrical en-

ergy is available to stimulate the underlying tissue. 

This becomes particularly important when the goal 

is to stimulate motor nerves, which are typically lo-

cated deeper within the body. The reduced imped-

ance allows for more efficient transmission of the 

electrical current to the targeted tissues, enhanc-

ing the effectiveness of the stimulation.2

MFAC is often modulated to produce bursts 

of sinusoidal current, with the frequency of these 

bursts typically ranging from 1 to 150 Hz. It is be-

lieved that the nerve fiber response to successive 

kilohertz frequency pulses, generated by each cy-

cle of the alternating current stimulus, will sum up 

to produce a single-action potential in response to 

each burst of MFAC. The expected nerve firing at 

the modulation frequency suggests that the phys-

iological and therapeutic effects would be similar 

to those observed with low-frequency pulsed cur-

rents.

Based on this assumption, it is predicted that 

the response to MFAC would be primarily influ-

enced by changes in skin impedance rather than 

the carrier frequency itself. In other words, higher 

carrier frequencies are expected to provide more 

efficient stimulation of deeply located nerves.

The relationship between stimulus intensity 

(voltage) and different physiological responses 

using MFAC frequencies ranging from 1 to 35 kHz 

has been investigated.3 Sensory, motor, and pain 

thresholds were specifically measured using 10 mil-

liseconds (ms) bursts delivered at a burst frequen-

cy of 50 Hz. The results showed that all thresholds 

decreased to their lowest point at approximately 

10kHz and then sharply increased beyond that fre-

quency. However, as the frequency increased be-

yond 10 kHz, the downward trend predicted by the 

decreasing skin impedance was not consistently 

observed. Additionally, the study revealed that the 

ratio between pain and motor thresholds, which 

indicates the separation between the two thresh-

olds, was highest at around 10 kHz. On the other 

hand, it is believed that the ratio between motor 

and sensory thresholds, which indicates the sepa-

ration between the two thresholds, was at its low-

est point around 10 kHz. Based on these findings, 
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Figure 14.1  Interferential Current.

it can be concluded that for the most comfortable 

stimulation, the optimal frequency is near 10 kHz.3

The optimal frequency for minimum threshold 

voltage varies depending on the size of the elec-

trodes used. This is because the thresholds are 

influenced by a balance between the decreasing 

skin impedance at higher MFAC frequencies and 

the decreasing sensitivity of nerve fibers. Both skin 

and nerve fiber membranes act as capacitive barri-

ers, contributing to this phenomenon.

When a stimulus is applied to a nerve fiber, it 

takes time for the membrane to charge and reach 

the threshold for generating an action potential. If 

the stimulus duration is short, a higher intensity is 

required to reach the nerve-firing threshold. This 

includes to both rectangular pulsed current stimu-

lation and single-cycle MFAC stimulation.

As the frequency of MFAC increases, the dura-

tion of the sinusoidal pulses becomes shorter. This 

means that a higher stimulus intensity is needed to 

reach the threshold. The nerve fiber becomes less 

sensitive at higher MFAC frequencies, requiring a 

higher stimulus intensity to depolarize the mem-

brane.4

The frequency at which the threshold is at a 

minimum depends on the balance between de-

creasing skin impedance and decreasing nerve 

fiber sensitivity. At lower frequencies, the thresh-

old decreases primarily due to the decrease in skin 

impedance. However, at higher frequencies, the 

threshold increases because of the decreasing sen-

sitivity of the nerve fiber membrane.

The optimal frequency for transcutaneous 

stimulation depends on the specific outcome mea-

sure. For pain-free, low-force muscle contractions, 

the optimal frequency is around 9 kHz, regardless 

of electrode size or delivery mode. On the other 

hand, the frequency at which the absolute thresh-

old is lowest varies based on electrode size. It was 

found that for the maximum torque production us-

ing a 10 ms burst mode, a frequency of 1 kHz or less 

was optimal.5

This suggests that clinical MFAC stimulators, 

whether providing Russian or Interferential cur-

rents, should offer a range of carrier frequencies to 

accommodate different desired outcomes.

Interferential Current
Physiotherapists commonly use transcutaneous 

electrical stimulation for therapeutic purposes. 

They have the option to choose between different 

frequencies and modes of application for the alter-

nating current. The current can be applied directly 

or continuously, or it can be delivered as a series 

of pulses. Each type of current has its own advan-

tages and disadvantages when used in therapy. 

Evidence-based electrotherapy promotes faster 

patient recovery by utilizing applied energy as a 

trigger to stimulate physiological events, leading to 

therapeutic benefits and pain relief.6

Interferential Therapy uses “medium-frequen-

cy” alternating currents to mimic the effects of 

low-frequency currents in the tissues (Figure 14.1). 

By applying two MFAC, a low-frequency Interfer-

ence current is generated, providing the benefits of 

low-frequency stimulation without the unpleasant 

side effects such as pain, discomfort, or skin irri-

tation.7

Interferential current was pioneered by the 

Austrian physicist Nemec in 1950s.8 IFCs therapy 

is a type of transcutaneous electrical stimulation 

that utilizes medium-frequency current, typically 

around 4 kHz.9 The interaction of two slightly dif-

ferent medium-frequency currents in IFCs therapy 

results in the generation of an amplitude-modu-

lated low-frequency current ranging from 0 to 250 

Hz.10

One of the claimed advantages of IFCs over 

low-frequency currents is its ability to reduce the 

impedance presented by the skin.11 Another po-
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tential benefit of IFCs is their ability to generate 

an amplitude-modulated frequency parameter, 

resulting in the production of a low-frequency 

current that can penetrate deep into the treatment 

area.8 Various theoretical physiological mecha-

nisms have been proposed in the literature to sup-

port the analgesic effects of IFCs. These include 

the Gate Control Theory, increased circulation, 

descending pain suppression, block of nerve con-

duction, and placebo effects.12

Two types of IFCs are available: IFCs and pre-

modulated IFCs. “True” IFCs involves the use of 

four electrodes, with two MFACs applied through 

two isolated circuits. The currents are intended to 

interfere inside the tissue, producing the desired 

therapeutic effect. In “premodulated” IFCs, the in-

terference of the two medium-frequency currents 

occurs within the machine itself. The resulting 

wave, which is an amplitude-modulated current, is 

then transmitted to the tissue using a single pair of 

electrodes.13

Since its inception, IFCs have been employed 

in clinical settings to alleviate pain and address 

various symptoms associated with musculoskele-

tal injuries.14

Principles of IFCs
The principle of IFCs therapy is based on the rela-

tionship between skin impedance and the frequen-

cy of stimulation. Skin impedance decreases as the 

frequency increases, and this can be expressed 

using the formula Z = 1/2FC, where Z represents 

impedance in ohms, F represents frequency in Hz, 

and C represents the capacity of the skin in micro-

farads.

By using MFACs, the impedance of the skin is 

significantly reduced compared to lower frequen-

cies. For instance, at 50 Hz, the skin impedance is 

approximately 3200 Ohms, whereas at 4000 Hz, it 

decreases to 40 Ohms. This reduction in imped-

ance enables the interference current, which is a 

low-frequency current, to effectively stimulate bi-

ological tissues.

The advantage of applying MFACs is that they 

can penetrate the skin more easily, requiring less 

electrical energy input to reach deeper tissues. This 

not only facilitates a more efficient and effective 

stimulation but also minimizes discomfort expe-

rienced by the individual undergoing the therapy.

IFCs are generated by combining two medi-

um-frequency currents that are slightly out of 

phase. This can be achieved by either applying 

the currents to interfere within the tissues or mix-

ing them within the stimulator before application. 

One of the currents is typically set at a fixed fre-

quency, such as 4000 Hz, while the other current 

is adjustable within a range, such as between 4000 

and 4250 Hz. IFCs therapy utilizes the principle of 

interference to optimize the penetration of current 

into the tissues while minimizing the unwanted 

stimulation of cutaneous nerves.

The Use of IFCs
IFCs have shown potential benefits in five key clin-

ical applications:

1. 	 Providing relief and managing acute and chron-

ic pain.

2. 	 Stimulating muscle activity and promoting the 

muscle rehabilitation.

3. 	 Enhancing the blood circulation and improving 

tissue oxygenation.

4. 	 Reducing edema and promoting the resolution 

of swelling.

5. 	 Facilitating the healing and repair process of 

soft tissues.15

Management of Pain
The analgesic effect of IFCs therapy may be at-

tributed, in part, to Wedensky inhibition of type C 

nociceptive fibers, although there are likely other 

involved mechanisms. The Gate Control Theory, 

initially proposed by Melzack and Wall, and sub-

sequently modified, remains a central explanation 

for this effect.

The Gate Control Theory suggests that action 

potentials from large-diameter myelinated afferent 

nerves in the skin compete with small-diameter 

unmyelinated fibers carrying pain information to 

access the central ascending sensory tracts in the 

spinal cord’s dorsal horn. The theory proposes that 

activity in the large fibers takes precedence, “clos-

ing the gate” to pain information and preventing it 
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from reaching conscious awareness. This mecha-

nism leads to pain reduction.

The “descending pain suppression mecha-

nism” involves the release of endogenous opiates 

in response to nociceptive information. When pain 

signals reach the thalamus, they interact with vari-

ous structures in the midbrain, including the raphe 

nuclei. The increased activity in fibers descending 

from the raphe nuclei to the spinal segment where 

the pain information entered leads to the release 

of inhibitory neurotransmitters. These neurotrans-

mitters block further conduction of pain signals.16

IF current is used in the management of acute 

and chronic pain arising from various sources, in-

cluding:

•	 Post-traumatic pain, which may result from in-

juries or accidents.

•	 Sympathetically maintained pain, such as in 

conditions like shoulder-hand syndrome, reflex 

sympathetic dystrophy, and Reynaud’s disease.

IFCs can be beneficial in these cases to alleviate 

pain and promote healing.

Applying higher frequencies, typically around 

100 Hz, at a sensory level of stimulation can acti-

vate pain gate mechanisms, effectively masking 

pain symptoms and providing relief. On the oth-

er hand, using lower frequencies, up to 10 Hz, at 

motor level intensities can activate opioid mecha-

nisms, offering a degree of pain relief through the 

release of endogenous opioids.

In cases of sympathetically maintained pain, 

IFCs can help decrease the activity of the sympa-

thetic ganglion and sympathetic nerves, helping to 

alleviate pain associated with these conditions.15

Muscle Management
Neurons experiencing Wedensky inhibition show 

reduced sensitivity and exhibit a firing rate inde-

pendent of the frequency of the applied stimulus. 

This phenomenon, known as the “Gildemeister Ef-

fect”, can be observed when rapidly stimulating a 

motor nerve with comfortable IFCs. It leads to an 

asynchronous depolarization of individual motor 

units, resembling the pattern observed during a 

normal voluntary contraction. In contrast, tradi-

tional low-frequency neuromuscular stimulation 

mainly recruits large axon motor neurons with 

lower thresholds, which innervate muscle fibers 

that easily fatigue. This recruitment pattern is syn-

chronous and differs from a normal contraction.16

The muscle contraction can be achieved by 

stimulating the motor nerves using a various fre-

quency, typically ranging from 10 to 50 Hz. Lower 

frequencies, such as 1-10 Hz, will elicit a series of 

twitches, while higher frequencies, such as 50 Hz, 

will result in a sustained tetanic contraction. The 

selection of treatment parameters depends on the 

specific desired effect and therapeutic goal.

IFCs therapy can be used as a neuromuscular 

stimulation technique with several potential appli-

cations, including:

1. 	 Relaxation of muscle spasms: IFCs helps re-

duce muscle spasms and promotes muscle 

relaxation, providing relief from pain and stiff-

ness associated with spasms.

2. 	 Prevention and retardation of disuse atrophy: 

By stimulating the motor nerves and promoting 

muscle contraction, IFCs can help prevent or 

slow down muscle wasting (atrophy) that may 

occur due to disuse or immobilization.

3.	 Muscle re-education: IFCs can be used to facil-

itate the re-education of muscles after injury or 

surgery. It can assist in improving muscle coor-

dination, strength, and control.

4. 	 Maintenance of range of motion: By promot-

ing muscle activation and movement, IFCs can 

help maintain or improve the range of motion 

in joints, preventing or reducing stiffness and 

joint contractures.

These applications highlight the potential ben-

efits of IFCs therapy in various aspects of neuro-

muscular rehabilitation and support the recovery 

and functional restoration of muscles.15

Promoting Circulation and Reducing Edema
IFCs therapy at a frequency of 100 Hz is suggested 

to be effective in reducing acute edema. This fre-

quency stimulates the musculoskeletal pump and 

inhibits sympathetic activity, aiding in the drain-

age of fluid from the affected area. Additionally, 
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IFCs have been found to directly influence the cell 

membrane, reducing the leakage of intracellular 

fluid.16

For the optimal treatment of chronic edema, a 

two-stage application is recommended. The initial 

stage involves applying a current at 100 Hz to pro-

mote vasodilation, allowing improved blood flow. 

In the second stage, the frequency is adjusted to 10 

Hz, activating the musculoskeletal pump to facil-

itate the removal of fluid that has returned to the 

venous and lymph channels. This two-stage ap-

proach helps address both the underlying vascular 

issues and fluid drainage for effective management 

of chronic edema.17

A commonly used beat frequency for IFCs ther-

apy is around 15 Hz or a sweep range of 10-25 Hz. 

This frequency range is effective in providing ther-

apeutic benefits and promoting pain relief. By us-

ing the beat frequency or a sweep of frequencies 

within this range, IFCs therapy can target specific 

physiological responses and stimulate the desired 

therapeutic effects in the tissues.16

IFCs therapy leads to increased vasodilation 

through two main mechanisms:

1. 	 Stimulation of parasympathetic nerve fibers: 

IFCs have the ability to activate parasympathet-

ic nerve fibers, which promote vasodilation and 

increased blood flow. This can be beneficial in 

the treatment of circulatory disorders where 

improved blood circulation is desired.

2. 	 Inhibition of sympathetic activity: IFCs can 

help to depress the activity of certain cervical 

and lumbo-sacral sympathetic ganglia. By re-

ducing the constrictor tone of arteries, it con-

tributes to increased circulation, particularly in 

conditions like Reynaud’s disease where there 

is heightened arterial constriction.15

By targeting these mechanisms, IFCs therapy 

enhances blood flow and improves the circulation 

in affected areas, providing potential benefits for 

various circulatory disorders and conditions.17

Effects on Tissue Healing
IFCs therapy has been shown to induce changes in 

the intracellular concentration of various enzymes 

and molecules, leading to a range of therapeutic 

effects. These effects include:

1. 	 Modulation of cyclic adenosine monophos-

phate (cAMP) levels: IFCs treatment has been 

reported to affect the levels of cAMP, an im-

portant signaling molecule involved in many 

cellular processes. These changes in cAMP lev-

els may contribute to the observed therapeutic 

effects of IFC, although the exact mechanisms 

are not fully understood.

2. 	 The alteration of acetylcholine esterase: IFCs 

therapy has been associated with changes in 

acetylcholine esterase, an enzyme involved in 

the breakdown of acetylcholine. These changes 

may influence neural signaling and contribute 

to the effects of IFCs on nerve repair and regen-

eration.

3. 	 Modification of alkaline phosphatase and lyso-

somal enzymes: IFCs treatment has been found 

to impact the levels of alkaline phosphatase 

and lysosomal enzymes. These enzymes play 

crucial roles in cellular metabolism and tissue 

repair processes. The modulation of their con-

centrations may facilitate bone healing, tissue 

regeneration, and other repair processes. 16

These observed changes in enzyme and mol-

ecule concentrations provide insights into the 

mechanisms underlying the therapeutic effects of 

IFCs. However, further research is needed to fully 

understand the specific pathways and interactions 

involved.

IFCs therapy is not widely used for tissue heal-

ing purpose, despite reported positive outcomes in 

the management of acute fractures of the tibia and 

fibula. Treatment involving IFCs at a frequency of 

20 Hz for 20 minutes (min), 5 days per week, has 

been associated with promising results. However, 

the adoption of IFCs in fracture treatment remains 

limited.18

Treatment with IFCs using a frequency of 20 Hz 

for 20 min has been shown to enhance the healing 

process of mandibular fractures. Additionally, ap-

plying IFCs at a frequency of 100 Hz for 20 min has 

been found to expedite the resolution of Sudeck’s 

atrophy and pseudarthrosis. These findings sug-
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gest that IFCs can be beneficial in promoting heal-

ing and recovery in these specific conditions.16.

Management of Urinary Incontinence
IFCs have shown benefits for patients with both 

stress and urge incontinence, despite their dif-

ferent causes. Stress incontinence occurs due to 

an incompetent urethral sphincter mechanism, 

whereas urge incontinence is caused by disinhibi-

tion of the detrusor muscle. Patients experiencing 

either type of incontinence or a combination of 

both have reported a decreased frequency of mic-

turition after being treated with IFCs therapy at a 

frequency range of 0-10 Hz for 15 min, 3 days per 

week. This suggests that IFCs can be effective in 

managing symptoms and improving bladder con-

trol in patients with various forms of incontinence.

IFCs at 5-10 Hz for 30 min effectively treats urge 

incontinence by targeting small afferent fibers in 

the pudendal nerve. This stimulates reflex inhibi-

tion of the detrusor muscle and contraction of the 

pelvic floor muscles. The clinical evaluation is lack-

ing, and IFCs therapy is not effective for anorectal 

incontinence.16

Techniques of Application
In the “quadripolar technique”, four electrodes 

are placed in a coplanar arrangement to treat a 

flat surface. Each electrode is positioned around 

the target area, and the channels run perpendic-

ular to each other, intersecting at a midpoint. The 

interference effect of the currents branches off at 

45° angles from the center of the treated area. This 

configuration ensures that tissues within this area 

receive the maximum treatment effect.

In the “bipolar technique”, the mixing of the 

two channels occurs within the generator instead 

of within the tissue. This technique does not pen-

etrate the tissues as deeply as the quadripolar ap-

plication, resulting in more sensory sensation. In 

certain situations, where the stimulation of a lon-

gitudinal zone is required, the bipolar technique 

may be preferred. Bipolar electrode placements 

are commonly used when the goal of the treatment 

is muscle contraction. 15.

Treatment Parameters
Treatment parameters refer to the specific settings 

and variables used during the application of IFCs 
therapy. These parameters can be adjusted to cus-
tomize the treatment based on the individual’s 
condition and desired outcome. Some common 
treatment parameters include:
1. 	 Frequency: The frequency of the IFCs, typically 

ranging from 1 Hz to 10,000 Hz. The choice of 
frequency depends on the intended effect, such 
as pain relief or muscle stimulation.

2. 	 Amplitude: The intensity or strength of the cur-
rent, usually measured in milliamperes (mA). 
The amplitude should be set at a comfortable 
level for the individual, taking into consider-
ation their sensitivity and tolerance.

3. 	 Treatment Duration: The duration of each treat-
ment session, typically measured in min. The 
length of the session may vary depending on 
the condition being treated and the response of 
the individual.

4. 	 Electrode Placement: The specific positioning 
of the electrodes on the body. The placement 
may vary depending on the target area, the de-
sired effect, and the treatment technique (e.g., 
quadripolar or bipolar).

5. 	 Treatment Frequency: The frequency of treat-
ment sessions per week or per day. The fre-
quency may be determined based on the indi-
vidual’s condition and treatment goals, ranging 
from multiple sessions per day to a few sessions 
per week.

It is important to note that the selection of treat-
ment parameters should be guided by professional 
expertise and tailored to the individual’s needs.

Meanwhile, frequency plays a crucial role in 
IFCs therapy as it determines the physiological re-
sponse and target tissues. Here are alternative fre-
quency ranges for different tissues:
1. 	 Sympathetic Nerve: 1-5 Hz

- 	 Stimulation of sympathetic nerves is opti-
mal in this frequency range.

2. 	 Parasympathetic Nerve: 10-150 Hz
-	 The parasympathetic nerves respond well to 

frequencies within this range.
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3. 	 Motor Nerve: 10-50 Hz
-	 To induce muscle contractions and stimu-

late motor nerves, frequencies in this range 
are effective.

4. 	 Sensory Nerve: 90-100 Hz
-	 Sensory nerves are typically stimulated 

within the frequency range of 90-100 Hz.
5.	 Nociceptive Fibers: 90-150 Hz

-	 Nociceptive fibers, which transmit pain sig-
nals, respond well to frequencies within this 
range.

6. 	 Smooth Muscle: 0-10 Hz
-	 Frequencies between 0 and 10 Hz are suit-

able for stimulating smooth muscle tissues.

It is important to note that these frequency rang-
es are general guidelines and may vary depending 
on the individual, their condition, and treatment 
goals. The specific frequency used should be de-
termined by a healthcare professional based on a 
thorough assessment of the patient.15
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High-Voltage Pulsed High-Voltage Pulsed 
Galvanic StimulationGalvanic Stimulation

15

History of High-Voltage Pulsed 
Galvanic Stimulation
Electrophysical agents have been used for pain, ede-

ma, and muscle strengthening for many years in the 

field of physiotherapy.1,2 In experimental studies, 

the effectiveness of high-voltage currents began for 

the control of pain and edema of electrotherapy to 

be studied towards the middle of the 1900s. Haslip, 

an American researcher, developed High-Voltage 

Interrupt Galvanic Stimulation (HVPGS), which he 

called the Dyna wave, in 1945. After nearly 20 years 

of work, Young published the first study on the ede-

ma control of HVPGS in 1966, and the current began 

to be popularly used in the 1970s.3,4

Differences Between High and 
Low-Voltage Current
Low-voltage stimulators produce power below 150 

Volts, while high-voltage stimulators produce pow-

er in the 150-500 V range. Compared to low-volt-

age currents, HVPGS can easily pass into deep tis-

sues without causing discomfort to the patient, as 

it encounters less resistance by the skin. Moderate 

muscle contractions occur in patients due to the 

short duration of the phase with the minimized the 

feeling of discomfort and easy passage to the deep 

tissues. While the therapeutic effects trigger each 

other, the improvement at the physiological level 

leads to functional results.4-6 In order to obtain these 

effects with less painful sensation, applying the volt-

age with a low current intensity during the pulse 

period constitutes the basic application principle of 
HVPGS. Long pulse duration currents are needed 
to provide stimulation with low-voltage stimulators. 
Therefore, pulses with an excitation time of about 
300 microseconds (µs) and a frequency of 35 Hertz 
(Hz) are used in low-voltage current applications.7

The peripheral circulation in the skin and con-
tractile structures increases with low-voltage elec-
trical stimulation. HVPGS increases the circulation 
in the skin and contractile structures to a lesser ex-
tent compared to low-voltage. However, by provid-
ing autonomous activation, circulation could be 
increased by the direct effect, by the effect of acid 
and base reaction under the electrodes, and by the 
indirect effect that occurs after the stimulation of 
somatic sympathetic reflexes. Another important 
mechanism that provides increased blood circu-
lation and should be considered is the pumping 
effect on blood vessels due to muscle contraction. 
Thus, venous return will increase secondary to 
muscle contraction.7

High-Voltage Current 
Characteristics
HVPGS applied at 300-500 V, has twin peak pulses 
with a very short duration of 7-200 µs.6 The current, 
which has an average of 100 µs stimulation time 
(duration), has a resting time (interval) of 9900 µs 
(pulse/rest time is 1/99) (Figure 15.1). The current 
with a short pulse and long rest period is applied 
for a fixed time and monophasic twin peak pulse is 
formed in the form of a pointed spike. In the very 
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Figure 15.1  High-Voltage Pulsed Galvanic Stimulation Wave Form (Created by author).

characteristic waveform, the current intensity rises 

rapidly and falls rapidly. The second beat after the 

first beat prevents the irritation of the first spike. 

With a frequency of 1-200 beats/second, HVPGS 

crosses the skin very quickly, encountering lower 

skin resistance due to its high-frequency.6,8,9 This 

makes HVPGS an easily tolerable and highly effec-

tive agent.10 The current to the continuous modu-

lation is often pulsed 80-100 times and could be 

surged according to preference. HVPGS could be 

used in many situations, disease-specific treat-

ment time, voltage requirement, and other treat-

ment parameters vary.6 HVPGS characteristics are 

shown in Table 15.1.

Table 15.1   Characteristics of the current parameters

Current 
characteristics

Twin peak monophasic beat
Short stimulation-long rest time
High-voltage

Stimulated tissues Motor and sensory nerves
Deep tissues

Frequency Preferably could be increased or 
decreased

Polarity Positive or negative pole excitation could 
be preferred

Application Monopolar/Bipolar
Treatment time 30-60 minutes (min)
Treatment frequency 3-7 days/week

The Effect Mechanisms of 
High-Voltage Pulsed Galvanic 
Stimulation
HVPGS is an electrotherapy agent designed to 

stimulate deep tissues. It contributes to the mod-

ulation of pain and healing of wounds depends to 

damage or functional insufficiency of deep tissues.6 

HVPGS is a current that provides motor stimula-

tion, which allows selective stimulation of muscle 

fibers. The fact that HVPGS contains high-intensity 

short pulses that stimulate the motor nerves before 

the sensory nerves makes the flow more prefera-

ble.11 HVPGS provides neuromuscular stimulation 

by reversing the atrophy mechanism, increasing 

enzymatic activity, providing isolated muscle con-

traction, and preventing muscle atrophy.5

The short pulse duration of the HVPGS results 

in selective sensory and motor stimulation, but a 

few nociceptor stimulations. This feature makes 

HVPGS tolerable in terms of application.7 Since it 

has a short stimulation time and rapidly increas-

ing current intensity and voltage, it is also effec-

tive in strengthening the muscles by causing ef-

fective nerve stimulation, preventing the atrophy 

of innervated muscles and accelerating wound 

healing.9,11,12 The current easily and quickly passes 

through the skin and reaches to the deep nerve and 

muscle tissues, ensuring the continuity of tissue 

regeneration. The current, which is especially pre-

ferred in the treatment of pressure sores, prevents 

the proliferation of microorganisms with cathode 

stimulation, and accelerates the regeneration of the 

wound by creating a galvanotaxic effect with anode 

stimulation. With its effect mechanism in deep tis-

sues, HVPGS provides healing not only in dermal 

but also in subdermal tissue.9,12 HVPGS stimulates 

DNA and protein synthesis in fibroblasts when 

applied at an effective intensity. The largest scale 
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DNA and protein synthesis is achieved at a rate of 

100 beats per second with negative pole stimula-

tion. Meanwhile, increasing the voltage above 250 

Volts inhibits DNA and protein synthesis.1,13

Pulse duration cannot be shortened in HVPGS. 

Therefore, the frequency must be increased to in-

crease the current density. Increasing the ampli-

tude of the current facilitates the passage of the 

current to the deeper tissues, and this results with 

the stimulation of the nerves and muscles located 

deeper. Since this situation increases the effective-

ness of muscle contraction, the muscle contrac-

tion could be achieved with stimulation even if the 

electrodes are not placed exactly where the nerve is 

superficial or where the motor point of the muscle 

is. The passage of the stimulus to the deep tissues 

not only stimulates the sensory and motor struc-

tures, but also stimulates the autonomic nerves 

and smooth muscles of the vasomotor structures.7

Since the current can easily depolarize the 

nerve, a tingling sensation and paresthesia sen-

sation is perceived by the patient. HVPGS is also 

effective in relieving neurogenic pain with a com-

bined effect of blocking pain pathways after nerve 

stimulation, relieving deep muscle spasm by stim-

ulating trigger points, and increasing post-feeding 

wound healing.6,14 These effects not only reduce 

symptoms but also improve functional abilities 

and confidence in movement.14

HVPGS provides pain management through 

several different mechanisms. The main mech-

anism is based on the stimulation of opiate sub-

stance, enkephalin, and beta-endorphin synthesis 

in the central nervous system. The increase in the 

release of these morphine-like substances from 

the pituitary, together with HVPGS, creates an an-

algesic effect and improves the quality of move-

ment.14 Centrally blockage of the pain is achieved 

in 2 ways.7 The first way is to create a more intense 

stimulus than pain at the motor point of the mus-

cle or at the acupuncture point with HVPGS. This 

method has been used for many years. The other 

way is the diffusion of non-painful stimuli to areas 

of painful sensory fiber activation. With HVPGS, 

over-pain stimulus spreads to areas where painful 

sensory fiber activation is seen. By increasing the 

electrode size, painless sensory fiber stimulation 

could be achieved more effectively.7

Special Uses of High-Voltage 
Pulsed Galvanic Stimulation
Main purposes of use of HVPGS are:

•	 Achieving effective muscle contraction,

•	 Increasing muscle strength up to the functional 

level,

•	 Increasing and regulation of circulation,

•	 Reducing pain and edema,

•	 Acceleration of wound healing,

•	 Preventing secondary complications.15

Muscular Dystrophies
The discussions about whether electrotherapy 

could be used or not in patients with muscular 

dystrophy is still continuing. The fact that HVPGS 

is an easily tolerated agent at low current intensi-

ty raised the question of whether it would be ap-

propriate to use HVPGS in patients with muscu-

lar dystrophies. It has been reported that HVPGS 

applied to proximal muscles, such as the Deltoid 

and Quadriceps Femoris, not only increases the 

strength of the muscle, but also increases partic-

ipation to the daily living activities. Considering 

the need for patients with muscular dystrophies, 

who were a special group that not to be overtired, 

HVPGS could increase muscle strength without 

causing pain and fatigue. However again, note that 

the use of electrotherapy in patients with muscular 

dystrophies will be a controversial issue for a long 

time. Professionals who prefer to use it, should 

apply the specific electrotherapy applications 

planned specifically for these patients in the most 

meticulous way.15

Use in Athletes
HVPGS exhibits neuromuscular effects similar 

to the Russian Current, which is one of the most 

commonly used electrotherapy agents in athletes. 

HVPGS is recommended to be used in combina-

tion with exercise, as it has greater effectiveness 

on muscle strength and endurance by this ap-

proach.16
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Use in the Treatment of Immobile 
Patients
It is used for the prevention of pressure sores, espe-
cially in patients with stroke and spinal cord injury. 
It plays a protective role in patients by increasing 
blood supply, collagen synthesis, and fibroblast 
activation, thus facilitating wound healing. It is 
an effective agent also in the management of pain 
in these patient groups, who are very sensitive to 
pain.6,13

Constipation
HVPGS has also been used in the treatment of 
constipation in recent years. It is well-known that 
HVPGS reduces pain and muscle spasms, and also 
effective in muscle strengthening. HVPGS leads 
to stimulation of neuroendocrine nerves and in-
duces impulses that increase intestinal motility. 
An increase in intra-abdominal pressure, increase 
in painless bowel movements, decrease in rectal 
bleeding, edema, and burning symptoms with the 
application of HVPGS to the abdominal muscles 
increases the functionality of the intestine. While 
pelvic floor dyssynergia decreases, pelvic floor 
muscle strength and functions increase.17

Muscle Retraining After Orthopedic 
Pathologies
Muscle retraining, in which the bipolar technique 
is preferred, can be applied by making the current 
surge or intermittent.4

Muscle Retraining After Neurological 
Pathologies
HVPGS can also be used for muscle retraining after 
neurological diseases. As in orthopedic problems, 
the current can be applied by making it surge or in-
termittent.4 HVPGS is preferred because it produc-
es more power with less discomfort in neurological 
disorders.18 In patients with diplegic cerebral pal-
sy, it has been reported that HVPGS improves head 
control.19 It was concluded that HVPGS increased 
the strength of lower extremity muscles, decreased 
fatigue and increased the effects of neurorehabili-
tation techniques in patients with MS.20

High-Voltage Pulsed Galvanic 
Stimulation Application
The accepted electrode placement and treatment 

protocol for the relief of muscle spasm and trigger 

point pain is the same as for low-frequency ap-

plications.4,6 Standard rubber electrodes are used 

for wound healing. The wound area should be 

cleaned. The wound should be debrided and cov-

ered with sterile gauze.4,11

In applications, the electrode size is generally 

preferred as 4x4 or 5x5.4,11 Preferably, the passive 

electrode used should have 3 times the surface 

area of the active electrode and the passive elec-

trode should be placed more proximal. The cur-

rent intensity should be increased to a tolerable 

limit gradually where the patient will not feel dis-

comfort. The intensity of stimulation should be in-

creased to result in a painless sensation or a strong 

contraction, depending on the treatment goal. The 

duration of treatment is 30-60 min.6

HVPGS could be applied with monopolar or 

bipolar techniques. If the monopolar technique is 

to be applied, the electrode connected to the “–” 

or “+” pole is placed on the treatment area. The 

use of polarity depends on the treatment purpose. 

The other electrode is placed further away from the 

treatment area, preferably to the proximal of the 

active electrode. If the bipolar technique is to be 

applied, the electrodes connected to the opposite 

poles are placed close to each other, with the area to 

be treated between.7 The passive electrode should 

be larger than the active electrode and placed more 

proximal.6 The effect on the tissues differs depend-

ing on the current intensity. The current intensity 

should be gradually increased or decreased.6,7

HVPGS specifically stimulates the sensorial 

and motor nerve fibers. The pulsing process allows 

rapid muscle re-education and atrophy rehabilita-

tion. It should be kept in mind that high-frequen-

cy applications may cause early fatigue in cases of 

muscle weakness and atrophy. Additionally, the 

pumping activity that occurs as a result of mus-

cle contraction reduces swelling by providing the 

mobility of the edema fluid.9,12 HVPGS is not gen-

erally used as a stand-alone treatment modality. 
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While the muscle contraction created by HVPGS 

contributes significant reduction of pain, it is also 

mentioned that it can be used together with other 

methods such as taping.11

While HVPGS is preferred to be applied at least 

5 days a week for wound healing, it could be ap-

plied at least 3 days a week in the treatment of mus-

cle spasm and strengthening.4,21

Advantages of High-Voltage 
Pulsed Galvanic Stimulation
•	 Allows for painless selective sensory fiber stim-

ulation.

•	 Since the skin resistance is low, deep tissues 

and nerves are easily stimulated.

•	 It can be used for different purposes from 

wound healing to muscle contraction.

•	 HVPGS increases joint mobility by reducing 

pain and edema, increasing microcirculation 

and mechanical stretching.7

Disadvantages of High-Voltage 
Pulsed Galvanic Stimulation
•	 Most of the HVPGS devices are not portable. 

Therefore, the patient must come to the clinic.7

Side Effect Profile of High-
Voltage Pulsed Galvanic 
Stimulation
Compared to low voltage and long pulse duration 

agents, the tolerable short pulse duration reduces 

chemical and heat related side effects. Therefore, 

HVPGS is a suitable agent for long-term use with-

out any noticeable side-effect profile.7

Contraindications of High-
Voltage Pulsed Galvanic 
Stimulation
HVPGS is contraindicated for the patients with

•	 Osteomyelitis,

•	 Cancer,

•	 Pacemaker use,

•	 Pregnancy,

•	 Those who use topical substances that can 

cause wound irritation, tissue toxicity, or an al-

lergic reaction.21

Considerations
•	 Care should be taken not place electrodes on or 

around the heart, phrenic nerve, carotid sinus, 

or larynx muscles.21

•	 Attention should be paid to areas with sensory 

disorders, tissue that have lost their skin integ-

rity, and hemorrhagic tissues. If so risky, no ap-

plication should be made on these areas.

•	 Patients with epilepsy should be monitored 

during the application.5

References
1. 	 Ahmad ET. High-voltage pulsed galvanic stimulation: Effect of 

treatment duration on healing of chronic pressure ulcers. Ann 
Burns Fire Disasters. 2008:21(3):124-8. PMID:21991123.

2. 	 Singh J. (2011), Manual of practical electrotherapy. 1st ed. Jay-
pee Brothers Publishers. ISBN:9350250594.

3. 	 Nelson RM, Currier DP. (1991), Clinical electrotherapy. 2nd 
ed. USA: Appleton&Lange. ISBN: 0-8385-1334-1334.

4. 	 Kırdı N. (2016), Elektroterapide temel prensipler ve klinik 
uygulamalar. 2nd ed. Ankara: Hipokrat Kitabevi. ISBN:978-
605-9160-03-2.

5. 	 Ewidea M. High-volt pulsed stimulation. Accessed:https://kfs.
edu.eg/pt/pdf/18420218463748.pdf.

6. 	 Mitra PK. (2006), Handbook of practical electrotherapy. 1st ed. 
Jaypee. ISBN:8180616207.

7. 	 Wells LM. (1986), A comparative study of positive versus neg-
ative polarity in the treatment of acute ankle sprains utilizing 
high-voltage electrogalvanic stimulation. University of the Pa-
cific, Thesis.Accessed: https://scholarlycommons.pacific.edu/
cgi/viewcontent.cgi?article=3121&context=uop_etds.

8. 	 Belanger AY. (2002), Evidence-based guide to therapeu-
tic physical agents. 1st ed. Lippincott Williams & Wilkins. 
ISBN:0781721083.

9. 	 Mohr T, Carlson B, Sulentic C, Landry R. Comparison of iso-
metric exercise and high volt galvanic stimulation on quadri-
ceps femoris muscle strength. Phys Ther. 1985;65(5):606-12 
doi:10.1093/ptj/65.5.606.

10. 	 Junquiera CL. (1992), Basic histology. 7th ed. Appleton Lange. 
ISBN:0838505767.

11. 	 Kaya D, Yüksel İ, Callaghan MJ, Güney H, Atay ÖA, Citak-
er S, et al. High voltage pulsed galvanic stimulation adjunct 
to rehabilitation program for patellofemoral pain syndrome: 
A prospective randomized controlled trial. Turk J Physiother 
Rehabil. 2013:24(1):1-8. doi:10.21653/tfrd.156477.

12. 	 Brukner P, Khan K. (1995), Clinical Sports medicine. 2nd ed. 
Sydney: McGraw-Hill Book Company. ISBN:9780074711088.

13. 	 Mawson AR, Siddiqui FH, Connolly BJ, Sharp CJ, Stewart 
GW, Summer WR, et al. Effect of high voltage pulsed galvan-
ic stimulation on sacral transcutaneous oxygen tension levels 
in the spinal cord injured.  Spinal Cord. 1993;31(5):311-9. 
doi:10.1038/sc.1993.55.



C
ur

re
n

ts
 U

se
d

 f
or

 E
le

ct
ri

ca
l S

ti
m

ul
at

io
n

138

IIII
Part

Clinical Key for Electrical Stimulation in Physiotherapy and Rehabilitation

14. 	 Potturi G, Agarwal A, Vajrala KR. Effect of high voltage pulsed 
galvanic stimulation (HVPGS) on neurogenic pains-A simple 
randomized clinical controlled trail. IJSER. 2018;9(12):255-9.

15. 	 Kılınc M, Yıldırım S. The effects of electrical stimulation and 
exercise therapy in patients with limb girdle muscular dystro-
phy a controlled clinical trial. Neurosciences. 2015;20(3):259-
66. doi:10.17712/nsj.2015.3.201501097.

16. 	 Akınoglu B, Kocahan T. Russian current versus high volt-
age current with isokinetic training on the quadriceps muscle 
strength and endurance. JER. 2020;16(3):272-8. doi:10.12965/
jer.2040260.130.

17. 	 Pooja M, Jeba C. Effect of high voltage pulsed galvanic stim-
ulation for constipation in acute stroke -A randomized clinical 
trial. Turk J Physiother Rehabil, 2021;32(3): 2553-8 (https://
www.researchgate.net/publication/352478689_EFFECT_
OF_HIGH_VOLTAGE_PULSED_GALVANIC_STIMULA-
TION_FOR_CONSTIPATION_IN_ACUTE_STROKE_-A_
RANDOMIZED_CLINICAL_TRIAL?_iepl%5Bgener-
alViewId%5D=penYnh5AykLJ8M2TzCbVhfaWBnsyo5dX-
rV1m&_iepl%5Bcontexts%5D%5B0%5D=searchReact&_ie-
pl%5BviewId%5D=awlXuc7tpz4Cih1w8qUZFB1XWG-
G7KeysyxUf&_iepl%5BsearchType%5D=publication&_ie-
pl%5Bdata%5D%5BcountLessEqual20%5D=1&_iepl%5B-
data%5D%5BinteractedWithPosition1%5D=1&_iepl%5B-
data%5D%5BwithEnrichment%5D=1&_iepl%5Bposi-
tion%5D=1&_iepl%5BrgKey%5D=PB%3A352478689&_ie-
pl%5BtargetEntityId%5D=PB%3A352478689&_iepl%5Bin-
teractionType%5D=publicationTitle ).

18. 	 Wong RA. High voltage versus low voltage electrical stimula-
tion. Force of induced muscle contraction and perceived dis-
comfort in healthy subjects. Phys Ther 1986;66(8):1209-14. 
doi:10.1093/ptj/66.8.1209.

19. 	 Sherief AAA, Hamed SA. Effect of high voltage pulsed galvan-
ic stimulation on head control in spastic diplegic cerebral pal-
sy. J Am Sci 2013; 9(3):185-8. doi:10.5505/vtd.2016.60320.

20. 	 Çetişli Korkmaz N, Kırdı N, Temuçin CM, Armutlu K, Yakut 
Y, Karabudak R. Improvement of muscle strength and fatigue 
with high voltage pulsed galvanic stimulation in multiple scle-
rosis patients-A non-randomized controlled trial.  J Pak Med 
Assoc. 2011;61(8):736-43. PMID:22355992.

21. 	 Lampe KE. Electrotherapy in tissue repair.  Hand Ther. 
1998:11(2):131-9. doi:10.1016/s0894-1130(98)80011-2.



139

Co-funded by the
Erasmus+ Programme
of the European Union

Chapter

•

Functional Electrical Functional Electrical 
StimulationStimulation

16

Functional Electrical 
Stimulation
Functional Electrical Stimulation (FES) has long 
been used in orthopedic and neurological reha-
bilitation. Its efficacy and application are well doc-
umented in diagnoses from knee osteoarthritis 
to stroke.1 The acronym FES is probably the most 
commonly used in the literature; however, a dis-
tinction should be made that this method of elec-
trical stimulation (ES) usually refers to the process 
of pairing the stimulation simultaneously or inter-
mittently with a functional task.2

FES has also been described as the stimula-
tion of impaired muscles to augment task-specific 
movement to improve motor control with time. By 
achieving a muscle contraction during functional 
activities, it is believed that the muscle may “learn” 
how to contract actively over time and that strength 
gains may allow the weaning off machine use with 
time.3

There are a wide variety of therapeutic appli-
cations of FES. FES has been used to maintain or 
increase range of motion, reduce edema, promote 
healing of fracture or tissue, reduce muscle spasm 
and the effects of spasticity, improve circulation, 
prevent or reverse disuse atrophy, and facilitate 
movement. It has also been used for neuromuscu-
lar re-education and orthotic substitution.

In order for ES to be classified as FES, muscle 
contraction needs to occur during a meaningful 
functional activity. This stimulation may be timed 
specifically to contract when that particular mus-

cle is meant to contract during a task, but not nec-

essarily so.3 The FES system generates a train of 

electrical stimuli that trigger action potentials in 

intact peripheral nerves, which further activate 

muscle contractions. The magnitude of the stim-

ulus intensity determines the number of nerve 

fibers activated and in turn the force of muscle 

contraction.4

Recruitment of motor units by ES progresses 

from large to small, the reverse order of volun-

tary contractions, because axons of the largest 

diameter are the easiest to activate. Voluntary 

contractions preferentially recruit force-produc-

ing, slow-contracting, fatigue-resistant (type I) 

fibers before more forceful, faster, fatigable (type 

II) units. This allows for asynchronous activation 

of varied motor units, which enables smooth 

switching between active and inactive motor 

units to maintain muscle activity, while allow-

ing recovery time for individual motor units and 

for smooth and graded movement. Electrically 

elicited contractions lack smooth, gradual onset, 

reflecting biased and synchronous motor unit re-

cruitment.1 FES not only stimulates motor nerve 

fibers but also afferent sensory nerve fibers.5 The 

contractions recruit motor units based on size 

and proximity to the stimulation electrode. This 

produces multiple combinations of motor units 

that are activated, preventing graded and isolated 

movement. This all or nothing recruitment is also 

a factor in fatigue. Fatigue occurs more rapidly in 

an electrically generated contraction because a 
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greater portion of fatigable motor units is neces-

sary for a given contraction. Combining voluntary 

contractions with ES produces the best and stron-

gest contraction, as ES recruits different motor 

units that are not activated at a given moment by 

voluntary contraction.1

The primary goal of neuromuscular FES is to 

supplement lost functions. In FES, muscles are 

stimulated in a coordinated manner with the ob-

jective of providing function. One of the best known 

applications is the Peroneal nerve stimulator in pa-

tients with a drop foot. Thus, FES systems are used 

to assist patients either by substituting or support-

ing movements. FES is often applied in patients 

whose functional recovery has already plateaued. 

However, it has been shown that repeated muscle 

activation within the framework of FES might also 

lead to improvement of voluntary motor control, 

which exceeded the time of stimulation.6

FES may also provide therapeutic physiologi-

cal benefits to the users through the activation of 

paralyzed muscles for exercise as well as the per-

formance of activities of daily living. In FES, resto-

ration of voluntary movement is elicited by electri-

cal activation of lower motor neurons through the 

stimulation of axons along peripheral nerves or 

within the spinal cord itself.7

Parameters of Electrical 
Stimulation
Frequency
“Frequency” refers to the pulses produced per 

second during stimulation and is stated in units of 

Hertz (Hz, e.g., 40 Hz = 40 pulses per second). The 

frequencies of ES used can vary widely depending 

on the goals of the task or intervention, but most 

clinical regimens use 20-50 Hz patterns for optimal 

results. In order to avoid fatigue or discomfort, con-

stant low frequency stimulation is typically used, 

which produces smooth contraction at low force 

levels. Higher frequencies are generally reported to 

be more comfortable because the force response is 

smoothed and has a tingling effect, whereas lower 

frequencies elicit a tapping effect where individual 

pulses can be distinguished.8

Ramping of Stimulation Frequency
Frequently, a gradation of stimulation up to the 

desired frequency and intensity is used for patient 

comfort. “Ramp time” refers to the period of time 

from when the stimulation is turned on until the 

actual onset of the desired frequency. Ramp time 

is used in clinical applications when a patient may 

have an increased tone that creates resistance 

against the stimulated movement. For instance, 

a person with flexor hypertonicity at the elbow 

would benefit from a gradual ramping up of stim-

ulation frequency to allow more time to activate 

elbow extensors moving in opposition to tightened 

flexors to successfully complete the movement.9

Pulse Width/Duration
ES devices deliver “pulses” in waveform patterns 

that are often represented by geometric shapes 

such as square, peaked, or sine waves. These shapes 

characterize electrical current that rises above a 

zero baseline for the extent of the stimulation par-

adigm (uniphasic; e.g., direct current) or current 

that alternates above and below the baseline (bi-

phasic or alternating current). The time span of a 

single pulse is known as the “pulse width” or “pulse 

duration”. In biphasic (a positive phase combined 

with a negative) pulses, the pulse duration consid-

ers both phases. Typically, dynamic Quadriceps 

Femoris muscle extensions similar to those used 

in FES cycling tests exhibit pulse widths between 

300-600 microseconds (µs). Some investigators 

have suggested that low-frequency stimulation 

with short pulse durations (500-1000 µs) will ex-

hibit a lower fatigue index. However, even shorter 

pulse widths (10-50 µs) have been shown to affect 

the recruitment of muscle fibers and can gener-

ate a larger maximum torque in a smaller number 

of fibers before causing a contraction in another 

muscle fascicle. This is important because a greater 

recruitment ratio within muscle fascicles can pos-

sibly increase performance time. Therefore, pulse 

width can be increased to potentially recruit more 

fibers in the surrounding area as fatigue ensues.10

A study comparing 50, 200, 500, and 1000 µs 

pulse widths when 20 Hz stimulation was delivered 
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to the Soleus muscle found that wider pulse widths 

produced stronger contractions of plantar flexion 

and additionally augmented overall contractile 

properties. In addition, longer pulse durations will 

typically penetrate more deeply into subcutaneous 

tissues, so these widths should be used when try-

ing to impact secondary tissue layers.10

Duty Cycle
“Duty cycle” describes the actual on and off time of 

a neuromuscular ES (NMES) program and is usu-

ally stated in ratio form, such as 1:2 [10 seconds (s) 

on, 20 s off] or percentages such as 70%, indicat-

ing time on percentage when compared to total on 

and off time combined. Common clinical applica-

tions use a 1:3 duty cycle as standard, but this ratio 

can be modified to accommodate the needs of the 

patient as well as the goals of the treatment.9

Amplitude/Intensity
Another parameter that will contribute to fatigue is 

the strength of the current being administered or 

the “intensity” / “amplitude” (usually reported in 

milliamperes, mA) with which the stimulation is 

delivered. The higher the intensity, the stronger the 

depolarizing effect in the structures underlying the 

electrodes. Higher intensities can foster increases 

in strength, strength gains are consistently found 

following training with ES programs. Lower inten-

sities can induce more central nervous system in-

put than higher intensities. Intensity will also fac-

tor into patient comfort, with higher intensities are 

typically less tolerated. However, frequency and 

intensity inevitably will determine the quality of 

muscle contraction produced.10

Variations of Electrical Stimulation 
Delivery
Another type of “transcutaneous stimulation” is 

electromyography (EMG) triggered ES. This type 

of stimulation assists patients who are relearning 

specific muscle movements for function. Muscle 

activity is monitored by means of EMG recording 

electrodes such that when the EMG signal reaches 

a specific threshold (usually set by the physiothera-

pist) the stimulation will activate, thus assisting the 

patient to complete a movement. This intervention 

has been described as being even more reinforcing 

than cyclic stimulation due to the proprioceptive 

feedback and voluntary component involved.11

“Percutaneous stimulation” uses electrodes 

that are inserted through the skin into the muscle 

of choice and is thought to be a superior choice to 

transcutaneous surface electrodes when specific-

ity of stimulation is paramount. The leads of the 

electrodes exit the skin and connect to an external 

stimulator, bypassing sensory and therefore mini-

mizing discomfort. These hair-thin electrodes can 

usually target specific deeper muscle locations 

without the consequence of unintentionally ac-

tivating surrounding tissues, as often happens in 

transcutaneous applications. The electrodes can 

be left in place on average for about 3 months, but 

skin irritation and breaking or dislodging of the 

electrode can occur. Percutaneous FES implants 

are effective for significantly reducing shoulder 

pain associated with post-stroke glenohumeral 

subluxation.2

Electrode Placement and Size
The success of the FES current to reach the under-

lying tissue is highly related to “electrode size” and 

“electrode placement” as well as conductivity of the 

skin-electrode interface. Larger surface electrodes 

will activate more muscle tissue but will disperse 

the current over a wider surface area, decreasing 

current density. Smaller electrodes will concen-

trate current densities, allowing for focal concen-

tration of current with less chance of stimulation 

crossover into nearby muscles, but dense current 

increases the chance for discomfort or pain.12

The placement of electrodes will also markedly 

influence the muscle response and should be care-

fully considered. Contention regarding optimal 

placement of electrodes is prevalent throughout 

the literature, with much of the debate center-

ing on whether the “muscle belly” or the “motor 

point” is the preferential location. Physiotherapists 

frequently place electrodes directly over the mus-

cle belly or in ineffective locations. Manufacturers 

also provide suggested electrode placement charts 
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Figure 16.2  Electrode placement for Infraspinatus muscle 
strengthening with active muscle contraction.

Figure 16.1   Electrode placement for Quadriceps Femoris 
muscle strengthening (left side - self-adhesive cord electrode, 
right side - self-adhesive wireless electrodes).

or guides that are usually included with the device 

purchase, also a source for clinicians using NMES 

in practice. Studies show that physiotherapists 

around the globe are using electrode placement 

methods which are suggested by stimulator man-

uals without completely analyzing their hypothet-

ical reasons.13

A study investigating the effect of NMES deliv-

ered to the Tibialis Anterior and Vastus Lateralis 

muscles of the lower extremity compared elec-

trode placement using the motor point of the mus-

cle (accurately located through stimulation) with 

placement using the recommended sites of several 

manufacturer’s suggestions. This resulted in signif-

icant differences in muscle performance outcome; 

motor point placement not only produces higher 

torques but also increased blood flow and oxygen 

use was greater using the motor point positions.2

The motor point is usually located at the cen-

ter of the muscle mass where the motor nerve 

enters the muscle. To find the best position, the 

physiotherapist may slightly move the negative 

electrode around. The main objective is to find the 

spot where the minimum amount of ES will easily 

excite the greatest muscular contraction without 

causing pain.13 Some devices have a motor point 

pen electrode, which can be used to find the best 

position for electrode placement. In this case, the 

physiotherapist uses a pen electrode at various 

locations of the muscle belly to identify the most 

comfortable and efficient location for stimulation. 

Therefore, the knowledge of anatomy is essential 

for physiotherapists to perform ES because elec-

trodes should be placed directly on the muscle.14

Usually, a positive red-pin electrode (anode) is 

placed near the upper insertion or top of the mus-

cle. Negative black-pin electrode (cathode) must be 

placed at the motor point of the muscle, because it 

elicits stronger and easier contraction.13 However, 

according to Shanmugam, a cathode pole may be 

placed over the insertion points and an anode pole 

may be placed distally to obtain stronger muscle 

contraction.13

The effectiveness of FES also depends on elec-

trode size. The optimal electrode size depends on 

the target muscle. For example, small electrodes 

are more precise than larger ones for selective ac-

tivation of forearm muscles. However, accurate 

positioning of a small electrode may require more 

time than a larger electrode to test over the skin 

surface of the target muscle. The location of the 

stimulating electrode is critical for eliciting the de-

sired muscle contractile response. Positioning the 

electrode close to the sensory nerve may lead to 

the activation of skin surface receptors and cause 

discomfort. Consequently, patients may refuse 

such treatment. Therefore, electrode location is an 

urgent issue in clinical applications of body surface 

ES.15

Electrode placement for Quadriceps Femoris 

muscle stimulation (Figure 16.1) and for Infraspina-

tus muscle (Figure 16.2) are shown below. The same 

principle can be applied to other muscles.
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Indications and 
Contraindications
Indications
•	 To improve muscle strength and prevent mus-

cle atrophy.
•	 To improve and maintain the range of motion 

around a joint.
•	 To reduce muscle spasticity and spasms.
•	 To increase cardiovascular function through 

the activity of large muscle groups.16

Contraindications
•	 Demand cardiac pacemaker, implantable de-

fibrillator, or unstable arrhythmia,
•	 Placement of electrodes over the carotid sinus,
•	 Areas where venous or arterial thrombosis or 

thrombophlebitis is present,
•	 Pregnancy – over or around the abdomen or 

low back (exception when ES may be used for 
pain control during labor),

•	 When contraction of the muscle may disrupt 
healing (e.g., muscle or tendon tear, overuse, or 
acute injury).17

Precautions for FES
•	 Cardiac disease,
•	 Impaired mentation,
•	 Impaired sensation,
•	 Malignant tumors,
•	 Areas of skin irritation or open wounds,
•	 May cause delayed-onset muscle soreness.17
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Introduction
A magnetic field is produced by an electric cur-

rent or electric field. The magnetic field produced 

by an electric current presents the same physical 

parameters characteristic of the generating elec-

tric current.1 Magnetic field therapy is a method 

of treating inflammatory conditions and reducing 

the associated pain, through the action of a pul-

sating or static magnetic field on different parts of 

the body. Electromagnetic fields are generated by 

low-frequency currents (50 or 100 Hz).1

Treatment with magnetic fields has been used 

since the XVIs:

•	 Paracelsus - used magnets to stimulate callus in 

fractures.

•	 1845 - Faraday discovers magnetism and the 

law of electromagnetic induction.

•	 1902 - the first studies on the biological effects 

of magnetic fields are published.

Magnetic fields are produced in coils through 

which electric current flows. The magnetic field 

can be continuous or pulsating (as the current that 

produces it). The intensity of the magnetic field - 

the density of the lines of magnetic force - is mea-

sured in Tesla (T), in subunits millitesla (mT). The 

terrestrial magnetic field varies from the value of 

approximately 60 mT at the poles to the value of 30 

mT at the equator.1

Recent studies have demonstrated the biolog-

ical effects produced by pulsating (interrupted) 

magnetic fields in particular. The continuous mag-

netic field does not produce adverse effects on 

the human body. The World Health Organization 

allows the application of the continuous magnetic 

field of 2-3 T on the human body. A bracelet with 

magnets has 20-130 mT.1

Various in vitro and animal model studies have 

demonstrated the ability of non-ionizing magnetic 

fields to play an important role in various forms of 

cancer. In addition, these studies have also shown 

that magnetotherapy is a relatively safe form of 

treatment, with magnetic fields acting selective-

ly on diseased tissues.1 Clinical tests have shown 

that magnetotherapy does indeed have the effect 

of reducing pain. Magnets penetrate deep into 

tissues and create a magnetic field that energizes, 

alkalizes, and oxygenates, improving the immune 

system function and the body’s healing capabili-

ties. Positive and negative magnetic polarities have 

different effects on biological systems. Magnets 

can be used in antitumor therapy due to their abil-

ity to stop the development of cancer cells. Studies 

have also shown that the therapy can also be used 

in the treatment of arthritis, glaucoma, infertility, 

and diseases related to aging. It appears that neg-

ative magnetic fields have beneficial effects on liv-

ing organisms, while positive magnetic fields have 

harmful effects.1 The biological value of oxygen is 

increased under the influence of negative electro-

magnetic field, which causes oxygen to be drawn 

from the blood into the cell under the influence of 

negatively charged DNA. The negative electromag-

netic field does not affect the pH balance in any 
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way, maintaining the alkaline balance, which in 

turn stimulates the presence of a greater amount of 

oxygen in the body.1

Theoretically, static magnetic fields (SMF) can 

alter ion flux, membrane potential, membrane 

configuration, ion pump activity, or neurotrans-

mitter release. Most of the biological phenomena 

associated with SMF can be caused by changes in 

cellular calcium. It is observed that a SMF of 1,000-

4,000 Gauss (G) changes the structure of proteins 

and enzymes and the kinetics of reactions involv-

ing free radicals. After the application of SMF, the 

reduction of the action potential of the neurons 

in the experimental studies and the permeability 

changes in the synthetic liposome vesicles were 

observed.1

Mechanism of Magnetic Field 
Stimulation
The action mechanism of magnetic fields on the 

body is not fully known. It is considered to be 

similar to that of electromagnetic radiation (short 

waves):1

•	 the production of energetic changes at the level 

of cell membranes with increased membrane 

diffusion and increased cellular metabolism

•	 stimulation of vascular neoformation

•	 stimulating the growth of reparative granula-

tion tissue in wounds

•	 stimulation of collagen production at the carti-

lage level

•	 stimulation of cellular oxidative enzyme activi-

ty (cytocymoxidase, peroxidase) with better use 

of oxygen.

The magnetic fields penetrate deep into the 

tissues, creating a magnetic field stimulation that 

improves the function of the immune system and 

the body’s healing capabilities. Magnetotherapy 

can be applied continuously (having a sedative ef-

fect), intermittently, rhythmically, or without any 

rhythm (having a general stimulating effect).2

Beneficial effects of the magnetic field stimula-

tion have been demonstrated on:2

•	 central and vegetative nervous system

–	 continuous magnetic field stimulation – 

sedative and parasympathetic effect
–	 interrupted magnetic field stimulation – ex-

citatory and sympathetic effect
–	 frequencies below 10 Hz – vagotonic
–	 50 Hz frequencies – sympathetic

•	 blood and lymphatic circulation
–	 the interrupted magnetic field stimulates 

the development of neoformation vessels 
and the kinetics of lymphatic vessels

•	 cellular metabolic processes
–	 continuous magnetic fields stimulate anab-

olism
–	 interrupted magnetic fields stimulate catab-

olism
•	 the neuromuscular system – especially the pha-

sic muscles
–	 the continuous magnetic field stimulation 

increases the rhythmicity of discharges in 
the motor neurons with the increase of the 
recruitment phenomenon

–	 the interrupted magnetic field stimulation 
increases the contraction force of the mus-
cle fibers

Effects of Therapy with Low-
Frequency Magnetic Field 
Stimulation
A.	 Unmodulated continuous forms:

–	 sedative effect,
–	 sympatholytic effect,
–	 trophotropic effect.

B.	 Interrupted forms:
–	 excitatory effect,
–	 sympathetic effect,
–	 ergotropic effect.

The choice of forms of application (continuous 
or interrupted), depends on the basic condition, 
constitutional type, individual neuro-vegetative 
reactivity, and the biorhythm of the subject. The 
effects of magnetic fields are:
•	 acceleration of fracture callus
•	 stimulation of wound healing
•	 sedation and analgesia
•	 microcirculation stimulation
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Figure 17.1  Magnetic field stimulation devices.

Rules of the Application of 
Treatment with Low-Frequency 
Magnetic Field Stimulation
•	 The treatment sofa should be made of insulat-

ing material (Figure 17.1).

•	 It is recommended that the patient remove 

metal objects from the body.

•	 Avoid placing the coils in the vicinity of the pa-

tient’s possible metal implants.

•	 The application of treatment to patients with 

pacemakers strictly prohibited.

•	 The patient sits in supine position, dressed 

loosely.

•	 Cephalic extremity oriented to the north.

•	 The arrows on the cervical and lumbar coil is 

oriented towards the cephalic extremity.

•	 The locating coils are positioned according to 

the poles marked with the respective symbols 

North - South, on the treated region.

Application Technique
•	 Magnetic field stimulation devices have appli-

cators that sit on treatment areas or coils (cervi-

cal and lumbar) that are attached to a treatment 

bed (Figure 17.1).

•	 applicators or coils are applied over the pa-

tient’s clothing

•	 modern devices can also be applied to areas 

with metal implants (interrupted magnetic 

fields)

•	 distance of at least 1 m is indicated between 

magnetotherapy devices and other electrical 

devices (see the manufacturer’s instructions)

Indications of Low-Frequency 
Magnetic Field Therapy
Magnetic field stimulation could be used in wide 

range of diseases or problems such as:3,4

A.	 Rheumatic diseases

–	 Chronic degenerative rheumatism

–	 abarticular rheumatism (tendonitis, myal-

gia, myogelosis),

–	 inflammatory rheumatism (rheumatoid 

polyarthritis stage I and II, spondylitis anky-

losing spondylitis, psoriatic arthritis)

B.	 Post-traumatic sequelae

–	 Wounds

–	 Contusions

–	 Muscle Hematomas

–	 Sprains

–	 Musculotendinous ruptures

–	 Post-fractures, fracture consolidation

C.	 Neuropsychiatric disorders

–	 Neuroses

–	 Neurovegetative Dystonia

–	 Hemiplegia

–	 Paraplegia

–	 Parkinson’s Disease

D.	 Cardiovascular diseases

–	 functional peripheral vascular diseases

•	 Raynaud’s Disease

•	 Raynaud’s Syndrome

•	 Acrocyanosis

–	 organic peripheral vascular diseases:

•	 Thromboangiitis obliterans

•	 Atherosclerosis obliterans of the limb

•	 Diabetic arteriopathy

•	 Cerebral atherosclerosis

•	 Arterial hypertension (mild and moder-

ate form)

–	 stage I and II lymphedema

E.	 Respiratory diseases

–	 Bronchial asthma

–	 Chronic bronchitis

F.	 Digestive disorders

–	 Chronic gastritis

–	 Chronic gastroduodenal ulcers

–	 Biliary motility disorders
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Figure 17.2  Transcranial magnetic stimulation.

G.	 Endocrine disorders

–	 Type II Diabetes Mellitus

–	 Hyperthyroidism

H.	 Gynecological conditions

–	 Dysmenorrhoea

–	 Non-specific chronic metro-adnexitis

–	 Non-specific chronic cervicitis

–	 Climax and preclimax disorders

I.	 Neurological conditions:

–	 Spasticity after vascular accidents

Contraindications of Low-
Frequency Magnetic Field 
Stimulation
•	 Pacemaker wearers

•	 Hypotensive syndromes

•	 Advanced cerebral atherosclerosis

•	 Hemorrhagic conditions, severe hematological 

diseases

•	 Anemias

•	 Malignant tumors

•	 Active pulmonary/extrapulmonary tuberculo-

sis

•	 Infectious diseases, febrile conditions

•	 Insufficiency: renal, hepatic, cardiac, pulmo-

nary

•	 Psychoses, epilepsy

•	 Pregnancy

Principles of the Application 
of Therapy Through Low-
Frequency Magnetic Field 
Stimulation
•	 Depending on the condition and the objectives 

pursued, both the form of application and the 

frequency of work are chosen,

•	 The duration of the session varies depending 

on the disease and objectives (20 - 30 - 45 min-

utes),

•	 Number of sessions is large (12 - 18 – 22 ses-

sions)

•	 Rate of application is daily.5

Transcranial Magnetic 
Stimulation
Transcranial magnetic stimulation (TMS) is a 
non-invasive form of brain stimulation in which 
a continuously changing magnetic field is used to 
induce electrical current in a specific area of the 
brain through electromagnetic induction. An elec-
tric pulse generator, or stimulator, is connected 
to a magnetic coil, which in turn is connected to 
the scalp (Figure 17.2). The stimulator generates a 
changing electric current inside the coil that induc-
es a magnetic field. This field then causes a second 
inductance of inverted electrical charge within the 
brain itself.4 Anthony Barker invented a device in 
1985 that could alter the activity of neurons by ap-
plying a magnetic field to the scalp. This procedure 
is called “Transcranial Magnetic Stimulation”.6

During TMS therapy, a magnetic pulse is ap-
plied to the scalp and travels through the skull to 
the brain. Reaching the brain, it induces an elec-
tric current in the neurons. The term “transcranial” 
refers to the passage of the magnetic field through 
the skull, and “magnetic stimulation” refers to the 
use of a magnetic field to stimulate the neurons 
under the skull.6
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When TMS was invented, researchers used it to 

determine which parts of the brain were connect-

ed to different parts of the body. For example, sci-

entists found that applying TMS to a certain part 

of the scalp caused the hand of a participant in 

the experiment to tremble. In this way, the part of 

the brain responsible for controlling hand muscle 

movements was discovered.7 In the 1990s, the first 

research studies using brain scanning to see imag-

es of the brain deepened the state of the brains of 

depressed people. These studies showed that the 

left side of the prefrontal cortex, a brain region, was 

underactive in depression, leading the researchers 

to wonder if they could use TMS to increase the ac-

tivity of neurons in this brain region.5 Initial find-

ings of TMS applied to the left prefrontal cortex for 

depression showed that symptoms of depression 

improved. This discovery opened the horizon to 

new treatment possibilities for neuropsychiatric 

diseases.

Transcranial and Peripheral 
Magnetic Field Stimulation 
Procedures in Chronic Pain
According to the International Association for 

the Study of Pain definition, pain is “an unpleas-

ant sensory and emotional experience associated 

or similar to that associated with real or potential 

tissue damage”. The mechanisms of activation and 

regulation of pain perception are extremely com-

plex and include bidirectional communications 

between peripheral receptors, the immune system 

(responsible for inflammatory processes), the en-

docrine system, and the nervous system.8

In the case of chronic pain, adaptation mech-

anisms appear both at the level of the peripheral 

nervous system (sensory and motor peripheral 

nerves) and central (cerebral circuits) that end up 

maintaining several vicious circles.9 The brain cir-

cuits involved in the perception of pain are closely 

interconnected with those responsible for the af-

fective (emotions) and cognitive components (e.g., 

in the case of a painful episode, all attention is 

channeled towards the pain). That is why chronic 

pain is difficult to treat and most of the time it is 

complicated with emotional changes, sleep distur-

bance, difficulty concentrating, etc.10

Magnetic stimulation therapy is addressed to 

patients with lumbago, cervical pain, headache, 

migraine, facial pain, neuropathic pain, chronic 

pelvic pain syndrome, etc. Some approach through 

magnetic stimulation sessions consists in combin-

ing TMS procedures with those of tcMS-PNS, in a 

manner customized to the characteristics of each 

individual patient.8

The applied therapeutic strategy is established 

by the coordinating physician after a specific func-

tional evaluation of both neuromuscular imbal-

ances and secondary complications of chronic 

pain that participate in maintaining the vicious 

circle.

Advantages of Magnetic Field 
Stimulation as a Treatment Method for 
Patients with Chronic Pain
•	 It provides direct access to the peripheral ner-

vous system. By activating the motor nerves, 

the contraction of different muscle groups is 

obtained, and by using several frequencies, 

a different recruitment of muscle fibers is ob-

tained.

•	 It provides direct access to the central nervous 

system, having the effect of modulating brain 

circuits both those involved in pain processing 

and those involved in emotional and cognitive 

functions.

•	 It significantly increases the chances of getting 

out of the previously created vicious circles, by 

combining the effects of peripheral and central 

nervous system modulation.

•	 Acts directly on the neurophysiological mech-

anisms responsible (at least partially) for the 

pain syndrome (acts directly on the cause).

•	 It does not create addiction.

•	 It can be associated with other interventional 

or pharmacological methods (there are no con-

traindications in this sense).

•	 It is painless.

•	 Adverse effects are negligible and/or very rare.
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