
735

Review

www.expert-reviews.com ISSN 1473-7175© 2011 Expert Reviews Ltd10.1586/ERN.11.48

Transcutaneous electrical nerve stimulation 
(TENS) is a noninvasive self-administered 
technique that delivers pulsed electrical cur-
rents through the intact surface of the skin 
to activate peripheral nerves (Figur e 1) [1]. 
Electrophysiological evidence suggests that 
TENS-induced afferent activity inhibits 
onward transmission of nociceptive informa-
tion in the CNS, and this generates hypo-
algesia in healthy humans exposed to non-
injurious experimentally-induced pain and 
pain relief in pain patients [2]. There is wide-
spread use of TENS for acute and chronic pain, 
yet clinical effectiveness remains in doubt and 
recommendations for clinical practice appear 
inconsistent [3]. The UK National Institute for 
Health and Clinical Excellence (NICE) rec-
ommended that TENS should be offered for 
short-term relief of pain associated with osteo-
arthritis [4] and rheumatoid arthritis [5], but 
not for women in established labor [6], or the 
early management of persistent nonspecific low 
back pain [7]. By contrast, the North American 
Spine Society concluded that TENS should be 

offered for chronic low back pain because it 
provided immediate short-term reductions in 
pain intensity [8]. 

Recently, attention has been focused on the 
use of TENS for painful neurological condi-
tions [9–12]. Pain arising as a direct consequence 
of a lesion or disease affecting the somato-
sensory system is termed neuropathic pain 
syndrome [13], and it affects 7–10% of adults 
in Europe [14]. Management of neuropathic 
pain is challenging and involves treatment of 
the underlying disease, and symptom control 
using systemic medication and regional treat-
ments. First-line treatments for neuropathic 
pain are tricyclic antidepressants, serotonin–
norepinepherine reuptake inhibitor antidepres-
sants, gabapentin and pregabalin. Second-line 
treatments are strong opioids, including tra-opioids, including tra-
madol, although these may be used as first-
line treatments for exacerbations of pain [15–17]. 
Regional treatments are sometimes used on 
their own or in combination with systemic 
medication as they are better tolerated than 
systemic medication. For example, topical 
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stimulation more precisely may improve the efficacy of TENS in the future.
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lidocaine is recommended as a first-line treatment for post-
herpetic neuralgia (PHN) and where there are concerns about 
CNS side effects from oral medication (e.g., in the elderly). 
Regional treatments include regional anaesthetic techniques, 
such as sympathetic nerve blocks, epidurals and intrathecal 
pumps; rehabilitation techniques, such as splinting, bracing 
and exercises; and stimulation-induced analgesia techniques, 
such as acupuncture, massage, low-level laser therapy, spinal 
cord stimulation and TENS. 

Expert opinion suggests that TENS relieves neuropathic pain 
when skin sensation is preserved [18–20], although a prospective, 
randomized, placebo-controlled trial found that individuals with 
peripheral neuropathic pain (and with osteoarthritis and related 
disorders of the vertebral column) were less 
satisfied with TENS than individuals with 
pain associated with injuries of bone and soft 
tissue (especially postsurgical pain disorder) 
[21]. The purpose of this article is to criti-
cally review the current uncertainty about 
the effectiveness of TENS, with particular 
reference to neuropathic pain.

Principles of TENS
The use of electricity to relieve pain 
dates back to 2500 BC when the Ancient 
Egyptians used electric fish to treat vari-
ous ailments. In 1965, the gate-control 
theory of pain provided a rational mecha-
nism of action for pain relief by electri-
cally stimulating the skin [22], and clini-
cal observations confirmed that pain relief 
could be obtained by stimulating the skin, 
the dorsal columns [23] and structures on 
the descending pain inhibitory pathways, 
such as the periaqueductal gray in the 

midbrain [24]. TENS was used to predict the success of spinal 
cord stimulation implants until it was realized that TENS could 
be used successfully as a treatment in its own right [25].

Nowadays, TENS devices can be purchased without prescrip-
tion from pharmacy stores or over the internet in many countries 
and it is prescribed by pain clinicians for symptomatic relief of 
pain of any origin [26]. TENS can be used as a stand-alone treat-
ment or in combination with pain medication to reduce drug dos-
age, side effects and costs [27,28]. It has also been used successfully 
for children as young as 4 years of age [29] and in the management 
of nonpainful conditions, including alleviating incontinence [30], 
constipation [31], the progression of dementia [32], post operative 
nausea and vomiting [33], and to facilitate wound healing [34], 
skin-flap survival [35] and bone healing when delivered as micro-
ampere currents [36]. The evidence for success in these conditions 
is inconclusive.

TENS techniques
By strict definition, any technique that delivers electricity across 
the intact surface of the skin to activate underlying nerves is 
TENS, although in healthcare the term is used to describe stimu-
lation using a ‘standard TENS device’ (Figure 2). Standard TENS 
devices are portable battery-powered machines that produce 
biphasic pulsed electrical currents up to 60 milliamperes (mA) 
in amplitude, pulse widths (durations) of 50–500 µs, pulse rates 
(frequencies) of 1–250 pulses per second (pps) and various pulse 
patterns (modes), including continuous (normal), burst (inter-
mittent trains of pulses) and modulated amplitude, modulated 
frequency and modulated pulse duration. 

Lead wires take the currents from the TENS device to reus-
able self-adhering electrode pads made of knitted stainless steel 
attached to the intact surface of the skin. Commonly, square 
electrodes 50 × 50 mm are used, although a variety of other shapes 

Electrode pads

Lead wires
TENS device

Figure 1. A standard transcutaneous electrical nerve 
stimulation device.
TENS: Transcutaneous electrical nerve stimulation.
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and sizes of electrodes are readily available. The cathode activates 
the axonal membrane, so the cathode electrode (normally the 
black lead) is placed proximal to the anode for monophasic wave-
forms, although nowadays, most TENS devices use biphasic wave-
forms with zero net current flow between the electrodes to prevent 
skin irritation. There is tentative evidence that smaller electrodes 
(8 × 8 mm) are more comfortable for stimulating superficial 
nerves lying at depths of 1 mm in the skin and larger electrodes 
(41 × 41 mm) for stimulating nerves at depths of 11 mm [37]. 
Glove, sock and belt electrodes are available [38] and electrode 
arrays have been developed to spatially target stimulation more 
precisely [39]. The proliferation of TENS-like devices over the 
last few decades appears to have been driven by developments 
in technology, rather than proven efficacy or biological rationale 
(Table 1). Evidence suggests that a standard TENS device is most 
likely to be efficacious in the first instance [40]. 

The main techniques that are administered using a standard 
TENS device are conventional TENS (low-intensity, high-fre-
quency) and acupuncture-like TENS (AL-TENS; high-intensity, 
low-frequency) (Table 2). The purpose of conventional TENS is to 
stimulate low threshold non-noxious afferents (e.g., A-b fibers) 
without concurrently activating high-threshold noxious afferents 
(A-d and C fibers [41]). Activity in A-b afferents reduces transmis-
sion of pain-related information in the spinal cord and brainstem 
(see ‘Mechanism of action’ section). A strong, comfortable, non-
painful electrical paresthesia beneath the electrodes or in the pain-
ful area is indicative of selective A-b activity and patients titrate 
current amplitude to achieve this effect. Frequencies of between 
10 and 200 pps, with a continuous pulse pattern, are commonly 
used during conventional TENS, although patients often experi-
ment with stimulator settings to maintain the most comfortable 
stimulation for that moment in time. 

Table 1. Examples of transcutaneous electrical nerve stimulation-like devices.

Device Characteristics

Action Potential 
Simulation (APS) 

Monophasic square pulse with exponential decay delivered by two electrodes. Pulse amplitude low (<25 mA), 
duration long (800 µs – 6.6 ms), frequency fixed at 150 pps

Codetron Pulsed square wave delivered randomly to one of six electrodes. Pulse amplitude low, duration long (1 ms), 
frequency low (2 pps)

H-Wave Stimulation ‘Unique’ biphasic wave with exponential decay delivered by two electrodes. Pulse amplitude low (<10 mA), 
duration long (fixed at 16 ms), frequency low (2–60 pps)

Interferential therapy 
(Interference currents) 

Two out-of-phase currents that interfere with each other to generate an amplitude-modulated wave. 
Traditionally, delivered by four electrodes; some devices have amplitude-modulated waves that are 
premodulated within the device (two electrodes). Pulse amplitude low, amplitude-modulated frequency 
1–200 Hz (carrier wave frequencies ~2–4 KHz)

Microcurrent, including 
transcranial stimulation 
and ‘acupens’

Modified square direct current with monophasic or biphasic pulses changing polarity at regular intervals (0.4 s) 
delivered by two electrodes. Pulse amplitude low (1–600 µA with no paresthesia), frequency depends on 
manufacturer (1–5000 pps). Many variants exist (e.g., transcranial stimulation for migraine and insomnia; 
acupens for pain)

Transcutaneous spinal 
electroanalgesia (TSE) 

Differentiated wave delivered by two electrodes positioned on the spinal cord at T1 and T12 or straddling C3–C5.
Pulse amplitude high, yet no paresthesic sensation generated, duration very short (1.5–4 µs), frequency high 
(600–10,000 pps)

Pain®Gone Hand-held pen device using piezoelectric elements to deliver a low-ampere, high-voltage, single monophasic 
spiked pulse (e.g., 6 µA/15000 V)
Delivered by giving 30–40 individual shocks at the site of pain or on acupuncture points to generate non-
noxious to mild noxious pin-prick sensation – repeated whenever pain returns

InterX® High-amplitude, short pulse width, dynamic waveform delivered by closely spaced metal electrodes moved 
across the surface of the skin. Technology claimed to identify changes in tissue properties to identify optimal 
treatment locations

Limoge current High-frequency pulses interrupted with repetitive low-frequency cycles delivered by three electrodes (negative 
electrode between eyebrows and two positive electrodes in retro-mastoid region). Claimed to potentiate the 
effects of opiates

Salutaris TENS Dual channel stimulator delivering high- (95 Hz) and low- (4 Hz) frequency pulsed currents delivered by two 
electrodes using pulse widths of 100 µs or 280 µs and current output up to 70 mA (into a 1-Kohm load). 
Uniqueness appears to be the use of a rising edge correction circuit, which reduces the ramp time of impulses

MC5-A Calmare
(Calmare® Pain Therapy 
Treatment)

A large trolley-based device that uses surface electrodes to simultaneously treat multiple pain areas using 
‘scrambler therapy’. Unable to find details of the output specifications of the device. Technology is claimed to 
substitute pain information with synthetic nonpain information (Transcutaneous Electrical Modulation 
Pain Reprocessor)

pps: Pulses per second; TENS: Transcutaneous electrical nerve stimulation.
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The purpose of AL-TENS is to activate A-d afferents from deeper 
(muscular) structures in order to release opioid peptides in the CNS 
[42,43]. AL-TENS is a form of ‘hyperstimulation’ and is delivered 
using high-intensity currents (maximum tolerable sensation) at a 
low frequency (either single pulses <5 pps or <5 Hz bursts of high-
frequency pulses [~100 pps] [41]). AL-TENS is delivered at painful 
sites, on acupuncture points, and over muscles, motor points and 
trigger points. There has been debate about whether muscle twitch-
ing is a prerequisite for AL-TENS [43]. Clinical practice is variable 
and the presence or otherwise of muscle twitching will depend on 
whether electrodes are positioned over muscles or motor nerves. 

It is claimed that AL-TENS is useful for patients resistant to 
conventional TENS and for patients with radiating neurogenic 
pain, pain associated with altered skin sensitivity and pain arising 
from deep structures [44]. 

Other types of TENS include ‘Acu-TENS’ to describe TENS 
on acupuncture points using a wide variety of parameters [45] and 
‘intense TENS’ to describe high-frequency painful TENS given 
for short durations for wound-dressing changes, suture removal 
and venepuncture.

Adequate TENS technique 
The critical factors in TENS outcome are electrode position and 
pulse amplitude (intensity), with evidence suggesting that an 
adequate TENS technique is achieved when a strong nonpainful 
TENS sensation is produced within the site of pain [27,46]. 

Optimal electrode placement 
In clinical practice, TENS electrodes are usually positioned 
over the site of pain so that the TENS sensation covers the pain 
(Figure 3). However, this may not be appropriate for neuropathic 
pain as TENS may aggravate tactile allodynia and dysesthesias. 
Paradoxically, this is not always the case. In addition, it may 
be difficult to achieve TENS paresthesia when there is dimin-
ished skin sensitivity from nerve damage (e.g., numbness follow-
ing peripheral neuropathy). In these circumstances, electrodes 
are positioned over nerves that are proximal to the site of pain. 
Sometimes it is possible to project TENS sensations into distal 
body parts, for example, into phantom limbs to relieve phantom 
limb pain. 

There have been relatively few studies that have systemati-
cally compared different electrode sites on outcome. Cheing and 
Chan found that TENS over acupuncture points or over periph-
eral nerves was superior to placebo (no current) TENS at elevat-
ing mechanical pain thresholds in healthy humans, although 
there were no differences in the magnitude of response between 
the two active TENS interventions [47]. Brown et al. found no 
differences in the relief of ischemic pain in the arm in healthy 
humans during the submaximal effort tourniquet technique when 
TENS was administered at the site of pain, compared with a 
location not related to pain (contralateral lower leg) [48]. A series 
of studies by Chesterton and colleagues using pressure algo metry 
in healthy humans [49–51] suggest that TENS outcome is due to 

Table 2. The characteristics of different transcutaneous electrical nerve stimulation techniques.

Characteristic Conventional TENS AL-TENS

Goal of peripheral nerve 
stimulation 

Activate cutaneous non-noxious afferents (A-b) Activate small-diameter cutaneous (A-d) and muscle (A-d; 
Group III) afferents 

TENS sensation Strong nonpainful TENS paresthesia (minimal 
muscle activity)

Strong pulsating TENS sensation with simultaneous muscle 
twitching, at or just below pain threshold 

Electrode positions Straddle site of pain (dermatomal). In presence 
of hyper- or hypo-sensitive skin, use main nerve 
bundle or contralateral positions 

Over muscle belly or motor nerves (myotomal) at site of pain. 
In presence of hyper- or hypo-sensitive skin, use main nerve 
bundle or contralateral positions
Trigger points or acupuncture points sometimes used 

Pulse amplitude 
(intensity)

Sufficient to achieve nonpainful TENS sensation 
– usually no more than 60 mA (low intensity) 

Sufficient to achieve nonpainful pulsating TENS sensation or 
nonpainful muscle twitching – usually no more than 70 mA 
(high intensity)

Pulse frequency (rate) High (10–200 pulses per second) determined by 
patient preference

Low (<5 pulses per second or <5 bursts [trains] per second of 
high-frequency pulses)

Pulse width (duration) Between 50–200 µs determined by patient 
preference

Between 100–200 µs. Lower pulse width will generate a 
weaker TENS sensation yet still create muscle twitching

Pulse pattern (mode) Continuous in first instance but determined by 
patient preference

Burst or amplitude modulated in first instance. If delivering 
low-frequency single-pulsed currents then use continuous 

Dose Use whenever pain relief is required. Can be 
used throughout the day although have a break 
every hour or so

Use for no more than 30 min at a time a few times each day 
as muscle fatigue may develop resulting in delayed-onset 
muscle soreness the following day

Time course of pain 
relief

Rapid onset and offset of effects. Pain relief 
tends to be via segmental mechanisms (i.e., 
spinal gating)

Rapid onset, delayed offset of effects. Pain relief tends to be 
a combination of segmental (i.e., spinal gating) and 
extrasegmental mechanisms (i.e., descending pain inhibitory 
pathways)

AL-TENS: Acupuncture-like transcutaneous electrical nerve stimulation; TENS: Transcutaneous electrical nerve stimulation.
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a combination of site, intensity and frequency, and that TENS 
at segmental and extrasegmental sites can generate hypoalgesia, 
providing that sufficiently high-intensity stimulation is used, 
regardless of frequency.

Optimal TENS amplitude (TENS intensity)
Studies using healthy pain-free human volunteers exposed to non-
injurious experimental pain have found that strong nonpainful 
TENS is superior to barely perceptible TENS [52–54], implying 
that patients need to learn to titrate current to achieve a strong 
nonpainful sensation. The intensity of interferential current ther-
apy, which delivers sinusoidal currents across the intact surface 
of the skin in a similar manner to TENS, has been demonstrated 
to fade during treatment [55]. Thus, TENS users should increase 
amplitude to maintain a strong nonpainful TENS. 

Optimal TENS frequency & pulse width
Electrophysiological research suggests that different TENS fre-
quencies activate different neurophysiological mechanisms [56], 
although a systematic review of human studies concluded that 
hypoalgesia during strong nonpainful TENS was not influenced 
by pulse frequency [57]. Most of the human studies were under-
powered, and recent appropriately powered studies have found 
that strong nonpainful TENS at 80 pps was superior to 3 pps 
stimulation at reducing experimental mechanical pain and isch-
emic pain in healthy participants [58,59], yet 3 pps was superior to 
80 pps for cold-pressor pain [60]. Long-term TENS users dem-
onstrate preferences for TENS frequencies based on the com-
fort of TENS sensation, with evidence of a relationship between 

frequency and the magnitude of analgesia and/or medical diagno-
sis being limited [21,61]. Reducing pulse width (duration) can aid 
the passage of currents through the skin, leading to stimulation of 
deeper nerves, which can be useful when attempting to stimulate 
muscles without generating a strong TENS sensation in the skin. 

Optimal dosage
Evidence suggests that pain relief is rapid in onset and offset, 
and that maximal benefit occurs during stimulation, with suc-
cessful long-term TENS users administering TENS for many 
hours each day [61]. Over 50% of chronic pain patients who try 
TENS gain short-term benefit from TENS, but this declines in 
the long-term because effects wear off over time and/or the effort 
to use TENS regularly is disproportionate to the amount of pain 
relief obtained [62–64]. Animal studies suggest that repeated use 
of TENS leads to opioid tolerance [65], with cholecystokinin [66] 
and NMDA receptors [67] involved, and that this may lead to a 
reduction in hypoalgesia in humans [68]. The use of modulated 
patterns of TENS may reduce habituation and tolerance [69–71]. 
It has been suggested that delivering strong nonpainful TENS 
punctuated with intense TENS may be useful for background 
pain with incidents of breakthrough pain [72]. 

Contraindications & precautions for TENS
Active implants such as pacemakers and ventricular assist devices 
(artificial hearts) are absolute contraindications for TENS [73]. 
TENS also produces inadvertent shocks with internal cardiac defi-
brillators [74] and generates artefacts on fetal monitoring equip-
ment [75]. In exceptional circumstances, TENS has been used in 
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Figure 3. Common electrode-placement sites during conventional transcutaneous electrical nerve stimulation.



Expert Rev. Neurother. 11(5), (2011)740

Review Johnson & Bjordal

these situations, using electrode positions that are distant from the 
chest following approval from the medical specialist [76]. TENS 
should not be administered on the neck or head in individuals 
with epilepsy, or close to bleeding tissue, malignancy (except in 
palliative care), active epiphysis or on the abdomen during preg-
nancy [201]. Care should be taken when TENS is administered for 
patients with metal implants, stents, percutaneous central cath-
eters or drainage systems, and close to transdermal drug delivery 
systems. Adverse events from TENS appear to be rare and are due 
to inappropriate technique [77–80]. TENS worsens pain in some 
individuals, may produce mild erythema and produce a vasovagal 
response, leading to nausea, dizziness and even syncope. 

Mechanism of action 
In recent years, much attention has been paid to quantitative 
sensory testing to characterize the spectrum of sensory abnor-
malities in neuropathic pain patients, with a view to developing a 
mechanism-based classification system [81,82]. Nerve injury causes 
sustained amplification of normal sensory input via peripheral and 
central sensitization, ectopic impulse generation due to expression 
of ion channels (Na+), neurotransmitters and receptors, and re-
organization of neural connections [83]. TENS may interact with 
many of these physiological processes underlying neuropathic 
pain because it has effects on peripheral, spinal and supraspinal 
structures (Figure 4). 

Electrophysiological studies provide strong evidence that TENS 
inhibits nociceptive transmission cells (i.e., nociceptive-specific 
and wide dynamic range neurons) that are spontaneously active 
or responding to evoked noxious stimuli [84–87]. High-frequency 
TENS applied close to an inflamed area at an intensity just below 
motor threshold reduced central sensitization in rats [88], although 
to date there has been little research on the effects of TENS on 
central sensitization induced by nerve injury. Inhibition disap-
pears within 1 h of TENS being switched off, although when 
TENS recruits higher threshold peripheral A-d fibers, central 
nociceptive cell inhibition persists and lasts up to 2 h poststimu-
lation [72,89]. Large-diameter primary afferent fibers from deep 
tissue appear to produce stronger antihyperalgesia during TENS 
than cutaneous fibers [90]. TENS effects are mediated, in part, 
via supraspinal structures, such as the ventrolateral periaque-
ductal gray, which sends projections to the rostroventromedial 
medulla and to the spinal cord [91]. Brain imaging studies have 
found that TENS modulates excitability in pain-related corti-
cal areas, including the primary and secondary somatosensory 
regions, primary motor cortex, supplementary motor cortex and 
the parahippocampal gyrus [92,93].

Behavioral studies using models of joint inflammation in 
rats have demonstrated that TENS at motor threshold reduced 
flexion reflexes and increased tail flick latencies to noxious heat 
and mechanical stimuli, suggesting that TENS reduces primary 
and secondary hyperalgesia [90,94–96]. Interestingly, TENS did 
not reduce edema in this inflammatory model [97] and the anti-
hyperalgesic effects of low-frequency TENS appear to persist lon-
ger than high-frequency TENS [98]. Serotonin, noradrenaline and 
m-opioid receptors appear to be involved in the antihyperalgesic 

effects of low-frequency TENS and GABA, noradrenaline and 
d-opioid receptors in the antihyperalgesia mediated by high-
frequency TENS [94,99,100]. TENS has also been demonstrated 
to reduce hyperalgesia in an inflamed limb when applied to the 
contralateral uninjured limb [98,101], and when given repeatedly 
in arthritic rats, opioid tolerance has been demonstrated [65], with 
cholecystokinin receptors involved [66].

Studies on TENS actions using models of neuropathic pain are 
less common. Leem et al. found that low-frequency, high-inten-
sity TENS (2 Hz, 4–5 mA) applied to somatic receptive fields 
reduced the responses of sensitized wide dynamic range neurons 
to brush and pinch stimuli in a rat model of peripheral neuropa-
thy induced by a tight ligation of L5–6 spinal nerves [87]. These 
effects persisted for 30–45 min for brush stimuli and 60–90 min 
for pinch after TENS had been switched off. Hanai found that 
TENS of the posterior tibial nerve and sciatic nerve inhibited 
responses of wide dynamic range neurons in the lumbosacral 
dorsal horn to C-fiber input in anesthetized cats [102]. Nam et al. 
found that low-frequency, high-intensity TENS reduced injury-
induced mechanical allodynia but not cold hyperalgesia in rats 
with nerve injury [103]. TENS appeared to operate via an endog-
enous opioid system that was dependent on whether or not the 
pain was mediated by sympathetic activity.

A series of studies by Somers and Clemente using rats with 
chronic constriction injuries to the sciatic nerve found that daily 
high-frequency TENS prevented thermal, but not mechanical, 
allodynia [104], although follow-up studies found that high-fre-
quency TENS reduced mechanical allodynia when TENS was 
delivered on the side contralateral to the injury [105]. This sug-
gested that early intervention with TENS contralateral to a nerve 
injury with a combination of high- and low-frequency TENS 
may reduce allodynia in humans with neuropathic pain. They 
also found that high-frequency TENS elevated the synaptosomal 
content of GABA bilaterally in the dorsal horn and a combination 
of high- and low-frequency TENS elevated the axon terminal con-
tent of aspartate, glutamate and glycine [106,107]. Thus, different 
TENS parameters affect the CNS neuropharmacology and the 
responsiveness of TENS to allodynia in different ways. 

Transcutaneous electrical nerve stimulation also reduces noci-
ceptive input to the CNS via a ‘busy-line’ effect in peripheral 
nerves [108,109]. This is achieved by antiodromic impulses, travel-
ing toward the periphery, which have been generated by TENS, 
colliding and extinguishing orthodromic impulses arising from 
nociceptors, mechanoreceptors and thermoreceptors in response 
to injury. Antidromic activity in smaller diameter afferents caused 
by high-intensity TENS will generate axon reflexes and the release 
of substance P and calcitonin gene-related peptide (CGRP) at 
the distal ends of sensory receptors. Changes in activity in blood 
vessels, sweat glands and mast cells resulting from axon reflexes 
have been suggested as a putative mechanism for the tissue-heal-
ing effects of TENS [110,111]. TENS also affects autonomic effer-
ent activity, which may lead to increased blood flow and sweat 
responses in the peripheral tissues [112]. Studies on the effects of 
TENS on the sympathetic division of the autonomic nervous 
system are therefore conflicting [113,114].
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Electrical stimulation techniques have been demonstrated to 
regenerate soft tissue [115], skin [34] and bone [116,117]. This seems 
to be dependent on various factors, including characteristics of 
currents, site of stimulation, type of electrodes and the timing 

of stimulation. Evidence suggests that TENS delivered above 
10 mA may hinder tissue regeneration by reducing ATP concen-
trations [118]. Baptista et al. investigated the effect of high- and 
low-frequency TENS delivered at or just below motor threshold, 
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delivered for 30 min a day, 5 days a week, for 5 weeks, on nerve 
regeneration following crush lesions in mice [119]. When compared 
with a no stimulation control TENS was found to impair nerve 
regeneration, producing more axons with dark axoplasm, signs of 
edema, less organized cytoarchitecture, fewer and thinner myelin-
ated fibers and an increase in the number of Schwann cell nuclei. 
However, Static Sciatic Index values did not differ between the 
groups. Gigo-Benato et al. generated sciatic nerve crush injuries 
in rats and delivered six sessions of TENS every other day from 
3 days postinjury to day 14, using a variety of electrical charac-day 14, using a variety of electrical charac- using a variety of electrical charac-
teristics on the tibialis anterior muscle [120]. TENS delivered at 
amplitudes to induce a visible contraction increased muscle fiber 
atrophy and decreased muscle excitability and functional recovery 
at day 14 postinjury compared with no stimulation. 

Transcutaneous electrical nerve stimulation delivered at micro-
ampere amplitudes using microcurrent therapy devices (e.g., 
1–1000 µA) appears to facilitate tissue healing [121]. For example, 
Alrashdan et al. reported that 30 min of microcurrent (20-Hz 
pulse rate, 2-µA amplitude) applied directly over a crushing injury 
to the sciatic nerves of rats could improve nerve regeneration 
when compared with a no stimulation control [122]. Microcurrent 
improved functional and sensory recovery 3 weeks after injury, 
with higher values for sciatic functional index, mean conduction 
velocity, the number of retrogradely labeled sensory neurons, axon 
counts and myelin thickness. Microcurrents delivered using inva-
sive techniques have produced similar findings. Mendonca et al. 
found delayed axonal degeneration, accelerated nerve sprouting, 
myelin sheath regeneration and an increased number and diam-
eter of vasa nervorum, following direct currents at 1 µA delivered 
by an anode fixed to muscles proximally and a cathode fixed below 
the nerve, distally to the lesion site [123]. Lu et al. found that low-
frequency (2 Hz) percutaneous electrical stimulation augmented 
regeneration between proximal and distal nerve stumps when 
administered at 1 and 2 mA, yet 4 mA hindered regeneration of 
the nerves [124]. Thus, there appears to be a therapeutic window 
for current intensity for regeneration of nerve fibers.

Studies using rat models of sciatic nerve injury have demon-
strated that low-frequency alternating-current electrical stimu-
lation (2 or 20 Hz), via implanted or percutaneous electrodes, 
accelerates axon outgrowth from proximal nerve stumps to dis-
tal nerve stumps to accelerate the time for muscle reinnerva-
tion and reduce facilitation of spinal motor response [125,126]. 
Tyrosine kinase B receptors and their ligands, BDNF and NT4/5 
seem to have a role in response [127–140]. Low-frequency stimu-Low-frequency stimu-
lation of proximal nerves has been demonstrated to regenerate 
median nerves following carpal tunnel release surgery so that they 
re innervate thenar muscles within 6–8 months, compared with 
failure of reinnervation in nontreated individuals [131]. 

Clinical effectiveness 
Neuropathic pain
There is a vast research literature on TENS, with over 1000 hits 
for clinical trials, over 700 hits for randomized controlled clini-
cal trials (RCTs) and over 30 hits for meta-ana lyses identified 
during an unfiltered search on the PubMed database using the 

medical subject heading (MeSH) term ‘transcutaneous electric 
nerve stimulation’ (1 December 2010). Expert opinion suggests 
that neuropathic pain responds well to TENS, with peripheral 
neuropathic pain responding better than central neuropathic 
pain [18]. Benefit has been reported for PHN, trigeminal neuralgia, 
phantom limb and stump pain, radiculopathies (cervical, thor-
acic and lumbar), diabetes, HIV-associated neuropathy, complex 
regional pain syndromes, entrapment neuropathies, such as carpal 
tunnel syndrome, cancer pain and its treatment, including pain 
from nerve compression by a neoplasm and infiltration by a tumor 
and postsurgical pain, central post-stroke pain, spinal cord injury 
pain, spinal surgery and multiple sclerosis. There is a case report 
of long-term remission of neuropathic pain following TENS [132]. 
Many of these clinical reports lack control groups, and although 
they can be a rich source of documented clinical experience about 
the usefulness of TENS, they cannot prove that beneficial effects 
were due to electrical currents per se. 

Placebo-controlled RCTs using sham TENS devices with no 
current output are used to isolate the effects of electrical cur-
rents on pain. To date, there have been no systematic reviews 
of RCTs evaluating the effectiveness of TENS for neuropathic 
pain, although a Cochrane protocol for a review has been pub-
lished [133]. A review of studies by the European Federation of 
Neurological Societies (EFNS) Task Force for neurostimulation 
therapy for neuropathic pain found that TENS was superior to 
placebo, based on nine controlled trials with data extracted for 
200 patients with neuropathic pain (Table 3) [9]. The method-
ological quality of the RCTs was low and there were no class I 
RCTs (i.e., adequately powered prospective RCT with masked 
outcome assessment in a representative population). Trial reports 
suggested beneficial effects of TENS compared with placebo 
TENS for painful diabetic neuropathy [134–136], peripheral 
mononeuro pathies of traumatic origin [137,138], painful cervical 
radiculopathy [139] and chronic pains, including neuropathic 
elements [140]. One small RCT found no benefit for PHN [141] 
and one study found reductions in painful diabetic neuropathy, 
although this was using percutaneous electric nerve stimulation 
rather than TENS [142]. EFNS recommended that TENS may be 
useful as a preliminary or add-on therapy as it was noninvasive, 
safe and could be self-administered, based on level C evidence 
(i.e., possibly effective based on at least two convincing class III 
nonrandomized controlled trials).

Peripheral neuropathic pain conditions
Painful diabetic peripheral neuropathy
It is estimated that between 26 and 47% of patients with diabetes 
present with neuropathy, and that 26.8% of participants with 
diabetes present with neuropathic pain [143]. Studies using models 
of diabetes in rats suggest that electrical stimulation can normal-
ize nerve conduction velocities and improve endoneurial blood 
flow [144]. A meta-ana lysis of three RCTs (78 patients) claimed 
that TENS was superior at reducing mean pain scores compared 
with placebo (no current) TENS at 4- and 6-week follow-up and 
improved overall neuropathic symptoms measured at 12-week fol-
low-up. The reviewers concluded that TENS was safe and effective 
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Table 3. Systematic reviews of transcutaneous electrical nerve stimulation for pain relief.

Study (year) Condition Data set and 
ana lysis

Reviewers’ conclusion Comment Ref.

Acute pain

Walsh et al. (2009)
Cochrane review

Acute pain 12 RCTs (919 patients)
Descriptive analysis

Evidence inconclusive Low-quality studies with small 
sample sizes

[162]

Carroll et al. (1996) Postoperative 
pain

17 RCTs (786 patients)
Descriptive ana lysis

Evidence of no effect Comparison groups consisted of 
active and inactive interventions. 
Patients allowed free access to 
analgesic medication in some RCTs

[165]

Bjordal et al. (2003) Postoperative 
analgesic 
consumption 

21 RCTs (964 patients) 
Meta-ana lysis

Evidence of effect Demonstrated that adequate TENS 
technique was critical for effect

[27]

Freynet et al. (2010) Post-
thorocotomy 
pain

Nine RCTs 
(645 patients)
Descriptive ana lysis

Evidence of no effect as 
stand-alone treatment 
Evidence of effect as 
adjuvant

Most studies low-quality with small 
sample sizes

[166]

Carroll et al. (1997) Labor pain Ten RCTs 
(877 patients)
Descriptive ana lysis

Evidence of no effect Comparison groups consisted of 
active and inactive interventions. 
Patients allowed free access to 
analgesic medication in some RCTs

[187]

Dowswell et al. 
(2009) 
Cochrane review

Labor pain 19 RCTs 
(1671 patients)
Descriptive ana lysis 

Evidence inconclusive Low-quality studies [164]

Proctor et al. (2003) 
Cochrane review

Primary 
dysmenorrhea 

Seven RCTs, 
(213 patients)
Descriptive ana lysis

Evidence of effect – pain 
relief for high-frequency 
TENS only

Low-quality studies with small 
sample sizes 

[188]

Chronic pain

Nnoaham and 
Kumbang (2008)
Cochrane review

Chronic pain 25 RCTs (1281)
Descriptive ana lysis

Evidence inconclusive Low-quality studies with small 
sample sizes and possibility of 
underdosing TENS

[168]

Johnson and 
Martinson (2007)

Musculoskeletal 
pain

32 RCTs on TENS, 
six RCTs on PENS 
(1227 patients)
Meta-ana lysis

Evidence of effect Criticized for using multiple diseases 
creating heterogeity

[171]

Khadilkar et al. 
(2008)
Cochrane review

Low back pain Three RCTs 
(197 patients)
Descriptive ana lysis

Evidence inconclusive Low-quality studies with small 
sample sizes and possibility of 
underdosing TENS

[189]

Poitras et al. (2008) Low back pain Six RCTs (375 patients)
Descriptive ana lysis

Evidence of effect Low-quality studies with small 
sample sizes 

[8]

Dubinksy and 
Miyasaki (2010)
Expert panel report

Painful 
neurological 
conditions
Low back pain

Two RCTs 
(201 patients)
Descriptive ana lysis

Evidence of no effect Small sample sizes and possibility of 
underdosing TENS

[11]

Rutjes et al. (2009) 
Cochrane review

Knee 
osteoarthritis 

18 RCTs (275 patients)
Descriptive ana lysis

Evidence inconclusive Low-quality studies with small 
sample sizes with some RCTs not 
using standard TENS device

[173]

Bjordal et al. (2007) Knee 
osteoarthritis

Seven RCTs 
(414 patients)
Meta ana lysis

TENS effective in short term Accounted for adequate TENS 
technique in ana lysis

[174]

CT: Controlled trial; ES: Electrical stimulation; PENS: Percutaneous electrical nerve stimulation; RCT: Randomized controlled trial; TENS: Transcutaneous electrical 
nerve stimulation.
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for symptomatic diabetic peripheral neuropathy [10]. However, the 
included studies did not use standard TENS devices. Kumar et al. 
used a H-wave therapy device that delivers currents across the 
intact surface of the skin using waveforms that differ from a stan-
dard TENS device [136]. They found that H-wave therapy (n = 18) 
administered to lower extremities for 30 min per day for 4 weeks 
was superior to placebo (no current) H-wave therapy (n = 13) 
for reducing pain and symptoms of diabetic peripheral neuro-
pathy. In a follow-up study, Kumar et al. assessed the efficacy of a 
12-week course of H-wave therapy combined with amitriptyline 
for diabetic peripheral neuropathy and found significant reduc-
tions in pain scores during H-wave therapy (n = 14) compared 
with placebo H-wave therapy (n = 9) [145]. Forst et al. assessed a 
12-week course of low-frequency TENS using a Salutaris® TENS 

device on 19 patients with symptomatic diabetic neuropathy [135]. 
They applied electrodes over the common peroneal nerve using a 
stimulation rate of 4 Hz and pulse width of 280 µs, with intensities 
to produce a strong nonpainful sensation. They found improve-
ments in pain, Neuropathy Total Symptom Score-6 (NTSS-6) 
scores of numbness, lancinating pain and allodynia compared 
with placebo (no current). The manufacturers market Salutaris 
stimulation specifically for the treatment of peripheral diabetic 
neuropathy, although the electrical output characteristics of the 
device are similar to those found in a standard TENS device.

An assessment of the use of TENS for painful diabetic 
neuro pathy by the Therapeutics and Technology Assessment 
Subcommittee of the American Academy of Neurology (AAN) 
concluded that TENS was “probably effective” (level B evidence 

Table 3. Systematic reviews of transcutaneous electrical nerve stimulation for pain relief.

Study (year) Condition Data set and 
ana lysis

Reviewers’ conclusion Comment Ref.

Chronic pain

Brosseau et al. 
(2003)
Cochrane review

Rheumatoid 
arthritis 

Three RCTs 
(78 patients)
Meta-ana lysis

Evidence of effect Low-quality studies with small 
sample sizes 

[175]

Robb et al. (2008)
Cochrane review

Cancer pain Two RCTs 
(64 participants)
Descriptive ana lysis

Evidence inconclusive Low-quality studies with small 
sample sizes and possibility of 
underdosing TENS 

[190]

Kroeling et al. 
(2009)
Cochrane review

Neck disorders
(whiplash-
associated 
disorders and 
mechanical neck 
disorders) 

Seven RCTs on TENS 
(88 patients) 
Descriptive ana lysis 

Evidence of effect but 
low-quality studies

Low-quality studies with small 
sample sizes and possibility of 
underdosing TENS. Included any 
surface ES including microcurrent 
devices

[191]

Bronfort et al. 
(2004)
Cochrane review

Chronic 
headache

Three RCTs
Descriptive ana lysis

Evidence inconclusive Low-quality studies with small 
sample sizes and possibility of 
underdosing TENS

[192]

Neuropathic pain 

Price and Pandyan 
(2000)
Cochrane review

Post-stroke 
shoulder pain

Four RCTs 
(170 patients) of any 
surface ES

Evidence inconclusive Low-quality studies with small 
sample sizes and possibility of 
underdosing TENS. Two RCTs used 
TENS to produce muscle contractions

[193]

Cruccu et al. (2007)
Task force report

Various 
neuropathies 

Nine CTs 
(200 patients)
Descriptive ana lysis

Evidence of effect Low-quality studies with small 
sample sizes 

[9]

Mulvey et al. (2010)
Cochrane review

Postamputation 
pain

Zero RCTs No evidence available [147]

Jin et al. (2010) Painful diabetic 
neuropathy

Three RCTs 
(78 patients)
Meta-ana lysis

Evidence of effect Low-quality studies with small 
sample sizes. Used nonstandard 
TENS devices

[10]

Dubinksy and 
Miyasaki (2010)
Expert panel report

Painful 
neurological 
conditions
Painful diabetic 
neuropathy

Three RCTs (two RCTS 
used in evaluation 
55 patients) 
Descriptive ana lysis

Evidence of effect Low-quality studies with small 
sample sizes

[11]

CT: Controlled trial; ES: Electrical stimulation; PENS: Percutaneous electrical nerve stimulation; RCT: Randomized controlled trial; TENS: Transcutaneous electrical 
nerve stimulation.
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– i.e., at least one RCT) [11]. This was based on RCTs by Kumar 
et al. [136], Forst et al. [135] and Reichstein et al. [134], although 
the assessment has been criticized as only 31 participants in total 
received TENS and 24 received placebo TENS [3,146].

Other peripheral neuropathic pain conditions
Evidence for the effectiveness of TENS in other peripheral 
neuropathic pain conditions is limited. A Cochrane review by 
Mulvey et al. found no RCTs on which to judge the effec-
tiveness of TENS for the management of phantom pain and 
stump pain [147]. Recently, two case studies found improvements 
in phantom limb pain and sensations following TENS deliv-
ered to the contralateral limb that was maintained for at least 
1 year [148]. A placebo-controlled RCT on 30 patients with PHN 
found that a 4-week treatment with TENS reduced pain inten-
sity and sleep interference when combined with pregabalin [149]. 
A cross-over study on 24 patients with neuropathic pain associ-
ated with spinal cord injury failed to detect any difference in 
ratings of pain intensity, mood, coping or sleep quality between 
high- (80 Hz) and low-frequency (2-Hz bursts) TENS that was 
self-administered three times each day for 2 weeks [150]. A pla-
cebo-controlled trial on 19 patients with allodynia of the hand 
found that 2-week treatment with daily high-frequency TENS 
reduced pain and increased rankings of dowel textures on the 
Downey Hand Centre Hand Sensitivity Test [137]. There were no 
significant intergroup differences in grip strength. Interestingly, 
improvements in tactile sensitivity of the fingers resulting from 
long-term TENS treatment applied over the median nerve for 
1 h per day for 3 weeks has been reported in patients with 
multiple sclerosis [151].

Two RCTs suggest that TENS may be useful at reducing radic-
ular pain. A single-blinded, randomized, placebo-controlled 
cross-over trial found that 30 min of low-frequency (4 Hz) 
TENS or percutaneous electrical nerve stimulation (PENS) 
given three times per week for 3 weeks decreased pain and daily 
oral analgesic requirements for radicular pain in 64 patients 
with sciatica due to lumbar disc herniation [152]. PENS was more 
effective than TENS in improving physical activity, quality of 
sleep and Short Form (SF)-36 score, with 73% of patients opt-
ing for PENS as the most desirable modality. A prospective, 
randomized, double-blinded, placebo-controlled study found 
that a TENS-like device that delivered random electrical pulses 
or stochastic-frequency pulses was superior than conventional 
TENS for chronic radicular pain, although only 13 patients took 
part in the study [139]. 

Recently, attention has turned to the use of TENS to manage 
cancer pain, which often presents with neuropathic symptoms. 
A case series of 16 patients found that 1-h daily interventions 
of electrical stimulation delivered over 10 working days using a 
novel TENS-like device (MC5-A Calmare®) reduced pain asso-
ciated with refractory chemotherapy-induced peripheral neu-
ropathy [153]. A feasibility study provided preliminary evidence 
that TENS may be of benefit for cancer-induced bone pain [154]. 
However, a Cochrane review failed to find sufficient RCTs to 
judge the effectiveness of TENS in cancer-related pain [155].

Central neuorpathic pain conditions
There are very few clinical trials on the use of TENS for central 
neuropathic pain and most are nonrandomized or lacking control 
groups. A Cochrane review on electrical stimulation for post-
stroke shoulder pain [156] included four trials that delivered TENS 
(170 patients), although three of these trials delivered TENS as 
functional electrical stimulation, with a view of improving motor 
function to generate muscle contractions [157–159]. One trial found 
that high-intensity TENS (at 100 Hz) delivered at three-times the 
sensory threshold was superior, compared with TENS at sensory 
threshold and placebo (no current) TENS, at relieving hemi-
plegic shoulder pain and improving passive range of motion for 
flexion [160]. The Cochrane reviewers concluded that there was 
insufficient evidence to judge effectiveness of TENS for post-
stroke shoulder pain, although there was evidence that TENS may 
improve passive humeral lateral rotation. Recently, a meta- ana-
lysis of eight studies found that functional electrical stimulation 
and TENS was effective at improving gait speed in post-stroke 
patients, although it was noted that the type of stimulation device, 
location of electrodes and dose varied between the studies [161]. 

TENS & acute pain
Despite the vast research literature on TENS, there is a continuing 
debate about its effectiveness for acute and chronic pain. A Cochrane 
review concluded that evidence was inconclusive for acute pain [162], 
yet supported effectiveness for dysmenorrhea [163]. Evidence was 
inconclusive for established labor pain [164], with NICE recommend- with NICE recommend-
ing that TENS should not be offered to women in established labor, 
although it may be beneficial in the early stages of labor [6].

Systematic reviews on TENS for postoperative pain concluded 
that TENS was not effective [165], although a meta-ana lysis of 
21 RCTs (1350 patients) with a subgroup ana lysis of 11 trials 
(964 patients) [27] found larger reductions in analgesic consumption 
in RCTs using adequate TENS technique (i.e., a strong stimulation 
at the site of pain). Recently, a systematic review of TENS for reliev-
ing acute post-thoracotomy pain, which often includes neuropathic 
pain elements, found that TENS was superior to placebo TENS as 
an adjuvant to analgesics for pain relief in seven of the nine included 
RCTs [166]. The reviewers concluded that TENS was ineffective as a 
stand-alone therapy for posterolateral thoracotomy incision (severe 
post-thoracotomy pain), but useful as an adjunct to analgesics for 
muscle sparing thoracotomy incision (moderate post-thoracot-
omy pain) and very effective as the sole pain-control treatment 
in video-assisted thoracoscopy incision (mild post-thoracotomy 
pain). Evidence also suggested that TENS reduced the duration of 
the recovery room stay and increasing tolerance to coughing and 
pulmonary ventilatory function. RCTs suggest that TENS may 
be beneficial for a wide range of acute pain conditions, including 
orofacial pain, painful dental procedures, fractured ribs and acute 
lower back pain, and angina pectoris (for a review, see [167]).

TENS & chronic pain
A similar picture of conflicting evidence emerges for chronic pain. 
A Cochrane review of 25 RCTs with a total of 1281 participants 
found that TENS was superior to an inactive TENS control in 13 
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out of 22 studies [168]. Only one RCT was specifically for neuro-
pathic pain (diabetic neuropathy) [136] and three others included 
mixed populations of patients [140,169,170]. Reviewers did not per-
form meta-analysis due to large variations in TENS technique 
and methodological quality. To date, the largest meta-ana lysis 
of TENS was performed from trials on patients with chronic 
musculoskeletal pain and included 32 RCTs on TENS, six stud-
ies on PENS and a total of 1227 patients. Reviewers concluded 
that TENS and PENS were superior to the placebo control [171]. 
The review was criticized for combining multiple diseases at the 
expense of homogeneity, although this approach did increase the 
statistical power of the ana lysis [172]. 

A Cochrane review on osteoarthritic knee pain included 
18 RCTs (813 patients), of which 11 RCTs used a standard TENS 
device, with 275 participants receiving TENS and 190 receiv-
ing either placebo or no intervention. Evidence was inconclusive, 
although the meta-analysis found a large standard–mean differ-
ence of -0.85 (-1.36, -0.34) equating to approximately 20 mm on 
a 100-mm Visual Analogue Scale (VAS) [173]. The magnitude of 
this effect was consistent with an earlier meta-ana lysis of seven 
RCTs delivering TENS at optimal doses that found that TENS 
reduced pain by 22.2 mm (95% CI: 18.1–26.3) on a 100-mm 
VAS in the short-term [174]. A Cochrane review of TENS for rheu-
matoid arthritis of the hand included three RCTs (78 patients), 
and only two of these compared TENS (27 patients) against a 
placebo (27 patients) [175]. The evidence was inconclusive. NICE 
recommended that TENS should be used as an adjunct to core 
treatment for short-term relief of osteoarthritic knee pain [4] and 
for rheumatoid arthritis of the hand [5,176].

However, NICE recommended that TENS should not be 
offered for early management of persistent nonspecific low back 
pain based on three RCTs conducted by two investigating teams, 
with 331 participants receiving TENS and 168 receiving placebo 
TENS [7]. By contrast, the North American Spine Society recom-By contrast, the North American Spine Society recom-
mended that TENS has immediate short-term effects to reduce 
pain intensity but not in the long-term, which was based on six 
RCTs with 375 participants receiving TENS and 192 receiving pla-CTs with 375 participants receiving TENS and 192 receiving pla-
cebo TENS [8]. A Cochrane review of three RCTs with 110 patients 
receiving TENS and 87 receiving placebo TENS found inconclu-
sive evidence for an effect on pain intensity, although TENS did 
not improve back-specific functional status, based on two RCTs 
with 271 participants receiving TENS and 95 receiving placebo. 
A meta-ana lysis of several therapies for non specific chronic low 
back pain concluded that the effect size for pain relief for TENS 
was small, but of a similar magnitude to analgesic medication, 
including NSAIDs and muscle relaxants [177].

The Therapeutics and Technology Assessment Subcommittee 
of the AAN concluded that there was level A evidence (i.e., good-
quality RCTs) that TENS should not be recommended for the relief 
of chronic low back pain [11]. The assessment included “clinical tri-
als … for well-defined painful neurologic disorders…”, although 
it is debatable whether low back pain is a well-defined painful 
neurological disorder and it is usually considered as a mixed pain 
pattern even when radiculopathy is present. There was no men-
tion of neuropathic pain in the ana lysis. The conclusion was based 

on two RCTs, with 114 patients receiving TENS and 87 receiv-
ing placebo. One of the RCTs included etiologies not commonly 
associated with neurological pathology [178], for example, arthritis 
(30%), and the RCT was criticized at the time of publication 
for clinical heterogeneity, use of a suboptimal TENS technique 
and the concurrent use of hot packs, which could have masked 
the effects of TENS. Interestingly, placebo TENS on its own was 
associated with considerable improvements in pain up to 2 months 
post intervention. The other RCT used participants with multiple 
sclerosis and the original trial authors argued for the presence of 
clinically important effects from TENS, despite a lack of statistical 
difference between active and placebo groups, as some participants 
in the placebo TENS group were taking additional analgesics [179]. 

Expert commentary
Transcutaneous electrical nerve stimulation is inexpensive, read-
ily accessible, safe and can be self-administered by the patient, 
and is useful as an adjunct to analgesic medication providing it 
is administered at a sufficiently strong intensity, close to the site 
of pain. At present, it seems sensible to try TENS as part of the 
pain management package for patients with neuropathic pain 
until sufficient gold standard clinical research says otherwise.

The current focus of research on the translation of patho-
physiological mechanisms into sensory signs of neuropathic pain 
is likely to lead to a more effective and specific mechanism-based 
treatment approach in the future. TENS is advantageous over 
systemic interventions because it is better tolerated and can tar-
get the neuropathic pain with more precision. Many clinicians 
consider TENS to be less effective than systemic medication, 
although there is insufficient good quality evidence to make an 
informed judgement. 

The uncertainty over the effectiveness of TENS for acute 
and chronic pain has continued for over four decades, despite a 
continuous flow of new RCTs. Randomized controlled trials on 
TENS continue to use too few participants, resulting in a fail-
ure to provide robust answers (i.e., underpowering the study). A 
review of 38 RCTs from Cochrane systematic reviews on TENS 
for acute, chronic and cancer pain quantified significant sources 
of implementation fidelity, including suboptimal dosing of TENS 
and inappropriate outcome assessment [180]. Frequently, TENS 
trials use inadequate TENS technique (i.e., intensity too weak or 
electrodes placed at inappropriate sites) and infrequent treatments 
of insufficient duration leading to underdosing. Not measuring 
TENS effects during stimulation (i.e., using a pre–post assess-
ment) and not monitoring concurrent medication during the trial 
are also problematic issues. These shortcomings are likely to lead 
to low fidelity (i.e., bias toward an underestimation of treatment 
effects) and may account for inconclusive findings. 

Blinding of TENS interventions has been a recurrent challenge 
as it is not possible to truly blind TENS because a prerequisite of 
adequate TENS technique is the presence of a strong nonpain-
ful TENS sensation. Hence, participants are likely to guess that 
TENS with no sensation is the placebo intervention. Attempts to 
reduce this bias include informing participants that some TENS 
devices generate ‘tingling sensations’, whereas others, such as 
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microcurrent, do not [60], and the use of transient sham TENS 
devices that deliver currents to produce a TENS sensation for 
a short period of time before fading away to zero current out-
put [181]. Nonblinded trials tend to introduce positive bias toward 
the active intervention, yet paradoxically, systematic review evi-
dence for TENS is inconclusive for most conditions. 

There is a need for universally accepted practice guidelines for 
TENS to reduce variability in clinical trial delivery and ad hoc 
clinical practice leading to a negative impact on patient care.

Five year view
The financial cost of repeating the errors of previous RCTs should 
be challenged, therefore, there needs to be careful consideration 
regarding the design of future TENS trials. In future, there needs 
to be pragmatic trials on TENS that follow similar principles to 
recent RCTs on acupuncture analgesia, which include thousands 
of participants [182,183], clear guidelines on adequate dosage [184] 
and reporting the intervention [185], and authentic placebo con-
trols [186]. Criteria for judging directions of bias in future stud-
ies of TENS have been proposed for allocation, application and 
assessment of TENS interventions in future RCTs [180].

In addition, there is a need for studies assessing patients’ expe-
riences of using TENS. This would help to inform practices to 
calibrate new TENS users about realistic expectations from TENS 
treatment and ways to help them sustain motivation to continue to 

use TENS in the long term. There is tentative evidence that a barrier 
to effective use is the disproportionate amount of effort needed to 
regularly apply TENS for the amount of pain relief achieved [63,65], 
yet there has been limited research on the relationship between 
patient expectations of TENS with clinical outcome.

Attempts to resolve the perceived awkwardness of applying 
TENS, such as removing electrode lead wires by clipping the TENS 
directly onto a single electrode, have met with only partial success. 
Developments in electronic technology have lead to a variety of 
TENS-like devices on the market, some of which are specifically 
designed for neuropathic pain. However, the scientific principles on 
which these devices are designed are tenuous. The development of 
electrode arrays to spatially target stimulation more precisely may 
improve the efficacy and efficiency of locating appropriate electrode 
location [39]. The use of smart electrodes that communicate with 
the TENS device (current generator) without the need for electrode 
lead wires are likely to improve adherence and long-term use. 
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Key issues

• Neuropathic pain syndrome affects 7–10% of adults in Europe and management is challenging with first-line treatments being systemic 
medication and second-line treatments consisting of regional treatments including stimulation-produced analgesic techniques such as 
transcutaneous electrical nerve stimulation (TENS).

• TENS is a noninvasive self-administered technique that delivers pulsed electrical currents through the intact surface of the skin to 
activate peripheral nerves. 

• There is strong neurophysiological evidence that TENS inhibits transmission of nociceptive information in the CNS with much detail 
about the neurochemicals involved. 

• Clinical experience suggests that TENS is useful as an adjunct to analgesic medication for any type of pain providing it is administered at 
a sufficiently strong intensity close to the site of pain.

• The findings of systematic reviews are inconclusive or conflicting, leading to uncertainty about the effectiveness of TENS.

• Most trials have low fidelity (i.e., bias toward an underestimation of treatment effects) due to inadequate TENS technique (i.e., intensity 
too weak or electrodes placed at inappropriate sites), infrequent treatments of insufficient duration, and not measuring TENS effects 
during stimulation.

• There are few randomized controlled trials on TENS for neuropathic pain, with insufficient evidence to judge effectiveness. 

• In the future, the use of smart electrodes using electrode arrays to spatially target stimulation more precisely may improve the efficacy 
and efficiency of locating appropriate electrode location, without the need for electrode lead wires.

• As TENS is inexpensive, readily accessible, safe and can be self-administered by the patient themselves, it seems sensible for patients to 
try TENS as part of the pain management package for patients with neuropathic pain until sufficient gold standard clinical research 
says otherwise.
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