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Executive Summary 

A comprehensive review of the medical literature has been conducted to catalogue the available 

evidence-base for the use of transcutaneous electrical stimulation (TENS) or electrical muscle 

stimulation (EMS).  The review focuses on recent, high-quality evidence from Cochrane reviews, 

systematic reviews and randomised controlled trials. 

Over 800 academic peer-reviewed publications in the past decade were identified from the 

literature searches conducted.  From this large base of evidence, the full range of uses for TENS and 

EMS has been distilled into 100 key, evidence-based marketing claims. 

There is clear evidence for the use of TENS in a large number of pain relief applications including 

chronic low back pain (8 separate marketing claims), post-surgical pain (9 separate marketing 

claims), during labour and delivery, myofascial pain and neuropathic pain. 

TENS also has demonstrated effectiveness in a large number of chronic conditions. A number of 

studies in people with multiple sclerosis have been conducted and TENS has been shown to 

significantly reduce spasticity, assist with long-term reorganisation of the motor cortex, improve 

tactile sensitivity and reduce sensory complaints in this group. 

In chronic stroke there is evidence from multiple studies that TENS can reduce spasticity, improve 

time to walking and increase strength; combined with exercise TENS can also significantly improve 

recovery.  TENS has also been shown to significantly reduce spasticity in spinal cord injury patients. 

A relatively new and emerging area for evidence-based TENS use is in tinnitus treatment.  Diabetic 

patients can also benefit, with high-quality evidence from numerous studies that TENS improves 

pain relief in painful diabetic neuropathy.  There is also emerging evidence that TENS may assist in 

glucose control in patients with diabetes. 

Other chronic conditions where there is strong evidence for the benefits of TENS include 

fibromyalgia, COPD, asthma and chronic heart failure. There is also some evidence for use in 

dementia and rheumatoid arthritis.  A large number of studies have also focused on the benefits of 

TENS for incontinence.  Other exciting and novel areas of research where TENS has shown benefit 

include depression, drug addiction and improving success rates in IVF. 

EMS has been researched far less than TENS but in the past 4 years there has been renewed interest 

in EMS and a greater volume of new research has been published.  

For sports related applications, EMS has been shown to increase exercise intensity and reduce cramp 

susceptibility; when administered in conjunction with plyometric training, sprint speed and triple 

jump test improved. 

In sedentary and overweight or obese subjects, EMS significantly increases cardiac input, energy 

expenditure and decreases abdominal fat mass; it is likely to have an important role in weight loss.    
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In the ICU setting, EMS assists in maintaining muscle mass and strength in patients who are 

immobile for long periods of time. EMS also has applications in the elderly population with the 

ability to improve muscle strength and six-minute walk distance. 

According to the evidence, EMS is also useful in the treatment of scoliosis, dyspnea (breathlessness), 

claudication and cruciate ligament rehabilitation. 

In conclusion, there is extensive medical literature supporting the use of TENS and EMS in a wide 

range of conditions. 
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TENS and EMS: A comprehensive 
literature review  

Introduction 
This review has focused on the medical literature that provides evidence for the use of TENS and 

EMS. 

Randomised controlled trials (RCTs), meta-analyses and systematic reviews provide the highest 

quality evidence (Figure 1). Numerous other studies have been conducted, including prospective and 

retrospective studies.  This review has focused on the highest quality evidence to produce valid, 

evidence-based claims that strongly support the use of TENS or EMS for a range of medical and non-

medical applications. 

 

 

Figure 1. Diagram showing the clinical research quality pyramid with RCT systematic reviews as the 

highest quality evidence available, followed by randomised controlled trials. 

Methods 
Medical literature databases were searched (see Appendix 1 for detail on the search strategy 

adopted) and yielded a very large number of research studies (n > 3000) that have been published 

on the study of TENS in a wide range of applications.  Due to the size of the task, this review focused 

mainly on TENS studies conducted in the last 10 years (n=1152) with a focus on systematic reviews 

that have also included all earlier trials.  Searches for EMS related studies were not restricted by year 

and 118 studies were identified. 

Following abstract and title review, a total of 851 papers were included in this literature review. 
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Section 1: TENS 

Definitions 
Transcutaneous electrical nerve stimulation (TENS) is a non-pharmacological, non-invasive technique 

that delivers low-voltage electrical current to electrodes placed on the surface of the skin. In the 

reviewed studies a wide range of frequencies and intensities have been utilised. Whereas 

conventional TENS involves the delivery of high or low frequency electrical current, acupuncture-like 

TENS (or Acu-TENS) delivers low frequency current to specific acupuncture points.  

Other commonly used terms or variations on TENS include auricular TENS, CODETRON, electronic 

muscle stimulators, electroanalgesia, peripheral nerve stimulation, sensory afferent stimulation 

(SAS), TES (transcutaneous electrical stimulation), TNS (transcutaneous nerve stimulation), TNS 

(transcutaneous neural stimulation), TENMS, transcutaneous electrical analgesia. 

Percutaneous electrical nerve stimulation (PENS) is an invasive procedure that requires penetration 

of the skin, implantation, or minor surgery and has not been included in this review. Similarly 

subcutaneous nerve stimulation (SCNS) has not been included. 

General proof of principle 
A large number of studies confirm that TENS works to relieve pain and the mechanisms of efficacy 

has also been studied in detail. [1-14] 

MRI studies have confirmed that in patients receiving TENS, pain-specific activation of the 

contralateral primary sensory cortex, bilateral caudal anterior cingulate cortex, and of the ipsilateral 

supplementary motor area can be observed.   The MRI studies suggested that even one session of 

low-frequency TENS may induce analgesic effect via modulation of discriminative, affective, and 

motor aspects of central pain perception. [6] 

Problems with clinical trials 
Despite the huge volume of positive research on the benefits of TENS, when the data are assimilated 

into a systematic review the results sometimes only offer weak evidence or recommend that further 

trials need to be conducted. A number of papers have addressed the poor quality of TENS clinical 

trials and issues with the way in which some studies have been conducted. 

Poor implementation fidelity has been identified as a significant source of bias in systematic reviews 

of TENS studies and is thought to explain lack of consistent treatment effects of TENS in pain in one 

study. [15] 

Sluka et al. (2013) have written an excellent review on common issues with clinical trials and reasons 

why systematic reviews of TENS may be inconclusive.  They made the following comment: 

“Although many trials were designed with the highest of standards, recent evidence suggests that 

factors related to TENS application need to be considered in an assessment of efficacy. These factors 
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include dosing of TENS, negative interactions with long-term opioid use, the population and 

outcome assessed, timing of outcome measurement, and comparison groups.” [12] 

Pallett et al. (2014) also stressed that: 

“Findings from TENS research studies depend on the timing of outcome assessment; pain should be 

recorded during stimulation. TENS device sophistication might be an issue and parameter restriction 

should be considered. Careful protocol design is required to improve adherence and monitoring is 

necessary to evaluate the validity of findings.” 

They go on to outline objective evidence to support concerns about poor implementation fidelity in 

TENS research. [11]  Interesting observations about the efficacy of different dose-specific effects of 

TENS have also been made by Claydon et al. [16] 

Adverse effects 
There are very few reports of any adverse effects from TENS.  It is widely agreed to be a safe, side-

effect free treatment.  The majority of TENS Cochrane reviews state that there were no adverse 

events reported in clinical trials reviewed.  

In one Cochrane review of TENS for constipation in children, the adverse events reported for TENS 

therapy include pain or discomfort at the electrode attachment site, electrode migration and 

infection in three studies. 
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TENS: Pain relief 

Chronic low back pain 
In total, 36 references of studies of low back pain and TENS were identified [17-52]. There is a 

protocol for a high quality RCT of TENS for non-specific chronic low back pain planned by Thiese et 

al. (2013) but the study has not reached completion yet. 

“Estimates from the Australian Bureau of Statistics 2011-12 National Health 

Survey indicate that about 3 million Australians (13.6% of the population) 

have back problems. It has been estimated that 70-90% of people suffer from 

lower back pain in some form at some point in their lives. 

Pain is the key symptom in most back problems. One study of people with 

long term back problems suggested that 14% experience constant or 

persistent pain, and 86% experience pain one day per week. ”  

- source AIHW [http://www.aihw.gov.au/back-problems/what-are-back-

problems/] 

There is a lack of recent, good quality evidence for the use of TENS for chronic low back pain.  The 

most recent Cochrane review was in 2005 [49].  At this time the authors concluded that: 

“There is inconsistent evidence to support the use of TENS as a single treatment in the management 

of chronic LBP. Larger, multi-center, randomized controlled trials are needed to better assess the 

true effectiveness of TENS.” 

Only two RCTs (175 patients) met the eligibility criteria for the 2005 Cochrane review.  In one RCT, 

TENS produced significantly greater pain relief than the placebo control. However, in the other RCT, 

no statistically significant differences between treatment and 

control groups were shown for multiple outcome measures. 

The methodological quality of the two RCTs differed. The study by 

Deyo et al. (1990), received five points whereas the study by Cheing 

et al. ( 1999), received only two points on a five-point quality scale.  

Since the 2005 Cochrane review, in 2007 the American Pain Society 

and American College of Physicians have issued a review of the 

evidence on “Non-pharmacologic therapies for acute and chronic 

low back pain: a review of the evidence” to inform a clinical practice 

guideline. [42] The authors summarised the evidence for TENS in 

acute and chronic back pain as follows: 

High-quality evidence from a 

randomised controlled trial of 30 

patients with chronic low back 

pain showed that TENS gave 

greater pain relief compared to a 

placebo control [Cheing et al., 

1999] 
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“Eleven unique trials of TENS were included in a higher-quality 

Cochrane review of TENS and 5 systematic reviews of other 

interventions. For chronic low back pain, the Cochrane review 

included one lower-quality trial that found TENS superior to 

placebo, but a larger, higher-quality trial found no differences 

between TENS and sham TENS for any measured outcome. A 

systematic review of acupuncture for low back pain also 

found no difference in short- or long-term pain relief between 

TENS and acupuncture in 4 trials.” 

“One higher-quality trial found TENS superior to superficial 

massage. Evidence from single, lower-quality trials is 

insufficient to accurately judge efficacy of TENS versus other 

interventions for chronic low back pain or for acute low back pain. For 

subacute low back pain, one higher-quality trial found TENS 

moderately inferior to spinal manipulation for subacute low back 

pain.” [42] 

In another chronic back pain phase I RCT, of TENS compared to 

another product (FairMed), 45% of participants using TENS stated 

that they were more able to cope with pain at 3 weeks compared to 

only 27% in the FairMed group.  [38] Patients used the device for 30 

mins twice a day for three weeks. 

 

Another clinical trial found that in 92 women with chronic low back 

pain rhythmic stabilisation plus TENS produced significant 

improvements in functional disability and pain intensity compared to 

placebo. [36] 

 

A study by Koldas et al. (2008) investigated three different regimes for 
treatment of chronic back pain, one of which included TENS. [35] 
Statistically significant improvements were observed in pain severity 
and depression index scores for this group. 
 
In a study of 32 patients with chronic non-specific low back pain, TENS plus acupuncture, vs TENS 
alone, acupuncture alone and a control group receiving no pain relief were compared. [30]  All 
treatment groups showed improved pain scores and disability index values compared to the control 
group. 
 
The authors concluded: 
 
 “…studies consistently show that combined treatment of 
acupuncture and TENS was more effective than individual treatments 
on Knee osteoarthritis. TENS was effective for the immediate relief of 
pain, while acupuncture was effective in long-term pain relief and 
improvements of pateints’ QOL. In the present study, the 
acupuncture plus TENS group reported lower mean pain intensity and 

Technical specifications Box 1. 
 
Cheing et al. 1999 study 
Group 1: TENS Group 2: Placebo TENS 
TENS device characteristics: StaodynMAXIMA III 
Amplitude: adjusted to produce tingling sensation 2-3 
times above sensory threshold 
Pulse width: 140 microseconds 
Pulse frequency: 80 HZ 
Stimulation mode: conventional high frequency 
Single/Dual channel: Dual Channel 
Electrode Placement: two surface electrodes (16.5 cm X 
3.3 cm each) were placed over the lumbosacral area 
(L4-S2) paraspinally 
Treatment schedule: single session lasting 60 minutes 

A high-quality clinical trial found 

TENS superior to superficial 

massage in a study of 41 patients 

with acute or chronic low back 

pain. [Melzack et al. 1983] 

A phase I RCT in 60 patients with 

chronic back pain found that 45% 

of participants using TENS were 

better able to cope with pain after 

three weeks of use. [Barker et al. 

2008] 

A pilot study of 32 patients with 

chronic non-specific low back pain 

found that TENS plus acupuncture 

and TENS alone were effective for 

pain relief and improving quality 

of life. [Itoh et al. 2009] 
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lower mean Roland-Morris Disability Questionnaire (RDQ) scores than other groups.” 
 
The authors also recommended that large scale clinical trials are 
warranted. 
 
In 2009, Machado et al. published a systematic review and meta-
analysis of effectiveness of treatments for chronic low back pain. [29] 
They identified 76 trials that met the inclusion criteria; 34 different 
pain-relief treatments were utilised in these trials. In total only 50% of 
the treatments had statistically significant effects and the effects were 
mainly small or moderate.  
 
Four studies on TENS were included, two investigated chronic and two 
acute low back pain.  Figure 2 shows the results of the meta-analysis 
and illustrates that TENS performed significantly better than placebo 
and better than the majority of other regimes including NSAIDS, muscle 
relaxants, massage, physiotherapy and exercise. 
 
 
Figure 2. Meta-analysis of analgesic effects of low back pain treatments. [Machado et al. 2009] 
 

 
 
 
 

A systematic review and meta-

analysis included four studies of 

TENS involving 178 patients and 

found that TENS performed 

significantly better than placebo 

for analgesic efficacy and better 

than the majority of other 

regimes including NSAIDS, 

muscle relaxants, massage, 

physiotherapy and exercise. 

[Machado et al. 2009] 
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The researchers concluded: “This meta-analysis revealed that the analgesic effects of many 
treatments for non-specific low back pain are small and that they do not differ in populations with 
acute or chronic symptoms.” 
 
In a 2010 assessment of the use of TENS for neurologic chronic low back pain by Dubinsky et al.  [27] 
the researchers concluded: “There are conflicting reports of TENS compared to sham TENS in the 
treatment of chronic low back pain, with 2 Class II studies showing benefit, but 2 Class I studies and 
another Class II study not showing benefit. Because the Class I studies are stronger evidence, TENS is 
established as ineffective for the treatment of chronic low back pain (2 Class I studies). TENS is 
probably effective in treating painful diabetic neuropathy (2 Class II studies).” 
 
They also added that: “Further research into the mechanism of action of TENS is needed, as well as 
more rigorous studies for determination of efficacy.” 
 
Since these two, conflicting, studies by Dubinsky and Machado there 
have been a number of new studies, including one by Pop et al. 2010 
[53] of 39 patients with lumbosacral pain; an intervention group of 16 
patients fitted with L-S orthoses and a built-in OmniTens plus mini-
device were compared to a comparison group of 23 patients who 
received conventional TENS therapy. While both groups reported pain 
relief, improved spinal function and mobility, additional statistically 
significant improvements were observed in the group of patients 
treated with low frequency pulsed TENS currents administered via the 
orthosis.  
 
The authors concluded that: “TENS therapy contributed to pain relief and improvement of function 
and mobility of the lumbosacral spine.” 
 
In another single-blind RCT [25] of 150 patients TENS was compared to 
interferential current (IC) in patients with non-specific chronic low 
back pain.  Patients received either TENS, IC or received no treatment 
(controls). Subjects were evaluated before and after treatment using 
visual analog pain scale, the McGill Pain questionnaire and the Roland 
Morris questionnaire (RMQ). 
 
The results showed a mean reduction on the visual analog scale of 
39.18 mm with TENS, 44.86 mm with IC and 8.53 mm for controls. The 
RMQ score reduced by an average of 6.59 in the TENS group compared 
to 0.70 in the controls group. In the TENS group, 84% of the patients 
stopped using analgesic medication after the treatment compared to 
only 34% of controls. A highly statistically significant difference was 
found for the effect of TENS or IC compared to the controls (P < 
0.0001). There was no statistically significant difference between the 
TENS and IC (P > 0.05). 
 
In 2011 a comprehensive systematic review on the effectiveness of physical and rehabilitation 
interventions for chronic non-specific low back pain was published by van Middlekoop et al. [23] In 
total 83 RCTs met the inclusion criteria in which 6 involved TENS. 
 
The researchers drew the following conclusions: 

 Exercise therapy versus TENS/laser therapy/ultrasound/massage 

In a controlled study of 39 

patients with lumbosacral pain 

TENS therapy resulted in pain 

relief, improved spinal function 

and mobility. [Pop et al. 2010] 

In a single-blind RCT of 150 

patients with non-specific 

chronic low back pain TENS was 

significantly better than no 

treatment for improving pain and 

disability scores (P < 0.0001) and 

reducing the use of analgesic 

medication (84% TENS vs 34%  

controls stopped using 

medication) . [Facci et al. 2011] 
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Low quality evidence (serious limitations, inconsistency, and imprecision) was provided that there is 
no statistically significant difference in effect between exercise therapy compared to 
TENS/laser/ultrasound/massage on the outcomes pain and disability at short-term follow-up. 

 
 TENS versus sham treatment 

 
The data provided low quality evidence (serious limitations, heterogeneity) that there is no 
statistically significant difference on post-treatment pain intensity and disability between TENS and 
sham-TENS. 
 

 TENS versus PENS/acupuncture 
 
Very low quality evidence (serious limitations, inconsistency, and imprecision) was provided that 
PENS/acupuncture is more effective than TENS for post-treatment and short-term pain relief. 
 

 TENS versus active treatments 
 
Ghoname et al. found no statistically significant difference in pain intensity post-treatment between 
both intervention groups. Deyo et al. reported no statistically significant difference on pain intensity, 
disability, and recovery at short-term follow-up between TENS and exercise therapy. 
 
The authors concluded that: “We found no difference in effectiveness of TENS and sham TENS and 
there were also no differences between TENS and active treatments.” 
 
Since this systematic review, a high-quality large RCT has been 
published by Buchmuller et al. (2012) [22] In this prospective, 
randomised, single-blind study at 21 French pain centres, 236 
consecutive adults with  chronic low back pain (with or without 
radicular pain) were assigned to either active (n = 117) or sham (n = 
119) TENS.  Participants received 4 x 1-h treatment sessions per day for 
a period of 3 months. The RMDQ was used to assess effectiveness and 
secondary outcomes included visual analogue scale assessments and 
use of analgesic and anti-inflammatory medication. 
 
 

Technical specifications Box 2. 
 
Buchmuller et al. 2012 study 
Active TENS treatment combined two types of electrical stimulation: 
(1) Conventional TENS (‘gate control’), characterized by continuous stimulation at high frequencies (80– 100 Hz), with wave durations of 
50–100 ms and low intensities, potentially achieving painless paraesthesia in the part of the body concerned. 
(2) ‘burst’ TENS (acupuncture-like TENS), characterized by discontinuous stimulation at low frequencies (1–4 Hz), with wave durations of 
100–400 ms and high intensities, inducing weak muscle twitches. 
 
The treatment was self-administered using a CEFAR Primo Pro device and program P5, which associates continuous high-frequency (80 
Hz) stimulation with bursts of low-frequency (2 Hz) stimulation every 3 s. 
For patients suffering from chronic LBP without radicular pain, two of the four electrodes were placed on healthy skin on each side of 
the painful area. For those experiencing LBP associated with radicular pain, two electrodes were placed spanning the painful area 
of the back and two electrodes on the trajectory of the troncular nerve involved in the radiculopathy. At the start of stimulation, the 
intensity was increased progressively until the onset of painless tingling, or up to 25 mA if no sensation was perceived by the patient. 
After the device’s screen read zero, the intensity was further increased until tolerable impulses were perceived or up to 30 mA in the 
absence of any sensation. Stimulation was then continued for 1 h at this intensity. 
 
The treatment protocol was the same for patients assigned to sham TENS treatment, except that the TENS devices provided to this 
group did not deliver an electrical current. 

In a single-blind RCT of 236 

patients with chronic low back 

pain, TENS was significantly 

better than sham TENS for 

improving pain scores (P < 

0.0003) in patients with lumbar 

pain. [Buchmuller et al. 2012] 
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A significant improvement between the first and last visual analogue scale (VAS) assessment was 
observed in patients with either lumbar pain alone or lumbar and radicular pain treated with active 
TENS. Other outcome measures did not differ significantly between the two groups (see Table 1). 
 
Table 1. RCT of active vs sham TENS in chronic low back pain. [22] 
 

 
 
 
The researchers noted that participants reported a high level of overall satisfaction with the pain 
management strategy and that “the main effect of pain intensity improvement was noted in the 
subgroup of patients with low back pain and radicular pain, it might be worth performing a further 
randomised study focusing on that population.” [22] 

Acute low back pain 
In 2007, Chou et al. published a review to inform the guideline for the American Pain Society [42] 

and concluded:  “For acute low back pain (<4 weeks' duration), the only nonpharmacologic therapies 

with evidence of efficacy are superficial heat (good evidence for moderate benefits) and spinal 

manipulation (fair evidence for small to moderate benefits). ” 

There is evidence that TENS may be useful in the patient transport setting [50].  In a randomised 

study of 74 patients with acute low back pain that evaluated TENS administered by paramedics 

during emergency transport, half were treated with TENS, and half with sham TENS; pain and anxiety 

were measured using a visual analogue scale.  

A significant (p < 0.01) pain reduction during transport in TENS treated patients (79.2 vs 48.9mm) 

compared to sham TENS (75.9 vs 77.1mm) was observed. Anxiety scores were also significantly 

lower (p < 0.01) in the TENS treated group (81.7 vs 69.2mm) after treatment compared to sham 

TENS (84.5 vs 83.5mm).  
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The authors concluded that: “TENS was found to be effective and rapid in reducing pain during 

emergency transport of patients with acute low back pain and should be considered due to its ease 

of use and lack of side effects in the study population.” 

 

Post-surgical & surgical pain relief 
Excluding labour, Caesarean section and childbirth, a total of 29 references were found relating to 

post-surgical pain relief or pain relief during surgical procedures. [54-82] 

Thoracotomy, sternotomy & other thoracic surgery 
Thoracotomy is known as one of the most painful surgical incisions and 

most of the TENS pain relief studies relating to surgery have 

investigated this operative approach, through the side wall of the 

chest (Figure 3).  

 

A high quality systematic review and meta-analysis of randomised controlled trials of TENS for pain 

relief after thoracic surgery has been conducted by Sbruzzi et al. (2012). [58] The researchers 

reviewed over 2,000 manuscripts including 11 studies that met the eligibility criteria on thoracotomy 

and sternotomy. 

Sbruzzi et al. found that for all studies on thoracotomy combined, TENS used in conjunction with 

pharmacological analgesia significantly reduced pain compared to placebo TENS used in conjunction 

with pharmacological analgesia (visual analogue scale (VAS)  -1.29; 95%CI: -1.94 to - 0.65). For 

sternotomy, TENS plus pharmacological analgesia also significantly reduced pain compared to the 

placebo TENS plus pharmacological analgesia (VAS -1.33; 95% CI: -1.89 to -0.77) and compared to 

pharmacological analgesia alone (VAS -1.23; 95%CI: -1.79 to -0.67). 

In a high quality systematic 

review of randomised trials TENS 

used in conjunction with 

pharmacological pain relief was 

found to be significantly more 

effective for post-surgical pain 

following thoracotomy or 

sternotomy than 

pharmacological pain relief and 

placebo TENS. [Sbruzzi et al. 

2012] 
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They concluded that: “TENS associated with pharmacological analgesia 

provides pain relief compared to the placebo TENS in postoperative 

thoracic surgery patients both approached by thoracotomy and 

sternotomy. In sternotomy it also provides more effective pain relief 

compared to pharmacological analgesia alone, but it has no significant 

effect on pulmonary function.” 

“TENS may be recommended as additional treatment for pain relief in 

thoracic surgery.” 

In another 2012 study of post-thoracotomy pain, [61] in 50 patients enrolled it was found that the 

morphine requirement was lower in the TENS group compared to placebo TENS (P = 0.004). In the 

TENS group compared to the placebo TENS group there was also a significant reduction of non-

opioid consumption (P = 0.002).  

The authors concluded that: “TENS is a valuable strategy to alleviate post-thoracotomy pain with 

reduction of cytokine production and of analgesic consumption, and with positive effects on 

pulmonary ventilation function.” 

 

Major spinal surgery 
In a 2011 randomised study investigating the use of TENS for post-operative pain relief in spinal 

surgery [65] it was found that: 

“During the first and second days after the operation, a decrease in 

the pain levels was noticed in the TENS group (p < 0.05). In the TENS 

group, the consumption of analgesic agents also decreased and thus 

side effects were less frequent. ” 

In all, 54 patients received patient-controlled analgesia plus TENS or 

patient-controlled analgesia alone.  

The researchers concluded that, “TENS was effective in reducing 

analgesic agent-related side effects and in reducing analgesic 

consumption. In addition, TENS also decreased activity related pain.” 

Another study of spinal surgery [56] found that: “Augmentation of 

fatigue in early postoperative phase was less in patients treated with 

TENS than with opioids for analgesic therapy after major spinal 

surgery. Further investigations on the duration of opioid therapy 

when cognitive functions decline are necessary.” 

Coronary/cardiac surgery 
One study by Lima et al. (2011) evaluated the effectiveness of TENS in 

patients undergoing coronary artery bypass graft.  [64] Twenty 

patients were divided into two groups; TENS was applied for 30 

minutes, three times a day, for 3-hours in each application. The 

Use of TENS post-thoracotomy 

surgery significantly reduced 

opioid and non-opioid  analgesia 

consumption compared to 

placebo TENS [Fiorelli et al. 2012] 

Use of TENS for pain relief after 

spinal surgery significantly 

reduced the use of patient-

controlled analgesia and thus 

related side-effects [Kara et al. 

2011] 

In a randomised controlled study of 

20 patients after coronary artery 

bypass graft TENS was found to be 

effective in reducing pain and 

improving respiratory volume [Lima 

et al. 2011] 
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average VAS pain measurement before/after was 7.0 / 1.0 for the TENS group and 7.0 / 8.0 for the 

control group. Muscle strength on inspiration and expiration was also measure with greater 

increases in the TENS group than the control group: 

 TENS group Control group 

Average volume (cm H2O) Before After Before After 

Inspiratory muscle strength -102.5 -141.17 -97.0 -100.3 

Expiratory muscle strength 63.0 125.0 55.3 53.2 

 

The researchers concluded that: “TENS has shown significant effectiveness in reducing pain, and the 

increase in respiratory muscle strength at first-day after coronary artery bypass graft surgery.”  

Other studies of post-surgical pain relief following cardiac surgery and/or sternotomy have included: 

 Gregorini et al. (2010) [71] in a study of 25 patients comparing TENS and placebo TENS found 

that: “Respiratory muscle strength (p < 0.001), tidal volume (p < 0.001) and vital capacity (p 

< 0.05) significantly improved after therapeutic TENS, unlike in the placebo group.”  

They concluded that: “Short-duration TENS proved effective for the reduction of pain and 

improvement of respiratory muscle strength, as well as of 

lung volumes and capacity.” 

 Emmiler et al. (2008) [76] in a randomised study of 60 

patients who had undergone median sternotomy for 

coronary artery bypass graft or valve repair surgery  found 

that: “TENS was more effective than placebo TENS or 

control treatments in decreasing pain and limiting opioid 

and non-opioid medication intake during the first 24-hour 

period following median sternotomy. ” 

 Cipriano et al. (2008) in a study of 45 patients undergoing 

cardiac surgery found that: “TENS was associated with significant reductions on spontaneous 

and cough-induced postoperative pain as compared to sham (P<0.05).”  Concluding that: 

“TENS is a valuable strategy to alleviate postoperative pain following cardiac surgery with 

positive effects on pulmonary ventilatory function and electrical activity of thoracic and 

girdle muscles.” 

 

Pre-operative use of TENS prior to cardiac surgery has also been 

studied with evidence that it may reduce the need for analgesia. [67] 

In a study by Coura et al. 2011, 32 patients undergoing cardiac 

surgery were randomised into two groups:  

1) A treatment group receiving preoperative TENS  at bilateral 

acupuncture points (LI4-LI11, LR3-ST36, PC6-TE5) for 30 min 

with alternating frequencies of 3 and 15 Hz.  

2) A control group receiving sham TENS 

Use of fentanyl during the postoperative period was measured. The 

Pre-operative TENS to acupuncture 

points before cardiac surgery may 

reduce the need for postoperative 

pain relief such as fentanyl [Coura et 

al. 2011] 

In three different studies of TENS 

after cardiac surgery (sternotomy), 

TENS was found to be more effective 

for postoperative pain than control. 

[Gregorini, 2010; Emmiler, 2008; 

Cipriano, 2008] 
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average total doses of fentanyl used by treatment and control groups were significantly different 

(p<0.002) as were doses of patient controlled analgesia (p<0.003). Pain intensity scores were also 

significantly lower in the TENS group (p<0.04).  

The authors concluded that: “Preoperative electro-acupuncture in conventional cardiac surgery may 

reduce the postoperative consumption of fentanyl.” 

Colonoscopy 
A randomised study of 40 healthy subjects tested Acu-TENS for relief of discomfort during barostat-

induced rectal distension. [83]  

The results showed that “Compared to the placebo group, a higher number of participants in the 

Acu-TENS group tolerated higher distension pressures (> 40 mmHg) (65% in Acu-TENS vs 25% in 

placebo, P = 0.02). The plasma beta-endorphin levels of the Acu-TENS group were significantly 

higher than that of the placebo group at barostat inflation pressure of 24 mmHg (1.31 +/- 0.40 

ng/mL vs 1.04 +/- 0.43 ng/mL, P = 0.044) and at maximal inflation pressure (1.46 +/- 0.53 ng/mL vs 

0.95 +/- 0.38 ng/mL, P = 0.003). ”  

The researchers concluded that, “Acu-TENS reduced rectal discomfort during barostat-induced rectal 

distension and concurrently associated with a rise in beta-endorphin level.” 

A high quality, double-blind randomised placebo-controlled trial study investigated the use of TENS 

for pain relief during unsedated screening colonoscopy. In total, 90 

patients were divided into three groups:  

1. a control group (n=30),  

2. active TENS (n=30),  

3. placebo TENS (n=30).  

The researchers noted that, “Throughout the procedure, the active 

TENS group experienced a VAS pain score reduction ≥50% compared 

to the placebo TENS group (p<0.001) and the control group 

(p<0.001). On the five-point Likert scale, there was also a significant 

reduction in pain score in the active TENS group compared to the 

placebo TENS and control groups (P=0.009). No significant differences were found between the 

study groups as to the bloating sensation and the duration of the procedure. ” 

 “We conclude that TENS can be used as a pain relief therapy in unsedated screening colonoscopy.” 

Cholecystectomy 
In a clinical single-masked randomised study of TENS for the relief of pain, nausea and emesis 

(vomiting) in 42 patients undergoing laparoscopic cholecystectomy surgery (gall bladder removal) it 

was found that the relative risk of nausea and/or emesis was 2.17 times greater for patients from 

the placebo group compared to the TENS group. Active TENS significantly reduced postoperative 

pain compared with the placebo (P < 0.016). [57] 

A high quality double-blind, 

randomised placebo-controlled trial 

found that TENS was significantly 

more effective than placebo TENS at 

reducing pain score during unsedated 

colonoscopy [Amer-Cuenca et al. 

2011] 
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The authors concluded: “Active TENS promoted significant 

postoperative pain relief, and fewer complaints of nausea and emesis, 

in patients submitted to laparoscopic cholecystectomy surgery.” 

Another randomised study of 96 patients undergoing laparoscopic 

cholecystectomy confirmed these findings. “The incidence of nausea 

and vomiting, the dose of anti-emetics and the occurrence of severe 

nausea were all significantly lower in the [TENS] treated group 

compared with the control group [sham TENS] and the score for pain 

was obviously reduced in patients of the treated group at 24 h post-

operation (P<0.05 or P<0.01).” 

“Transcutaneous electro-acupoint stimulation at P6 with the TOF mode could reduce the incidence 

and severity of nausea and vomiting with analgesic effects.” [84]  

Colposcopy 
A recent, high quality, Cochrane systematic review on the pain relief options during colposcopy 

(excisional or ablative procedure) for CIN (cervical intraepithelial neoplasia or pre-cancerous cervical 

cancer lesions) treatment found only one study of TENS compared to local anaesthetic conducted by 

Crompton et al. (1992). This study did not show a significant difference between TENS and injection 

of local anaesthetic. [60] 

Endometrial biopsy 
TENS has been assessed as a means of providing pain relief during endometrial biopsy. [85]  In a 

prospective study by Yilmazer et al. (2012) 65 women undergoing office endometrial biopsy were 

randomly allocated to receive either the NSAID oral naproxen sodium 

(550 mg) plus active TENS or oral naproxen sodium (550 mg) plus 

placebo TENS.  

Pain scores (visual analogue scale) before insertion of the speculum, 

when the cervix grasped, and immediately after biopsy were no 

statistically significant between the two groups. After the procedure, 

there was a significant reduction of the mean VAS pain score in 

naproxen sodium plus TENS group, compared with the naproxen 

sodium plus placebo TENS group (p < 0.0001).  

The researchers concluded that, “TENS appears to be successful in decreasing pain only after the 

procedure in patients undergoing office endometrial biopsy. It can be used as a simple, cheap, safe, 

and effective pain relief method. ” 

Trauma care/pre-hospital setting 
A systematic literature review has been conducted on the effectiveness and safety of TENS when 

administered by medics in the prehospital setting to patients experiencing acute pain. [86]  

Only studies that were randomised-controlled trials investigating the safety and efficacy of TENS 

compared with 'sham' (placebo) TENS in the prehospital setting were included. Four studies were 

eligible for inclusion in the analysis.  All four studies were good quality prospective clinical trials. 

TENS significantly reduced 

postoperative pain compared to 

placebo in a study of 42 patients  

undergoing laparoscopic gall bladder 

removal surgery (cholecystectomy). 

TENS also reduced nausea and 

vomiting. [Silva et al. 2012] 

TENS used with NSAID pain relief 

significantly reduced post-procedure 

pain following endometrial biopsy 

compared to sham TENS used with 

NSAID pain relief. [Yilmazer et al. 

2012] 
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Meta-analysis showed a statistically significant reduction in pain 

severity for patients with moderate-to-severe acute pain (see Table 

2). The post-treatment mean pain scores were also significantly lower 

for patients that received TENS compared to those that received 

'sham' TENS [33 mm VAS (95% confidence interval 21-44); P<0.0001]. 

TENS was also effective in reducing acute anxiety secondary to pain. 

No safety risks were identified.  

The researchers concluded: “When administered by medics in the pre-

hospital setting to patients with acute pain, TENS appears to be an 

effective and safe non-pharmacological analgesic modality that should 

be considered by emergency medical services organizations in which pharmacological pain 

management is restricted or unavailable.” 

Table 2. Forest plot showing pain scores for TENS vs sham TENS for pain relief during emergency 

transport. [Simpson et al. 2014] 

 

Pain relief during childbirth 
There have been a number of studies on the use of TENS for pain relief in labour, caesarean section 

and other procedures associated with childbirth. [20, 59, 87-97] 

Labour 
A 2009 Cochrane review was updated in 2011 and assessed as up to date in June 2011.  This review 

provides the highest quality evidence for the usefulness of TENS for pain management in labour. [93] 

In 2009, data from 17 studies with data for a total of 1,466 women were included in the review. 

Thirteen studies examined TENS applied to the lower back, two the application of TENS to 

acupuncture points to relieve pain in labour and two the application of Limoge currents to the 

cranium. 

Of these, 14 studies compared TENS to placebo or usual care.  For severe pain in labour two studies 

including 147 women compared the number that reported severe pain during labour for those 

receiving TENS (to the back) compared to placebo or routine care: “women in the TENS group were 

less likely to report severe pain, but the evidence of a difference between groups did not reach 

A high quality systematic review 

provides evidence that TENS is a safe 

and effective means of pain relief 

during emergency transport with 

significantly improved pain scores 

compared to sham TENS. [Simpson et 

al. 2014] 
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statistical significance (average risk ratio (RR) 0.67, 95% confidence 

interval (CI) 0.32 to 1.40, P = 0.28).” 

Another two studies (including 190 women) of TENS applied to 

acupuncture points found that women using TENS were significantly 

less likely to report having severe pain compared with controls (RR 

0.41, 95% CI 0.31 to 0.54). 

Women in the TENS group were more likely to express satisfaction 

with pain relief although the difference between groups did not 

reach statistical significance (RR 1.25, 95% CI 0.98 to 1.60). The single 

study (including 90 women) examining TENS to acupuncture points and measuring satisfaction with 

pain relief reported that women in the TENS group were more satisfied with their pain relief 

compared with women in the control group who received no pain relief (RR 4.10; 95% CI 1.81 to 

9.29). 

Several studies examining TENS to the back versus placebo TENS included enquired about women’s 

willingness to use TENS again for future pain relief in labour. In four studies, including 583 women, 

those in the active TENS group were significantly more likely to be willing to use TENS again in a 

future labour compared with those with inactive machines (average RR 1.50 95% CI 1.23 to 1.83). 

The authors of the review concluded: 

“There is some evidence that women using TENS in labour are less likely to 

rate their pain as severe, but the evidence is neither strong nor consistent.” 

“TENS does not seem to increase the use of other interventions or cause harm 

to mothers or babies. Women should be offered the choice of using TENS (with 

or without other analgesia) at whatever stage of labour they think it might 

help.” 

Another high quality systematic review conducted in 2011 also found that, “there is no evidence that 

TENS reduces the use of additional analgesia.” [94] 

Another review concluded that: “More robust studies of effectiveness are needed.” [89] 

Typically for labour pain relief the TENS electrodes are placed paravertebrally (see Figure 4) [88]. In a 

study using acu-TENS Chao et al. (2007) placed much smaller electrodes that used baseline and burst 

frequency stimulation at acupoints Li 4 (Hegu) and Sp 6 (Sanyinjiao) (located on the hand and ankle). 

[91]   These findings were also replicated in a later study. [96] 

The VAS score in the TENS group for this study compared to TENS placebo was significantly reduced 

(31/50 [62%] vs 7/50 [14%]; P<.001).  A woman’s willingness to use TENS again for future labour pain 

relief was also significantly higher in the TENS group compared to placebo (48/50 [96%] vs 33/50 

[66%]; P<.001).  

In her review of non-pharmacologic labour analgesia, Arendt concluded that: 

Women using TENS for pain 

management during labour are less 

likely to report having severe pain 

and are more likely to be willing to 

use TENS again in a future labour 

compared to controls [Dowswell et 

al. 2009; updated 2011] 
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“Overall, although the evidence is limited, there may be some analgesic benefit of TENS application 

to acupoints using specific stimulation techniques.” 

 

Figure 4. Typically TENS electrodes are placed paravertebrally at the levels of T10 to L1 and S2 to S4 

bilaterally for analgaesia in labour. Arendt & Tessmer-Tuck, 2013. 

 

Table 3. Summary of Cochrane evidence for TENS pain relief in labour. Arendt & Tessmer-Tuck, 

2013. 

 

Caesarean section 
Three studies relating to caesarean section were identified. [87, 90, 

95] 

Two of these studies were related to reducing hypotension (low blood 

pressure) during spinal anaesthesia. 

In one study TENS was applied to electroacupuncture points that are 

known to influence haemodynamics [Neiguan (PC-6) and Jianshi (PC-

5] in 36 women undergoing Caesarean section with spinal 

anaesthesia. The women were divided into three groups: 

1) a control group receiving no treatment 

There is evidence that use of acu-

TENS during caesarean section with 

spinal anaesthesia can reduce the risk 

of hypotension [Arai et al. 2008] 
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2) acu-TENS group receiving TENS at the PC-5 and PC-6 points of both arms  

3) sham TENS group receiving TENS at non-acupoints of both shoulders 

Systolic blood pressure was significantly higher in the acu-TENS group compared with the other 

groups [median for control, 70 mm Hg; acu-TENS, 94 mm Hg; sham TENS, 81 mm Hg; P<0.001]. 

Significantly fewer women in the acu-TENS group experienced hypotension [control, 10 (83%); acu-

TENS, 4 (33%); sham TENS, 10 (83%): P=0.013]. More ephedrine was required to maintain arterial 

blood pressure in the control and non-acupoint groups.  

The researchers concluded: “TENS on the traditional acupuncture points reduced the severity and 

incidence of hypotension after spinal anaesthesia in parturients.”[87] 

Another randomised, controlled study of 42 women investigated the 

effectiveness and overall opiate consumption following elective 

caesarean section.  [90] This study compared three groups: 

1) Hi-TENS combined with patient-controlled analgesia  

2) morphine combined with patient-controlled analgesia  

3) morphine alone  

The results showed that the total consumption of morphine was 

significantly lower when TENS was used (morphine with TENS 16.2 

mg and morphine alone was 33.1 mg; p=0.007). Pain relief, measured 

on the visual analogue scale, was not significantly different between groups. Sedation differed 

significantly between the groups (p = 0.045), especially between three and 12 hours post-partum 

(p=0.011).  

The researchers concluded that:  

“Pain relief from a combination of Hi-TENS and patient-controlled analgesia 

with morphine was as effective as patient-controlled analgesia with morphine 

alone, produced less sedation and reduced morphine use by approximately 

50%.” 

“Women undergoing a caesarean section should be given the opportunity to 

make an informed choice about post-operative pain relief before surgery. A 

presumed benefit of this treatment combination is that the mother is more 

alert and better able to interact with her newborn during the first hours after 

birth without drowsiness due to large doses of opiates.” 

 

Episiotomy 
TENS has been evaluated for postnatal pain relief in women who experienced vaginal delivery with 

an episiotomy. [59] This study was a controlled, randomised clinical study of 40 women who 

received either TENS high frequency or no treatment (control group). Post-episiotomy pain was 

assessed in the resting and sitting positions and during ambulation using two methods: 

There is evidence that use of acu-

TENS for pain relief following 

caesarean section reduces the 

consumption of morphine and 

increases mothers’ alertness [Binder 

et al. 2011] 
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 An 11-point numeric rating scale was performed at baseline, after one hour and at two 

hours. 

 The McGill pain questionnaire was performed at baseline and 

after one hour.  

TENS (100 Hz frequency and 75 micros pulse for 60 min) was 

administered by placing 4 electrodes in parallel near the episiotomy 

site (in the area of the pudendal and genitofemoral nerves). There 

was a statistically significant reduction in pain in the women receiving 

treatment with TENS whereas the control group showed no reduction 

in pain.  

The authors concluded that: “TENS is a safe and viable non-

pharmacological analgesic resource to be employed for pain relief 

post-episiotomy. The routine use of TENS post-episiotomy is 

recommended. ”  

Another study by Dionisi et al. (2011) evaluated intravaginal TENS for the treatment of episiotomy 

related vulvar pain and dyspareunia (painful intercourse). [92] In this study 45 women presenting 

with postpartum dyspareunia were treated with intravaginal TENS (once per week) in an outpatient 

setting and daily home therapy with myofascial stretching and exercises of the pelvic floor 

musculature. In total, 84.5% reported an improvement of dyspareunia after only five applications of 

TENS, with a total remission of symptoms in 95% of patients by the end of the study. At follow-up, 

eight months after the end of treatment, all patients were pain free.  

The authors concluded that: “Therapy with intravaginal transcutaneous nerve stimulation and pelvic 

floor relaxation exercises is safe and effective in the improvement of vulvar pain and dyspareunia in 

women with postpartum perineal trauma due to episiorrhaphy, after spontaneous delivery.” 

Pelvic pain 
Five studies of the use of TENS in chronic pelvic pain were identified. [98-102]  One study by 

Schneider et al. (2013) evaluated TENS for the treatment of 60 men with refractory chronic pelvic 

pain syndrome (CPPS). [100] 

After 12 weeks treatment, TENS was successful in 29 (48%) patients.  The positive effect was 

sustained during a mean follow-up of 43.6 months in 21 patients. After 12 weeks of TENS treatment, 

mean (95% CI) pain visual analogue scale decreased significantly (p < 0.001) from 6.6 to 3.9. Patients 

reported that their quality of life improved significantly after TENS treatment (p < 0.001). Before 

TENS, all 60 patients felt mostly dissatisfied (28%), unhappy (47%) or terrible (25%). After 12 weeks 

of TENS treatment, patients felt mostly satisfied (17%), pleased (62%) or delighted (21%). There 

were no adverse events related to TENS.  

The authors concluded that: “TENS may be an effective and safe treatment for refractory CPPS in 

men, warranting randomized, placebo-controlled trials.” 

A randomised controlled study of 40 

women showed that TENS was 

effective in reducing episiotomy pain 

following vaginal delivery compared 

to a control of no treatment [Pitangui 

et al. 2012] 
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Another study [101] had similar findings with a significant effect of TENS on chronic prostatitis pain 

(p < 0.05) and the researchers concluded that: “TENS is an effective means of non-invasive 

symptomatic management of chronic prostatitis pain.” 

Menstrual pain (Dysmenorrhea) 
Six studies were identified investigating TENS for pain during menstruation or dysmenorrhea. [41, 

103-107] In one study variations in nervous thresholds in different phases of the menstrual cycle 

were compared between eumenorrheic women and users of oral contraceptives.  

An electrical stimulator was employed to assess nervous thresholds in 56 volunteers.  Pulses were 

applied at a fixed frequency of 2,500 Hz, modulated at 50 Hz, with phase variances of 20 mus, 50 

mus and 100 mus.  

“Sensitivity, motor and pain thresholds were evaluated during five menstrual cycle phases: phase 1 - 

menstrual, phase 2 - follicular, phase 3 - ovulatory, phase 4 - luteal and phase 5 - premenstrual.”  

“The results indicated low sensitivity thresholds of 100 mus for non-users of oral contraceptives and 

50 mus for oral contraceptive users in phase 5. Low motor thresholds of 20 mus, 50 mus and 100 

mus were observed for non-users of oral contraceptives in phase 5, while that of oral contraceptive 

users was 100 mus. Finally, a low pain threshold of 100 mus was observed in phase 5, but only in the 

oral contraceptive group.”  

The researchers commented that: “Nervous thresholds vary systematically across the phases of the 

menstrual cycle, with or without the use of oral contraceptives. These variations should be taken 

into account during research performed in women.” 

Another study investigated a named TENS device (OVA) in 21 

menstruating women over 4 menstrual cycles. Effectiveness was 

evaluated on a VAS scale and reduction in use of analgesic tablets. All 

the participants subjectively found the device useful. There was a 

statistically significant reduction in mean pain score from 6.73 to 5.18 

(p = 0.0009). Concurrent use of analgesic tablets was also significantly 

reduced (p = 0.03) and seven women stopped taking analgesics while 

using the device (p = 0.02). There were no adverse events. On follow-

up 6 - 8 months post study, 14 (67%) of the women were still using 

the device regularly. This TENS device appears to be a useful 

treatment alternative for dysmenorrhea.[107] 

Another study in 34 volunteers with primary dysmenorrhea concluded that: “Both TENS and 

interferential current appear to be effective in primary dysmenorrhea. As they are free from the 

potentially adverse effects of analgesics, and no adverse effects are reported in the literature nor 

observed in this study, a clinical trial of their effectiveness in comparison with untreated and 

placebo-treated control groups is warranted.” 

 

A study of 21 women showed that 

TENS was effective in relieving 

menstrual pain (dysmenorrhea) and 

reducing the number of pain relief 

tablets taken; 67% women continued 

using the TENS device even after the 

study had ended [Shiotz et al. 2012] 
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Chronic pain 
In the USA it is estimated that chronic pain accounts for about USD $150 to USD $215 billion each 

year in economic loss through lost workdays, therapy and disability) (US Census Bureau 1996). 

A Cochrane review on ‘Effectiveness of Transcutaneous Electrical Nerve Stimulation (TENS) alone in 

the management of chronic pain’ was conducted in 2001 [108] and updated in 2008.  [109] Studies 

of TENS for angina, headache, migraine, dysmenorrhea and cancer-related pain were excluded. 

The conclusions of this review were: 

Despite the widespread use of TENS machines, the analgesic effectiveness of 

TENS still remains uncertain. This has mainly been due to inadequate 

methodology and reporting in earlier studies but more recent studies of TENS 

for chronic pain fail to offer necessary improvements in methodological rigour 

to define the place of TENS in chronic pain management with any certitude. 

The search process identified 124 studies; 25 met the inclusion criteria for 

evaluation in this review but there were insufficient extractable data to make 

meta-analysis possible. New studies of rigorous design and adequate size are 

needed before any evidence-based recommendations can be made for 

patients or health professionals. 

Migraine & headache 
Headache Australia (headacheaustralia.org.au) reports that 10% - 15% of the Australian population, 

or 3 million people, suffer with migraines.  This translates to 23% of households with at least one 

migraine sufferer and nearly all experience reductions in social activities and work capacity. The 

direct and indirect costs of migraine in Australia are estimated at $1 billion per annum. 

A recent Food and Drug Administration (FDA) ruling (effective August 2014)  [110] applies to the 

application of TENS to the head. The full text of the ruling is available here.  The new classification 

places transcutaneous electrical nerve stimulator to treat headache into class II (special controls) see 

Box 1.  

“The Agency is classifying the device into class II (special controls) in order to 

provide a reasonable assurance of safety and effectiveness of the device.” 

Peripheral nerve stimulation (PNS) has shown promising preventive properties in episodic and 

chronic migraine. [111] Ellens et al. (2011) commented that: 

“Cranial peripheral nerve stimulation targeting the occipital nerve(s) alone or 

in combination with others appears to be both safe and efficacious for the 

treatment of medically intractable migraine headaches. Although initial 

reports of occipital nerve stimulation for migraine headaches were very 

encouraging, this clinical benefit was not clearly confirmed in larger-scale 

prospective randomized trials. Moreover, the exact mechanism of 

neuromodulation effect in migraine treatment remains unclear. Significant 

http://www.gpo.gov/fdsys/pkg/FR-2014-07-03/html/2014-15625.htm
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further investigation needs to be performed to optimize our knowledge 

concerning patient selection, stimulation targets and parameters and device 

programming, and further improve clinical results. ” 

 

A recently published study used transcutaneous supraorbital nerve stimulation (tSNS) with the 

Cephaly device (STX-Med., Herstal, Belgium). [112, 113] From their survey of 2,313 headache 

sufferers in the general population Magis et al. (2013) concluded that: 

 “Transcutaneous supraorbital nerve stimulation (tSNS) is a safe and well-

tolerated treatment for migraine headaches that provides satisfaction to a 

majority of patients who tested it for 40 days. Only 4.3% of subjects reported 

AEs, all of them were minor and fully reversible.” 

Box 3. 
TENS applied to the head – FDA Classification 
 

FDA Classification for TENS to the head:  Class II (special controls).  
The special controls for this device are: 
1) The patient-contacting components of the device must be demonstrated to be biocompatible. 
2) Appropriate analysis/testing must validate electromagnetic compatibility and electrical, mechanical, and 

thermal safety. 
3) The technical parameters of the device, including waveform, output modes, maximum output voltage 

and current (with 500, 2,000, and 10,000 ohm loads), pulse duration, frequency, net charge ([mu]C) per 
pulse, maximum phase charge at 500 ohms, maximum current density (mA/cm\2\, r.m.s.), maximum 
average current (mA), maximum average power density (W/cm\2\), and the type of impedance 
monitoring system must be fully characterized. 

4) Electrical performance, adhesive integrity, shelf life, reusability, and current distribution testing of the 
electrodes must be conducted. 

5) Appropriate software verification, validation, and hazard analysis must be performed. 
6) Clinical performance data must demonstrate that the device is safe and effective as a treatment for 

headache in the indicated patient population. 
7) Labelling must include the following: 

a. Appropriate contraindications such as not for use in subjects with an implanted metallic or 
electronic device in the head, a cardiac pacemaker, or an implanted or wearable defibrillator. 

b. Appropriate warnings such as not to apply the device on the neck or chest, not to use the device in 
the presence of electronic monitoring equipment, not to use in the bath or shower, not to use while 
sleeping, not to use while driving, not to use while operating machinery. 

c. Appropriate precautions such as the long-term effects of chronic use of the device are unknown. 
d. A summary of the expected risks and benefits of using the device. 
e. A summary of the clinical performance data, including information on the patient population for 

which the device has and has not been demonstrated to be effective and any adverse events and 
complications. 

f. Information on how the device operates and the typical sensations experienced during treatment. 
g. A detailed summary of the device technical parameters. 
h. An expiration date/shelf life for the electrodes and the number of times they can be reused. 
i. Disposal instructions. 
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The study recruited only participants using specific anti-migraine drugs and compliance was checked 

using built-in software that allowed the total duration of use to be monitored.  Devices were tested 

for an average of 58.2 days and 46.6% of participants were not satisfied and returned their device. 

Compliance data showed that of the unsatisfied users, only 48.6% had used the device for the 

recommended time. In total, 54.4% of subjects were satisfied and willing to purchase the device. 

Adverse events included local pain and/or intolerance to paresthesia (2.03%), sleepiness, fatigue or 

insomnia (0.82%), headache after the stimulation (0.52%) and transient local skin allergy (0.09%). 

 

Figure 5. Area covered by TNS electrodes. 

The same researchers had previously conducted a randomised 

double-blind sham-controlled trial (the PREMICE trial)  [114] of 67 

patients which demonstrated that (tSNS) was effective for 

preventive treatment of episodic migraine. 

Participants with at least 2 migraine attacks per month were 

received either tSNS or sham stimulation, (20 minutes per day over 

3 months). Primary outcome measures were change in monthly 

migraine days and 50% responder rate. 

“The mean number of migraine days decreased significantly in the intervention group (6.94 vs 4.88; 

p = 0.023), compared to the sham group (6.54 vs 6.22; p = 0.608). Monthly migraine attacks (p = 

0.044), monthly headache days (p = 0.041), and monthly acute anti-migraine drug intake (p = 0.007) 

were also significantly reduced in the intervention but not in the sham group. There were no adverse 

events in either group. ” 

The researchers concluded that: “Supraorbital transcutaneous stimulation with the device used in 

this trial is effective and safe as a preventive therapy for migraine. The therapeutic gain (26%) is 

There is class III evidence from a study 

of 67 patients that tSNS is effective 

and safe for prevention of migraine 

[Magis et al. 2013] 
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within the range of those reported for other preventive drug and nondrug anti-migraine 

treatments.” 

“This study provides Class III evidence that treatment with a supraorbital transcutaneous stimulator 

is effective and safe as a preventive therapy for migraine.” 

Tension headache 
Chronic tension-type headache is the most common type of headache affecting around 40% of the 

population. 

In a prospective clinical trial TENS was evaluated in an RCT of 138 patients who were randomised to 

receive either imipramine (25mg, twice daily) or TENS (3x per week for 10 weeks). [115] Sixty nine 

patients were treated with TENS and 69 cases were regarded as controls and were treated with 

imipramine. TENS was applied for 15 minutes to the temporal and occipital regions. 

“Three months after treatment, both the TENS and imipramine significantly reduced the severity of 

tension headache (p < 0.05). However, imipramine was significantly more effective than TENS in 

reduction of the headache severity (p < 0.05). ”  

The researchers concluded that: “It appears that TENS method may be a good alternative method 

for patients suffering from CTTH. To better evaluate the efficacy of this method in the prevention 

and treatment of CTTH, more studies are recommended.”[115] 

A 2004 Cochrane systematic review [116] on ‘Non-invasive physical treatments for chronic/recurrent 

headache’ is now out of date (2014) with three new reviews are underway. The withdrawal notice 

states: 

“This review is out of date, but is correct at the date of publication. The review has been withdrawn 

from The Cochrane Library, but readers can still access previous versions in the 'Other versions' tab. 

The original author team is preparing three new protocols which will serve to update and replace 

this review: Manual treatment and spinal rehabilitative exercise for the prevention of migraine 

attacks in adults, Manual treatment and spinal rehabilitative exercise for the prevention of TTH in 

adults, and Manual treatment and spinal rehabilitative exercise for the prevention of cervicogenic 

headaches in adults. ” 

The original review stated that: 

“Weaker evidence suggests that other treatments may also be effective: 

pulsating electromagnetic fields and transcutaneous electrical nerve 

stimulation (TENS) for migraine, and therapeutic touch, cranial 

electrotherapy, TENS, and a combination of self- massage/TENS/stretching for 

tension-type headache. Although none of these treatments has conclusive 

evidence for effectiveness, all appear to be associated with little risk of serious 

adverse effects.” 
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Neck pain 
Fourteen publications were identified relating to the use of TENS for neck pain. [117-130]  The 

highest quality evidence is from a 2013 Cochrane systematic review ‘Electrotherapy for neck pain’. 

[117]  In this review 20 small trials (1239 people with neck pain) were included but the quality of 

evidence was low or very low. The conclusion was that there is very low quality evidence that TENS 

is more effective than placebo for relieving neck pain. 

The type of neck pain that was included in this review was: 

 non-specific mechanical neck pain, including whiplash associated disorders category I and II 

 myofascial neck pain, and degenerative changes including osteoarthritis and cervical 

spondylosis  

  cervicogenic headache  

 neck disorders with radicular findings  

The TENS studies were divided into four types as follows: 

1. TENS versus placebo of sham TENS as a control for patients with chronic neck pain  

Four studies, two with high-risk of bias and two with low risk of bias were identified for inclusion. All 

four reported immediate post-treatment pain relief favouring TENS. See Figure 6. 

The authors concluded that: “There was very low quality evidence (four trials with sparse and non-

generalizable data; group sizes between 7 and 22 participants) showing varied results for TENS 

therapy, with different frequencies and treatment schedules, immediately post-treatment for 

patients with chronic neck pain.” 

2. TENS plus another treatment versus that other treatment alone 

Three studies with high risk of bias utilized TENS (80 to 100Hz) for 

individuals with chronic neck pain, myofascial neck pain, and acute 

neck pain. Another trial assessed TENS (Ultra-Reiz, 143 Hz) for 

patients with acute whiplash associated disorders. In these trials, 

TENS was added to other interventions received by both comparison 

groups, namely infrared, hot pack, exercises, neck collar, analgesic or 

standard physiotherapy. 

The authors concluded that: “there was very low quality evidence 

(two trials with group sizes between 10 and 13, one with no blinding 

and different treatment regimens) that the addition of TENS had no 

additional significant effect on pain relief in patients with acute to chronic neck pain, and that Ultra-

Reiz reduced pain for patients with acute WAD (one trial, 2 X 8 participants).” 

3. TENS versus comparison 

Three studies with high risk of bias compared TENS to EMS, ultrasound or manual therapy for 

treatment of acute and chronic neck pain. One study with high risk of bias [121] compared TENS to 

manual therapy for subacute and chronic neck pain. 

From a recent high-quality Cochrane 

systematic review, there is very low 

quality evidence that TENS is more 

effective than placebo for relieving 

neck pain. [Kroeling et al.  2013] 
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The authors concluded that: “There was very low quality evidence (trials with group sizes between 7 

and 43 participants, sparse and non-generalizable data) that TENS may relieve pain better than EMS, 

but there was little or no difference between the effects of TENS and manual therapy (low quality 

evidence) or ultrasound (very low quality evidence) for patients with acute or chronic neck pain. Due 

to different comparative treatments, the results of the trials could not be pooled.” 

4. TENS versus TENS (with different parameters) 

One study with a low risk of bias examined the effects of TENS (100 Hz) against FREMS (a frequency 

and intensity varying TENS modification, 1 to 40 Hz) for chronic myofascial pain. Another study with 

high risk of bias compared conventional TENS (100 Hz) with both acupuncture like (AL)-TENS (4Hz) 

and burst-mode (Burst)-TENS (100 Hz, 2 Hz) for chronic myofascial pain. 

The authors concluded that: “There was very low quality evidence (one trial, 19 + 21 participants; 

insufficient data reported) that FREMS and TENS were similarly effective for the treatment of chronic 

myofascial neck pain. There was very low quality evidence (one trial, two comparisons with 37 

participants) that conventional TENS was similar to Burst-TENS or AL-TENS for chronic myofascial 

pain immediately post-treatment.” 

 

Figure 6. Forest plot showing TENS vs sham or placebo TENS for chronic neck pain 

 

Another recent study investigated the use of TENS used in conjunction with Saunders traction for 

patients with severe, chronic cervical spine pain (Figure 7). 

A total of 39 patients were divided into three experimental groups as follows: 

1) Saunders traction [to the level of noticeable but painless traction]  

2) Saunders traction plus TENS  

3) TENS alone 
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Participants attended 10 treatment sessions and measurements of the range of motion were 

performed before and after the 1st, 5th and 10th sessions and three weeks after completion of the 

study.  

The authors concluded that: “The best therapeutic effect was obtained by combining traction with 

transcutaneous electrical nerve stimulation.” [118] 

 

 

Figure 7. The cervical spine is a common source of neck pain 

Myofascial pain syndrome 
Myofascial pain syndrome is a chronic muscle pain disorder where pressure on sensitive areas (or 

trigger points) of muscles may cause referred pain in distant or unrelated parts of your body. 

Myofascial pain may develop from a muscle injury, excessive strain on a particular muscle or muscle 

group, ligament or tendon.  

Twelve references relating to myofascial pain were identified. [92, 131-141]  The most recent, by 

Weggen et al. (2013) investigated the use of TENS with different types of splints in individuals with 

chronic myofascial pain. [131]  They concluded that: “Substantial temporarily limited pain relief can 

be achieved by additional muscle stimulation by TENS.” 

Burst TENS has also been investigated in latent myofascial trigger points (MTrPs; see Figure 8) to 

assess the effect on cervical range of motion in 76 individuals with latent MTrPs in 1 upper trapezius 

muscle. 
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Figure 8. Myofascial trigger points. 

 

Participant were divided into a TENS group, that received a burst-type 

TENS (pulse width, 200 mus; frequency, 100 Hz; burst frequency, 2 Hz) 

stimulation over the upper trapezius for 10 minutes, or a placebo 

group that received a sham-TENS over the upper trapezius for 10 

minutes. Results showed that: “A 10-minute application of burst-type 

TENS increases in a small but statistically significant manner the 

referred pressure pain threshold over upper trapezius latent MTrPs 

and the ipsilateral cervical range of motion.” 

Another similar double blind randomised placebo-controlled trial of 60 

participants with latent upper trapezius trigger points compared TENS 

to sham TENS found that in the TENS group there was a mean pain 

decrease of 0.93 (0.87) points, while the placebo group had a mean decrease of 0.23 (0.97) points (p 

= 0.005). [133] 

The researchers concluded that: “Electric point stimulator type of TENS is superior to placebo only in 

reduction of pain for treating latent upper trapezius trigger points.” 

High level evidence from a systematic review conducted by Vernon et al. (2009) concluded that 

there was moderate evidence to support the use of TENS to treat myofascial pain syndrome and 

myofascial trigger points. [134] 

Jaw pain, gnathology & temporomandibular disorders 
A literature review on the effect of ultra-low frequency TENS (ULF-TENS) on patients with 

temporomandibular disorders (TMD) was published in 2014. [142] No RCTs were identified for 

inclusion in this study were found. Only eight other studies of relevance were included.  

The findings were summarised as follows: 

High level evidence from a 

systematic review concluded that 

there was moderate evidence to 

support the use of TENS to treat 

myofascial pain syndrome and 

myofascial trigger points. [Vernon et 

al. 2009] 
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“According to the available literature and the authors' experience, ULF-TENS seems to be a valid 

support in the management of TMD patients, but also a 'provocative' tool, so its application should 

always be monitored by electromyographic and electrognathographic analysis (before and after 

TENS). Further clinical studies (mainly randomized controlled trials) on ULF-TENS application in 

neuromuscular gnathology are needed. ”  

A position paper [143] from the International College of Cranio-Mandibular Orthopedics (ICCMO) 

stated that: 

“Initial conservative and reversible TMD treatment employing a therapeutic neuromuscular orthosis 

that incorporates relaxed, healthy masticatory muscle function and a stable occlusion is most often 

successful. This is accomplished using objective measurement technologies and ultra-low frequency 

TENS.” 

“Extensive literature substantiates the scientific validity of the physical/functional basis of TMD, 

efficacy of measurement devices and TENS and their use as aids in diagnosis and in establishing a 

therapeutic neuromuscular dental occlusion. A scientifically valid basis for TMD diagnosis and 

treatment is presented aiding in therapy. ” 

Neuropathic pain 
The international association for the study of pain defines neuropathic pain as ‘pain arising as a 

direct consequence of a lesion or disease affecting the somatosensory system’. Research suggests 

that neuropathic pain affects around 8% of the UK population. Common causes of neuropathic pain 

are listed in Table 5. 

Table 4. Common causes of neuropathic pain [144] 

 

A 2011 literature review by Johnson et al. concluded that: 

“The management of neuropathic pain is challenging, with medication being the first-line treatment. 

Transcutaneous electrical nerve stimulation (TENS) is an inexpensive, noninvasive, self-administered 

technique that is used as an adjunct to medication. Clinical experience suggests that TENS is 

beneficial providing it is administered at a sufficiently strong intensity, close to the site of pain.”  
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“At present, there are too few randomized controlled trials on TENS for neuropathic pain to judge 

effectiveness. The findings of systematic reviews of TENS for other pain syndromes are inconclusive 

because trials have a low fidelity associated with inadequate TENS technique and infrequent 

treatments of insufficient duration. The use of electrode arrays to spatially target stimulation more 

precisely may improve the efficacy of TENS in the future.”[145] 

Since this study was conducted a study of TENS in 40 patients (20 with peripheral neuropathic pain 

and 20 with central neuropathic pain) has been conducted.  Both groups received 20 x 30 minute 

sessions of TENS therapy over 4 weeks.  

Results showed that pain measures were significantly decreased by use of TENS (p < 0.05). The group 

with peripheral neuropathic pain presented more overall improvements than the group with central 

neuropathic pain (p < 0.05).  

The authors concluded that: “TENS therapy can be used successfully in clinical practice as an 

alternative or supportive treatment.” 

See also Diabetes. 

Geriatric pain 
Persistent pain is common in older people with approximately 18% of 

older Americans taking pain relief medication regularly (several times a 

week or more).  [146] 

Older people are more likely to suffer from arthritis, bone and joint 

disorders, back problems, and other chronic conditions and studies 

have shown that over 25% of older people in the community and over 

45% in nursing homes suffer significant pain problems that are under-

treated.  

The consequences of persistent pain include an increased prevalence 

related issues including depression, anxiety, and sleep disturbance as well as increased healthcare 

utilisation and related costs.  

A comprehensive literature review of published research on the epidemiology and management of 

pain in older people has been published in the journal Age and Ageing.  [147]  In this review, Abdulla 

et al. (2013) include a statement on the use of TENS for pain relief in the geriatric population: 

For osteoarthritis of the knee they conclude that acupuncture combined with TENS: 

“…does provide a reduction in pain intensity along with an improvement in quality of life, over and 

above the improvement in pain and function normally seen with TENS and acupuncture applied 

singularly.” 

They also cite a reference suggesting that age-related changes (e.g. dementia) may limit the use of 

TENS among the older population. They state that the American Geriatrics Society (AGS) 

recommends that the use of TENS alone, or in combination with other pharmacological strategies, 

The American Geriatrics Society 

recommends that TENS (alone or in 

combination with pharmacological 

strategies) can be an effective 

approach to pain relief in older 

people [Abdulla et al. 2013] 
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can be an effective approach to pain relief in the elderly.  Age does not have a significant impact on 

pain or TENS comfort. Conventional and burst TENS do not differ in their ability to decrease pain. 

Paediatric pain 
A number of studies on the use of TENS for pain relief in children have 

been identified. [34, 148-154] A review of pain management of 

musculoskeletal injuries in children was published by Ali et al. in 2010 

and the conclusion was: 

“Non-pharmacological therapies are emerging as commonly used 

treatment options by parents and adjuncts to analgesic medication. 

The efficacy and role of techniques (massage, music therapy, 

transcutaneous electrical nerve stimulation), although promising, 

require further clarification in the treatment of orthopedic injury pain. ” [148] 

Another study on implementing evidence-based physiotherapy practice for treating children with 

low back pain concluded that: 

“There was insufficient evidence to support the effectiveness of thermotherapy, transcutaneous 

electrical nerve stimulation, or ultrasound.” [34]  The authors also 

added that there is a need for clinical guidelines for treating non-

specific low back pain in children and adolescents are needed. 

Lauder et al. (2005) published a case series of six children with 

cerebral palsy and neuropathic pain from multilevel surgery.  [154]  

Five of the children benefitted from TENS therapy and the authors 

made the following comment: 

“In our experience TENS is an extremely useful treatment modality in 

pediatric patients. It is portable, noninvasive, non-addictive, user-

friendly and safe to be used at home or at school. Skin irritation at the electrode site is the only side 

effect. In children with neuropathic pain it is often the only therapy required to enable 

physiotherapy to proceed.” 

Cancer pain 
TENS may be useful in relieving cancer pain according to a number of research publications. [155-

160] Cancer-related pain is complex and multi-dimensional and may be caused directly, by pressure 

of the tumour on surrounding bone and tissue, or indirectly as a result of radio and chemotherapy 

and other treatments. 

The highest quality evidence for the use of TENS in cancer pain comes from a Cochrane systematic 

review ‘Transcutaneous electric nerve stimulation (TENS) for cancer pain in adults’ published in 

2012. [156] 

In children with cerebral palsy, TENS 

may provide relief from neuropathic 

pain related to multi-level surgery 

and assist with enabling 

physiotherapy to proceed [Lauder et 

al. 2005] 

TENS may be useful for improving 

cancer bone pain on movement, but 

more research is needed to improve 

knowledge in this area [Hurlow et al. 

2012] 
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This review was first published in 2008 [158] and subsequently updated in 2012.  In total only three 

small studies were eligible for inclusion. TENS was given to 15 participants in one study, 41 

participants in the other and 24 participants in the most recently included study.  

“The newly included study [155] suggested TENS might improve cancer bone pain on movement, but 

as a pilot study it was not designed to determine the impact of TENS on pain. The two studies in the 

previous review did not show that TENS significantly improved cancer pain. One study did not have 

sufficient participants to determine whether or not TENS had an effect. TENS was well tolerated in 

all three studies. There were significant differences in participants, treatments, procedures and 

symptom measurement tools used in the studies. In two of the studies some participants were able 

to identify when they received active TENS and when they received placebo.” 

“There is insufficient evidence to judge whether TENS should be used in adults 

with cancer-related pain. Further research using well designed clinical trials is 

needed to improve knowledge in this field. ” 

The reviewers concluded that in adults with cancer-related pain the evidence is insufficient to judge 

whether TENS should be used. They recommended that further research be conducted and highlight 

the fact that Bennett et al. (2010) [155] has identified that pain relief on movement is probably the 

most appropriate outcome for to use for future research in this area.  

Musculoskeletal pain 
A recent review on the management of chronic musculoskeletal pain was published by Uhl et al. 

(2014) and the following conclusions regarding TENS were drawn: 

“TENS is generally believed to be safe and has been found to produce some anesthetic effects in 

patients with LBP and neuropathic pain. A Cochrane review on the use of TENS for chronic pain 

reported mixed results overall; 13 of 22 RCTs reported positive results and 9 failed to demonstrate a 

significant analgesic effect. Therefore, TENS cannot be recommended as a first-line therapy, but 

evidence exists to support its potential, albeit modest, benefits.”[161] 

Please see individual sections on Osteoarthritis, Tennis Elbow, Low Back Pain, Myofascial Pain, Neck 

and Rheumatoid Arthritis. 

Ischaemic pain 
Ischaemic pain is caused by decreased blood flow which can occur 

when there is mechanical obstruction, e.g. constriction caused by an 

orthopaedic cast, or insufficient blood flow, e.g. from injury or surgical 

trauma. Ischaemic pain can also be caused by occlusive arterial 

disease and may be severe.  

TENS has been found effective for the relief of experimentally induced 

ischaemic pain in one study of 48 healthy volunteers. [2]  The study used submaximal effort 

tourniquet tests at both baseline and during TENS which was applied for 20 minutes using three 

different regimes: 

TENS significantly lowered pain 

scores in healthy volunteers with 

experimentally induced ischaemic 

pain in two placebo-controlled 

studies [Chen et al. 2011; Seenan et 

al. 2012] 
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1) 3 pulsed currents per second (pps) 

2) 80 pps 

3) placebo (TENS with no current) 

There were lower VAS scores for 80 pps than placebo (mean difference, 13.29 mm; 95% CI, 9.71, 

16.87; p < 0.001) and 3 pps (mean difference, 19.88 mm; 95% CI, 17.20-22.55; p < 0.001).  The scores 

for sensory dimensions of the short-form McGill Pain Questionnaire for both 3 pps and 80 pps were 

lower than placebo (p < 0.001; p = 0.005, respectively), but there was no significant difference 

between TENS at 80 and 3 pps (p = 1.0).  

The researchers concluded that: “Strong non-painful TENS delivered at 80 pps reduced 

experimentally induced ischaemic pain when compared with TENS delivered at 3 pps.” 

Another similar study in 27 healthy volunteers with experimentally induced ischaemia found that HF-

TENS had stronger modifying effects on several aspects of laboratory-induced ischemic pain than 

placebo TENS. HF-TENS delayed the onset of pain, reduced pain levels, and delayed the onset of 

extreme pain over a period of several minutes. [162] 

Renal colic pain 
One study on TENS use for pain relief in renal colic was identified and 

a correspondence letter to the journal. [163, 164] 

In this study 100 patients with acute flank pain and suspected renal 

colic were administered with either TENS or sham TENS. Pain and 

anxiety were assessed using VAS.  

Of the 100 patients initially identified, 73 actually had renal colic, 

including 39 in the TENS group and 34 in the sham TENS group.  

Those patients receiving TENS had a significant decrease in mean pain 

score >50% whereas those receiving sham TENS showed no variation 

in mean pain.  Those receiving active TENS also had improved anxiety and nausea scores and lower 

heart rates. 

In conclusion “This trial shows that local TENS is a rapid and effective treatment for renal colic pain. 

We found TENS to be a good nondrug therapy under the difficult circumstances of out of hospital 

rescue. ” 

  

Active TENS significantly decreased 

pain scores in patients with renal 

colic pain compared to sham TENS 

according to a study of 100 patients 

in an emergency setting. [Mora et al. 

2006] 
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TENS: Chronic Conditions 

Constipation 
Thirteen studies of TENS use for constipation were identified. [165-177]  

Adults 

There is a lack of research on the use of TENS to treat constipation in adults. 

Children 

There is no Cochrane or systematic review on the use of TENS for constipation in children despite 

there being a number of papers on this topic.  A protocol for a Cochrane review has been published 

by Ng et al. (2013) and the primary objective will be to assess the efficacy and safety of TENS used 

for the treatment of childhood constipation. [176] 

Constipation is a common problem in children with global prevalence estimates of 0.7-30% of the 

paediatric population and less than 5% of these children having an underlying cause for their 

constipation.  Paediatric constipation is estimated to cost USD $3.9 billion per year in the US.  

A review in 2011 found that transelectrical stimulation (TES) is “showing promise in treating children 

with chronic constipation.”[177]  

In a pilot study to evaluate the efficacy of parasacral TENS to treat constipation in children with 

lower urinary tract dysfunction (LUTD) fourteen children were enrolled and received parasacral TENS 

sessions(20 min each (10 Hz), 3x per week).  

Constipation was assessed using the Rome III criteria for children, the Bristol Stool Chart, and a visual 

analog scale (pain from 0 to 10).  According to the Rome III criteria, 

TENS treatment significantly improved constipation symptoms in 

85.7% (p < 0.001) of the children. There was no significant change in 

the Bristol Stool Chart evaluation (p < 0.25), but there was a significant 

improving trend in level of pain before and after treatment (p < 0.063).  

The researchers concluded: “In this first study to evaluate the results 

of parasacral TENS on constipation in children with LUTD, satisfactory 

results were obtained for both complaints.” 

TENS has also been shown to effectively treat children with functional 

constipation as well. In a randomised controlled trial of children with 

constipation, TENS and interferential current were applied (1 hr/day 

for 2 months, 4 kHz). There was a significant increase in stool 

frequency per week (p < 0.008). [169]  Another randomised clinical trial [170] also demonstrated 

that the use of interferential current on significantly improved constipation compared to placebo. 

Parasacral TENS has been shown to 

significantly improve constipation 

symptoms in children in 3 separate 

studies however there is a need for a 

systematic review and the results of 

a planned Cochrane systematic 

review are awaited to provide high 

level evidence. 
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Multiple Sclerosis 
Multiple sclerosis is a disease of the central nervous system and lesions can interfere with nerve 

impulses within the brain, spinal cord and optic nerves.  

According to MS Research Australia, Multiple Sclerosis (MS) affects 23,000 Australians and 2.5 

million globally with women at triple the risk of men. The total financial costs of MS in Australia are 

estimated at $2 billion annually. 

MS lesions may cause symptoms such as spasticity, muscle spasms and urinary incontinence and is 

often accompanied by sensory-motor dysfunctions that have a 

substantial impact on the quality of life of patients.  Around 70% of 

people with MS have diminished sensation and other common 

impairments include reduced motor control, loss of fine motor skills 

and increased intention tremor.  

TENS may assist in alleviating these symptoms and eleven studies on 

the use of TENS in multiple sclerosis (MS) have been identified. [178-

188] 

Spasticity 

One RCT of 52 people with MS investigated spasticity in the lower 

extremities.  People with MS and muscle spasm in the leg received either a four-week treatment 

course of baclofen (10 mg 2xdaily, increasing over three weeks to 25 mg) or self-applied TENS. [178] 

Spasticity decreased in both groups (measured using a modified Ashworth Scale). Of the 26 people 

treated with TENS, the mean score decreased signficantly (p < 0.001). The mean difference in MAS 

score at the four-week follow-up was significantly lower in the TENS group than the baclofen group 

(p < 0.05).  

The researchers concluded that: “This study demonstrates that both baclofen and TENS can be 

effective in reducing MS-related spasticity. The mean MAS score was significantly lower in the TENS 

group. However given the side-effect profile of baclofen, TENS may have some benefits over 

baclofen. ” 

Prior to this new finding, a Cochrane review by Amatya et al. (2013) has reviewed non-

pharmacological interventions for spasticity in multiple sclerosis. [181]  Only one study of TENS for 

spasticity in MS was identified in the review. [186] The conclusion of the review was that: 

“No evidence of benefit exists to support the use of TENS, sports climbing and vibration therapy for 

treating spasticity in this population.” 

“A wide range of non-pharmacological interventions are used for the treatment of spasticity inMS, 

but more robust trials are needed to build evidence about these interventions.” 

 

 

A RCT of 52 people with multiple 

sclerosis (MS) and leg spasm showed 

that TENS significantly reduced 

spasticity and was of similar benefit 

to baclofen [Shaygannejad et al. 

2013] 
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Motor control 

In another study with a double-blind crossover design, six patients received either TENS or sham 

TENS (3 weeks, 1h/day) on the median nerve region of their most impaired hand and then the 

alternative treatment after a washout period of 6 months. Cortical motor representation was 

mapped using transcranial magnetic stimulation (TMS). [179] 

The researchers concluded: “Our results revealed that 3 weeks of 

daily stimulation with TENS significantly decreased the cortical motor 

representation of the stimulated muscle in MS patients. Although the 

mechanisms underlying this decrease remain unclear, our findings 

indicate that TENS has the ability to induce long-term reorganization 

in the motor cortex of MS patients.” 

Overactive bladder 

In a study of 70 MS patients suffering from overactive bladder, transcutaneous posterior tibial nerve 

stimulation (TPTNS) was administered daily (30 mins/day for 3 months). [181] 

Clinical improvement of overactive bladder was observed in 83.3% of the patients by the end of the 

study period. The researchers concluded that: 

“Chronic TPTNS appears to be effective in the management of severe OAB in MS, without 

compromising bladder emptying or inducing side effect.” 

Tactile sensitivity 

A study of 26 MS patients investigated the long-term effects of TENS on hand sensitivity. [182] TENS 

was applied for on the median nerve region of the dominant hand (3 weeks for 1hr/day).  

“Long-lasting increases in tactile sensitivity were achieved by repetitive stimulation of sensory 

afferents with TENS in MS patients but not in healthy subjects. This 

increased sensitivity was not only restricted to the median nerve area 

but also expanded to the ulnar nerve area. Remarkably, MS patients 

reached the same level of sensitivity as healthy subjects immediately 

after the intervention, and long-term effects were reported 3 weeks 

later. The findings of this study demonstrated lasting improvements 

in tactile sensitivity of the fingers as a result of a long-term TENS 

intervention in MS patients, who ultimately reached a level 

comparable with that of healthy subjects.” See Figure 9. 

Another RCT evaluated nortriptyline compared to TENS for the 

treatment of pain or sensory complaints in 59 people with MS. Treatment was for eight weeks and 

results showed that TENS was similar in efficacy to nortriptyline. Pain scores significantly decreased 

in both the TENS group (p < 0.001) and the nortriptyline group (p < 0.001). [185] 

The authors concluded that: “This study demonstrates that both nortriptyline and TENS can be 

effective in reducing the intensity of pain and/or sensory complaints in the upper extremities of 

people with MS. However given the side-effect profile of nortriptyline, TENS may have some benefits 

over nortriptyline. This modest reduction in the intensity of pain and/or sensory complaints suggests 

There is evidence that TENS may have 

the ability to induce long-term re-

organisation of the motor cortex in 

MS patients [Cuypers et al. 2013] 

There is evidence that TENS can 

improve tactile sensitivity and reduce 

sensory complaints in people with MS 

according to two separate studies 

[Cuypers et al. 2011; Chitsaz et al. 

2009] 
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that physicians should carefully weigh the risk and benefits of nortriptyline and TENS in people with 

MS with pain and/or sensory complaints.” 

 

Figure 9. Improvement of tactile sensitivity in MS patients treated with TENS compared to controls 

and healthy subjects [182]. 

Spasticity 
Spasticity related to cerebral palsy or following stroke or spinal injury have all been investigated for 

their response to TENS therapy. 

Cerebral palsy 

A study of the use of TENS to reduce spasticity in the hip adductor 

muscles in children with cerebral palsy with the aim of improving 

standing and gait has been conducted. [189] 

Twenty-seven children with spastic diplegic CP were assigned to two 

different TENS regimes.  The effects were assessed using the modified 

Ashworth scale. 

“A significant improvement was recorded in spasticity of hip adductors, 

gait parameters and knees position of the experimental group. 

Functional application of TENS to hip adductors of children with spastic 

diplegic CP can reduce spasticity and improve gait pattern.” 

Spasticity after stroke 

Six studies were identified that investigated the use of TENS for treatment of spasticity following 

stroke. [190-195] 

In a recent, comprehensive review of stroke treatment [190] Thibaut et al. (2013) stated the 

following in a section on TENS: 

A small study has shown that TENS 

applied to hip adducters may reduce 

spasticity and improve gait in children 

with spastic diplegic cerebral palsy 

[Alabdulwahab et al. 2010] 
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“TENS is another physical treatment that consists of electrical stimulations administered over the 

spastic region, the spinal dermatome or the peroneal nerve. This technique has been shown to 

reduce spasticity in antagonist muscles. The effect seems to be related to the production of β-

endorphins, which may decrease the excitability of motor neurons. It may also reduce nociceptive 

inputs, as suggested by the gate control theory, by regulating the transmission of pain impulses. 

Moreover, it has been suggested that TENS could facilitate cortical synaptic reorganization and 

motor output by increasing sensory input, due to the stimulation of large diameter Aβ fibres.” 

They concluded that: “The efficiency of TENS still needs to be further investigated through 

randomized controlled trials.”  

In a randomised study of 42 chronic stroke patients TENS [applied to the gastrocnemius (calf muscle, 

see Figure 10) for 60 min at 100 Hz, 200 micros with 2-3 times the sensory threshold] or placebo-

TENS was administered. [191]  

 

Figure 10. Diagram showing gastrocnemius muscle to which TENS was applied in patients with 

chronic stroke. 

To assess improvements in spasticity the Modified Ashworth Scale 

and the Hand held dynamometer were used. In the TENS group a 

significant reduction in spasticity of the gastrocnemius was 

observed, compared to the placebo-TENS group (p < 0.05). TENS 

resulted in greater balance ability improvements, especially closed 

eyes (p < 0.05). These improvements returned to baseline levels 

within one day.  

The researchers concluded that: “This study shows that TENS 

provides an immediately effective means of reducing spasticity and of improving balance in chronic 

stroke patients.”  

They were also hopeful that their work would assist others in the establishment of standard 

parameters for application of TENS in stroke patients. 

In a randomised, controlled study of 

42 chronic stroke patients TENS was 

found to reduce spasticity and 

improve balance [Cho et al. 2013] 
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Another randomised controlled trial of 62 stroke patients within 9.2 (± 3.4) days post-stroke 

compared three groups either receiving TENS, placebo-TENS or standard rehabilitation. [192] TENS 

was applied to 4 acupuncture points in the affected lower leg for 60 min, 5 days a week for 3 weeks. 

Measurements included: plantar-flexor spasticity, ankle muscle strength and functional mobility 

before treatment, during treatment, and 8 weeks post-stroke.  

No significant differences were found between the groups before 

treatment. When compared with standard rehabilitation or placebo 

stimulation, TENS significantly increased the percentage of patients 

with normal tone, increased ankle dorsi-flexor strength, and 

decreased antagonist co-contraction ratio (p < 0.05). The patients in 

the TENS group also tended to walk 2-4 days earlier than the 

patients in the other 2 groups.  

The researchers concluded that: “Three weeks of TENS to lower leg 

acupuncture points, given 5x/week, within 10 days post-stroke, significantly decreased ankle 

plantar-flexor spasticity, and increased dorsi-flexor strength concomitant with a decrease in 

antagonist co-contraction.” 

Another randomised, placebo-controlled clinical trial of 109 hemi-paretic stroke survivors found that 

TENS can improve the effectiveness of task-related exercise for increasing walking capacity. [193] 

Patients received either: 

1. TENS (60 mins, 5 days/week for 4 weeks) 

2. TENS plus exercise (as above plus 60 mins exercise) 

3. Placebo TENS plus exercise 

4. Control group 

Outcomes were assessed using the GAITRite II walkway system, the 6-minute walk test and the 

timed up and go test before treatment, at 2 and 4 weeks, and at follow-up (4 weeks after last 

treatment).  

The combined TENS plus exercise group showed significantly improved increases in gait velocity (by 

37.1-57.5%, p < 0.01) and reduced timed up and go scores (by -14.9 

to -23.3%, P < 0.01) from week 2 onwards. This group also covered 

significantly more distance in the 6-minute walk test (p < 0.01) from 

week 2 onwards.  

The researchers concluded that: “TENS can improve the effectiveness 

of task-related exercise for increasing walking capacity in hemi-

paretic stroke survivors.” 

Another study in 88 patients drew similar conclusions: 

“In patients with chronic stroke, 20 sessions of a combined TENS plus task-related training home-

based program decreased plantar-flexor spasticity, improved dorsi-flexor and plantar-flexor 

strength, and increased gait velocity significantly more than TENS alone, placebo plus task-related 

In a randomised, controlled trial of 62 

stroke patients TENS administered 

within 10 days of stroke was found to 

reduce spasticity, improve time to 

walking and increase strength [Yan et 

al. 2009] 

Two separate randomised, controlled 

trials have shown that TENS 

combined with exercise can improve 

recovery in stroke patients [Ng et al. 

2007 & 2009] 
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training, or no treatment. Such improvements can even be maintained 4 weeks after treatment 

ended.” [195] 

Spasticity after spinal injury or in paraplegia 

One randomised controlled trial of the effect of TENS on spasticity in patients with spinal cord injury 

was identified. [196]  In this trial 18 subjects with spinal cord injury and symptoms of spasticity of 

lower limbs received either TENS (60mins, 0.25 ms, 100 Hz, 15 mA) or placebo TENS over the 

common peroneal nerve (Figure 11).  

Outcomes were measured using a composite spasticity score (Achilles 

tendon jerks, resistance to full-range passive ankle dorsiflexion and 

ankle clonus) before and after treatment.  

In the TENS group statistically significant reductions in Composite 

Spasticity Score were observed (p = 0.017) with resistance to full-

range passive ankle dorsiflexion improving by 31.0% (p = 0.024) and 

ankle clonus by 29.6% (p = 0.023).  These improvements were not 

observed in the placebo TENS group.   

The researchers concluded that: “This study showed that a single 

session of TENS could immediately reduce spasticity.” 

 

 

Figure 11. Location of the common peroneal nerve to which TENS was applied to reduce spasticity in 

patients with spinal cord injury. 

 

An earlier study compared pharmacological treatment of spasticity with TENS treatment. [197] 

In this study 10 patients with spinal cord injury and spasticity were assigned to receive oral baclofen 

and 11 were assigned to receive TENS; 20 healthy individuals were allocated to a control group for 

establishing normal comparator parameters. TENS was applied to the tibial nerve (15 days, 100 Hz) 

and outcome measures (before and after treatment) were: 

 Clinical outcomes 

o spasm frequency scale  

In a randomised controlled trial of 18 

patients with spinal cord injury and 

spasticity TENS was found to 

significantly reduce spasticity;  

effects were immediate and 

observed after a single TENS session 

[Ping Ho Chung et al. 2010] 
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o painful spasm scale  

o lower limb Ashworth score  

o clonus score  

o deep tendon reflex score  

o plantar stimulation response score  

 Electrophysiological evaluations of the lower limb 

o H-reflex response at the highest amplitude  

o latency of maximum H-reflex 

o ratio of H-reflex response at the highest amplitude to M response at maximum 

amplitude 

 Functional evaluations  

o functional disability score 

o FIMTM is a trademark of the Uniform Data System for Medical Rehabilitation, a 

division of UB Foundation Activities, Inc. 

Significant improvement was detected in lower limb Ashworth score, 

spasm frequency scale, deep tendon reflex score, functional 

disability score, and FIM in the baclofen (P = 0.011, P = 0.014, P = 

0.025, P = 0.004, and P = 0.005, respectively) and TENS (P = 0.020, P 

= 0.014, P = 0.025, P = 0.003, and P = 0.003, respectively) group after 

treatment.  

The greatest improvement in the TENS group was observed in the 

third evaluation (15 mins after the 15th session), especially in lower 

limb Ashworth score (P = 0.006) and H-reflex maximum amplitude (P = 0.006).  

The researchers concluded: 

“The percentage change in clinical, electrophysiologic, and functional variables caused by baclofen 

was not different from that caused by repeated applications of TENS in the short- and long-term 

evaluations (P > 0.05).”  

“TENS may be recommended as a supplement to medical treatment in the management of 

spasticity.” 

See also Multiple Sclerosis. 

Geriatric 
A number of studies have focused on the use of TENS in a geriatric or 

elderly population. [147, 198-204]  Most of these studies focus on 

relieving geriatric pain, stroke symptoms or dementia and have been 

covered in detail in other sections of this report. 

One study investigated the use of acu-TENS (or TEAS) to improve 

depressive mood status among elderly people in a nursing home 

setting. [199]  Nine subjects received acu-TENS (15 mins, 5x/week for 

In a study of patients with spinal cord 

injury and spasticity TENS was found 

to be of comparable effectiveness to 

the oral treatment baclofen to reduce 

spasticity [Aydin et al. 2005] 

In a pilot study of elderly nursing home 

residents, acu-TENS was found to 

significantly improve depressive mood 

status compared to social visits [Chang 

et al. 2010] 
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1 month) and 7 control subjects received social visits for the equivalent time.  

 

Figure 12. Acupoints for improving depressive mood status [Chang et al. 2010] 

Acu-TENS was applied to the acupoints shown in Figure 12. Outcomes were measure using GDS-SF 

and MMSE (see glossary). 

Depression scores following the intervention differed significantly between the 2 groups. Subjects in 

the acu-TENS group showed a statistically significant improvement in depressive mood status.  

The authors concluded that: “Acu-TENS (TEAS) can be a safe, easy, and noninvasive technique for 

nursing home staff to improve the depressive mood status of elders.” 

See also Geriatric Pain, Dementia, Stroke 

Tinnitus 
A number of studies of the use of TENS to treat tinnitus have been published. [205-215]  

In one recent study of 65 patients with tinnitus the perceived effect 

of TENS was investigated compared to sham-TENS.  Forty-five 

patients received TENS (2x/week over 4 weeks) and 20 received 

sham-TENS. [205] 

The effect of TENS on the degree of initial hearing loss and tinnitus 

frequency was assessed and perception of TENS using the THI and 

VAS questionnaires.  

The results showed that: “Twenty-eight of 45 patients (62.2%) 

revealed subjective improvement in tinnitus with TENS. TENS was more effective in patients with 

low-frequency tinnitus or with mild hearing loss. Symptomatic improvement in the electrical 

stimulation group was achieved for 1 month in most patients.” 

In study of people with tinnitus TENS 

was found to improved perception of 

tinnitus in 62% of people and was more 

effective in those with low-frequency 

tinnitus or mild hearing loss [Lee et al. 

2014] 
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Another study compared three treatment methods for tinnitus: betahistine dihydrochloride, 

transcutaneal electrical nerve stimulation and pure tone masking-tinnitus retraining therapy (TRT) in 

91 patients.  In this study the success rate of the pure tone masking-TRT was much higher when 

compared to the other treatment methods. [207] 

“According to these results, pure tone masking-TRT was found to be the best treatment method 

when compared to other methods and it was concluded that this treatment may be considered as 

the first choice in patients with idiopathic tinnitus.” 

A third study applied TENS to the dorsal cochlear nucleus (DCN) via 

the upper cervical nerve (C2) for somatic tinnitus (Figure 13).[208]  

In total, 240 patients with somatic tinnitus [i.e. tinnitus that is 

modulated by somatosensory events and changes with rotation, 

retro- and anti-flexion of neck or is modulated by pressure on head 

or face] were included. TENS ( 30 min: comprising 10 min 6 Hz, 10 

min of 40 Hz, 10 min of sham) or sham-TENS was applied.  

The authors concluded: “Significant tinnitus suppression was found (P < 0.001). Only 17.9% (N = 43) 

of the patients with tinnitus responded to C2 TENS. They had an improvement of 42.92%, and six 

patients had a reduction of 100%.” 

 

Figure 13. TENS electrode placement for upper cervical nerve (C2) stimulation of the dorsal cochlear 

nucleus for tinnitus relief [Vanneste et al. 2010]. 

Diabetes 
TENS may be of use for treating painful diabetic neuropathy. [216-218]  A systematic review and 

meta-analysis of TENS and other alternative treatments for painful diabetic neuropathy was 

conducted by Stein et al. (2013). [216]  Diabetic neuropathy is a common complication of diabetes 

(diabetes mellitus) and pharmacological treatments are not effective for many patients. 

(PDN) is a common complication of diabetes mellitus, and pharmacological therapies are ineffective 

in many patients. Therefore, other treatment modalities should be considered, including electrical 

stimulation and electromagnetic fields. Twelve studies were identified for inclusion and meta-

analysis showed that mean pain scores were significantly lower in the TENS group than in the 

placebo group.  The authors concluded that: 

In study of 240 people with somatic 

tinnitus TENS applied to C2 was found 

to significantly suppress tinnitus in 

17.9% [Vanneste et al. 2010] 
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“We found that TENS improved pain relief in patients with diabetic 

neuropathy, while no such improvement was observed with the use 

of electromagnetic field treatment.” 

An earlier systematic review also drew favourable conclusions on the 

effect of TENS on diabetic peripheral neuropathy. [218] 

Three RCTs (78 patients) were identified for inclusion and reductions 

in mean pain score were significantly greater in TENS group compared 

to placebo TENS group at 4 weeks and 6 weeks follow-up, but not at 

12 weeks follow-up, however, TENS therapy was associated with 

significantly subjective improvement in overall neuropathic symptoms 

at 12 weeks follow-up. No TENS-related adverse events were 

reported.  

The researchers concluded that: “TENS therapy may be an effective 

and safe strategy in treatment of symptomatic diabetic peripheral 

neuropathy. Due to small sample and short-term treatment duration, 

large multi-centre RCTs are needed to further evaluate the long-term 

effect of TENS on diabetic peripheral neuropathy.” 

Recent findings have also highlighted the possibility of using TENS to assist with glycaemic control in 

diabetic patients. [219] In a case report of an incidental finding in a man presenting with back pain 

and insulin-dependent diabetes mellitus, TENS induced symptoms of hypoglycaemia (defined as 

blood sugar concentrations below 4 mmol/L) 

The authors noted: 

“Discontinuation of TENS resulted in raised blood sugar level. When 

TENS was restarted, the same hypoglycaemic response was noted. 

The insulin dosage was adjusted to half of the patient's routine daily 

requirement with continued application of TENS. This incidental 

finding has alerted us to hypoglycaemic episodes following TENS 

application, which may be due to effective pain control, decreased 

sympathetic stimulation, enhanced insulin sensitivity or altered 

muscle metabolism due to electrical stimulation.” 

See also Neuropathic pain. 

Fibromyalgia 
Symptoms of fibromyalgia include chronic widespread pain, heightened sensitivity to pain and 

fatigue and the syndrome affects around 2-5% of the population, predominantly women. Seven 

research articles relating to the use of TENS in fibromyalgia were identified. [220-226] 

 

A high quality systematic review and 

meta-analysis found that TENS 

improved pain relief in patients with 

painful diabetic neuropathy. [Stein et al. 

2013] 

A high quality systematic review and 

meta-analysis found that TENS 

improved pain scores at 4 and 6 weeks 

follow-up in patients with diabetic 

peripheral neuropathy. [Jin et al. 2010] 

A case report of TENS application in a 

patient with IDDM suggests that TENS 

may have a role in assisting with 

glucose control in the diabetic patient. 

[Khan et al. 2012] 
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A double-blinded, randomised, placebo-controlled, cross-over study was conducted to test the effect 

of a single treatment of TENS with people with fibromyalgia. [222] 

Forty-three subjects received either active TENS, placebo TENS or no 

TENS and outcome measures included pain and fatigue at rest and in 

movement; pressure pain thresholds, 6-m walk test, range of 

motion; 5-time sit-to-stand test, and single-leg stance.  

Results are shown in Figure 14. 

The authors concluded that: “During active TENS, conditioned pain 

modulation was significantly stronger compared to placebo TENS 

and no TENS. No changes in functional tasks were observed with TENS. Thus, the current study 

suggests TENS has short-term efficacy in relieving symptoms of fibromyalgia while the stimulator is 

active.” 

“Future clinical trials should examine the effects of repeated daily delivery of TENS, similar to the 

way in which TENS is used clinically on pain, fatigue, function, and quality of life in individuals with 

fibromyalgia.” 

 

 

Figure 14. Improvement of pain (A) and fatigue (B) in Fibromyalgia at rest and during movement 

after one session of TENS *p < 0.05. [Dailey et al., 2013] 

Another study of 39 patients evaluated two TENS (dual-TENS) devices, applied simultaneously in 

each patient [221]: 

In a double-blind randomised cross-

over trial of 43 fibromyalgia patients, a 

single session of TENS significantly 

improved pain and fatigue on 

movement. [Dailey et al. 2013] 
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1. At the lower back (perpendicular to the vertebrae canal, at the level of the 5th lumbar 

vertebrae) and  

2. Centrally above and below the space between the C7 and T1 spinous processes.  

The devices were applied for 20 min (12-h intervals for 7 days).  Placebo-TENS was applied in the 

same way but without electrical current and single-TENS group had one active and one placebo 

device. 

The outcome measures were pain (VAS pain score), use of analgesic tablets, quality of sleep and 

fatigue.  

In patients receiving placebo-TENS at both sites, no improvement in 

VAS pain score  was observed; those receiving single-TENS 

demonstrated an average improvement of 2.5 cm in VAS (previous 

8.5 cm compared to 6 cm after treatment) (p < 0.05); the dual-TENS 

group showed an average 4 cm improvement in the VAS pain (p < 

0.02). 

Analgesic tablet consumption significantly reduced in both single-

TENS (p < 0.05) and dual-TENS (p < 0.02) groups. Quality of sleep 

also significantly improved (p < 0.05).  

The researchers concluded that:  “While the application of a single active TENS improved pain relief 

in fibromyalgia pain, pain and fatigue were further improved when two active devices were 

simultaneously applied at the low back and cervical area, with no side effects.” 

Chronic heart failure 
Two studies have investigated the use of TENS in patients with chronic heart failure. [227, 228] 

In one randomised, double blinded and sham controlled study of 22 

chronic heart failure patients (New York Heart Association (NYHA) 

Class III) TENS and neuromuscular electro-stimulation (NMES) were 

compared to sham stimulation.[227] 

TENS electrodes [Physio 4, 80 Hz, a pulse width at 200us, 5mins 

alternating with 3s of stimulation & 3s of rest; CEFAR©, Sweden]  

Compared to Sham stimulation, both TENS and NMES reduced muscle 

sympathetic nerve activity (p < 0.01 after TENS; p < 0.01 after NMES). 

No variation of blood pressure, heart rate or respiratory parameters 

was observed after stimulation.  

The authors concluded that: “The results suggest that sensory stimulation of lower limbs by 

electrical device, either TENS or NMES, could inhibit sympathetic outflow directed to legs in chronic 

heart failure patients. These properties could benefits chronic heart failure patients and pave the 

way for a new non-pharmacological approach of chronic heart failure. ” 

 

Application of two TENS devices in a 

study of 39 fibromyalgia patients 

significantly improved pain scores & 

sleep quality and reduced analgesic 

consumption [Lauretti et al. 2013] 

In 22 chronic heart failure patients 

application of TENS to the left leg 

significantly reduced muscle 

sympathetic nerve activity and 

potentially be a new approach to 

treating this condition [Labrunee et al. 

2013] 
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Figure 15.  Application of TENS electrodes (lateral and medial electrodes covering branches of the 

peroneal and tibial nerves innervating the dorsal part and the heel/sole of the foot for chronic heart 

failure patients  

A second study, in 43 chronic heart failure patients, found that 

periodic somatosensory stimulation with TENS (Figure 15) is alone 

sufficient and efficient to increase baroreflex sensitivity (BRS). [228]  

BRS increased by 28% in the TENS intervention group, but did not 

change in the comparison group who received bicycle exercise 

training (p =0.02). Heart rate and systolic blood pressure did not 

change in either group. 

Chronic Obstructive Pulmonary Disease (COPD) 
Five studies on the use of TENS in chronic obstructive pulmonary disease were identified. [229-233] 

One study of 28 patients with COPD found that 4 weeks treatment with Acu-TENS (45min, 5-

days/week) improved forced expiratory volume in 1s (FEV1) compared to placebo or sham-TENS 

(p=0.046). Acu-TENS was applied over Dingchuan, placebo-TENS 

involved no electrical current and Sham-TENS was applied over the 

patellae. [231]  

Outcome measures included FEV1, forced vital capacity (FVC), 6-min 

walk distance (6MWD), St. George's Respiratory Questionnaire score 

(SGRQ), beta-endorphin and blood inflammatory marker levels.  

In Acu-TENS group significant improvement was also observed in 

physical activity (p=0.007) and total SGRQ score (p=0.028). Increased 

in beta-endorphin concentrations (p=0.012) correlated positively with FEV1 improvements 

(p=0.008).  

The researchers concluded that: “Four weeks of Acu-TENS improved the functional capacity of 

patients with COPD, probably due to the bronchodilation induced by beta-endorphin elevation.” 

In a study of 43 chronic heart failure 

patients application of TENS to the feet 

significantly increased baroreflex 

sensitivity and was more efficient than a 

bicycle exercise training program 

[Gademan et al. 2011] 

In a study of 28 COPD patients Acu-

TENS over Dingchuan significantly 

increased FEV1, physical activity and 

SGRQ score and the likely mechanism is 

via increased beta-endorphin levels 

[Ngai et al. 2010] 
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An earlier randomised, placebo-controlled trial of 46 stage I or II COPD patients investigated a 45-

minute Acu-TENS session over acupoint Ex-B1 bilaterally (0.5 'cun' lateral to the spinous process of 

the 7(th) cervical vertebra). 

A control group received placebo-TENS with identical electrode 

placement but no electrical output despite a flashing light indicating 

stimulus delivery.  

Outcome measures included lung function (FEV1 and FVC), dyspnoea 

(shortness of breath 10cm VAS).  

In patients receiving Acu-TENS FEV1 significantly increased by 0.12 

litres (95% CI 0.07 to 0.15) and dyspnoea significantly decreased, compared to controls.  

The researchers concluded that:  “Acu-TENS may be a useful non-invasive adjunctive intervention in 

the management of dyspnoea in patients with chronic obstructive pulmonary disease. This study 

suggests that the effect of long-term Acu-TENS warrants further investigation.” 

Dementia 
A Cochrane review on TENS for dementia was published in 2003 (updated 2006; amended 2008) by 

Cameron et al. [234] The following conclusions were drawn: 

“Nine trials were included in the review but only 3 trials 

could be included in the meta-analysis. Sufficient data to 

include the other trials in the meta-analysis could not be 

obtained. From this limited analysis it appears that TENS 

produced a statistically significant improvement directly 

after treatment in: delayed recall of 8 words in one trial, 

face recognition in two trials and motivation in one trial. 

However, no effect of TENS was found on any of the many 

other neuropsychological and behavioural measures 

evaluated either directly after TENS treatment or 6 weeks 

after treatment was completed.” 

“Although a number of studies suggest that TENS may produce short lived 

improvements in some neuropsychological or behavioural aspects of 

dementia, the limited presentation and availability of data from these studies 

does not allow definite conclusions on the possible benefits of this 

intervention. Since most of the currently published studies are well designed, 

although the numbers of subjects in each study is small, analysis of the 

complete original data from these and/or future studies may allow more 

definitive conclusions to be drawn.” 

Another study investigated the use of TENS in patients with mild cognitive impairment and found no 

improvement on memory. [200] 

In a RCT 46 COPD patients Acu-TENS 

over Ex-B1 bilaterally significantly 

increased FEV1 and decreased dyspnea 

compared to control [Lau et al. 2008] 

In a high quality Cochrane systematic 

review [Cameron et al. 2003] it was 

noted that use of TENS for dementia 

produced a statistically significant 

improvement directly after treatment 

in: delayed recall of 8 words in one trial, 

face recognition in two trials and 

motivation in one trial. 
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Rheumatoid arthritis 
A Cochrane review by Brosseau et al. on TENS for the treatment of 

rheumatoid arthritis in the hand was conducted in 2003.  [235] 

Three RCTs, involving 78 people, were included in this 

review. Acu-TENS and TENS were compared to placebo 

and to each other. Administration of 15 minutes of Acu-

TENS a week, for 3 weeks, resulted in a significant 

decrease in rest pain (67% relative benefit, 45 points 

absolute benefit on 100 mm VAS scale) but not in grip 

pain compared to placebo. Acu-TENS did result in a clinical beneficial 

improvement in muscle power scores with a relative difference of 55%, and an 

absolute benefit of 0.98, compared to placebo. No significant difference was 

found between one 20-minute treatment duration of TENS versus Acu-TENS, 

or TENS versus placebo on decrease in mean scores for rest pain or grip pain, 

or on the number of tender joints. Results showed a statistically significant 

reduction in joint tenderness, but no clinical benefit from TENS over placebo in 

relief of joint tenderness. No statistically significant difference was shown 

between 15 days of treatment with TENS or Acu-TENS in relief of joint pain, 

although there was a clinically important benefit of TENS over Acu-TENS on 

patient assessment of change in disease (risk difference 21%, NNT 5). 

There are conflicting effects of TENS on pain outcomes in patients with RA. 

Acu-TENS is beneficial for reducing pain intensity and improving muscle power 

scores over placebo while, conversely, C-TENS resulted in no clinical benefit on 

pain intensity compared with placebo. However TENS resulted in a clinical 

benefit on patient assessment of change in disease over Acu-TENS. More well 

designed studies with a standardized protocol and adequate number of 

subjects are needed to fully conclude the effect of TENS and Acu-TENS in the 

treatment of RA of the hand. 

 

Another Cochrane review on acupuncture and electroacupuncture for the treatment of rheumatoid 

arthritis [236] did not include information on TENS. 

Osteoarthritis 
Ying et al. (2007) conducted a literature review on the use of TENS 

for osteoarthritis. [237]  The findings are summarised in Table 5.  

 

 

 

In a high quality Cochrane systematic 

review [Brosseau et al. 2003] it was 

noted Acu-TENS significantly reduced 

rest pain and joint tenderness, and 

improved muscle power in patients with 

rheumatoid arthritis in the hand. 

A number of studies and a high-quality 

Cochrane review have found that TENS 

is useful for reducing pain associated 

with knee osteoarthritis. [Ying et al. 

2007; Osiri et al. 2000] 
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Table 5. Review of studies using TENS in osteoarthritis [Ying et al. 2007] 

 

A Cochrane systematic review was conducted by Osiri et al. investigating TENS for osteoarthritis of 

the knee [238] with the following findings: 

Seven trials were eligible to be included in this review. Six used TENS as the 

active treatment while one study used Acu-TENS. A total of 148 and 146 

patients were involved in the active TENS treatment and placebo groups 

respectively. Three studies were cross-over studies and the other four were 

parallel group, randomized controlled trials (RCTs). The median 

methodological quality of these studies was three out of five. Pain relief from 

active TENS and Acu-TENS treatment was significantly better than placebo 

treatment. Knee stiffness also improved significantly in the active treatment 

group compared to placebo. Different modes of TENS settings (high frequency 

and strong burstmode TENS) all demonstrated a significant benefit in pain 

relief of the knee OA over placebo. Subgroup analyses showed a 
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heterogeneity in the studies with methodological quality of three or more and 

those with repeated TENS applications. 

TENS and AL-TENS are shown to be effective in pain control over placebo in 

this review. Heterogeneity of the included studies was observed, which might 

be due to the different study designs and outcomes used. More well designed 

studies with a standardized protocol and adequate numbers of participants 

are needed to conclude the effectiveness of TENS in the treatment of OA of 

the knee. 

Insomnia 
One study of bilateral electrical stimulation of the vestibular apparatus of the inner ear via 

electrodes on the skin of the mastoid process at a frequency of 0.5 Hz vs. sham stimulation did not 

show any improvement in insomnia symptoms. [239] 

Sleep Apnoea 
One study of transcutaneous electrical stimulation of the genioglossus muscle (Figure 16) in patients 

with obstructive sleep apnea (OSA) to reduce sleep-disordered breathing was identified. [240] 

 

Figure 16. Location of genioglossus muscle. 

In eleven healthy subjects, contraction of the genioglossus muscles 

during transcutaneous stimulation was investigated using 

ultrasonography. Measurements demonstrated a significant increase 

in tongue diameter during stimulation and in patients with OSA, 

snoring decreased during stimulation (p < 0.001) and oxygenation 

improved (p = 0.001). 

The authors concluded that: “Continuous transcutaneous electrical 

stimulation of the genioglossus contracts the genioglossus muscle and 

reduces ventilatory load and neural respiratory drive in patients with 

OSA.” 

In a feasibility study, TENS to the 

genioglossus muscles was found to 

decrease snoring and improve 

oxygenation and may assist in the 

treatment of obstructive sleep apnoea. 

[Steier et al. 2011] 
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Asthma 
In Australia 10% of the population are affected by asthma and it accounts for 0.9% of all direct 

health expenditure on diseases or around $655 million per annum (AIHW statistics). 

Two studies were identified investigating the use of TENS in asthma sufferers. [241, 242] 

The first examined the effect of Acu-TENS on forced expiratory volume (FEV1) in thirty asthma 

patients after exercise. [242] Patients were divided into three groups: 

 Group 1 received Acu-TENS over acupuncture points Lieque and Dingchuan (45 min) before 

exercise test. 

 Group 2 received Acu-TENS (as above) before and during exercise test. 

 Group 3 received placebo TENS (no electrical output) before 

exercise test. 

Forced expiratory volume in one second (FEV(1)) and forced vital 

capacity (FVC) were recorded before, immediately after and at 20-min 

intervals post-exercise for 1h.  

The researchers concluded: “Immediately after exercise, FEV(1) and 

FVC rose in Group 2 (p=0.015), but decreased in Group 1 and more so 

in Group 3. The differences became even more marked at 20, 40 and 

60 min. Adjunctive Acu-TENS therapy appears to reduce decline of 

FEV(1) following exercise training in patients with asthma.” 

A second study investigated Acu-TENS use in 43 children with asthma. 

[241] Children were randomised to receive Acu-TENS for 8 weeks or 

no intervention. 

While FEV(1) and FVC did not differ significantly between groups the 

pediatric asthma quality-of-life  questionnaire (PAQLQ) activities of 

the experimental group improved significantly more  than those of the 

control group.  

The authors concluded that: “It is suggested that in the future, treatment frequency and the long-

term follow-up for evaluating the effects of Acu-TENS on children with asthma should also be 

considered.”  

In a placebo controlled study of 30 

asthma sufferers Acu-TENS applied 

before and during an exercise test 

significantly improved FEV(1) and FVC 

immediately after exercise [Ngai et al. 

2009] 

In a study of 43 children with asthma 

treatment with Acu-TENS for 8 weeks 

significantly improved pediatric asthma 

quality-of-life questionnaire (PAQLQ) 

activities  [Lin et al. 2010] 
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TENS: Rehabilitation 

Stroke 
According to the Stroke Foundation (www.strokefoundation.com.au) in 2014  around 51,000 

Australians will suffer a new or recurrent stroke and in 2012 there were over 420,000 people living 

with the effects of stroke in Australia and 30% of these people were of working age. Severe upper 

limb paresis or weakness contributes to disability after stroke and early rehabilitation is essential for 

optimal recovery. 

A total of 19 studies relating to use of TENS in stroke rehabilitation were identified. [190-194, 243-

256]. 

In a study of recovery of upper limb motor function using task-related training (TRT) combined with 

TENS in 30 patients with chronic stroke  were randomised to receive TRT plus TENS [30 mins/day, 5 

days /week, for 4 weeks] or TRT plus placebo-TENS. [244] TENS was applied to the muscle belly of 

the triceps and wrist extensors. 

Outcomes were assessed one day before and one day after the TRT-TENS intervention using Fugl-

Meyer assessment scores (FMA), Manual function test (MFT), Box and block test (BBT), and Modified 

Ashworth scale (MAS).  

When compared with the TRT plus placebo-TENS group, the TRT+TENS 

group showed significantly greater improvements in FMA (p = 0.034), 

MFT (p = 0.037), and BBT (p = 0.042). In MAS score, significant 

improvement was observed only in the TRT+TENS group (p = 0.011).  

The researchers concluded: “Our findings indicate that TRT with TENS 

can reduce motor impairment and improve motor activity in stroke 

survivors with chronic upper limb paresis, highlighting the benefits of 

somatosensory stimulation from TENS.” 

A high-quality systematic review was conducted by Laufer et al. (2011) 

and identified 15 randomised or quasi-RCTs examining the effects of sensory TENS on motor 

recovery following a stroke. [245] 

In all, 14/15 studies reported statistically significant effects of sensory TENS on one or more aspects 

of motor performance. 

However, the authors caution that: “…because of the small number of participants per study and the 

large variability between them, the effect size analysis indicates a non-significant effect for most 

variables. Moreover, the great variability between studies in terms of the outcome measures used as 

well as the insufficient data reported in some of the studies limited our ability to perform a meta-

analysis.” 

In a randomised, placebo controlled 

study of 30 patients with chronic stroke 

adding TENS to task-related training 

significantly improved outcome 

measures indicative of reduction in 

motor impairment and improved motor 

activity [Kim et al. 2013] 

http://www.strokefoundation.com.au/
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While the meta-analysis failed to show a favourable effect on gait 

velocity and pinch force, significant effects of TENS to the lower-

extremity on functional balance, as assessed by the Timed Up and 

Go test, on force production of ankle dorsiflexion and hand function 

were noted.  

The authors of the review concluded that: “Given the positive results 

reported by the majority of the reviewed studies, combined with the 

fact that TENS is relatively risk free and easy to implement, this 

modality when combined with active training seems to have potential as a noninvasive intervention 

that can enhance the benefits of customary rehabilitation treatments.” 

Swallowing/oropharyngeal dysphagia related to stroke 

Problems with swallowing are also common in stroke patients, 

increasing mortality due to pulmonary complications. Two studies 

were identified investigating TENS to improve these issues. [257, 

258] 

One study investigated the application of TENS submentally (Figure 

17) during swallowing to improve cortical sensory motor circuits and 

aid in the rehabilitation of post-stroke oropharyngeal dysphagia.  

Eleven patients received submental electrical stimulations ( 1 h/day for 5 days; electrical trains: 5 s 

every minute, 80 Hz, under motor threshold).  

“Swallowing was evaluated before and after the week of stimulations using a dysphagia handicap 

index questionnaire, videofluoroscopy, and cortical mapping of pharyngeal muscles. The results of 

the questionnaire showed that oropharyngeal dysphagia symptoms had improved (p < 0.05), while 

the videofluoroscopy measurements showed that laryngeal aspiration (p < 0.05) and pharyngeal 

residue (p < 0.05) had decreased and that swallowing reaction time (p < 0.05) had improved. In 

addition, oropharyngeal transit time, pharyngeal transit time, laryngeal closure duration, and cortical 

pharyngeal muscle mapping after the task had not changed.”  

“These results indicated that sensitive submental electrical stimulations during swallowing tasks 

could help to rehabilitate post-stroke swallowing dysphagia by improving swallowing coordination. 

Plasticity of the sensory swallowing cortex is suspected.” 

 

Figure 17. Location of the submental triangle to which TENS was applied for swallowing problems 

following stroke. 

In a high-quality systematic review of 

TENS treatment for chronic stroke 14 of 

15 studies identified showed positive 

effects on motor performance [Laufer 

et al. 2011] 

A small study of stroke patients with 

swallowing problems suggests that 

applying TENS to the submental region 

may assist with recovery of swallowing 

function [Gallas et al. 2010] 
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See also Spasticity. 

Hip fracture 
A systematic review was conducted in 2011 to review the benefits and harms of pharmacologic and 

non-pharmacologic interventions for managing pain after hip fracture. [259] 

In total, 83 unique studies (64 RCTs, 5 non-RCTs, and 14 cohort studies) were included that 

addressed nerve blockade (n = 32), spinal anesthesia (n = 30), systemic analgesia (n = 3), traction (n = 

11), multimodal pain management (n = 2), neurostimulation (n = 2), rehabilitation (n = 1), and 

complementary and alternative medicine (n = 2).  

The authors drew the following conclusion: “Evidence was insufficient on the benefits and harms of 

most interventions, including spinal anesthesia, systemic analgesia, multimodal pain management, 

acupressure, relaxation therapy, transcutaneous electrical neurostimulation, and physical therapy 

regimens, in managing acute pain. ”  

Bell’s palsy 
One study has investigated the safety and potential efficacy of TENS during the early phase of Bell’s 

palsy.  

Adult patients with clinical diagnosis of Bell's palsy were systematically (every second patient) 

allocated to the control and experimental groups. Each group (n = 8) was pretested and post-tested 

using the House-Brackmann index.  

The intervention group received TENS and both groups were treated with heat, massage, exercises, 

and a home program. The House-Brackmann Scale of the control group improved by an average of 

30% compared to the experimental group which improved by an average of 37%, a difference that 

was not statistically significant (p = 0.36). The researchers recommended that a larger sample size or 

longer stimulation time or both should be investigated. [260] 

Amputation: phantom limb/stump pain  
Phantom limb pain refers to pain that occurs in an absent limb lost due to a traumatic injury or 

amputated due to disease. It is the most common complication following an amputation and affects 

50-90% of people following amputation and is more common in those who have undergone an 

upper limb rather than lower limb amputation. 

Phantom limb pain is real pain that brain imagery confirms; most phantom pain develops a few days 

after the surgery or injury but in some cases begins months or even years afterwards. Most phantom 

pain continues for years. 

Eight studies were identified investigating TENS for the relief of phantom limb pain following 

amputation. [261-268] 
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A high-quality Cochrane systematic review ‘Transcutaneous electrical nerve stimulation (TENS) for 

phantom pain and stump pain following amputation in adults’ was conducted by Mulvey et al. in 

2010. [264] 

At the time of this review the authors concluded: “There were no RCTs on which to judge the 

effectiveness of TENS for the management of phantom pain and stump pain. The published 

literature on TENS for phantom pain and stump pain lacks the methodological rigour and robust 

reporting needed to confidently assess its effectiveness. Further RCT evidence is required before 

such a judgement can be made.” 

Following this review, in a pilot study, Mulvey et al. (2013) gathered data on the effect of TENS on 

phantom pain and stump pain at rest and on movement in 10 people with transtibial amputation 

and persistent moderate-to-severe phantom and/or stump pain.  

TENS was applied for 60 minutes to generate a strong but 

comfortable TENS sensation at the site of stump pain or projected 

into the site of phantom pain. Outcomes at rest and on 

movement before and during TENS at 30 minutes and 60 minutes 

were changes in the intensities of pain, non-painful phantom 

sensation, and prosthesis embodiment.  

Mean pain intensity scores were significantly reduced at rest (p < 

0.05) and on movement (p < 0.05) after 60mins of TENS. For five participants, it was possible to 

project TENS sensation into the phantom limb by placing the electrodes over transected afferent 

nerves. Non-painful phantom sensations and prosthesis embodiment remained unchanged.  

The researchers concluded: “This study has demonstrated that TENS has potential for reducing 

phantom pain and stump pain at rest and on movement. Projecting TENS sensation into the 

phantom limb might facilitate perceptual embodiment of prosthetic limbs. The findings support the 

delivery of a feasibility trial.” 

Tennis elbow (lateral epicondylitis) 
Three studies were identified relating to the treatment of tennis elbow (lateral epicondylitis) with 

TENS. [269-271]  

A recent large, randomised, controlled trial of 241 adults investigated the effectiveness of 

supplementing information and advice on analgesia and exercise from a general practitioner with 

TENS in patients with tennis elbow.  

Participants were randomly allocated to either primary care management alone, or primary care 

management plus TENS (45 minutes per day over six weeks or until symptom resolution).  

Adherence to exercise and TENS recommendations reported at six weeks was low with only 42 

participants in the primary care management plus TENS group meeting adherence criteria. Although 

both intervention groups showed large improvements in pain and secondary outcomes no significant 

differences were seen.  

A pilot study of 10 amputees with 

phantom limb/stump pain 

demonstrated that TENS significantly 

reduced pain intensity at rest and on 

movement. [Mulvey et al. 2013] 
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The authors concluded: “At the primary endpoint (six weeks), the between group difference in 

improvement of pain was -0.33 (95% confidence interval -0.96 to 0.31; P=0.31) in favour of the 

primary care management only group, with adjustment for age, sex, and baseline pain score. This 

trial does not provide evidence for additional benefit of TENS as an adjunct to primary care 

management of tennis elbow. Poor adherence to interventions is evidence of the challenges of 

implementing self-management treatment strategies in primary care. ” 

Mastectomy recovery 
One study investigated whether TENS can improve the viability of skin flaps created during 

mastectomy in breast cancer patients. [272] 

Patients who had undergone modified radical mastectomy were 

randomized to receive either TENS postoperatively [high frequency 

(70 Hz), low intensity (2 mA)] or no treatment.  

Outcome was assessed by measuring flap necrosis and the area of 

flap ecchymosis. In total, 173 patients were included in the study; 87 

patients received TENS and 86 patients formed the control group. 

Patients' characteristics were comparable between the two groups.  

The number of patients with skin flap necrosis was significantly 

lower in the TENS group (p < 0.0001) as was the mean area of flap necrosis (p = 0.024) and the 

number of patients with skin flap ecchymosis (p = 0.002).  

The researchers concluded that: “TENS can be safely used to decrease the amount of skin flap 

necrosis after mastectomy in breast cancer patients without any additional complication.” 

Vagus nerve 
 

See Depression. 

 

  

In a study of 173 patients recovering 

from modified radical mastectomy, 

TENS significantly decreased the 

amount of skin flap necrosis. [Atalay et 

al. 2009] 
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TENS: Incontinence 

Faecal incontinence 
A large number of studies investigating the use of TENS stimulation of the tibial or sacral nerve to 

treat faecal incontinence were identified. [168, 173, 174, 273-287] 

A systematic review was conducted by Thin et al. in 2013 [276]. The authors identified four studies 

relating to transcutaneous tibial nerve stimulation (TTNS) at this time. Commenting that: 

“All four of the TTNS studies used the Cleveland Clinic Incontinence Score as an endpoint. Two 

studies did not perform statistical analysis of results owing to small patient numbers. [281, 286] One 

of the other two studies showed a significant improvement in the mean Cleveland Clinic 

Incontinence Score at 3 and 6 months following treatment [168], and the other showed no 

statistically significant improvement at a mean follow-up of 15 months. [279]”  

They concluded that: “TTNS is an attractive alternative to PTNS [percutaneous tibial nerve 

stimulation], but at present there is little evidence to support its clinical use.” 

Since the Thin et al. (2013) systematic review three additional studies have been published adding to 

the evidence. 

One pilot study involved 30 faecal incontinence patients who were 

randomised to receive transcutaneous posterior tibial nerve 

stimulation once daily or twice weekly for a 6-week period. The 

treatment was carried out by the patient at home after instruction. 

[275] 

Three patients in the daily group and none in the twice weekly group 

achieved complete continence; only patients from the daily group 

showed a significant reduction in median incontinent episodes per 

week from 5 to 3.5 (p = 0.025). Patients in the daily group also 

experienced a significant improvement in the domains of lifestyle (p = 

0.04] and embarrassment (p = 0.04) on the Rockwood Fecal Incontinence Quality of Life assessment.  

The researchers concluded:  “Transcutaneous PTNS can safely be used by the patient at home. Daily 

treatment may be more effective than twice weekly treatment. Larger studies are needed to 

investigate this further. ” 

Another pilot study by Thomas et al. (2013) investigated bilateral application of transcutaneous 

posterior tibial TENS versus unilateral application.  

In total 20 patients received 30 minutes of daily bilateral stimulation administered at home for 6 

weeks. In the 17 patients who completed treatment, two achieved complete continence and 59% 

achieved a ≥50% reduction in incontinent episode frequency. The median frequency of incontinent 

episodes per week dropped significantly from 6 to 2 (p = 0.03) and the ability to defer defecation 

In a pilot study of 30 faecal 

incontinence patients TENS applied 

daily to the posterior tibial nerve 

significantly decreased median 

incontinent episodes and improved 

lifestyle and embarrassment measures; 

3 patients achieved complete faecal 

continence [Thomas et al. 2013] 
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increased significantly from 3 to 5 minutes (p = 0.03) however there was no change in the St Mark's 

incontinence score.  

The researchers concluded that: “Bilateral transcutaneous posterior tibial nerve stimulation appears 

to be a cheap and effective treatment for fecal incontinence. It can easily be used by the patient at 

home.”  

A third study investigated the mechanism of action and assessed the anorectal response to TENS for 

faecal incontinence in  a placebo-controlled, randomised, double-

blinded crossover study of 19 patients suffering from faecal 

incontinence. [273] 

In this study the researchers measure anorectal physiology using an 

electronic barostat device to measure anal and rectal pressures, 

rectal volumes, and perception scores.  

They observed that maximal rectal pressure and volume variation 

were affected by TENS, with higher mean maximal rectal pressure (5.33 and 4.06 mmHg in active 

compared to sham TENS, p<0.0001) and lower volume variation (11.45 and 14.7 mL in active vs 

sham stimulation, p < 0.05).  

They concluded that:  “Acute TENS modified anorectal physiology by strengthening the myogenic 

response to distension rather than increasing muscle relaxation and related rectal compliance in 

patients with faecal incontinence.” 

Bowel dysfunction 
In a pilot single-blind, placebo-controlled trial of bowel and bladder dysfunction [288] 

transcutaneous posterior tibial nerve stimulation (TPTNS) in older adults with urinary and fecal 

incontinence was investigated.  

Thirty participants received either 12 x 30 minute sessions of TPTNS or a placebo of sham 

stimulation. Results showed that the total American Urological Society Symptom Index scores 

improved (median reduction of 7 in the TPTNS group and median increase of 1 in the placebo group; 

p < 0.001).  

Bowel urgency improved in 27% of the TPTNS group compared with 8% of the placebo group and 

faecal leakage improved in 47% compared with 23% respectively, however, these differences were 

not statistically significant. 

The researchers concluded that: “TPTNS is safe and acceptable with evidence of potential benefit for 

bladder and bowel dysfunction in older male and female residents of care homes. Data support the 

feasibility of a substantive trial of TPTNS in this population.” 

 

 

In a study of 19 faecal incontinence 

patients TENS was shown to 

significantly alter anorectal physiology 

[Bouguen et al. 2014] 
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Bladder dysfunction 
 

Urinary incontinence 
A number of references relating to urinary incontinence symptoms and their treatment with TENS 

were identified. [289-296] A systematic review on electrical 

stimulation to treat urinary incontinence identified 30 RCTs for 

inclusion however the majority involved intra-vaginal or 

percutaneous/implantable methods of stimulation. [297] 

In the systematic review, only one randomised clinical trial 

transcutaneous electrical tibial nerve stimulation (TTNS) to treat urge 

urinary incontinence (UUI) was conducted in 51 women aged >60 

years. [289] 

All participants were treated with 12 weeks of bladder retraining and 

pelvic floor muscle exercises; 25 women were randomly selected to 

receive additional TTNS to the standard therapy. 

In the TTNS group, 68.0% reported improvement or cure compared to only 34.6% in the control 

group (p = 0.017). The TTNS group reported significant improvement in most areas of quality of life 

and in UUI parameters compared with the control group.  

The authors concluded that: “TTNS is efficacious to treat urge urinary 

incontinence in older women.” 

In another study of TENS in 27 children (5-14 years) with daytime 

urinary incontinence, refractory to treatment, and overactive bladder 

Participants were randomly allocated to daily active or placebo (sham) 

S2-S3 TENS (2hrs/day for 4 weeks). In total 61% in the active group 

had a significant decrease in incontinence severity compared to only 2 

(17%) in the placebo group (p <0.05). The active group also had a 

significantly greater decrease in daily incontinence episodes compared 

to the sham treated group (p <0.01).  

The researchers concluded:  “Sacral transcutaneous electrical nerve stimulation seems superior to 

placebo for refractory daytime incontinence in children with overactive bladder. This effect does not 

seem to be a consequence of improved bladder reservoir function. ” 

Urinary incontinence following prostatectomy 
A Cochrane review investigating ‘Conservative management for post-prostatectomy urinary 

incontinence’ was conducted by Hunter et al. (2007). [295] With regard to TENS, the following 

conclusion was drawn:  

“Analysis of other conservative interventions such as TENS and anal electrical stimulation, or 

combinations of these interventions, was inconclusive. The findings should continue to be treated 

with caution, as most studies were of poor to moderate quality. ” 

In a study of 51 women with urge 

urinary incontinence transcutaneous 

electrical tibial nerve stimulation was 

shown to significantly cure or improve 

the condition as well as quality of life 

compared to a control group receiving 

standard treatment alone; 68% 

reported improved symptoms or cure 

[Schreiner et al. 2010] 

In a study of 27 children with daytime 

urinary incontinence refractory to 

treatment sacral TENS was shown to 

significantly decrease incontinence 

severity and daily incontinence 

episodes compared to sham TENS 

[Hagstroem et al. 2009] 
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The authors also noted the following: 

Urinary incontinence after prostatectomy is a distressing problem and, 

although conclusive evidence does not exist, conservative approaches form 

part of current management. Well-designed clinical trials are needed to clarify 

the role of these therapies.  

As there are known differences in the cause and prevalence of urinary 

incontinence between men after transurethral resection of the prostate and 

after radical prostatectomy, these groups of men should continue to be 

studied separately. Prevention trials in all men having surgery should be 

evaluated separately from treatment trials of men with urinary incontinence 

after surgery.  

One other study had significantly positive results using TENS to the urinary bladder for treating 

urinary incontinence in spinal cord injury patients. [291] 

Bedwetting (Nocturnal Enuresis) 
Bedwetting or nocturnal enuresis is a common problem with around 1 in 5 Australian children 

affected.  A number of studies have investigated the use of TENS in prevention of bedwetting 

(enuresis) in children. [290, 298-301] 

A study by de Oliviera et al. (2013) investigated the use of parasacral TENS to treat primary 

monosymptomatic enuresis in 45 children (>6 years old).  [298] 

Children were divided into two groups and received either 

behavioural therapy alone or behavioural therapy plus 10 sessions of 

parasacral TENS [3 x per week/alternate days/electrodes placed in 

the sacral region (S2/S3)].  

At baseline, the occurrence of wet nights was 77% in controls and 

78.3% in the experimental group and by the end of treatment was 

49.5% and 31.2%, respectively (p = 0.02).  

Analyzing the average rate of improvement, there was a significantly 

greater increase in dry nights in the group undergoing neural stimulation (61.8%) compared to 

controls (37.3%, p = 0.0038).  

The authors concluded: “Treatment of primary monosymptomatic enuresis with 10 sessions of 

parasacral transcutaneous electrical neural stimulation plus behavioral therapy proved to be 

effective. However, no patient had complete resolution of symptoms. ” 

 “In children with primary mono-symptomatic enuresis PTENS plus behavioral therapy decreased the 

number of wet nights more than behavioral treatment alone. However, no patient in our series had 

a complete response to treatment. Therefore, new studies using PTENS for longer periods or in 

combination with other therapeutic modalities are needed to better understand its role in the 

treatment of enuresis.” 

In a study of 45 children with primary 

monosymptomatic enuresis 

(bedwetting), parasacral TENS was 

shown to significantly decrease the 

number of wet nights [de Oliviera et al. 

2013] 
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Another study also evaluated parasacral TENS but for the treatment 

of non-monosymptomatic nocturnal enuresis (NMNE) in 19 children 

(aged 5-17 years). [299] 

TENS was administered 3x per week, 20 mins per session (maximum 

20 sessions). In 42% of children the nocturnal enuresis resolved, in 

21% nocturnal episodes reduced to <one/week, 32% had no change 

and 5% had increased NMNE.  

The authors concluded that: “Parasacral TENS can be an effective 

treatment for NMNE, but about a third of patients will need another 

kind of treatment. No pre-treatment factor was determined that predicted parasacral TENS failure. ” 

Another pilot study of TENS in 12 children with myelomeningocele and neuropathic urinary 

incontinence also found significant positive results. [290] 

Overactive bladder 
Overactive bladder syndrome is defined as urgency, with or without urgency incontinence, usually 

with frequency and nocturia. A number of studies have investigated the use of TENS in overactive 

bladder syndrome. [181, 302-309] 

A Cochrane systematic review entitled ‘Anticholinergic drugs versus non-drug active therapies for 

non-neurogenic overactive bladder syndrome in adults’ was conducted in 2012. [304]   

At the time of this review a total of seven small trials comparing an anticholinergic to various types 

of electrical stimulation modalities such as Intravaginal Electrical Stimulation (IES), TENS, the Stoller 

Afferent Nerve Stimulation System (SANS) neuromodulation and percutaneous posterior tibial nerve 

stimulation (PTNS) were identified.  

Subjective improvement rates tended to favour the electrical stimulation group in three small trials 

(54% not improved with the anticholinergic versus 33% with electrical stimulation). However, this 

was statistically significant only for one type of stimulation, percutaneous posterior tibial nerve 

stimulation, and was not supported by significant differences in improvement, urinary frequency, 

urgency, nocturia, incontinence episodes or quality of life. 

The authors of the review concluded: 

“The use of anticholinergic drugs in the management of overactive bladder 

syndrome is well established when compared to placebo treatment. During 

initial treatment of overactive bladder syndrome there was more 

symptomatic improvement when (a) anticholinergics were compared with 

bladder training alone, and (b) anticholinergics combined with bladder 

training were compared with bladder training alone. Limited evidence from 

small trials might suggest electrical stimulation is a better option in patients 

who are refractory to anticholinergic therapy, but more evidence comparing 

individual types of electro-stimulation to the most effective types of 

anticholinergics is required to establish this. These results should be viewed 

with caution in view of the different classes and varying doses of individual 

In a study of 19 children with non-

monosymptomatic enuresis 

(bedwetting), parasacral TENS was 

shown to resolve enuresis in 42% of 

children and reduce episodes to less 

than one per week in 21%.  [Lordelo et 

al. 2010] 
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anticholinergics used in this review. Anticholinergics had well recognised side 

effects, such as dry mouth.” 

Since the 2012 Cochrane review, one additional study has been conducted of 42 patients treated 

with TENS for refractory overactive bladder. [303] 

TENS was successful following 12 weeks of treatment in 50% patients, and the positive effect was 

sustained during a mean follow-up of 21 months in 18 patients. After 12 weeks of treatment with 

TENS, the mean number of urinary voids per 24 h significantly 

decreased from 15 to 11 (p < 0.001) and mean volume voided 

increased significantly from 160 to 230 mL (p < 0.001).  

TENS was performed at home with an Alpha 4 Conti (Danmeter A/S, 

5000 Odense C, Danmark) stimulation device applying Periform 

vaginal electrodes (Mobilis Healthcare Group,Lancashire, UK) in 

women and PEN2 penile electrodes (Sugar International, Chevillon-

sur-Huillard, France) in men. Bipolar stimulation with 8 Hz and 400 

lsat sensory threshold level was used for 20 min twice a day. 

In 39% of patients, TENS completely restored continence. Before 

TENS, all 42 patients were dissatisfied or very dissatisfied; following 12 weeks of treatment, 50% 

patients felt satisfied or very satisfied (p < 0.001).  

The researchers concluded that: “TENS seems to be an effective and safe treatment for refractory 

overactive bladder warranting randomized, placebo-controlled trials.” 

  

In a study of 42 adults with overactive 

bladder, 12 weeks of TENS treatment 

was shown to completely restore 

continence in 39% of patients, improve 

symptoms in 50% and significantly 

improve satisfaction.  [Tellenbach et al. 

2013] 
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TENS: Other conditions 

Nausea and vomiting 

Post-operative nausea and vomiting 
Six studies were identified on the use of TENS for prevention of nausea 

and vomiting during or after surgical procedures. [57, 84, 310-313] 

In laparoscopic cholecystectomy patients, active TENS was found to 

result in fewer complaints of nausea and emesis compared to placebo 

TENS. [57]  Two other studies of laparoscopic cholecystectomy found 

similar positive findings: 

“Transcutaneous electroacupoint stimulation at P6 with the train-of-

four mode could reduce the incidence and severity of nausea and 

vomiting with analgesic effects.”[84] 

Following paediatric tonsillectomy TENS vs ondansetron (a 5-hydroxytryptamine type 3-antagonist) 

was investigated for the treatment of post-operative nausea and vomiting. [311]   

In this randomised, controlled, prospective study 90 children who underwent tonsillectomy under 

general anaesthesia were randomly allocated to one of three groups: 

1. TENS via surface electrodes on acupoints Neiguan and Shangwan was performed (20 Hz, 5 

minutes). 

2. Single dose of ondansetron  

3. Control group receiving no treatment. 

 

There was a significant difference between the treatment groups and the control group in the 

incidence of emetic episodes occurring in the day surgery care unit and on the day after discharge 

(p<0.001). In the ondansetron group, side-effects were seen in more patients than in the other 

groups (p<0.001). The satisfaction scores of the parents were greater in the treatment groups than 

in the control group (p<0.05).  

The researchers concluded that: “Application of TENS on sedated children is an easy, painless, 

reliable and effective method for the prophylaxis of postoperative retching and vomiting in pediatric 

tonsillectomy.” 

In a study of 327 patients with dyspeptic complaints a portable transcutaneous electrical nerve 

stimulation device (Reliefband; Maven Lab, Yuba City, CA) was administered 15 minutes before an 

endoscopic procedure without sedation. [313] 

 

Three studies of laparoscopic 

cholecystectomy and one of 

tonsillectomy in children have all used 

TENS successfully to reduce post-

operative nausea and vomiting. 
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Patients were divided into three groups: 

1. The device was turned on in 78 patients (Group 1) 

2. The device was attached but not turned on in another 79 patients (Group 2) 

3. The device was attached to the Sham point  in another 79 patients (Group 3) 

4. The procedure was performed with no attachments in 77 patients (Group 4) 

Groups were compared regarding their distress in swallowing the endoscope, nausea and retching, 

the impression of the endoscopist during the procedure and their acceptance of re-endoscopy. 

Groups 1, 2, 3 and 4 were compared using the chi-square test, and no significant difference was 

observed between the groups (p > 0.05).  

The researchers concluded that: “Acustimulation of the Neiguan (P6) acupoint does not relieve 

patients of the nausea observed during gastroscopy, and its application does not facilitate the 

procedure.”  

Finally, in a 2005 review of post-operative nausea and vomiting the following comments were made: 

“Acustimulation was described initially in pregnancy-induced nausea and 

vomiting where it was found to be effective. To date, the most investigated 

commercially available acustimulation device is the Relief-BandTM.  It is a 

portable battery powered (lithium coin cells) device that is worn on the wrist 

like a watch. Two electrodes contact the skin with the aid of the application of 

electroconductive gel. The nature of the stimulation can be varied; a typical 

setting is 25 mA at 31 Hz.” 

“One of the first reports elucidating the efficacy of acustimulation for post-

operative nausea and vomiting was a multicentre study of 221 patients 

undergoing laparoscopic cholecystectomy under standardised anaesthesia.” 

“There was a significantly decreased (P<0.05) incidence of moderate-severe 

nausea for up to 9 h after surgery in the active treatment group compared 

with the sham and placebo groups (5–11, 16–38, and 15–26%, respectively). 

However, there were no differences in the incidence of vomiting and the need 

for escape medication. ” 

“A more controlled, better designed, single-centre study compared the 

efficacy (alone and combined with ondansetron 4 mg) of acustimulation 

(ReliefBand for 72 h) with ondansetron 4 mg in 120 patients undergoing 

plastic surgery. There was no doubt that, compared with ondansetron alone, 

the combination of acustimulation and ondansetron significantly reduced the 

incidence of nausea (20 vs 50%), vomiting (nil vs 20%) and need for rescue 

analgesia (10 vs 37%). Also, the ability to resume a normal diet within 24 h, 

quality of recovery, and patient satisfaction were significantly superior in the 

combined group. There was a trend for acustimulation to be better than 

ondansetron 4 mg alone but statistical significance was not reached. The 

study was powered to detect a 25% difference between groups and provides 
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convincing evidence for the prophylactic anti- emetic effect of 

acustimulation.” [312] 

 

Cancer therapy/chemotherapy induced nausea and vomiting 
In a review of palliative cancer care, Mannix et al. (2006) wrote: “Acupuncture and acupressure have 

demonstrated useful anti-emetic effects for chemotherapy-related and post- operative nausea and 

vomiting; the effect of acupuncture can be prolonged by acupressure; TENS at acupuncture points is 

also effective. There are no studies of acupuncture in a palliative care setting, although individual 

case reports suggest it can be a successful strategy.” [314] 

A  Cochrane review entitled, ‘Acupuncture-point stimulation for chemotherapy-induced nausea or 

vomiting’ was published in 2006. [315]  

Only studies that used noninvasive electrostimulation in conjunction with pharmacologic 

antiemetics could be identified by the researchers. 

They concluded: “Noninvasive electrostimulation showed no benefit for any outcome. All trials used 

concomitant pharmacologic antiemetics, and all, except electroacupuncture trials, used state-of-the-

art antiemetics.” 

“Noninvasive electrostimulation appears unlikely to have a clinically relevant impact when patients 

are given state-of-the-art pharmacologic antiemetic therapy.” 

Dry mouth syndrome (xerostomia) 
Xerostomia is the subjective sensation of dry mouth. A healthy person produces between 0.5 and 

1.5L of saliva each day. 

Common causes of xerostomia include adverse effects of many commonly prescribed medications, 

with over 500 of currently available medications having dry mouth as a noted side effect, disease 

(e.g. Sjogren’s Syndrome) and radiotherapy treatment for head and neck cancers.  

A Cochrane review entitled [316] ‘Interventions for the management of dry mouth: non-

pharmacological interventions’ was published in 2013. 

The authors of the review concluded: “Two small studies, both at high risk of bias, compared the use 

of an electrostimulation device with a placebo device in participants with Sjögren’s Syndrome (total 

101 participants). A further study, also at high risk of bias, compared acupuncture-like 

electrostimulation of different sets of points in participants who had previously been treated with 

radiotherapy. None of these studies reported the outcome of dry mouth. There was no difference 

between electrostimulation and placebo in the outcomes of unstimulated whole saliva or stimulated 

whole saliva at the end of the 4-week treatment period in the one study (very low quality) that 

provided data for these outcomes. No adverse effects were reported.” 
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A 2012 study by Wong et al. studied radiation-induced xerostomia in head and neck cancer patients. 

[317] 

Patients received Acu-TENS sessions (2 x per week; 24 sessions over 12 weeks) using a proprietary 

electrical stimulation unit. As this was a pilot study, the primary objective was to assess the 

feasibility of Acu-TENS treatment. Out of 48 patients, 34 completed all 24 sessions, 9 patients 

completed 20 to 23 sessions, and 1 patient completed 19 sessions, representing a 94% total 

compliance rate.  

Six-month xerostomia quality of life scores were available for 35 

patients and indicated that 30 patients (86%) achieved a positive 

treatment response. Five patients developed grade 1 or 2 

gastrointestinal toxicity, and 1 had a grade 1 pain event.  

The researchers concluded that: “The current results indicated that 

Acu-TENS treatment for radiation-induced xerostomia can be 

delivered uniformly in a cooperative, multicenter setting and 

produces possible beneficial treatment response. Given these 

results, the phase 3 component of this study was initiated. ” 

Another study using noninvasive neuromuscular electrical stimulation (E-stim) to the pharyngeal 

muscles also showed positive results in post-irradiated head and neck squamous cell carcinoma. 

[318] 

Depression 
Two studies relating to the use of TENS in the treatment of depression were identified. [199, 319] 

One was in elderly people and showed positive results.  See Geriatric section for more information. 

A pilot study of Acu-TENS for the relief 

of radiation-induced xerostomia in head 

and neck cancer patients indicated 94% 

compliance and 86% of patients 

achieved a positive treatment response. 

[Wong et al. 2013] 
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In 2013 Hein et al. conducted a randomised, controlled pilot study of auricular (outer ear canal) TENS 

in 37 depressed patients. [319] The rationale behind this study was that invasive vagus nerve 

stimulation has been shown as an effective treatment for major depressive episodes. 

Patients received either auricular TENS (NET-2000 or NET-1000 unit by Auri-Stim Medical, Inc., 

approved by the FDA in 1998. Intensity of rectangle pulses is fixed at 130 lA; 5x per week for two 

weeks) or sham TENS and were assessed using the Hamilton Depression Rating Scale (HAMD) and 

the Beck Depression Inventory (BDI) at baseline and at the end of 

the two week intervention.  

The results showed a significant reduction of BDI self-rating scale 

from 27.9 to 15.3 points (p < 0.0001) in the TENS treated group 

wheras sham-treated patients experienced no significant change.  

The authors concluded: “An antidepressant effect of a new 

transcutaneous auricular nerve stimulation technique has been 

shown for the first time in this controlled pilot study. Regarding the 

limitations of psychometric testing, the risk of unblinding for 

technical reasons, and the small sample size, further studies are necessary to confirm the present 

results and verify the practicability of tVNS in clinical fields.” 

DVT prevention  
One study of the use of TENS to assist in the prevention of deep vein thrombosis (DVT) was 

identified. [320] 

This study investigated the effect of thromboprophylactic TENS to 

the peroneal nerve on the venous blood flow in 10 volunteers. Peak 

venous velocity (PV) and flow volume (FV) in the popliteal vein were 

measured using duplex ultrasonography during calf-muscle 

stimulation.  

Results showed that: “Thromboprophylactic TENS had similar effects 

on popliteal vein blood flow in comparison with other established 

methods of thromboprophylaxis. The PV increased its basal flow by 

3.9 times (p < 0.01) and FV by 2.7 times (p < 0.01), respectively, 

compared with baseline values.”   

The researchers concluded that: “Thromboprophylactic TENS is as effective as other electrical and 

mechanical methods of calf-muscle pump activation in achieving acceleration of venous flow in the 

lower limb.” 

Two additional studies relating to the use of EMS in DVT prevention are included in the EMS section 

further on in this report. 

In a randomised, controlled, pilot study 

of auricular (outer ear canal) TENS in 

depressed patients depressive 

symptoms were shown to significantly 

diminish compared to patients receiving 

sham TENS (p>0.0001) [Hein et al. 

2013] 

In 10 volunteers TENS administered to 

the peroneal nerve was as effective as 

other electrical and mechanical 

methods of calf-muscle pump activation 

in achieving the acceleration of venous 

flow in the lower limb and may assist in 

DVT prevention [Izumi et al. 2010] 
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Blood pressure 
Eight studies were identified relating to the use of TENS and effects on blood pressure. [203, 321-

327] 

In a 2013 randomised, crossover design study of 32 adult hypertensive subjects, the BP lowering 

effect of 2.5 mg felodipin once daily with 30 min of bi-daily low-frequency TENS was investigated. 

[203, 321] 

For office blood pressure meaurements, compared with baseline (SBP 152.7mmHg and DBP 

90.0mmHg), TENS reduced SBP to 148.0mmHg (p < 0.01), while the slight reduction of DBP to 

88.5mmHg was non-significant. After the TENS washout period, SBP was reduced to 145.6mmHg and 

DBP to 87.2mmHg (p <0.001 and p < 0.05, respectively). However for ambulatory measurements not 

significant differences were observed. 

The authors concluded that: “…our study does not present any solid evidence of BP reduction of 

TENS.” 

However this study had a number of short-comings including the fact that participants were able to 

select their own level of TENS. 

Another study found that: “TENS attenuates blood pressure and vasoconstrictor responses during 

exercise and metaboreflex activation, associated with improved sympatho-vagal balance in healthy 

young and older individuals.” [322] 

The aim of this research was to determine the effect of TENS on metaboreflex activation and heart 

rate variability in healthy individuals of different ages. Eleven young (mean age 25 years) and 11 

older (mean age 63 years) were randomised to TENS (30 min, 80 Hz, 

150 mus) or placebo TENS applied to the ganglion region.  

Results showed that at the peak exercise, the increase in mean blood 

pressure was lessened by TENS  (p < 0.05) and TENS promoted a 

higher calf blood flow and lower calf vascular resistance during 

exercise and recovery. TENS also induced a reduction in the 

estimated muscle metaboreflex control in both younger (p < 0.01) 

and older individuals (p < 0.01).  

The authors wrote: “We conclude that application of TENS attenuates blood pressure and 

vasoconstrictor responses during exercise and metaboreflex activation, associated with improved 

sympatho-vagal balance in healthy young and older individuals.” 

Another study concluded: “Acu-TENS seems to reduce blood pressure changes with -10 masculine 

head-down tilt with concomitant changes in arterial vessel tone.” [323] 

In this study the role of Acu-TENS on cardiovascular parameters in response to postural changes was 

investigated in response to -10 masculine head-down postural change in 16 healthy volunteers. 

In 22 healthy volunteers of different 

ages TENS administered to the ganglion 

region during exercise significantly 

reduced (or attenuated) the increase in 

blood pressure [Viera et al. 2012] 
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Participants were subjected to a -10 masculine head-down tilt from the supine position on 3 

separate occasions and received in random order the following 3 interventions or 40 minutes prior 

to the postural change:  

1) Acu-TENS (over bilateral acupuncture points, PC6),  

2) Sham-TENS (TENS applied to the skin over the patellae), or  

3) Control (no electrical output from the TENS device applied at 

PC6).  

The results showed that a change in large artery elasticity index 

occurred in the Acu-TENS group only (p < 0.05) and mean arterial 

pressure appeared most stable during Acu-TENS.  

The researchers concluded that: “Acu-TENS seems to reduce blood 

pressure changes with -10 masculine head-down tilt with 

concomitant changes in arterial vessel tone.” 

Another study in healthy volunteer and angina patients concluded 

that: “High-dose TENS induces forearm vasodilation in healthy subjects but not in patients with RAP. 

These findings suggest that TENS has different vascular effects in patients with severe coronary 

artery disease compared with healthy controls.” [325] 

One study found that the intensity of TENS did not significantly affect blood pressure. [326] 

Military 
Two military-related studies were identified – one using TENS and one using EMS (see EMS section).  

The TENS study was a crossover design investigating TENS to prevent flight simulator sickness. Flight 

simulators may be used to train pilots to experience and recognize spatial disorientation; in previous 

studies TENS has been found to influence autonomic cardiovascular responses and enhance 

visuospatial abilities, postural control, and cognitive function. [328] 

Flight simulator sickness was induced in 15 male participants and 

TENS (30 mins to posterior neck and the right Zusanli acupoints) or 

control administered in a randomised order. Each subject completed 

4 sessions (control, SS, TENS, and TENS + SS) in a randomized order.  

After TENS treatment, simulator sickness symptom severity 

significantly decreased and the subjects were more able to 

concentrate and made fewer cognitive test errors (p < 0.05).  

The researchers concluded: “Sympathetic activity increased and parasympathetic activity decreased 

after simulator exposure. TENS was effective in reducing SS symptoms and alleviating cognitive 

impairment. ” 

  

In a study of 16 healthy volunteers 

subjected to postural changes, Acu-

TENS stabilised blood pressure changes  

[Jones et al. 2011] 

In a study of 15 healthy volunteers 

subjected to flight simulator sickness, 

TENS significantly decreased sickness 

severity and improved concentration 

and cognition [Chu et al. 2013] 
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TENS: Other potential uses 

Primary writing tremor 
In a cross-over, double-blind, randomised study of TENS for primary writing tremor of nine patients, 

TENS was applied at 5, 25 or 50Hz for 2 weeks. Outcomes were assessed using the Fahn-Tolosa-

Marin scale. [329] 

The authors concluded that: “TENS at 5 and 25 Hz did not have any effect while TENS at 50 Hz 

worsened the clinical condition and the cortical excitability. TENS is not a new treatment alternative 

for PWT. The beneficial effect in WC and the harmful one in PWT of TENS stresses that the two 

disorders are likely different nosological entities.” 

Motion sickness 
In a 2013 cross-over study the effect of TENS on motion sickness was investigated. [330] 

Fifteen healthy young men participated and completed 4 test sessions each receiving control, 

rotation, TENS and TENS plus rotation treatments in a randomised 

order.  

Rotary chair (120 degrees /s) combined with pitch movement of the 

subject's head was used as a model to invoke motion sickness. TENS 

was administered to the posterior neck and Zusanli acupoint.  

Severity of motion sickness symptoms significantly decreased with 

TENS intervention (p<0.05). After TENS treatment, subjects were able 

to concentrate better and showed fewer errors in a cognitive test. 

Salivary cortisol concentration significant decreased after TENS 

treatment 

The authors concluded that: “Sympathetic activity increased but parasympathetic activity decreased 

during motion sickness. TENS was effective in reducing motion sickness symptoms as well as 

alleviating cognitive impairment.” 

Embryo transfer 
Research relating to TENS use during embryo transfer in the IVF setting has been published. [331, 

332] 

In a prospective, randomized, single-blinded placebo-controlled trial, 

the effect of Acu-TENS on pregnancy rates in women undergoing 

embryo transfer was investigated.  

In total 309 patients undergoing transfer of cryopreserved embryos 

or fresh cycle IVF were included. The participants were randomly 

allocated to three groups: 

1)  mock Acu-TENS treatment (30 min after embryo transfer) 

2)  single Acu-TENS treatment (30 min after embryo transfer) 

In a study of 15 healthy volunteers 

subjected to motion sickness TENS 

significantly reduced symptoms and 

subjects showed improved 

concentration and lower cortisol levels  

(a marker of stress) [Chu et al. 2012] 

In a study of 309 women undergoing 

embryo transfer in the IVF setting, 

those receiving Acu-TENS 30 minutes 

after transfer had higher pregnancy, 

implantation and live birth rates than 

controls receiving mock TENS.  [Zhang 

et al. 2011] 
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3)  double Acu-TENS treatments(24 hours before embryo transfer and 30 minutes after embryo 

transfer) 

The main outcome measures were clinical pregnancy rate, embryo implantation rate and live birth 

rate. Results are shown in the table below.  

Group Pregnancy rate Embryo implantation rate Live birth rate 

1 29.3% 15.0% 21.2% 

2 42.7% 25.7% 37.3% 

3 50.0% 25.9% 42.0% 

 

The researchers concluded that: “Transcutaneous electrical acupoint stimulation, especially double 

Acu-TENS, significantly improved the clinical outcome of embryo transfer.” 

 

Drug addiction and withdrawal treatment 
Several studies investigating the use of TENS to treat drug addiction and withdrawal symptoms have 

been conducted. [333-335] 

Opiates 

A 2010 randomised pilot study investigated TEAS (Acu-TENS) as adjunctive treatment in 48 patients 

receiving opioid detoxification with buprenorphine-naloxone. Participants received active or sham 

Acu-TENS (3 x 30 min treatments/day for 3 to 4 days; maximal tolerable intensity (8-15 mA) for 

active and 1 mA for sham TEAS). [334] 

Results showed that participants receiving AcuTENS were significantly 

less likely to have used any drugs (35% vs. 77%, p < 0.05). They also 

reported greater improvements in pain interference (p < 0.05) and 

physical health (p < 0.01) over time.  

The researchers concluded that: “TEAS is an acceptable, inexpensive 

adjunctive treatment that is feasible to implement on an inpatient 

unit and may be a beneficial adjunct to pharmacological treatments 

for opioid detoxification.” 

A second study investigated whether TENS could be used to reduce cue-induced heroin craving and 

corresponding cardiovascular responses. In total, 70 heroin addicts with over one month of 

Technical specifications Box 4. 
 
Zhang et al. 2011 study 
 
The following acupoints were used on both sides (18): ST 36 (Zusanli) and K I3 (Taixi), BL 23 (Shenshu) and RN 4 (Guanyuan), where self 
sticky skin electrodes of 2.9x2.9 mm were placed. The parameters of TEAS were frequency 2 Hz, pulse width 0.6 ms, intensity 10–12 
mA, lasting for 30 minutes. For women in the double TEAS treatment group, extraTEAS was given 24 hours before ETand the following 
acupoints were used on both sides: Sp 8 (Diji) and S 29 (Guilai),EX-CA 1 (Zigong) and Sp 10 (Xuehai). The parameters were 2 Hz, 15–20 
mA, and 30 minutes. For women in the mock TEAS group, 2 Hz intermittent (10 seconds on and 20 seconds off) TEAS at 5 mA 
(designated as i5mA) was used for 30 minutes. The acupoints used were the same as for the single treatment group. 

In a study of 48 opioid drug addicts Acu-

TENS was found to significantly lower 

the risk of using drugs 2 weeks after 

discharge compared to sham TENS .  

[Meade et al. 2010] 
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abstinence participated and received either TENS (2Hz, 30mins) or sham TENS.  A visual analog scale 

was used to express cravings before and after a video cue and after TENS. [335] 

In the sham TENS group the video-cue strongly increased the craving 

score and the score did not return to baseline for a mean of 150 min.  

In contrast, in the TENS group, a relative decrease in craving 

following video-cue was observed, and the score returned to 

baseline within 90 min.  

The video-cue also induced a significant increase in heart rate and 

blood pressure, which remained elevated for >60 min in the mock 

group whereas in the TENS group, these parameters returned to 

baseline immediately following termination of TENS.  

The researchers concluded: “These results indicate that the craving induced by a heroin-related cue 

can be immediately and significantly suppressed, and the cardiovascular activation totally abolished 

by a single-trial 2 Hz TENS for 30 minutes.” 

A third study compared methadone, TENS and methadone + TENS in management of opiate 

withdrawal symptoms. [333] 

In total, 45 drug addicted men were randomly assigned to one of the three treatment groups: 

1) 20-60 mg methadone daily, tapered over a period of 2 weeks. 

2) 10-30 mg methadone daily, tapered similar to first group in combination with TENS 

treatment.  

3) TENS only (low frequency 2 Hz TENS) for 2 weeks.  

The severity and number of symptoms were significantly higher in group 3 by the third day and 10 

patients from this group left the study before completion.  

The results showed that methadone only and methadone +TENS for 

the management of opioid detoxification were effective treatments. 

The comparison of number and severity of withdrawal symptoms in 

the methadone group and methadone + TENS group showed no 

significant differences by day 7. However, the number and severity of 

withdrawal symptoms in the methadone+TENS group were 

significantly lower than methadone alone group at day 10 and day 14.  

The researchers concluded that: “The results provide support for the 

use of methadone alone and methadone plus TENS for managing opiate withdrawal, but TENS by 

itself has no significant effect on withdrawal symptoms. However, TENS in combination with a 

moderate dose of methadone could reduce severity of withdrawal symptoms effectively.” 

Wellbeing/Mood enhancement 
TENS administered to the left outer auditory canal in 22 healthy subjects to activate vagal afferences 

transcutaneously (t-VNS) resulted in short-term changes in brain activation and significant 

In a study of 70 heroin addicts TENS 

was found to diminish and shorten 

cravings and reduce heart rate 

elevation  in response to video-cue 

compared to sham TENS .  [Zhong et al. 

2006] 

In a study of 45 heroin addicts 

TENS+methadone was found to reduce 

the severity of withdrawal symptoms 

and may be superior to methadone 

alone. [Bakhshani et al. 2008] 
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improvement in subjective wellbeing. Functional magnetic 

resonance imaging (fMRI) showed increased activation in the insula, 

precentral gyrus and the thalamus. [336] 

The authors concluded that: “Our study shows the feasibility and 

beneficial effects of transcutaneous nerve stimulation in the left 

auditory canal of healthy subjects. Brain activation patterns clearly 

share features with changes observed during invasive vagus nerve 

stimulation. ” 

 

  

TENS applied to the left outer auditory 

canal significantly improved mood & 

wellbeing and fMRI demonstrated brain 

activation patterns consistent with 

stimulation of the vagus nerve 

[Bakhshani et al. 2008] 
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TENS: Veterinary use 

Twelve studies related to TENS/EMS use in a veterinary setting were identified.  These are listed in 

the table below.: 

Species 
 

Study title & key findings Reference 

Rabbits Electroacupuncture analgesia in a rabbit ovariohysterectomy 
Electroacupuncture can provide general analgesia with a considerable 
analgesic effect for a rabbit undergoing an ovariohysterectomy, resulting in 
a short postoperative recovery time. 

[337] 

Cows Quantitative assessment of physiological and behavioural parameters in 
healthy dairy cows evoked by transcutaneous electrical nerve stimulation 
of the udder 
Evaluation of data showed that only one parameter (kicking) was 
significantly increased during real treatment compared to sham treatment. 

[338] 

Dogs Muscle force development after low-frequency magnetic burst stimulation 
in dogs 
Muscle forces were significantly higher upon burst stimulation than after 
single pulses. Four consecutive burst pulses proved most effective. 
Stimulation by more bursts resulted in fatigue. 

[339] 

Dogs Electroanalgesia for the postoperative control pain in dogs 
Preoperative application of electrical stimuli to acupuncture points isolated 
or in combination with peri-incisional dermatomes provides a reduced 
postoperative opioid requirement and promotes an effective analgesia in 
dogs undergoing ovariohysterectomy. 

[340] 

Dogs Effectiveness of electroacupuncture analgesia compared with opioid 
administration in a dog model: a pilot study 
Dogs that received electroacupuncture experienced prolonged analgaesia, 
over 24 h at least. The researcher concluded that there was some evidence 
for electroacupuncture as an alternative technique to provide 
postoperative analgesia in dogs. 

[341] 

Dogs Electroacupuncture versus morphine for the postoperative control pain in 
dogs 
Electroacupuncture reduces the postoperative analgesic requirement and 
promotes satisfactory analgesia in dogs undergoing mastectomy. 

[342] 

Goats Physiologic effects of electroacupuncture combined with intramuscular 
administration of xylazine to provide analgesia in goats 
Electroacupuncture combined with xylazine, even at 0.1 mg/kg, provided 
analgesia without significantly affecting cardiorespiratory parameters or 
rectal temperature in goats. 

[343] 

Horses Use of electroacupuncture to treat laryngeal hemiplegia in horses [344] 

Horses Evaluation of electroacupuncture treatment of horses with signs of chronic 
thoracolumbar pain 
Results provided evidence that 3 sessions of electroacupuncture treatment 
can successfully alleviate signs of thoracolumbar pain in horses. The 
analgesic effect induced by electroacupuncture can last at least 2 weeks. 

[345] 

Horses Effect of acupuncture, electroacupuncture and Panax pseudoginseng on 
blood coagulation variables in horses 

[346] 
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Cows Electroacupuncture analgesia for surgery in cattle [347] 

Dogs Effects of corticosteroid and electroacupuncture on experimental spinal 
cord injury in dogs 
The combination of corticosteroid and electroacupuncture was the most 
therapeutically effective for ambulatory paresis due to spinal cord injury in 
dogs. 

[348] 
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Section 2: EMS – Electrical Muscle 
Stimulation 

Introduction 
EMS was investigated for a variety of medicinal applications in the 1980s and 1990s and, after a 

period of very sparse EMS research, over the past 4-5 years there has been considerable renewed 

interest in EMS technology particularly for sports and exercise applications. 

EMS involves the use of transcutaneous electrical currents to peripherally stimulate motor neurons 

thus inducing muscle contraction and relaxation cycles, which in turn may increase blood flow 

through a ‘muscle pump effect’. [349] 

EMS may be introduced to improve physical fitness and may have particular benefits for those who 

are unable to engage in physical exercise and/or have barriers to participation for example those 

recovering from stroke or with spinal cord injury. [350] 

Other identified health benefits of EMS include improved muscle strength/endurance, enhanced 

peripheral circulation, attenuated bone mineral density loss, improved body composition, more 

efficient and safer cardiac function, and cardiovascular, and pulmonary training adaptations. [350] 

Another use of EMS is burning fat via application to unloaded muscles, without loading limbs or 

joints, when an individual is at rest. 

Emerging evidence for sports use 
Seventeen studies related to sports, exercise, weight loss or related applications were identified. [37, 

349-364] 

Watanabe et al. (2014) studied EMS applied to the thigh muscle in 11 

healthy males during moderate intensity pedaling exercise. Participants 

exercised at 80% capacity for 20 min and EMS was applied at 5 -10 min 

and 15-20 min.  

Results demonstrated a significantly higher oxygen uptake, heart rate, 

and respiratory gas exchange ratio during the time periods that EMS 

was activated. Blood lactate concentrations were also elevated during 

EMS activation, suggesting the mechanism may be additional fast-

twitch motor unit recruitment.  

The researchers concluded that: “Our data suggest that the use of intermittent EMS during a 

constant load exercise mimics the high-intensity interval training, possibly due to additional fast-

twitch MU recruitment and co-contractions of the quadriceps and hamstrings muscles, leading to 

higher anaerobic metabolism and a lower mechanical efficiency.” 

In a study of 11 healthy volunteers EMS 

during pedaling showed that high-

intensity exercise training levels were 

reached with higher oxygen uptake, 

heart rate and elevated blood lactate 

concentrations [Watanabe et al. 2014] 
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Another study investigated muscle cramp threshold in 15 volunteers and whether it can be altered 

by EMS. [352]  

A shortened calf muscle position was established on one leg to 

induce muscle cramps and cramp threshold frequency was 

investigated with and without EMS applied. 

After 3 weeks, the cramp threshold frequency had significantly 

(p<0.001) increased in those receiving the intervention while it 

remained unchanged in controls. The applied stimulation energy 

(mA(2)*micros) positively correlated with the effect on the cramp 

threshold frequency (r = 0.92; p<0.001).  

The researchers concluded: “The present study may be useful for 

developing new non-pharmacological strategies to reduce cramp 

susceptibility.” 

In a pilot case-control study the effects of a self-administered home-

based EMS training program on muscle strength and exercise 

tolerance was tested in a group of 16 healthy elderly volunteers. 

Participants completed 30 separate 1-hour EMS sessions at home 

over a 6-week period. [355] 

The researchers concluded that: “We observed significant improvements in quadriceps muscle 

strength and 6-minute walk distance, suggesting that this form of electrical muscle stimulation 

training has promise as an exercise modality in the elderly population.” 

EMS has also been studied to enhance sports training.  In one study of 84 young athletes EMS was 

combined with plyometrics (PT) to investigate the effect on speed training and triple jump. [356] 

The athletes were divided into four groups receiving either: 

1) Plyometric training (8 weeks) and sham EMS/TENS 

2) EMS administered before plyometric training 

3) EMS administered after plyometric training 

4) Combined, simultaneous EMS and plyometric training 

The athletes that received combined, simultaneous training (group 

4) improved significantly in the speed test (p < 0.001) relative to the 

control group. In the triple jump test, improvements were 

significant, (P<0.05) and (P<0.01) for groups 2 and 4 respectively, 

relative to the control group.  

The researchers concluded: “The most effective training aimed at 

improving the speed of 30m is simultaneous combined training. 

Regarding triple jump, the results showed significant improvements 

in the performance of athletes who used both simultaneous combined training and used EMS 

followed by plyometrics.” 

A study of 15 volunteers with cramp 

induced in the calf muscle showed that 

application of EMS may assist in 

reducing cramp susceptibility 

[Behringer et al. 2014] 

A study of 16 elderly volunteers found 

that 30 x 1hr EMS sessions over 6 weeks 

significantly  improved quadriceps 

muscle strength and 6-minute walk 

distance [Caulfield et al. 2013] 

EMS administered with plyometric 

training significantly improved sprint 

speed and triple jump test in a study of 

young athletes [Benito Martinez et al. 

2013] 



 

  
86 

Another prospective, double-blind, controlled study of 23 healthy participants was conducted to 

determine whether EMS on dominant wrist flexors causes an increase in the muscle strength of the 

contralateral wrist extensors. [357] 

Electrodes were placed over the flexor aspect of the right forearm in both groups. In the EMS group, 

passive wrist extension and (EMS) that caused powerful muscle contraction were simultaneously 

applied. In the Control group, a conventional mode of TENS was applied without causing any 

contraction. A group effect (p = 0.0001) and group-by-time interaction were found (p = 0.0001) for 

both the wrist flexor and extensor muscles, but not group-by-time-by-arm interactions.  

The researchers concluded: “This implies that the effect of the 

interventions was similar in both arms, but that the response was 

significantly larger in the EMS than in the Control group. The results 

of the current study suggest that cross-education is not confined to 

the untrained contralateral wrist flexors and that the strength 

increase may also be observed in the contralateral wrist extensors.” 

EMS may also be beneficial in stabilising abdominal wall muscles 

according to one study [37] with the researchers drawing the following conclusion: “Results 

demonstrate that EMS can preferentially stimulate contractions in the deep stabilizers and may have 

significant potential as a therapeutic intervention in this area, pending further refinements to the 

technology.” 

Two studies have also shown that EMS increases blood supply and oxygen requirement to the 

muscles. [358, 364] Two studies have shown that EMS increases cardiac output and improves 

strength and aerobic capacity in sedentary adults. [361, 362] 

One study of the effect of EMS on physical appearance found negative results with the researchers 

concluding: “EMS had no significant effect on the any of the measured parameters. Thus, claims 

relative to the effectiveness of EMS for the apparently healthy individual are not supported by the 

findings of this study.” [363] 

Weight loss 
Three studies of EMS use for weight loss were identified. [350, 353, 354] 

The Test-III trial aimed to determine the effect of 12 months of 

whole-body electromyostimulation (WB-EMS) exercise on 

appendicular muscle mass and abdominal fat mass in subjects 

unwilling to exercise conventionally. [353] 

Forty-six elderly women (mean age 75) with abdominal obesity 

according to International Diabetes Federation criteria received 

either whole body-EMS (18 mins intermittent, bipolar whole body -

EMS  (85 Hz) three sessions in 14 days) or formed an active control 

group.  

EMS significantly increases cardiac 

output and improves aerobic capacity in 

sedentary adults [Banerjee et al. 2005] 

EMS significantly increases cardiac 

output and improves aerobic capacity in 

sedentary adults [Banerjee et al. 2005] 

Whole body EMS (3 sessions per 

fortnight for one year) significantly 

decreased abdominal fat mass and 

increased appendicular muscle mass 

[Kemmler et al. 2013] 
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After 12 months, significant intergroup differences were detected for the primary end-points of 

appendicular muscle mass (0.5% for the WB-EMS group versus -0.8% for the control group, p = 

0.025) and abdominal fat mass (-1.2% for the WB-EMS group versus 2.4% for the control group, p = 

0.038).  

“In summary, whole body-EMS showed positive effects on the parameters of sarcopenia and 

regional fat accumulation. Further, considering the good acceptance of this technology by this 

nonsportive elderly cohort at risk for sarcopenia and abdominal obesity, whole body-EMS may be a 

less off-putting alternative to impact appendicular muscle mass and abdominal fat mass, at least for 

subjects unwilling or unable to exercise conventionally,” the 

authors concluded. 

Another study investigated the effects of a one hour session of 

lower limb (neuromuscular electrical stimulation) EMS, comparing 

the cardiovascular response to that of walking. [354] 

Nine obese patients were recruited and results demonstrated that 

one hour of EMS significantly increased oxygen, heart rate and 

respiratory exchange rate. With EMS, carbohydrate oxidation was 

greater and rates of fat oxidation were less than at all walking 

speeds except 6 km/h. Lactate also increased more with EMS.  

The conclusion was that: “These results suggest that EMS can be 

used in an obese population to induce an effective cardiovascular 

exercise response. In fact, the observed increase in energy 

expenditure induced by 1 h of EMS is clinically important and 

comparable with that recommended in weight management 

programs.” 

Another larger study of 40 sedentary, healthy adults found that there is a linear dose-response 

relationship between EMS stimulation intensity and the increase in energy expenditure. [350] 

“This study suggested EMS may be used to serve as an additional intervention for weight loss 

programs. Future studies to develop electrical stimulators or stimulation electrodes to maximize the 

comfort of EMS are recommended.” 

ICU setting 
Six studies were identified relating to EMS use in the intensive care unit (ICU) setting to prevent 

critical illness myopathy or muscle wasting in patients who are bedridden/unconscious for long 

periods of time. [365-370] 

A systematic review on the role of electrical muscle stimulation in intensive care was conducted in 

2013. [366] Nine studies that included six individual patient groups and a total of 136 participants 

were included in the review. Eight were RCTs, with four studies reporting on the same cohort of 

participants.  

In a study of EMS in obese patients it 

was shown that EMS significantly 

increased energy expenditure [Grosset 

et al. 2013] 

There is a linear relationship between 

EMS intensity and energy expenditure; 

EMS may be useful as an additional 

intervention for weight loss [Hsu et al. 

2011] 
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The conclusions of the review were as follows: 

“EMS appears to preserve muscle mass and strength in long-stay 

[ICU] participants and in those with less acuity. No such benefits 

were observed when commenced prior to 7 days or in patients with 

high acuity. One adverse event was reported. Optimal training 

variables and safety of the intervention require further 

investigation. ”  

“Electrical muscle stimulation is a promising intervention; however, 

there is conflicting evidence for its effectiveness when administered acutely. Outcomes measured 

are heterogeneous with small sample sizes.” 

Since this systematic review, a Cochrane review entitled ‘Interventions for preventing critical illness 

polyneuropathy and critical illness myopathy’ has been published with the conclusion being: “Very 

low quality evidence suggests no effect of EMS, although data are prone to bias.” [365] 

Heart failure 
A number of studies have investigated EMS in the heart failure 

patient. [227, 359, 360] 

Two studies by Banerjee et al. [359, 360]  concluded that: “EMS can 

be used in sedentary adults with stable chronic heart failure to 

improve physical fitness and functional capacity. It may provide a 

viable alternative for patients unable to undertake more 

conventional forms of exercise.” 

Peak VO2 (p < 0.05) and 6-minute walking distance (p < 0.005) 

significantly increased in a cross-over design study of 10 patients with stable chronic heart failure. 

Other medical uses of EMS 

Diabetes 
EMS has been used in diabetes to attempt to alleviate painful 

diabetic neuropathy, which is a common complication of diabetes 

mellitus affecting 20-30% of diabetic patients.  [371, 372] 

Patients with type 2 diabetes and distal symmetrical sensory 

polyneuropathy (n=41) were randomised to receive treatment with 

either TENS or high frequency electrical muscle stimulation. 

Treatment was to both legs (30 min per day for three consecutive 

days).  

In total, 80% of the high frequency EMS group responded to treatment (compared to 33% in TEN 

group; p<0.05). High frequency EMS was more effective than TENS in relieving the symptoms of non-

A systematic review including 9 studies 

of EMS in the ICU setting concluded 

that EMS preserves muscle mass and 

strength in long-stay patients [Parry et 

al. 2013] 

Two studies have concluded that EMS 

can be used by sedentary adults with 

stable chronic heart failure to improve 

physical fitness and functional capacity 

[Banerjee et al. 2009, 2010] 

EMS is more effective than TENS for 

relieving the symptoms of painful 

diabetic and non-painful neuropathy 

[Reichstein et al. 2005] 
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painful neuropathy (100% compared to 44%; p<0.05) and painful neuropathy (69% compared to 

25%; p<0.05).  

The authors concluded that: “This pilot study shows, for the first time, that high frequency EMS can 

ameliorate the discomfort and pain associated with distal symmetrical sensory polyneuropathy, and 

suggests that high frequency EMS is more effective than TENS. External muscle stimulation offers a 

new therapeutic option for distal symmetrical sensory polyneuropathy.” 

Cruciate ligament reconstruction 
Four studies of EMS use to assist in rehabilitation following cruciate ligament reconstruction were 

identified. [373-376] 

One study by Takahashi et al. 2012 investigated early rehabilitation 

after anterior cruciate ligament reconstruction using closed kinetic 

chain exercise comprising a shaking board and EMS to the anterior 

and posterior region of the injured thigh. [375] Traditional 

rehabilitation was used in the control group.  Muscle strength and 

mass were assessed and significant improvement was observed in 

the group receiving the EMS intervention, see Figure 18. 

The authors concluded: “The cross-sectional area of the extensor 

muscles of the injured legs tended to a show a greater increase at 3 months in group N [the EMS 

group]. This rehabilitation method makes it possible to contract fast-twitch muscles, which may be a 

useful for improving extensor muscle strength after anterior cruciate ligament reconstruction.” 

 

Figure 18. Cross-sectional area of extensor muscles in patients following anterior cruciate ligament 

reconstruction and treatment with EMS and shaking board (N) or usual rehabilitation exercises. 

[375] 

Other studies made the following conclusions: 

 EMS implemented during the early rehabilitation stage is effective in maintaining and 

increasing muscle thickness and strength in the operated limb. [374] 

EMS used with a shaking board to assist 

in rehabilitation following cruciate 

ligament reconstruction significantly 

improved muscle area, strength and 

mass compared to standard care 

[Takahashi et al. 2012] 
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 EMS did not reduce atrophy but it did minimize strength decrease during immobilization. 

EMS also resulted in significantly greater range of motion than those treated with extension 

or flexion with early limited motion. Compared to all groups, EMS patients had a significant 

reduction in the incidence of patellofemoral crepitation. The optimal rehabilitation program 

included EMS and immobilization in flexion with early limited range of motion. [373] 

Claudication (lack of blood supply to legs during activity) 
In a prospective, randomised, controlled trial of 30 participants conducted by Anderson et al. 2004, 

EMS of ischaemic calf muscles in claudicants was assessed.  Claudication is a lack of blood supply to 

the legs during exercise, often as a result or symptoms of peripheral artery disease. [377] 

Stable claudicants received either active chronic low frequency (6 Hz) 

motor stimulation (EMS) or, as a control treatment, TENS stimulation of 

calf muscles in one leg, (3 x 20 min/day for 4 weeks).  

EMS significantly increased pain-free walking distance by 35 metres 

(p<0.001) and maximum walking distance by 39 metres (p<0.05) 

compared to the control treatment.  

The researchers concluded that:  “Chronic EMS is an effective 

treatment for alleviating intermittent claudication which, by targeted 

activation of a small muscle mass, does not engender a significant 

systemic inflammatory response.” 

DVT prevention 
TENS has been investigated for deep vein thrombosis (DVT) prevention (see earlier section) and EMS 

has also been studied. 

In one study of EMS for DVT prevention, the arm of the study that had the EMS intervention was 

discontinued after 4 months because of discomfort, blister formation and high dropout rate. Ten 

patients developed DVT during the study period. [378] 

Scoliosis prevention/treatment 
Four studies on the prevention or treatment of scoliosis using EMS were identified (three by the 

same author and on the same patient group). [379-382] In these studies stimulation was to the 

convex side of the curve (applied at night when the patient is asleep), inducing muscle contractions 

to correct the curvature.  

The findings of the studies can be summarised as follows: 

 Study 1: Long-term treatment of 107 patients with progressive idiopathic scoliosis shows a 

93% success rate in preventing further progression for curves below 30 degrees while the 

rate drops to 73% for curves above 30 degrees. [379] 

 Study 2: Arrest of correction or curve correction was observed in 90 patients treated up to 

four years (average 15 months) was observed in 84% of 61 patients with single primary 

curves and 83% of 29 patients with double primary curves. If only the patients who complied 

totally with the program are considered, the above rates improve to 97% and 93%, 

EMS in stable claudicants with 

ischaemic calf muscles significantly 

increased pain-free walking distance 

and maximum walking distance 

compared to a TENS control [Anderson 

et al. 2004] 
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respectively. Post-treatment observations of skeletally mature curves for up to two years in 

13 patients show no increase in curvature. [380] 

 Study 3: In 18 kyphosis patients, an average of 13˚ correction 

was accomplished with stimulation of the paraspinal 

musculature. The foundation for clinical use of surface 

muscle stimulation in the management of excessive spinal 

curvatures was established, with guidelines for electrode 

placement in scoliosis, kyphosis, lordosis, and curvature 

combinations. [381] 

 Literature review: “With success defined as less than or equal 

to four degrees of progression, between 60 and 84% of 

curves treated have been halted. Greater success has been 

noted in the lumbar and thoracolumbar curves and in curves under 40 degrees. In non-

compliant patients, approximately 80% of the curves progressed. Controversy concerning 

minor refinements in treatment application, such as the details of electrode placement and 

problems of skin rash and sleep loss, have yet to be satisfactorily resolved. ” [382] 

 

Military use 
In military/airforce use both voluntary muscle straining and inflated 

anti-G suits are used to increase the arterial blood pressure and give a 

pilot G protection during increased +Gz. [383] 

In one study a special suit with EMS electrodes sewn in was 

developed in order to measure whether blood pressure can be 

increased with EMS to the lower body muscles 

In total 12 subjects were tested in sitting position during 3 conditions 

with 10 consecutive periods of either EMS, inflated anti-G suit, or 

lower body muscle anti-G straining manoeuvres (AGSM). 

During the test periods with the anti-G suit, AGSM, and EMS, heart rate was 59, 79, and 61 bpm, 

respectively, with statistical differences (P < 0.001) between AGSM and the other two conditions. 

Mean systolic BP during the first 10 s was 143, 146, and 150 mmHg (Figure 19). 

It was concluded that: “EMS created similar BP as GS and AGSM at 1 G and also had higher pre- and 

post-control values. Further studies are required to evaluate if this principle may be used for G 

protection of pilots.” 

There is evidence that EMS applied to 

the convex side of the curve in 

patients with scoliosis may help halt 

progression or correct the degree of 

curvature [Axelgaard et al. 1983, 

1984] 

EMS may have potential military 

applications when incorporated into 

an anti-G suit to maintain blood 

pressure and give pilots G protection 

during increased +Gz  [Balldin et al. 

2008] 
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Figure 19. Mean systolic blood pressure in lower body muscle anti-G straining maneuvers and EMS. 

[383] 

Breathing  

Malignant & non-malignant disease 
A Cochrane review entitled ‘Non-pharmacological interventions for breathlessness in advanced 

stages of malignant and non-malignant diseases’ was published in 2008. [214] 

In this review, three studies of neuro-electrical muscle stimulation (NMES) were identified. The 

authors noted the following: 

“In Neder’s study nine of 15 participants with advanced COPD 

received NMES at once, the other six participants after a control 

period of six weeks (Neder 2002). The first group had beneficial 

changes in the ‘dyspnoea domain’ of the CRQ and the second 

group improved significantly in this domain compared to base-

line.  Bourjeily-Habr 2002 included 18 participants with COPD in 

their study on TENS. They reached a modest but significant 

improvement on the Borg scale of perceived exertion at a given 

level of exercise and a significant increase in the shuttle walking 

distance. Seventeen COPD participants were tested in Vivodtzev’s 

study (Vivodtzev 2006). Four weeks of electrostimulation 

improved quadriceps muscle strength and significantly decreased 

dyspnoea whilst performing daily tasks. There was also a significant increase in walking distance and 

Body Mass Index (BMI) in the intervention group.” 

“Due to insufficient reporting of data, meta-analysis was not possible in this category. However, the 

strength of evidence was high in this group as all three studies were of high quality and showed 

significant improvement of breathlessness.” 

In a high quality Cochrane systematic 

review the authors concluded that 

EMS significantly improved 

breathlessness (or dyspnea) in three 

studies with high strength of 

evidence. [Bausewein et al. 2008] 
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Summary of evidence-based marketing 
claims 

Claim 
# 

Evidence-based claim 
 

1 High-quality evidence from a randomised controlled trial of 30 patients with chronic low 
back pain showed that TENS gave greater pain relief compared to a placebo control. [Cheing 
et al. 1999]  
 

2 A high-quality clinical trial found TENS superior to superficial massage in a study of 41 
patients with acute or chronic low back pain. [Melzack et al. 1983] 
 

3 A phase I RCT in 60 patients with chronic back pain found that 45% of participants using 
TENS were better able to cope with pain after three weeks of use. [Barker et al. 2008] 
 

4 A pilot study of 32 patients with chronic non-specific low back pain found that TENS plus 
acupuncture and TENS alone were effective for pain relief and improving quality of life. [Itoh 
et al. 2009] 
 

5 A systematic review and meta-analysis included four studies of TENS involving 178 patients 
and found that TENS performed significantly better than placebo for analgesic efficacy and 
better than the majority of other regimes including NSAIDS, muscle relaxants, massage, 
physiotherapy and exercise. [Machado et al. 2009] 
 

6 In a controlled study of 39 patients with lumbosacral pain TENS therapy resulted in pain 
relief, improved spinal function and mobility. [Pop et al. 2010] 
 

7 In a single-blind RCT of 150 patients with non-specific chronic low back pain TENS was 
significantly better than no treatment for improving pain and disability scores (P < 0.0001) 
and reducing the use of analgesic medication (84% TENS vs 34%  controls stopped using 
medication) . [Facci et al. 2011] 
 

8 In a single-blind RCT of 236 patients with chronic low back pain, TENS was significantly 
better than sham TENS for improving pain scores (P < 0.0003) in patients with lumbar pain. 
[Buchmuller et al. 2012] 
 

9 In a high quality systematic review of randomised trials TENS used in conjunction with 
pharmacological pain relief was found to be significantly more effective for post-surgical 
pain following thoracotomy or sternotomy than pharmacological pain relief and placebo 
TENS. [Sbruzzi et al. 2012] 
 

10 Use of TENS post-thoracotomy surgery significantly reduced opioid and non-opioid  
analgesia consumption compared to placebo TENS [Fiorelli et al. 2012] 
 

11 Use of TENS for pain relief after spinal surgery significantly reduced the use of patient-
controlled analgesia and thus related side-effects [Kara et al. 2011] 
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12 In a randomised controlled study of 20 patients after coronary artery bypass graft TENS was 
found to be effective in reducing pain and improving respiratory volume [Lima et al. 2011] 
 

13 In three different studies of TENS after cardiac surgery (sternotomy), TENS was found to be 
more effective for postoperative pain than control. 
[Gregorini, 2010; Emmiler, 2008; Cipriano, 2008] 
 

14 Pre-operative TENS to acupuncture points before cardiac surgery may reduce the need for 
postoperative pain relief such as fentanyl [Coura et al. 2011] 
 

15 A high quality double-blind, randomised placebo-controlled trial found that TENS was 
significantly more effective than placebo TENS at reducing pain score during unsedated 
colonoscopy [Amer-Cuenca et al. 2011] 
 

16 TENS significantly reduced postoperative pain compared to placebo in a study of 42 patients 
undergoing laparoscopic gall bladder removal surgery (cholecystectomy). TENS also reduced 
nausea and vomiting. [Silva et al. 2012] 
 

17 TENS used with NSAID pain relief significantly reduced post-procedure pain following 
endometrial biopsy compared to sham TENS used with NSAID pain relief. [Yilmazer et al. 
2012] 
 

18 A high quality systematic review provides evidence that TENS is a safe and effective means 
of pain relief during emergency transport with significantly improved pain scores compared 
to sham TENS. [Simpson et al. 2014] 
 

19 Women using TENS for pain management during labour are less likely to report having 
severe pain and are more likely to be willing to use TENS again in a future labour compared 
to controls [Dowswell et al. 2009; updated 2011] 
 

20 There is evidence that use of acu-TENS during caesarean section with spinal anaesthesia can 
reduce the risk of hypotension [Arai et al. 2008] 
 

21 There is evidence that use of acu-TENS for pain relief following caesarean section reduces 
the consumption of morphine and increases mothers’ alertness [Binder et al. 2011] 
 

22 A randomised controlled study of 40 women showed that TENS was effective in reducing 
episiotomy pain following vaginal delivery compared to a control of no treatment [Pitangui 
et al. 2012] 
 

23 A study of 21 women showed that TENS was effective in relieving menstrual pain 
(dysmenorrhea) and reducing the number of pain relief tablets taken; 67% women 
continued using the TENS device even after the study had ended [Shiotz et al. 2012] 
 

24 There is class III evidence from a study of 67 patients that transcutaneous supraorbital nerve 
stimulation (tSNS) is effective and safe for prevention of migraine [Magis et al. 2013] 
 

25 From a recent high-quality Cochrane systematic review, there is very low quality evidence 
that TENS is more effective than placebo for relieving neck pain. [Kroeling et al.  2013] 
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26 High level evidence from a systematic review concluded that there was moderate evidence 
to support the use of TENS to treat myofascial pain syndrome and myofascial trigger points. 
[Vernon et al. 2009] 
 

27 The American Geriatrics Society recommends that TENS (alone or in combination with 
pharmacological strategies) can be an effective approach to pain relief in older people 
[Abdulla et al. 2013] 
 

28 In children with cerebral palsy, TENS may provide relief from neuropathic pain related to 
multi-level surgery and assist with enabling physiotherapy to proceed [Lauder et al. 2005] 
 

29 TENS may be useful for improving cancer bone pain on movement, but more research is 
needed to improve knowledge in this area [Hurlow et al. 2012] 
 

30 TENS significantly lowered pain scores in healthy volunteers with experimentally induced 
ischaemic pain in two placebo-controlled studies [Chen et al. 2011; Seenan et al. 2012] 
 

31 Active TENS significantly decreased pain scores in patients with renal colic pain compared to 
sham TENS according to a study of 100 patients in an emergency setting. [Mora et al. 2006] 
 

32 Parasacral TENS has been shown to significantly improve constipation symptoms in children 
in 3 separate studies however there is a need for a systematic review and the results of a 
planned Cochrane systematic review are awaited to provide high level evidence. 
 

33 A RCT of 52 people with multiple sclerosis (MS) and leg spasm showed that TENS 
significantly reduced spasticity and was of similar benefit to baclofen [Shaygannejad et al. 
2013] 
 

34 There is evidence that TENS may have the ability to induce long-term re-organisation of the 
motor cortex in MS patients [Cuypers et al. 2013] 
 

35 There is evidence that TENS can improve tactile sensitivity and reduce sensory complaints in 
people with MS according to two separate studies [Cuypers et al. 2011; Chitsaz et al. 2009] 
 

36 A small study has shown that TENS applied to hip adducters may reduce spasticity and 
improve gait in children with spastic diplegic cerebral palsy [Alabdulwahab et al. 2010] 
 

37 In a randomised, controlled study of 42 chronic stroke patients TENS was found to reduce 
spasticity and improve balance [Cho et al. 2013] 
 

38 In a randomised, controlled trial of 62 stroke patients TENS administered within 10 days of 
stroke was found to reduce spasticity, improve time to walking and increase strength [Yan 
et al. 2009] 
 

39 Two separate randomised, controlled trials have shown that TENS combined with exercise 
can improve recovery in stroke patients [Ng et al. 2007 & 2009] 
 

40 In a randomised controlled trial of 18 patients with spinal cord injury and spasticity TENS 
was found to significantly reduce spasticity;  effects were immediate and observed after a 
single TENS session [Ping Ho Chung et al. 2010] 
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41 In a study of patients with spinal cord injury and spasticity TENS was found to be of 
comparable effectiveness to the oral treatment baclofen to reduce spasticity [Aydin et al. 
2005] 
 

42 In a pilot study of elderly nursing home residents, acu-TENS was found to significantly 
improve depressive mood status compared to social visits [Chang et al. 2010] 
 

43 In study of people with tinnitus TENS was found to improved perception of tinnitus in 62% 
of people and was more effective in those with low-frequency tinnitus or mild hearing loss 
[Lee et al. 2014] 
 

44 In study of 240 people with somatic tinnitus TENS applied to C2 was found to significantly 
suppress tinnitus in 17.9% [Vanneste et al. 2010] 
 

45 A high quality systematic review and meta-analysis found that TENS improved pain relief in 
patients with painful diabetic neuropathy. [Stein et al. 2013] 
 

46 A high quality systematic review and meta-analysis found that TENS improved pain scores at 
4 and 6 weeks follow-up in patients with diabetic peripheral neuropathy. [Jin et al. 2010] 
 

47 A case report of TENS application in a patient with IDDM suggests that TENS may have a role 
in assisting with glucose control in the diabetic patient. [Khan et al. 2012] 
 

48 In a double-blind randomised cross-over trial of 43 fibromyalgia patients, a single session of 
TENS significantly improved pain and fatigue on movement. [Dailey et al. 2013] 
 

49 Application of two TENS devices in a study of 39 fibromyalgia patients significantly improved 
pain scores & sleep quality and reduced analgesic consumption [Lauretti et al. 2013] 
 

50 In 22 chronic heart failure patients application of TENS to the left leg significantly reduced 
muscle sympathetic nerve activity and potentially be a new approach to treating this 
condition [Labrunee et al. 2013] 
 

51 In a study of 43 chronic heart failure patients application of TENS to the feet significantly 
increased baroreflex sensitivity and was more efficient than a bicycle exercise training 
program [Gademan et al. 2011] 
 

52 In a study of 28 COPD patients Acu-TENS over Dingchuan significantly increased FEV1, 
physical activity and SGRQ score and the likely mechanism is via increased beta-endorphin 
levels [Ngai et al. 2010] 
 

53 In a RCT 46 COPD patients Acu-TENS over Ex-B1 bilaterally significantly increased FEV1 and 
decreased dyspnea compared to control [Lau et al. 2008] 
 

54 In a high quality Cochrane systematic review [Cameron et al. 2003] it was noted that use of 
TENS for dementia produced a statistically significant improvement directly after treatment 
in: delayed recall of 8 words in one trial, face recognition in two trials and motivation in one 
trial. 

55 In a high quality Cochrane systematic review [Brosseau et al. 2003] it was noted Acu-TENS 
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significantly reduced rest pain and joint tenderness, and improved muscle power in patients 
with rheumatoid arthritis in the hand. 
 

56 A number of studies and a high-quality Cochrane review have found that TENS is useful for 
reducing pain associated with knee osteoarthritis. [Ying et al. 2007; Osiri et al. 2000] 
 

57 In a feasibility study, TENS to the genioglossus muscles was found to decrease snoring and 
improve oxygenation and may assist in the treatment of obstructive sleep apnoea. [Steier et 
al. 2011] 
 

58 In a placebo controlled study of 30 asthma sufferers Acu-TENS applied before and during an 
exercise test significantly improved FEV(1) and FVC immediately after exercise [Ngai et al. 
2009] 
 

59 In a study of 43 children with asthma treatment with Acu-TENS for 8 weeks significantly 
improved pediatric asthma quality-of-life questionnaire (PAQLQ) activities  [Lin et al. 2010] 
 

60 In a randomised, placebo controlled study of 30 patients with chronic stroke adding TENS to 
task-related training significantly improved outcome measures indicative of reduction in 
motor impairment and improved motor activity [Kim et al. 2013] 
 

61 In a high-quality systematic review of TENS treatment for chronic stroke 14 of 15 studies 
identified showed positive effects on motor performance [Laufer et al. 2011] 
 

62 A small study of stroke patients with swallowing problems suggests that applying TENS to 
the submental region may assist with recovery of swallowing function [Gallas et al. 2010] 
 

63 A pilot study of 10 amputees with phantom limb/stump pain demonstrated that TENS 
significantly reduced pain intensity at rest and on movement. [Mulvey et al. 2013] 
 

64 In a study of 173 patients recovering from modified radical mastectomy, TENS significantly 
decreased the amount of skin flap necrosis. [Atalay et al. 2009] 
 

65 In a pilot study of 30 faecal incontinence patients TENS applied daily to the posterior tibial 
nerve significantly decreased median incontinent episodes and improved lifestyle and 
embarrassment measures; 3 patients achieved complete faecal continence [Thomas et al. 
2013] 
 

66 In a study of 19 faecal incontinence patients TENS was shown to significantly alter anorectal 
physiology [Bouguen et al. 2014] 
 

67 In a study of 51 women with urge urinary incontinence transcutaneous electrical tibial nerve 
stimulation was shown to significantly cure or improve the condition as well as quality of life 
compared to a control group receiving standard treatment alone; 68% reported improved 
symptoms or cure [Schreiner et al. 2010] 
 

68 In a study of 27 children with daytime urinary incontinence refractory to treatment sacral 
TENS was shown to significantly decrease incontinence severity and daily incontinence 
episodes compared to sham TENS [Hagstroem et al. 2009] 

69 In a study of 45 children with primary monosymptomatic enuresis (bedwetting), parasacral 
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TENS was shown to significantly decrease the number of wet nights [de Oliviera et al. 2013] 
 

70 In a study of 19 children with non-monosymptomatic enuresis (bedwetting), parasacral 
TENS was shown to resolve enuresis in 42% of children and reduce episodes to less than one 
per week in 21%.  [Lordelo et al. 2010] 
 

71 In a study of 42 adults with overactive bladder, 12 weeks of TENS treatment was shown to 
completely restore continence in 39% of patients, improve symptoms in 50% and 
significantly improve satisfaction.  [Tellenbach et al. 2013] 
 

72 Three studies of laparoscopic cholecystectomy and one of tonsillectomy in children have all 
used TENS successfully to reduce post-operative nausea and vomiting. 
 

73 A pilot study of Acu-TENS for the relief of radiation-induced xerostomia in head and neck 
cancer patients indicated 94% compliance and 86% of patients achieved a positive 
treatment response. [Wong et al. 2013] 
 

74 In a randomised, controlled, pilot study of auricular (outer ear canal) TENS in depressed 
patients depressive symptoms were shown to significantly diminish compared to patients 
receiving sham TENS (p>0.0001) [Hein et al. 2013] 
 

75 In 10 volunteers TENS administered to the peroneal nerve was as effective as other 
electrical and mechanical methods of calf-muscle pump activation in achieving the 
acceleration of venous flow in the lower limb and may assist in DVT prevention [Izumi et al. 
2010] 
 

76 In 22 healthy volunteers of different ages TENS administered to the ganglion region during 
exercise significantly reduced (or attenuated) the increase in blood pressure [Viera et al. 
2012] 
 

77 In a study of 16 healthy volunteers subjected to postural changes, Acu-TENS stabilised blood 
pressure changes  [Jones et al. 2011] 
 

78 In a study of 15 healthy volunteers subjected to flight simulator sickness, TENS significantly 
decreased sickness severity and improved concentration and cognition [Chu et al. 2013] 
 

79 In a study of 15 healthy volunteers subjected to motion sickness TENS significantly reduced 
symptoms and subjects showed improved concentration and lower cortisol levels  (a marker 
of stress) [Chu et al. 2012] 
 

80 In a study of 309 women undergoing embryo transfer in the IVF setting, those receiving Acu-
TENS 30 minutes after transfer had higher pregnancy, implantation and live birth rates than 
controls receiving mock TENS.  [Zhang et al. 2011] 
 

81 In a study of 48 opioid drug addicts Acu-TENS was found to significantly lower the risk of 
using drugs 2 weeks after discharge compared to sham TENS .  [Meade et al. 2010] 
 

82 In a study of 70 heroin addicts TENS was found to diminish and shorten cravings and reduce 
heart rate elevation  in response to video-cue compared to sham TENS .  [Zhong et al. 2006] 

83 In a study of 45 heroin addicts TENS+methadone was found to reduce the severity of 
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withdrawal symptoms and may be superior to methadone alone. [Bakhshani et al. 2008] 
 

84 TENS applied to the left outer auditory canal significantly improved mood & wellbeing and 
fMRI demonstrated brain activation patterns consistent with stimulation of the vagus nerve 
[Bakhshani et al. 2008] 
 

85 In a study of 11 healthy volunteers EMS during pedalling showed that high-intensity exercise 
training levels were reached with higher oxygen uptake, heart rate and elevated blood 
lactate concentrations [Watanabe et al. 2014] 
 

86 A study of 15 volunteers with cramp induced in the calf muscle showed that application of 
EMS may assist in reducing cramp susceptibility [Behringer et al. 2014] 
 

87 A study of 16 elderly volunteers found that 30 x 1hr EMS sessions over 6 weeks significantly  
improved quadriceps muscle strength and 6-minute walk distance [Caulfield et al. 2013] 
 

88 EMS administered with plyometric training significantly improved sprint speed and triple 
jump test in a study of young athletes [Benito Martinez et al. 2013] 
 

89 EMS significantly increases cardiac output and improves aerobic capacity in sedentary adults 
[Banerjee et al. 2005] 
 

90 Whole body EMS (3 sessions per fortnight for one year) significantly decreased abdominal 
fat mass and increased appendicular muscle mass [Kemmler et al. 2013] 
 

91 In a study of EMS in obese patients it was shown that EMS significantly increased energy 
expenditure [Grosset et al. 2013] 
 

92 There is a linear relationship between EMS intensity and energy expenditure; EMS may be 
useful as an additional intervention for weight loss [Hsu et al. 2011] 
 

93 A systematic review including 9 studies of EMS in the ICU setting concluded that EMS 
preserves muscle mass and strength in long-stay patients [Parry et al. 2013] 
 

94 Two studies have concluded that EMS can be used by sedentary adults with stable chronic 
heart failure to improve physical fitness and functional capacity [Banerjee et al. 2009, 2010] 
 

95 EMS is more effective than TENS for relieving the symptoms of painful diabetic and non-
painful neuropathy [Reichstein et al. 2005] 
 

96 EMS used with a shaking board to assist in rehabilitation following cruciate ligament 
reconstruction significantly improved muscle area, strength and mass compared to standard 
care [Takahashi et al. 2012] 
 

97 EMS in stable claudicants with ischaemic calf muscles significantly increased pain-free 
walking distance and maximum walking distance compared to a TENS control [Anderson et 
al. 2004] 
 

98 There is evidence that EMS applied to the convex side of the curve in patients with scoliosis 
may help halt progression or correct the degree of curvature [Axelgaard et al. 1983, 1984] 
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99 EMS may have potential military applications when incorporated into an anti-G suit to 
maintain blood pressure and give pilots G protection during increased +Gz  [Balldin et al. 
2008] 
 

100 In a high quality Cochrane systematic review the authors concluded that EMS significantly 
improved breathlessness (or dyspnea) in three studies with high strength of evidence. 
[Bausewein et al. 2008] 
 

  



 

 

Clinical trials currently under way 

A search of the Australian Clinical Trials Register identified the following clinical trials currently under way: 

Clinical trial registration 
number 

Description Status 

ACTRN12614000281695 
 

Can Acupuncture Transcutaneous Electrical Nerve Stimulation (Acu-TENS) reduce the rate of hospital admission 
for people with acute exacerbation of chronic obstructive pulmonary disease? 

Registered 
1/04/2014 

ACTRN12613001232729 The effect of transcranial direct current stimulation and transcutaneous electrical nerve stimulation on improving 
pain intensity, physical functioning, mental health and quality of life in a chronic pain population awaiting pain 
clinic intervention. 

Registered 
18/11/2013 

ACTRN12612001172897 The effects of application of Transcutaneous electrical nerve stimulation (TENS) on posterior neck and the Zusanli 
acupoint on simulator sickness (SS) symptoms and sleepiness in healthy adults 

Registered 
1/07/2009 

ACTRN12612000705886 Effect of application of Transcutaneous Electrical Nerve Stimulation on acupuncture points (Acu-TENS) on lung 
function in people with asthma 

Registered 
4/07/2012 

ACTRN12612000693820 Effect of application of Transcutaneous Electrical Nerve Stimulation (TENS) on acupunture points (Acu-TENS) 
compared to Sham-TENS on breathlessness and exercise capacity in people with chronic obstructive pulmonary 
disease (COPD) 

Registered 
14/11/2011 

ACTRN12611000445976 Effect of transcutaneous electrical nerve stimulation for treating patients with refractory overactive bladder 
syndrome evaluated by bladder diary and patient satisfaction assessment 

Registered 
1/12/2003 

ACTRN12610000922077 Study of Transcutaneous Electrical Stimulation in gait parameters of people with Parkinson's Disease Registered 
3/07/2010 

ACTRN12610000786099 Evaluation Of The Effects Of Transcutaneous Electrical Diaphragmatic Stimulation On Cardiac Autonomic Balance 
In Healthy Individuals 

Registered 
1/05/2010 

ACTRN12610000644066 Application of transcutaneous electrical nerve stimulation (TENS) in multiparous for pain relief of uterine 
contraction during breastfeeding in immediate postpartum: a randomized controlled trial 

Registered 
7/07/2010 

ACTRN12610000529044 A randomized, controlled trial of effects of low and high-frequency transcutaneous electric nerve stimulation 
(TENS) in Post Episiotomy Pain Relief. 

Registered 
10/08/2009 

ACTRN12610000471088 High-Frequency transcutaneous electric nerve stimulation (TENS) in Post Episiotomy Pain Relief in Primiparous 
Puerperae: A randomized, controlled trial. 

Registered 
1/08/2006 
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ACTRN12610000466044 A randomised, double-blind, placebo controlled clinical trial of the effectiveness of high and low frequency 
transcutaneous electrical nerve stimulation (TENS) on pain intensity in primary dysmenorrhea. 

Registered 
1/03/2010 

ACTRN12610000302055 Transcutaneous electrical nerve stimulation reduces spasticity and cryotherapy may increase hyperreflexia in 
hemiparetic spastic patients 

Registered 
16/06/2009 

ACTRN12609001084279 Transcutaneous electrical nerve stimulation (TENS) is beneficial for postoperative pain relief following inguinal 
hernia repair: a randomized placebo-controlled trial 

Registered 
24/12/2009 

ACTRN12609000473268 Effects of muscular stretching and transcutaneous electrical nerve stimulation compared to usual muscular 
stretching on flexibility of hamstring and pain for healthy people: a randomized controlled trial 

Registered 
1/10/2008 

ACTRN12608000264381 Effectiveness of physical therapy treatment on pain and physical functions in patients with osteoarthritis of the 
knee: comparative study of manual therapy, supervised exercises and electro acupuncture versus well-designed 
home exercise program 

Registered 
1/03/2007 

ACTRN12606000438550 A study of the effectiveness of Electro-Neuro-Adaptive-Regulator (ENAR)® in reducing pain for the treatment of 
chronic neck pain 

Registered 
1/01/2004 

ACTRN12606000321549 Transcutaneous electrical nerve stimulation (TENS) to enhance the anal tone in patients with faecal incontinence. Registered 
1/10/2006 

  



 

 

Glossary 

RMDQ  

Roland Morris Disability Questionnaire, a widely used health status measure for low back pain 

http://www.rmdq.org/ 

McGill Pain Questionnaire 

The McGill Pain Questionnaire is used by patients to subjectively specify the pain experience and it 

contains an intensity scale and other items to determine the properties of pain experience. The 

questionnaire was designed to provide quantitative measures of clinical pain that can be treated 

statistically. 

Visual Analogue Pain Scale 

The visual analogue scale can be used to measure pain as a 10cm line.  Patients mark where on the 

scale the pain they are experiencing fits and researchers measure the distance from 0 in cm to get 

the score. 

 

Timed Up and Go test (TUG)  

The Timed Up and Go test is used to assess mobility.   It is a simple, timed test that assesses the time 

a person takes to rise from a chair, walk three metres, turn around, walk back to the chair, and sit 

down.  

Beck Depression Inventory (BDI)  

The Beck Depression Inventory is one of the most commonly used outcome measures to 

demonstrate treatment efficacy and monitor treatment progress for depressed patients. It is in the 

form of a 21-item, self-report rating inventory that measures characteristic attitudes and symptoms 

of depression and takes approximately 10 minutes to complete. 

Rome III criteria for children 
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Bristol Stool Chart 

 

Modified Ashworth Scale 

The Modified Ashworth Scale is a measure of spasticity with grades outlined in the table below. 

 

GDS-SF 

The GDS-SF is a 15-item self-report instrument used to assess depressive mood status and general 

well-being in the elderly.  Scores range from 0-15. 

MMSE 

MMSE is an 11 item instrument used to evaluate the cognitive status of subjects, including 

orientation, registration, recall, attention, calculation ability, understanding & use of language and 

praxis. 

Hamilton Depression Rating Scale (HAMD)  

HAMD is multiquestion depression questionnaire designed for adults and is used to rate the severity 

of their depression by probing mood, feelings of guilt, suicide ideation, insomnia, agitation or 

retardation, anxiety, weight loss, and somatic symptoms. 

Episiotomy 

An episiotomy is surgical cut made at the opening of the vagina during childbirth, to aid a difficult 

delivery and prevent rupture of tissues.  
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Abbreviations 

 

CI Confidence Interval 

CNS Central Nervous System 

DVT Deep Vein Thrombosis 

FDA Food and Drug Administration 

ICU Intensive Care Unit 

NSAID non-steroidal anti-inflammatory drug 

QALY Quality-adjusted Life Year 

RCT Randomised Controlled Trial 

RR Relative Risk 

VAS Visual Analog Scale  

WHO World Health Organisation  
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Appendix 1 

Search strategy used 
 

The following search strategy was conducted on 20 October 2014.  The primary databases used were 

PubMed and MEDLINE. 

Transcutaneous Electric Nerve Stimulation (TENS) 

( "Transcutaneous Electric Nerve Stimulation/adverse effects"[Mesh] OR "Transcutaneous Electric 

Nerve Stimulation/contraindications"[Mesh] OR "Transcutaneous Electric Nerve 

Stimulation/methods"[Mesh] OR "Transcutaneous Electric Nerve Stimulation/standards"[Mesh] OR 

"Transcutaneous Electric Nerve Stimulation/therapeutic use"[Mesh] OR "Transcutaneous Electric 

Nerve Stimulation/trends"[Mesh] OR "Transcutaneous Electric Nerve Stimulation/utilization"[Mesh]) 

The initial search (restricted to human studies and English language) yielded over 1000 results 

"Transcutaneous Electrical Nerve Stimulation" = 998 

"Transcutaneous Electric Nerve Stimulation" = 2446 

The search for TENS was therefore restricted to last 10 years ("Transcutaneous Electric Nerve 

Stimulation" or "Transcutaneous Electrical Nerve Stimulation") = 1152 

1152 TENS references imported into ENDNOTE database. 

For EMS over 100 references were identified.  The EMS literature search was not restricted by date. 

An additional search was conducted for Veterinary applications.  The Cochrane database and 

Australian Clinical Trials register were also searched. 

Titles were reviewed and references were excluded for the following reasons: 

 General review 

 Not related to TENS or EMS 

 Case reports 

 Other kinds of electrical stimulation (e.g. during brain surgery) 

 Percutaneous not transcutaneous 

 No abstract or full text available 

 Letter/author reply 

 Conference abstract 

Following this process 851 key references were reviewed for this report.  All abstracts were 

reviewed and key themes and groups identified. 
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