Use of Transcutaneous Nerve Stimulator (TENS) for localized Pain relief — A
REVIEW
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Abstract: The term Transcutaneous Electric Nerve Stimulation (TENS) was coined to depict a method used by medical professionals to treat
patients with chronic and acute conditions which causes the patient to be in pain and has become popular among healthcare professionals. TENS is
popularly used by healthcare professionals for treatment of pain, as a first line-treatment most often. TENS equipment is manufactured by a large
number of manufacturers and can be bought by patients suffering from chronic pain from retail outlets or online stores. However, despite of its
wide use, the analgesic effectiveness of the TENS equipment remains uncertain. There’s insufficient evidence to conclude how effective TENS
really is when it comes down to the treatment of any kind of agony. Better designs and new trials on new models are required to be made so as to
give any recommendations to patients and doctors.
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l. INTRODUCTION 1. LITERATURE REVIEW

Pain has long been a twisted thorn in side of mankind. Hence,
man has tried to create methods to control pain. These
methods thus created can be divided into two categories:
pharmacological and non-pharmacological. In some patients,
pain results in limitations to the physical capabilities and
hinders exercising. If the pain is under control, it allows
freedom of carrying out a number of activities to the patient.
This justifies the use of electrotherapy [1,2]. Electrotherapy, a
noninvasive, non-pharmacological method involves electrical
stimulation. It serves as an alternative for pain management.
Use of local anesthesia induces fear in patient’s mind because
of the use of ‘scary’ syringes. One of the many non-
pharmacological methods, to relieve pain, is called TENS or
Transcutaneous Electric Nerve Stimulation [3]. TENS,
classified as a class 1l device, has got an approval from FDA
in 1972. TENS is a potentially effective in treatment of pain in
place of pharmacologic analgesia for exercises during
rehabilitation for downing severe pain. The anodyne action of
the TENS equipment has PNS and CNS; nervous systems,
mechanisms working at the back-end as proven by various
studies [24]. The sensitivity of central neurons is dulled as the
TENS equipment activates Endogenous Inhibition and Opioid
reception in the spinal cord [8], and also reduces mechanical
hyperalgesia (primary and secondary) induced by knee joint
inflammation [9,10,11,12]. During the therapy, electric current
pulses are induced either by alternating current power source
or using 9 volt batteries and is delivered across the surface of
skin by using conducting pads to stimulate the superficial
nerves for localized pain relief [13].
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History

Even in the time dating back to the Greeks, people have been
making the use of electricity to numb the sensation of pain.
The populace of Rome and Egypt also made the use of a type
of live electric fish (Torpedo marmorata) for pain relief.
Development of electrostatic-generators had led to an
increased electricity usage in medical field, but the progress of
pharmacological treatments and various clinical results has led
to a decrease in the usage of electricity in the century prior to
20" century [14]. In the 18" century, John Wesley introduced
electrotherapy, for the treatment and palliating of various
types, for e.g.: pain from gout, kidney stone, headache, and
angina pectoris [15].
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Fig: 1- Common sites for placement of electrodes in TENS
therapy [14].
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TENS Technology

For many years, clinical interest in electrical therapy for
treatment and control of pain has existed, but in the mid-
1960s, since the development of the "gate control theory",
therapies making the use of electricity took a drastic
improving turn. (Kahn, 1994: Melzack & Wall, 1965). This
theory states, selectively stimulating the nerve fibres can jam
pain signals being carried to the brain.

TENS units has two types of channels, single (2 electrodes)
and double (4 electrodes). A stimulus generator transmits
electrical pulses to electrodes (conducting pads), these are
placed directly on the skin. Electrical pulses are of various
shapes, they are exclusively positive or negative, monopolar
(monophasic) or bipolar (biphasic). The frequency of pulses
can be controlled [16].
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Fig.1 Common pulse waveforms used in TENS [17].

Generally in TENS therapy, frequencies in the 80 to 120
cycles per second range are considered "high" and used in
treating acute pain. Frequencies of 1 to 20 cycles per second
are considered "low" and applied for chronic pain. Pulse
width or duration (microseconds) is the time the current acts
on the skin of the patient during each pulse, and is usually
between 50 and 400 microseconds. The final variable is
intensity or amplitude of the current; most TENS (1 to 100
mA). It is also possible to modulate frequency, pulse width
and amplitude.

Since the time, TENS first appeared in the healthcare field, the
basic design has not undergone any major changes. For
example, although today there is more understanding of the
nervous system and its involvement in perception of pain than
there was in the 1960s, very little research has been done on
the placement of electrodes and aspects of the electrical
stimulus such as frequency and pulse width. In spite of all this,
TENS has grown into a multi-branded industry. Portable
battery-powered TENS units, worn on a belt or carried in the
pocket, are commercially available. During the initial phase
reports that compared TENS with narcotic drugs in having an
analgesic effect, suggested that the pain of different origins
and of different types were either numbed or entirely removed
using TENS [18]. The technology has quickly become
popular among the health professionals and also has been
adopted by them. Many acclamations have ever since been
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made about the analgesic effect of TENS in a variety of
applications.

Reported applications of TENS have included post-traumatic
acute pain, musculoskeletal pain, chronic pain, delivery pain
and labor, pre and post-operative pain, dental pain, fracture,
tinnitus, and other pediatric pain applications [19]. No hazards
of significance have been reported yet with TENS therapy.
Minor side effects include skin irritation possibly due to the
gel used at the electrode site.

ActionMechanism

Action mechanism for pain-relieving effect provided by TENS
has basis set in the following theories- Gate control theory and
Endogenous Opioid theory.

e Gate control theory:

Gate control theory which was put forth by Melzack and Wall
[21] in 1965 , is the most widely acknowledged theory. It
explains the action mechanism of TENS by suggesting that the
‘Substantia Gelatinosa’ which resides in spinal cord’s dorsal
part acts as a gate control system, it can alter the conducting
patterns of peripheral fibres before the affect the T-cells of
spinal cord. Tiny unmyelinated fibers called the ‘C’ fibres
transmit pain to the gate which keeps it an open position.
Activities of large fibers (covered with Myelin sheath) called
the ‘A’ fibres exert presynaptic inhibition on the activity or
input of the ‘C’ fibres and aids in closure of the gate; It thus
blocks transmission of signals to T cells [21]. By increasing
large fiber input and by bringing a decrease in the small fiber
input, thus closing the gate, will help in achieving pain
control.

e Endogenous opioid theory:

Reynolds (1969) [22] showed in his study that stimulating the
periaqueductal grey part of the midbrain using electricity
provides anodyne like morphine. This eventually led to the
discovery of endorphins which are found in the pathway of
pain control at various levels. Thus, TENS mechanism can
also be defined as the stimulation and release of opioids
created by one’s body itself in the spinal cord [7].

Classification of TENS

TENS can be classified on the basis frequency:

1. High frequency [greater than 50 Hz].

2. Low frequency [2-9 Hz] [7, 1, 23]

High frequency TENS operates via the gate control theory.
Effect of this type provides a pain relief for a short term, and
Low frequency TENS provide a long-term effect and operates
via release of opioids created by the body [7, 1, 23].

Types of TENS

Three main types of TENS:

1. Conventional

2. Acupuncture-like [AL-TENS]

3. Intense

e Conventional TENS:

Conventional TENS is the most widely acknowledged mode of
electrical therapy. High frequency, ranging from 10-200
pulses/sec, are used along with low intensity pulsed current to
activate the large fibers without simultaneously activating the
small ones and ‘C’ fibres (pain related) [15]. It produces
segmental pain relief. This mode of TENS therapy can be used
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throughout the entire length of the day but in order to reduce
the risk of skin irritation, breaks are recommended [24].

e Acupuncture-like TENS [AL-TENS]:

It uses low frequency ranging from 2-4 pulses/sec, pulses of
high intensity electrical currents. Electrically induced muscle
twitching activates the small muscle fibres. It provides extra
segmental pain relief. AL-TENS should only be used for 30
minutes in one session because fatigue may be developed due
to the continuous contractions of muscles [24].

o Intense TENS:

Pulses of high intensity electrical currents, which a patient can
bear with high frequency of 200 pulses/ sec, are used. Intense
TENS activates small diameter cutaneous afferents. This mode
of TENS has a usage limit about 15 minutes in one session as
the continuous stimulations of high intensity may make the
patient uncomfortable [24].

1. PRECAUTIONS AND CONTRAINDICATIONS
Hazardous and life-threatening events resulting rarely occur
from using TENS. Occasionally, light electrical burns are
reported due the improper use of the technique. Some patients
experience minor skin irritation near the skin where the
electrodes are placed. Transdermal drug delivery system and
TENS should never be in close quarters [25].

Since TENS cannot be excluded as a cause of problems and
complications from legal point of view for people with
pacemakers, birth expectancy, people with epileptic problems,
the TENS manufactures has listed them as contraindications.
However, in some cases, healthcare specialists allow TENS
usage in the patients listed above provided that the situation is
discussed with the in-charge medical specialist and the person
of interest so as to not hinder the health growth of that person
[25].

¢ Birth Expectancy or Pregnancy:

The abdomen and pelvis region should remain untouched by
TENS as the effect of TENS on fetus is not yet discovered and
the therapy can cause uterine contractions and lead to
premature labor.

o |nappropriate electrode sites:

TENS must be kept away from areas near or on the anterior
neck because it may cause hypotension or spasm. It must not
be placed over the eyes as it can increase the pressure inside
the eye (intraocular pressure).

¢ Malignancy:

Areas of active malignancy must be kept away from the direct
contact of TENS. A recent case series has shown the effective
nature TENS has over bone pain caused by cancer.

o Epilepsy:

Doctors should be careful and cautious with epileptic patients
and must keep the electrodes away from regions like head and
neck as it has been reported that TENS induces seizures in
post-stroke patients [26].

V. RECENT DEVELOPMENTS
Proliferation of devices which are similar to TENS all over the
market, including PainwGone, micro current electrical
therapy, transcutaneous electrical acupoint stimulation (Relief
Band), transcranial electrical stimulation, and transcutaneous
spinal electro-analgesia is a result of advances in modern
technology Most of the devices are successful. Recently,
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portable TENS like devices have been developed to assist the
TENS device in scanning of the skin to find regions of skin
that offer low impedance which makes treatment with TENS
more effective.

V. DISCUSSION

TENS has gained a lot of popularity and acceptance as it is
low cost, safe and easy to administer for the patients. The
effectiveness of TENS depends on how appropriately it is used
or administered to the patient. It has provided satisfaction to
many patients. Clinical trials and uses have proved that TENS
can be alone used for treatment of mild to moderate pain and
for severe pain along with the use of pharmacotherapy.
Systematic reviews and clinical research about TENS are
inconclusive and less convincing. Negative results of the
RCTs (randomized controlled trials) have been recognized due
to inappropriate application of TENS technique, improper
dosage of TENS (under dose), inadequate sample sizes and
errors in measuring the outcomes of the therapy [24].
Systematic reviews are being compromised due to the poor
quality RCTs being conducted. However, good quality trials
are required to be conducted in order to find out the extent of
desired result being obtained of the various TENS types and
also keep the expenses in check when compared with
conventional interventions of pain relief and other
electrotherapy techniques.

Though TENS cannot be used as a replacement of anesthesia
but it can prove as effective in many cases where pain needs to
be controlled. Its analgesic and non-analgesic physiologic
effect has an effective use in controlling different types of
body pain. Action mechanism and pain-relieving effects of

Intense  TENS and AL-TENS are different from
conventionally used TENS and they have proven to be more
effective and useful while as benefits provided by
conventional TENS is limited.
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