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INTRODUCTION
This protocol aims to provide an overview of Tramaneous Electrical Nerve

Stimulation (TENS), the choice of stimulation pasders and a guide to its
application. The information on this website isnparily aimed as a guide for
clinicians who want to use TENS for pain managemi¢should be stressed that this
protocol is not designed to be exhaustive; for nt@tiled information on TENS, the

reader is directed to a number of references atride

WHAT ISTENS?
TENS involves the application of electrical stintida to the skin via surface

electrodes to stimulate nerve fibres primarily fpain relief. In the field of
electrotherapy, TENS is regarded as a low frequenayent with most devices
delivering currents at a frequency typically bel®@0Hz. Although TENS is
primarily used for pain relief, there are severah+analgesic effects of this modality
including its application for anti-emesis and wourghling. This protocol will only

deal with the application of TENS for pain relief.

PAIN AND TENS

In a TENS electrode circuit, one electrode is posiy charged (anode) and the other

negatively charged (cathode). An action potenti@née impulse) is initiated in the

underlying nerve fibres by the flow of current bets two TENS electrodes. TENS is

believed to relieve pain by several mechanisms hwhnwvolve the stimulation of

specific types of nerve fibres:

1. Blocking the information travelling along the nogntive fibres (i.e. those that
produce pain) through stimulation of the large détam afferent AR fibres; and,

2. Through the release of the body’s endogenous apioydstimulation of the small
diameter afferent and motor fibres.

The type of nerve fibre stimulated, and thus thechrmeism of pain relief, are

determined by the stimulation parameters that erers the TENS unit.



STIMULATION PARAMETERS

This section briefly describes the parameters ofec, waveform, frequency, pulse

duration and intensity; this is followed by a dgsion of the four different modes of
TENS that are basically different combinationshefge parameters.

Current
TENS is a pulsed current, i.e. a current in whieé tinidirectional or bidirectional

flow of current periodically ceases over time.

Waveform

The waveform of a current simply refers to its gshap seen on a graph of amplitude
versus time. Usually TENS waveforms are describedagymmetrical biphasic
rectangular or symmetrical biphasic rectangulagufe 1 illustrates a typical TENS

waveform.

Figure 1 TENS Waveform
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A biphasic waveform means that current flows irthbdirections, therefore each
electrode acts as a cathode (negative) for someop#ne waveform. The waveform
therefore has two components (or phases), a pesitid a negative component which



represent the change in current floMENS waveforms usually have a zero net direct
current (DC); this means that the amount of chamyger the positive portion of the
waveform is equal to the amount of charge under ribgative portion of the
waveform. The production of a zero net DC redubeslikelihood of chemical skin
irritation; a direct current can potentially caugen irritation due to the build up of

ions of one charge under the electrodes.

Frequency
The frequency of a current refers to the numbepuftes delivered per second,;

therefore a frequency of 200Hz means that 200 puse delivered per second.

Pulse Duration/Width

The unit of pulse duration is usually given in mgeconds (us) which are units of
time, hence it is more correct to use the termdtan’ rather than ‘width’. The pulse

duration is usually defined as the duration of otflg positive component of the
waveform. TENS pulse durations are in the ps rdbgs = 1 x 10s).

I ntensity/Amplitude

Intensity refers to the magnitude of current ortagé applied by the TENS unit.
TENS units are typically designed with a constantent or constant voltage output.
Basically this means that either the voltage omemir (respectively) will vary to

maintain a constant current or voltage amplitudéhfw limits) as the impedance
(resistance) of the electrode-patient system cleangbe intensity of a constant
current unit is measured in milliamps and the istignof a constant voltage unit is

measured in volts.

Selecting a TENS unit
There are some factors that should be consideret aélecting a TENS machine:

* There are typically four TENS modes used in clihpactice. Any commercially
available unit should provide the necessary paranmeinges to allow all four
modes to be set on the same unit. This requireablarfrequency, pulse duration,

and intensity settings, and burst versus continoodsut.



* Units should have the parameter settings coveraad aposition that they cannot
be accidentally adjusted. This is important, asi@gden increase in intensity may
produce an uncomfortable sensation beneath theades.

* The size and shape of the controls/dials are imapoit the user has limited range
of movement in the fingers, e.g. as a result dfréis.

* The unit should be compact enough to facilitateuber wearing it while mobile
when attached via a belt clip.

* The number of site(s)/area of pain will determirteetirer a single or dual channel

unit is more appropriate.

TENSMODES

The four modes of TENS are described in this sectio

Conventional TENS

Conventional or High frequency/Low intensity TENS the most commonly used
mode of TENS. The stimulation parameters are a ildensity, a high frequency

typically above 100Hz and a short pulse duratiod-&Bus). This combination of

parameters stimulates the Group Il (AR) afferenvadibres. Conventional TENS

produces a sensation of comfortable paraesthesia §nd needles) with no muscle
contraction; although if the electrodes are plamegt a motor point, some contraction
is visible with higher stimulation intensities. Alse Group Il fibres are stimulated,

this TENS mode achieves analgesia primarily by apsegmental mechanisms, i.e.
pain gate theory. Therefore the analgesia is ditivaly rapid onset because local
neurophysiological mechanisms are responsible; exy¢he analgesia tends to be

comparatively short, typically lasting only for tgpa few hours post treatment.

Acupuncture-like TENS

Acupuncture-like or Low frequency/High intensity NIB parameters include a low
frequency (usually 1-4Hz), a high intensity (highoagh to produce visible muscle
contractions) and a long pulse duration (~200usupiincture-like TENS primarily
stimulates the Group Il (8 and IV (C) nociceptive fibres and small motoréib. As
the mechanism of pain relief associated with tHiE8N®S mode requires afferent signals

from muscle receptors, the electrodes should biigusd to produce visible muscle



contractions, e.g. over a myotome related to thefylaarea. The user will therefore
experience paraesthesia and muscle contractiotckivwg type) with this mode. As
muscle contractions occur, additional sensory mfdron is carried from the muscle
spindle via muscle afferents. This mode of TEN®etieved to operate primarily
through the release of endogenous opioids via t&ceahding pain suppression
system; therefore, there is a relatively longerebrie analgesia but the analgesia

typically lasts longer with this mode than with @entional TENS.

Burst Train TENS

The Burst Train mode of TENS is really a mixtureGafnventional and Acupuncture-
like TENS, and comprises a baseline low frequenagrenit together with high

frequency trains of pulses. Typically, the frequent the trains is 1-4 Hz with the

internal frequency of the trains around 100Hz. Sopsients prefer this to

Acupuncture-like TENS because the pulse trainsyredh more comfortable muscle

contraction.

Brief, Intense TENS

This mode of TENS uses a high frequency (100-150knyg pulse duration (150-
250us) at the patient’s highest tolerable intensty short periods of time (< 15
minutes).This mode can be used for painful procedures sgchkan debridement,

suture removal etc.

Continuous, Burst and Modulated Outputs

Typically, most TENS units will allow the user tbhanse between continuous, burst
and modulated outputs. The continuous and burgiutaitare self-explanatory, the
latter is used in Burst Train TENS as describedvab@he modulated output means
that there is a variation in either pulse duratioequency or amplitude parameters in
a cyclic fashion. Indeed, some units have modulatb two or all three of these
parameters. If the output is set for amplitude ntattion, a cyclic modulation in
amplitudeis produced which increases from zero to a prdeset then back to zero
again. This choice of modulated output has beeruded by manufacturers
apparently to overcome accommodation of nerve silared to provide more comfort

to the patient.



CONTRAINDICATIONS

It is essential to screen potential TENS usersafor relevant contraindications prior
to the initial application. There are only a fewntraindications to TENS and

common sense prevails with the majority of them.

(i) Lack of normal skin sensation. A simple shahlpb test will determine if
cutaneous innervation is intact. The danger ofiptaelectrodes over skin which has
a deficient sensation is that greater stimulusnsitees will have to be employed
which may cause skin irritation and even a burns limportant to remember that
treatment will be ineffective if the appropriatdesént nerves are not stimulated. If
sensation is absent in a specific area, the elbetrmay be placed proximal in an area

which has intact sensation.

(i) Patients who are incompetent or who do not pmhend the therapist's
instructions should not be treated. If a patienteguired to operate a TENS unit

themselves, it is desirable that they are resptmsidividuals.

(i) Electrodes should never be placed over theseyr on the anterior aspect of the
neck over the carotid sinuses. Stimulation in fatteea may cause a drop in blood
pressure. The carotid sinuses are located at tgm @f the internal carotid arteries;

they contain baroreceptors which detect changb®wd pressure.

(iv) Many texts include pregnancy as a contraingbcato TENS but this requires
clarification. This generally refers to placemehelectrodes over the pregnant uterus,
however some sources recommend not using TENS rfgrpainful area during
pregnancy despite the fact that no adverse reai®&ENS during pregnancy appears
to have been reported to date. However, it is prudet to place TENS electrodes
over the trunk or pelvis during the first trimest&ENS electrodes should not be

placed over the pregnant uterus except if TENSe&sldor labour pain.



(v) TENS has been shown to interfere with certaipes of cardiac pacemakers.
Therefore if TENS is indicated for this type of ipat, the clinician is advised to
consult with the patient’s cardiologist before emkibag on a TENS trial. It would be

advisable to perform an initial trial with concoemt ECG/ Holter monitoring when a

patient with a pacemaker is considered for TEN&ttnent.

(vi) If the patient has an allergic reaction to #lectrode gel or tape, this can usually
be ascertained in the first treatment. If this escuhe clinician should change to

another type of electrode/tape.

(vii) Patientswho have epilepsy should be treated at the disereti their clinician.

(viii) Patients should be advised not to wear TEWNSBile driving or operating

machinery.

THE APPLICATION OF TENS

Figure 2 provides a summary of the recommended steplved in the application of

TENS for the first time.

A detailed physical assessment, recording of refeneedical history and diagnosis of
the pain are essential before proceeding with eggtrhent. It is very important that
TENS is demonstrated to a patient by a suitablyliftech health professional, e.g.
Chartered Physiotherapist or Physician. If thegpatis taking pain medication, the
initial TENS trial should be performed when the Igraic effects of the medication
have worn off, otherwise a normal analgesic eftédhe patient’s medication may be

mistaken for a positive treatment response. Onegétient is satisfactorily screened



for contraindications, the TENS treatment shoukhtbe adequately explained to the
patient. Ideally this should include the therapisaching the electrodes over a visible
body area on the patient (e.g. the arm/forearm)agudying the current to allow the
patient to experience the sensation. The patiemildibe positioned comfortably with
the affected limb/body part suitably supported arsdructed not to move, nor touch
the electrodes during the treatment. The skin shbalcleansed with soap and water

or an alcohol swab to remove surface lipids.

Selection of TENS Parameters
A number of points must be considered before makirdgcision on which TENS

parameters to select:

(i) What type of pain is involved? Quite often tpatient’'s symptoms will dictate
which pulse frequency to use. For example, if aepathas sustained an acute soft
tissue injury of the shoulder, a low frequency eatrmay exacerbate the symptoms

by causing pulsing contractions in the traumatisedcle.

(i) Where to place the electrodes? If treatingoaybarea devoid of muscle tissue,
there is no point using Acupuncture-like TENS beeawmuscle contractions are

desirable for this mode of TENS.

(i) It is always advisable to commence treatmasing Conventional TENS. Most
patients find the ‘tingling, buzzing’ sensation @sated with this type of TENS more
comfortable than the sensation and muscle contresti experienced with

Acupuncture-like TENS. Even if pain relief is acked with Conventional TENS,

Acupuncture-like TENS should still be tried for laast one treatment during the
TENS programme and any variation in the length amdunt of analgesia noted. It is
good practice to try out both Conventional and Acudure-like TENS because often

dramatic differences are noted in the same patient.



The intensity of the TENS should be increased siamd the patient asked to report
the onset of any sensation under the electrodese @ms is reported, the intensity
should be increased slowly until this sensatiosti®ng but comfortable’. The patient
should be warned that if the intensity is too hilgbn the most beneficial effects will
not be achieved. In the application of Acupunciike-TENS, the production of

muscle contractions is desirable but the patieotishbe able to tolerate the intensity.

Treatment Time

The first TENS treatment should be kept short (<780s) to allow the patient to get
used to the sensation and to allow the therapistdoitor any adverse reactions, e.g.
allergies to electrode tape/gel or if the patiemhpdy cannot tolerate electrical
stimulation. After the initial treatment, TENS cha applied up to an hour at a time.
Personal experience has lead the author to adwisgxanum treatment period of one
hour at a time. If TENS is being used at home pidgent should be advised to use the
TENS as often as required but only for one houwr tne. If a unit is worn for several
consecutive hours, as some sources recommendkitheirsderneath the electrodes
often gets irritated. Taking half hour breaks betwepplications will reduce the
likelihood of skin irritation. Further, with Acupeture-like TENS, the patient will
experience muscle contractions and therefore wittopged stimulation they may
experience muscle fatigue. However, there are teodgexamples of conditions

where TENS is applied continuously: labour pain past-operative pain.

Electrode Placement Sites

One of the primary factors responsible for a pasponse to TENS treatment is
ineffective electrode placement. The therapist nthstrefore be prepared to try
several sites before deciding on an optimal placérsiée; thus some degree of ‘trial
and error’ is involved in this aspect of the treaminregime which will ultimately

serve to provide a more successful treatment. Ha#gn there are four broad



categories of anatomical site to which TENS elat#socan be applied - painful area,
peripheral nerve, spinal nerve roots and otherip@oints (acupuncture, trigger and
motor points). Irrespective of the electrode sibattis chosen, stimulation will
ultimately result in the passage of afferent infation into the central nervous
system. In each of tHeur categories, an appropriate degree of anatdikncaviedge

is essential in order to achieve effective stimatat

(i) Painful area

Positioning electrodes over or close to the paisite itself is probably the most
commonly used electrode site. As it is desirabli Wionventional TENS to achieve a
sensation of paraesthesia over the affected desdragles may be placed at proximal
and distal ends of the painful area. If sensasodiminished or absent, the electrodes
can be placed just proximal to this site (over rarinnervated skin) in order to
stimulate the afferent sensory nerves travellinght spinal cord from the affected
area. There are occasions when the applicatioteofredes at the painful site would
prove uncomfortable for the patient, e.g. hypensiety following a peripheral nerve
injury. In such situations, it may also be more rappate to place the electrodes

proximal to the area of hypersensitivity.

(ii) Peripheral nerve

The electrodes may also be placed over a periplnerale which has a cutaneous
distribution in the painful area. For example, paxkperienced on the dorsum of the
lateral aspect of the hand and the first and seddgits can be treated with electrodes
placed over the superficial radial nerve alongctisirse on the lateral aspect of the

lower one third of the forearm.

(iif) Spinal nerve roots
Thirty-one pairs of spinal nerves emerge from thertebral column via the

intervertebral foramen. Each spinal nerve is forrhgdhe union of ventral (motor)
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and dorsal (sensory) roots which unite in the iwrgdebral foramen téorm a mixed
spinal nerve. Placement of electrodes parallelht \tertebral column (paraspinal
application) and over the intervertebral foramedl &ilow for stimulation of the
appropriate roots of spinal nerves which supplydfiected dermatome, i.e. the area

of skin which receives its nerve supply from a #jpstt spinal nerve.

(iv) Acupuncture, motor and trigger points

The final category for electrode placement is augrof points referred to apecific
points of which there are essentially three types - anapue, motor and trigger
points. A motor point is the point of entry of a tmonerve into a muscle and is
characterised by high electrical conductance andskin resistance. Motor points are
thus used for optimal stimulation of a muscle ahdréfore may be effectively
employed as electrode placement sites when appAauguncture-like TENS when
muscle contraction is desirable. Trigger points aneas characterised by tenderness
on palpation and the production of referred pamncdntrast, acupuncture points are
well defined specific points which Traditional Chase Medicine (TCM) asserts can

be stimulated to treat disease.

The ultimate choice of electrode site depends wmmurate assessment of the cause
and location of the pain and also the type of TEbIBe used. If Conventional TENS
is used, the desired sensation is that of a coafflartparaesthesia, therefore it follows
that it is undesirable to place the electrodes aveony prominence (e.g. the malleoli)
as this would produce a rather uncomfortable semws&br the patient. In contrast,
when Acupuncture-like TENS is used, it is desiratdeproduce visible muscle
contractions, therefore placement of electrodesilshioe over a muscle related to the

area of pain (can use appropriate motor point/myefo
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Types of Electrode

Self-adhesive and carbon electrodes are the twd coasmon types of electrode. The
latter can used applied using a wet gel or hydrpgdl either with or without the use

of tape. Self-adhesive electrodes are now widedjlable in a broad range of shapes
and sizes, which makes it easier to apply TENSafweariety of pain conditions. The

main factors that determine the type of electrosledunclude allergic reaction, cost,

ease of use and availability.

Application and Attachment of Electrode

The self-adhesive electrode is the easiest tygdeotrode to apply. If wet gel is used,
care must be taken that it is spread evenly over diarface of the electrode.
Alternatively if a hydrogel pad is used, care mhbsttaken that there are no air

bubbles.

It is essential that there is uniform skin-eleceambntact to ensure equal distribution
of the current. If micropore tape is used to se@leetrodes as in a carbon rubber
electrode and gel application, it is important ttheg strips of tape cover the electrode
evenly. The tape should be removed in the direabiotihe hair growth in the area to
avoid discomfort to the patient and also to redube possibility of skin
irritation/infection due to the removal of body hain some cases, it may be
appropriate to remove body hair before applyingdteetrodes if it prevents tape or

electrodes from adhering.

It is important to know that inter-electrode distarwill affect both the current density
and depth of penetration of the currébtirrent density decreases with distance from
the electrodes due to a high electrical impedaridhe deeper tissues. If the inter-
electrode distance is decreased, current denstheiarea between the electrodes will
increase and the depth of penetration decreasasve@ely with a greater inter-

electrode distance, the current density is lesshautlepth of penetration is greater.
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Position of Anode and Cathode

The patient will typically feel a stronger sensatiander the cathode (red electrode)
compared to the anode — this is because the catbothe® active electrode. As a
general rule, the cathode should be positionecestas the spinal cord. However, if
applying TENS to an acupuncture or motor point,dathode should be placed over

that specific point.

COMMON PROBLEMSAND THEIR SOLUTIONS

Skin Irritation

First, determine the cause of the irritation, @lggrgic reaction to electrode/tape/gel
or wearing TENS for prolonged period. It is verypontant to allow the skin to heal
before applying the electrodes over irritated sRihile the skin is healing, the
electrode can be applied at a different site, evgr the peripheral nerve or spinal
nerve roots. If the user is allergic to the elew#rotry another type. Hypoallergenic
electrodes/tape are available from several manufst. Always allow the skin to
breathe after wearing TENS for the recommendedhang-period. This means that

the electrodes should be removed completely.

No Pain Relief

There are a certain number of people who will negpond to TENS but it is

important to try the various TENS modes and eleldrplacement sites before
concluding that the user is a non-responder. let®mmended to follow the step by
step procedure as detailed in the sections abovellastrated in Figure 2. It is very

important to always compare the results of Conweati and Acupuncture-like

TENS. In addition, the therapist must experimernthwdifferent electrode placement
sites. If all these options have been exhaustedraerd is still no pain relief obtained,

then TENS will not work for the user.
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Figure 2 Overview of TENS Procedure

Check lor conti andications &

Examination & N
skin test area

diagnoms of pain
Apply Conventional TENS

for = 30 mins over painful area \

Good responss | Poor response
l _'_"-'"‘-" Try other modes

of TEINS

Continue and increase

tr eatment to one hour at a time *
\ Tr¥ other electrode -
stes Stop
‘ Home use of TENS ‘ ¢ l

Electrodes Dry Out
Self-adhesive electrodes can be wet with a fewdladpwvater and then let air dry to
increase their adhesiveness. It is important tokhe manufacturer’s instructions

for this procedure.

Skin’s Resistance to TENS

Some skin moisturisers and creams will increasestie’s resistance to electrical
current. This will result in having to increase tinéensity very high before feeling
any sensation. It is therefore very important tepaire the skin before application of

the electrodes, i.e. clean the skin with soap aai@mor an alcohol swab.

If Acupuncture-like TENS is not Tolerated

Some individuals cannot tolerate the high intenstyuired to produce visible muscle
contractions when using Acupuncture-like TENS hiktis the case, try switching to
Burst Train mode. Some studies have shown that wedirtolerate higher intensities
with the latter mode while still achieving the desi muscle contraction.
Alternatively, switch the output to burst insteafl aontinuous while keeping the

Acupuncture-like TENS settings.
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