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Supplementary Material 

Efficacy and Safety of Transcutaneous Electrical Nerve Stimulation (TENS) for Acute and Chronic 

Pain: A systematic review and meta-analysis (The Meta-TENS study) 

 

 

Context 

This document provides detailed information about all operational processes associated with our 

systematic review and meta-analysis. The document includes a variety of artefacts including aide 

memoires used in decision-making. In-text references have been cited using an Author-date format 

for ease of tracking. 
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SECTION 1 – SUPPLEMENTARY DETAILS OF METHODS 

 

The protocol for this study has been published [1]  and is available from 

https://bmjopen.bmj.com/content/9/10/e029999. An abridged version of the protocol with 
operational decisions and key findings are described in this Supplementary Material. 

 

The protocol was registered on PROSPERO (CRD42019125054). 

 

This systematic review and meta-analysis were conducted in accordance with 

• Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) [2] 

• Cochrane Collaboration of Systematic Reviews [3] 

• Grading and Recommendations, Assessment, Development and Evaluation (GRADE)[4]. 

 

 

Search Strategy 

 

Search methods for identification of studies 

We conducted a literature search to identify RCTs published from date of inception of the database 

and screened them against our eligibility criteria for inclusion in our review. The purpose of the 

search was to provide comprehensive coverage of a wide variety of pain conditions (broadly based 
on the World Health Organisation’s (WHO) International Classification of Disease (ICD-11) categories 

for acute and for chronic pain), at various stages (e.g., acute, chronic) and from various settings (e.g., 

palliative, community, primary, secondary, tertiary).  

 

In addition, we conducted a literature search to identify systematic reviews on TENS and screened 

them against our eligibility criteria for the inclusion of previously published systematic reviews in our 

review. We planned to undertake a descriptive analysis of findings but did not plan to evaluate or 

quality-assess these systematic reviews. We harvested RCTs from these systematic reviews and 

mapped inclusion of RCTs across previous systematic reviews. 

 
Electronic searches 

We searched the following electronic databases using a combination of controlled vocabulary, i.e., 

medical subject headings (MeSH) and free-text terms to identify published RCTs and systematic 

reviews from inception to the date of the search  

• Cochrane Library (CENTRAL); 

• MEDLINE (via PubMed); 

• Embase (via OVID); 

• CINAHL (via EBSCO); 

• PsycINFO (via EBSCO); 

• LILACS (via Bireme); 
• PEDRO; 

• Web of Science; 

• AMED (via OVID); 

• SPORTDiscus (via EBSCO). 

 

We tailored searches to the individual databases by adapting the MEDLINE search strategy for the 

other databases listed. There were no language restrictions and we identified all relevant RCTs 

irrespective of language and translated articles where possible. We also conducted a literature 

search to identify systematic reviews on TENS and harvested any outstanding RCTs. We did not 

search trial registries nor seek data from any unpublished studies identified. We contacted authors 
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via email to clarify issues relating to inclusion, risk of bias and missing data. The original search was 

conducted during July 2019; this was updated on 17 May 2020. 

 

MEDLINE Search Terms for RCTs 

1. EXP Transcutaneous Electric Nerve Stimulation/ 

2 TENS.ti,ab 

3 TNS.ti,ab 

4 ENS.ti,ab 

5 transcutaneous electric* nerve stimulation.ti,ab. 

6 transcutaneous nerve stimulation.ti,ab 

7 electric* nerve stimulation.ti,ab  

8 electrostimulation therap*.ti,ab  

9 electro-stimulation therap*.ti,ab. 

10 electric* nerve therap*.ti,ab 
11 electroanalgesi*.ti,ab 

12 transcutaneous electric* stimulation.ti,ab. 

13 TES.ti,ab 

14 or/1-13 

15 Pain 

16 Randomized controlled trial. pt.  

17 Controlled clinical trial.pt. 

18 16 OR 17 

19 14 AND 15 AND 18 

 
MEDLINE Search Terms for systematic reviews 

1. EXP Transcutaneous Electric Nerve Stimulation/ 

2 TENS.ti,ab 

3 TNS.ti,ab 

4 ENS.ti,ab 

5 transcutaneous electric* nerve stimulation.ti,ab. 

6 transcutaneous nerve stimulation.ti,ab 

7 electric* nerve stimulation.ti,ab  

8 electrostimulation therap*.ti,ab  

9 electro-stimulation therap*.ti,ab. 
10 electric* nerve therap*.ti,ab 

11 electroanalgesi*.ti,ab 

12 transcutaneous electric* stimulation.ti,ab. 

13 TES.ti,ab 

14 or/1-13 

15 Pain 

16 Systematic review. Pt.  

17 Meta-analysis.pt. 

18 16 OR 17 

19 14 AND 15 AND 18 
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Eligibility Screening  

 

Description of screening for eligibility  

 
Selection of studies  

Two review authors (PGW and MIJ) independently screened records to identify RCTs. We removed 

duplicates and eliminated records that clearly did not satisfy the inclusion criteria. Full text reports 

of potentially eligible RCTs were obtained and screened for eligibility by two review authors (PGW 

and MIJ). Reasons for exclusion were documented and coded against broad exclusion criteria. 

 

Two review authors (PGW and MIJ) screened records to identify systematic reviews on TENS and 

read full text reports to create a list of RCTs included in each systematic review. Disagreements at 

any stage of the process were resolved by consensus using a third review author as arbiter (CAP).  

 
We did not anonymise records of systematic reviews or RCTs in any way before assessment. We 

created a PRISMA flow chart [2]. 

 

Types of outcome measures 

We included RCTs that measured pain using standard subjective scales (numerical rating scale (NRS) 

or visual analogue scale (VAS) for pain intensity or pain relief, or both. We included measures of pain 

at rest and pain on movement. We also planned to extract other pain measures assessed using 

condition specific questionnaires (e.g., Western Ontario and McMaster Universities Osteoarthritis 

Index (WOMAC), Fibromyalgia Impact Questionnaire (FIQ)). We extracted outcome measurement 

data before, during, and after the intervention, where data was available.  
 

We extracted data for adverse effects of any type or severity as descriptions from participants and 

number of withdrawals and/or stopping of treatment. Serious adverse events were defined as 

untoward medical occurrence or effect resulting in death, threat to life, hospitalisation, significant 

disability or incapacity, congenital anomaly, or birth defect (see Section Methods of Analysis: 

Adverse Events). We also planned to extract data on clinical status or health-related quality of life 

and treatment satisfaction. 

 

Types of studies  

We included randomised controlled trials (RCTs) of TENS treatment for acute or chronic pain of any 
origin. We excluded studies that were non-randomised, case reports and clinical observations. We 

included studies providing the author used the term ‘randomisation’ in the report. Quasi-RCTs with 

sequential allocation to groups were excluded. It was noted that some of these studies have been 

included in previous systematic reviews (e.g., quasi-RCT by [5]). 

 

We included parallel group and crossover trial designs. We included single treatment interventions 

without follow-up and planned to conduct a subgroup analysis of RCTs that delivered at least two 

weeks of treatment and had a duration of at least eight weeks as these are considered as best 

practice. We required full journal publication of a full trial report and did not include, online clinical 

trial results, summaries of otherwise unpublished clinical trials, abstracts or letters.  
 

Types of participants  

We pre-specified that we would include RCTs of adult participants aged 18 years or above with any 

type of clinical pain, but subsequently decided to include a few RCTs that had a participants with a 

minimum age of 16 years because more than 95% of the sample were at least 18 years. All RCTs that 

had at least one participant under 16 years of age (i.e., children) were excluded.  

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-051073:e051073. 12 2022;BMJ Open, et al. Johnson MI



MetaTENS_Appendix_BMJO_05-10-2021 – Supplementary File 1 

Page 9 of 88 

 

Types of TENS interventions  

We included all RCTs that administered TENS as non-invasive electrical stimulation of the skin with 

the intention of stimulating peripheral nerves to alleviate pain using a standard TENS device [6,7].  

 
Non-invasive 

We included RCTs that administered TENS across the intact surface of the skin using surface 

electrodes and excluded invasive nerve stimulation techniques such as percutaneous electrical nerve 

stimulation and electro-acupuncture.  

 

Type of TENS Device 

We only included RCTs that evaluated TENS using a ‘standard TENS device’ defined as “… a portable, 
battery-powered generator of monophasic or biphasic pulsed electrical current delivered in a 

repetitive manner, with a maximum peak-to-peak amplitude of approximately 60 milliamperes (mA) 

into a 1 kilohm load.” p12 [6] and regardless of the device manufacturer.  
 

We excluded RCTs that did not use pulsed electrical currents or administered 'TENS-like' currents not 

considered output specifications of a standard TENS device (e.g., interferential current, 

microcurrent), even if the trial authors described the intervention as TENS. We excluded RCTs where 

the primary intention of TENS was not to stimulate peripheral nerves to alleviate pain (e.g., TENS for 

bladder dysfunction, constipation, dementia)[7] [6]. We excluded TENS delivered using single probe 

electrodes (i.e., TENS pens) or using matrix electrodes and electrode arrays. We included TENS 

administered using electrodes integrated into garments such as knee braces, cuffs, gloves and/or 

socks providing they did not deviate from the exclusions described previously. 

 
TENS Technique 

We included RCTs irrespective of the term used to describe the type of TENS technique (e.g., 

conventional TENS, acupuncture-Like TENS, high-frequency-low-intensity, low-frequency-high 

intensity, etc.).  

 

We included RCTs where electrodes were located at (a) the site of pain or (b) over nerve bundles 

proximal (or near) to the site of pain. We included TENS delivered at acupuncture points only if the 

point was lying over nerve bundles proximal (or near) to the site of pain.  

 

We included RCTs irrespective of the current amplitude of TENS and/or participant-reported TENS 
intensity. We planned to exclude RCTs if TENS was administered to areas of the body that were not 

sensate although there were no instances of this. We considered participant-reported strong but 

comfortable TENS sensations as optimal and used this as our primary TENS comparison group. We 

planned to conduct a subgroup analysis to compare TENS at intensities described as 'strong' 

(optimal) versus those described as 'mild', 'faint', or 'barely perceptible' (sub-optimal), although 

none of our primary TENS comparisons fell into this latter category.  

 

We included RCTs that delivered TENS at intensities above motor threshold providing TENS was 

administered using a standard TENS device with the primary intention of stimulating peripheral 

nerves to alleviate pain.  
 

We included RCTs that administered TENS using pulse frequencies no more than 250 pulses per 

second (pps) and pulse durations no more than 1 millisecond (1000us). We suspected that some 

reports had notation errors of SI units expressing microseconds as ms (e.g., 200ms) instead of us 

(e.g., 200 microseconds). We included any type of pulse pattern.  

 

Determining the primary TENS intervention  
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We used high frequency pulses delivered using a continuous pulse pattern as our primary TENS 

comparison group, followed by (i) low frequency TENS delivered either as low frequency pulses or 

low frequency bursts (trains) of high frequency pulses delivered using a burst pattern of stimulation 

continuous pulse pattern, (ii) modulated frequency TENS, or (iii) alternating (switching) frequency 
TENS. 

 

Dosage and Regimen 

We included RCTs that administered TENS for any duration or regularity of treatment. We included 

TENS that was administered by a therapist and/or self-administered by study participants. 

 

TENS alone or as adjunct 

We included TENS administered as a sole treatment or in combination with other treatments. We 

excluded RCTs where it was not possible to isolate the effects of TENS from other treatments. 

 
Evaluation of TENS Treatment Effects 

We included RCTs that evaluated TENS versus: 

• placebo TENS (e.g., sham (no current) TENS device); 

• no treatment or waiting list control; 

• standard of care (SoC); and 

• another treatment, both pharmacological and non-pharmacological. 

 

Placebo comparators 

We included any type of placebo in our analysis but prioritised findings comparing TENS with a 

placebo (sham) TENS device. Such devices are identical in appearance to the real TENS device but 
have been modified so that the patient receives no electrical current; or pulses of current that fade 

to 0mA within one minute [8,9]; or pulses with excessively long inter-stimulus intervals to render 

them of no physiological consequence. Another approach has been to administer very low 

amplitude current that is below sensory detection threshold. We included all such approaches and 

conducted a subgroup analysis of the different approaches.  

 

Ensuring the credibility and blinding of placebo TENS can be problematic because it is not possible to 

blind participants to TENS sensation. It is possible, however, to generate uncertainty about 

allocation to active and inactive TENS [10]. We considered the use of a sham TENS device coupled 

with appropriate briefing information as an adequate method of blinding. We described measures of 
the adequacy of blinding and/or the perception of participants about the credibility of the placebo 

intervention in terms of a ‘functioning’ device on a study by study basis.  

 

No treatment or waiting list control comparators 

We considered an intervention as ‘no treatment’ if we were assured that the participants did not 
receive any other ‘active’ treatment. We did not include interventions described as controls that 
allowed patients any type of active treatment, including medication or exercise. Thus, RCTs that 

compared TENS in combination with a pharmacological agent versus a control consisting of the 

pharmacological agent on its own were not included in this analysis.  

 
Standard of care comparators 

We considered an intervention as ‘standard of care’ if trial authors considered the intervention or 
intervention(s) to be fully or part of ‘common’, ‘routine’, or ‘standard’ practice and/or care, 
irrespective of whether authors explicitly named the intervention as ‘standard of care’. Interventions 
were either TENS compared head-to-head with a SoC intervention (i.e., TENS vs SoC) or TENS as an 

adjunct to a SoC intervention (i.e., TENS combined with SoC vs SoC alone).  
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To avoid ‘double-counting’ and unit-of-analysis errors, we did not enter several interventions into 

the same meta-analysis from a study having more than one treatment comparator as this would 

result in multiple counts of the primary TENS group). There were no instances of this for SoC.  

 

Other treatment comparators 

We considered an intervention as ‘other treatment’ if participants received a comparison 
intervention that had not been categorised as standard of care (SoC). The purpose of the analysis 
was to undertake a head-to-head comparison of TENS versus another treatment, so we extracted 

data that enabled isolation of effects between TENS and another treatment providing any additional 

care and/or treatment was standardised between groups, e.g., in instances when patients were also 

given pharmacological, exercise, or physiotherapy-based treatment. The nature of comparisons was 

either TENS compared head-to-head with another treatment either alone or on a background of care 

standardised between groups.  

 

To avoid ‘double-counting’ and unit-of-analysis errors, we pre-specified that we would not enter 

several interventions into the same meta-analysis from a study having more than one treatment 

comparator as this would result in multiple counts of the primary TENS group. Unfortunately, there 

were many instances of a study having more than one treatment comparator for the other 

treatment analysis.  

We decided not to undertake a subgroup analysis comparing Other Treatments because  

• This would result in multiple counts of the primary TENS group  

• Of the wide variability in the type of interventions.  

• None of these other treatment subgroups met our criteria for precision of at least 500 

pooled data points in a treatment arm.  

We did produce a Forest plot that included multiple treatments from the same study for visual 

inspection. Also, we calculated overall treatment effect sizes for Other Treatments that had at least 

100 pooled data points in each trial arm. These included: 

• Interferential therapy 

• Pharmacology 

• Ultrasound 

• Acupuncture and electroacupuncture  

• Diadynamic currents 

• Electrical muscle stimulation 

• Heat therapy  

• Percutaneous electrical nerve stimulation 

We decided not to report these in the final report because all were below the threshold for pooled 

data precision. We did not appraise certainty of evidence using GRADE. 
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Reviewer Aide memoire and Operational Checklist for Eligibility Screening 

 

A. Screening of Titles/Abstracts  

Do not carry forward if title/abstract indicates …  
1. Definitely NOT non-invasive electrical stimulation    

2. Definitely NOT humans   

3. Definitely NOT adults with clinical condition   

4. Definitely NOT a randomised controlled trial (RCTs)  

5. Definitely NOT clinical pain (acute or chronic)  

6. Definitely NOT TENS   

• carry forward if on electrotherapy and extract RCTs on TENS – include reports with TENS in 

scope but fail to identify any TENS SRs   

• carry forward if uncertain whether SR focussed on ‘standard TENS’ (e.g., TENS characteristics 

(type of currents), type and location of electrodes (acupoints, single probe electrode etc.) 

and/or type of device (i.e., TENS-like)  

Action  

Code gross reasons for ‘not carried forward’ into the master Excel file   
Obtain Full Reports   

  

 B. Screening of Full Reports   

 Do not carry forward if Full Report indicates …  
1. Definitely NOT non-invasive electrical stimulation    

2. Definitely NOT humans   

3. Definitely NOT adults with clinical condition   

4. Definitely NOT a randomised controlled trial (RCTs)  

5. Definitely NOT clinical pain (acute or chronic)  

6. Definitely NOT TENS   

• carry forward if on electrotherapy and extract RCTs on TENS – include reports with TENS in 

scope but fail to identify any TENS SRs   

• carry forward if uncertain whether SR focussed on ‘standard TENS’ (e.g., TENS characteristics 

(type of currents), type and location of electrodes (acupoints, single probe electrode etc.) 

and/or type of device (i.e., TENS-like)  

7. TENS definitely NOT delivered to site of pain or over relevant nerve bundle (i.e., TENS on 

distal/remote  

sites)   

8. Definitely NOT able to isolate/extract effects due to TENS (combination therapy without 

appropriate control comparison)  

9. TENS treatment given pre-emptively before surgery but not postoperatively whilst patient in 

pain  

10. Other  

 

Screening against specific TENS criteria  

Carry forward providing all of the following are met 

1. TENS is non-invasive   

2. Intention to use TENS to excite peripheral nerves to alleviate pain   

3. body sensate   

4. participant-reported TENS intensity (irrespective of the current amplitude of TENS) 

a) strong' (optimal) - 'mild', 'faint', or 'barely perceptible' (sub-optimal)   
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b) muscle twitches if primary goal to alleviate pain  

5. pulse frequencies less than 250 pulses per second   

6. pulse durations less than 1 millisecond  

7. any type of pulse pattern   

Carry forward irrespective of the duration or regularity of treatment 

 

Actions: 

Code gross reasons for Excluded into the master Excel file   

Add to Table of Exclusion with reasons  

Add to Table of Awaiting Classification with reasons  

 

C. Reasons for exclusion codes 

1. Unrelated to non-invasive electrical stimulation  

2. Definitely not humans  
a. TENS but definitely not humans  

3. Definitely not adult patients with clinical condition  

a. TENS but healthy humans  

b. NOT adults (<18 years)  

4. Definitely not RCT  

a. TENS but definitely not RCT  

5. Definitely not pain  

a. TENS but definitely no pain outcomes  

b. Not using intervention as treatment for pain (pain not main outcome measured)  

6. Definitely not standard TENS  
a. Not a standard TENS device (i.e., NMES/IFT/TEAS)  

b. Not standard TENS electrodes  

c. Not standard TENS electrical 

d. Invasive technique  

7. TENS on remote acupuncture points – none of the acupuncture points are at site of pain  

8. Unable to isolate TENS effects  

a. due to an integrated TENS + another modality device  

b. due to combination therapy without a comparable combination therapy without TENS or 

with a sham TENS  

9. TENS treatment given pre-emptively before general anaesthesia surgery and pain recorded 
postoperatively but TENS not given postoperatively whilst patient in pain  

10. Other  
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Reviewer Aide memoire and Operational Checklist for Extracting Study Characteristics of study  

 

• Study Design  

o Cross-over, parallel-group,   

• Setting   

• Study duration  

• Methods of sequence generation and allocation concealment, blinding, intention-to-treat or 

per protocol analysis  

• Study Participants   

o Age, gender   

o Pain diagnosis, duration of pain and symptoms  

• Sample size  

• Active and comparator groups  

o TENS   
▪ Type of TENS device (e.g., standard or ‘TENS-like’)  
▪ Electrode placement   

▪ Electrical characteristics of TENS (pulse frequency, waveform, 

amplitude/intensity, duration)  

▪ Dosage (treatment time and frequency)  

▪ Setting (where TENS was applied and by whom)  

▪ Adverse effects 

o Comparison group(s)   

▪ Type   

▪ Method of delivery (e.g., if placebo TENS then details of electrode 
placement, characteristics of placebo TENS (pulse frequency, waveform, 

amplitude/intensity, duration)  

▪ Dosage (treatment time and frequency)  

▪ Setting (where it was applied and by whom)  

▪ Adverse effects 

• Concomitant treatments  

o Pharmacological and non-pharmacological 

• Outcomes  

o Type  

o Time points used, including follow-up  

o Withdrawals  

o Adverse and serious adverse effects 

o Other  

• Sponsorship, country of origin, conflict of interest statements.  
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Methods to Assess Risk of bias  

 

Description of operational approaches to assess risk of bias in included studies 

Two review authors (CAP and MIJ) independently assessed risk of bias for each study against criteria 
outlined in the Cochrane Handbook for Systematic Reviews of Interventions for selection bias, 

performance and detection bias, attrition bias, reporting bias [11]. In addition, we assessed the risk 

of bias associated with the sample size of the primary TENS comparison trial arm, and whether 

sample size had been determined a priori.  

 

We developed an aide memoire adapted for use with TENS to facilitate consistency in the decision-

making process.  

 

Selection bias 

This includes random allocation sequence generation and allocation concealment. We excluded 
studies that used a non-random process such as odd or even date of birth; hospital or clinic record 

number (i.e., quasi-randomised). We awarded high risk when there was no attempt to conceal 

treatment allocation or when allocation was breached (e.g., open list) 

 

Performance bias 

There is a longstanding debate about the fidelity of blinding participants and therapists in studies of 

TENS, impacting on judgements related to the risk of performance bias. Cochrane criteria for judging 

performance bias is problematic because judgment is an amalgamation of two items, i.e., blinding of 

participants and blinding of personnel (e.g., therapist). We decided to assess blinding of participants 

and personnel (therapists) separately. 
 

We argue that blinding of participants is the critical item. It is not possible to blind participants to 

TENS sensation. It is, however, possible to create uncertainty as to whether a real or fake treatment 

intervention has been received by informing participants that some types of electrical stimulation 

devices do not produce sensation during stimulation (e.g., microcurrent therapy), thus creating 

doubt about the necessity of electrical paraesthesiae during treatment (for detailed discussions see 

[6,8].  

 

We operationalised decisions about performance bias for participants as follows: 

• Low risk of performance bias if the report provided a description of an attempt to blind 

participants (or create uncertainty about active intervention) using a placebo device, with no 

indication that such blinding was compromised.  Thus, we categorised all RCTs that 

administered placebo TENS using a sham device that was identical in appearance to the 

active TENS intervention as low risk, providing there was sufficient operational details in the 

report to assure us there was sufficient operational details in the report to assure us that 

blinding had not been compromised. Likewise, we categorise all RCTs that compared two 

active TENS interventions as low risk if devices were identical in appearance and there were 

sufficient operational details in the report to assure us that blinding had not been 
compromised. 

• We awarded a high risk of bias if the report stated that participants were not blinded (or 

blinding was clearly compromised) or if interventions were clearly different (e.g., TENS 

versus exercise).  

• We awarded unclear bias to all other permutations 

 

We operationalised decisions about performance bias for personnel (e.g., therapists/researchers) as 

follows: 
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• Low risk of performance bias if the report provided a description of an attempt to blind 

personnel to the control intervention (including a placebo device), with no indication that 

such blinding was compromised.  We only categorised RCTs that administered placebo TENS 
using a sham device as low risk if there were sufficient operational details in the report to 

assure us that blinding not been compromised – a sham TENS device identical in appearance 

to the active TENS intervention would be insufficient – there would need to be additional 

procedural information relating to blinding of personnel. Likewise, we categorise all RCTs 

that compared two active TENS interventions as low risk if devices were identical in 

appearance and there were sufficient operational details in the report to assure us that 

blinding had not been compromised. 

• We awarded a high risk of bias if the report stated that personnel were not blinded (or 

blinding was clearly compromised) or if interventions were clearly different (e.g., TENS 
versus exercise).  

• We awarded unclear bias to all other permutations; insufficient information to permit 

judgement of low/high risk of bias 

 

We operationalised decisions about performance bias for assessor (detection bias) as follows: 

• Low risk of bias – stated that outcome assessor blinded to participants' allocated 

intervention and unlikely that blinding broken (i.e., different personnel to that allocating 
and/or treating participants) 

• Unclear risk of bias - insufficient information to permit judgement of low/high risk of bias 

• High risk of bias - outcome assessor (including 'participants' with respect to self-report 

outcomes) un-blinded to participants' allocated intervention OR outcome assessor blinded 

to allocated intervention but likely that blinding was broken 

 

Blinding can be monitored by asking participants about the plausibility and credibility of treatment 

e.g., ‘… do you believe the device (either fake or real) was functioning properly?’ [10]. There were 
very few studies that monitored blinding. 

 

Attrition bias 

We awarded low risk of bias for incomplete outcome data (attrition bias) if it was reported that all 

participants completed the study with no missing outcome data or missing outcome data was 

balanced across the groups with similar reasons for loss.  

 

Reporting bias  

We awarded low risk of selective reporting (reporting bias) to RCTs that faithfully reported an 
analysis of data in the Results section from a description of prespecified outcomes in the Methods 
and/or had previously published a protocol registered on ClinicalTrials.gov and described any 

deviations from protocol.  

 

Sample size 

The influence of small study samples was assessed using the risk of bias criterion ‘Sample size’ 
according to numbers of participants analysed in the TENS trial arm. We awarded low risk of bias for 

sample size if the number of participants receiving TENS in the primary comparison trial arm 

exceeded 199 and awarded a high risk if it was below 50 participants.  

 
Statement that sample size was estimated a priori 

We awarded a low risk of bias if the trial report included a statement and some detail that 

investigators estimated sample size a priori. We did not attempt to check the validity of power 

calculations. 
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Reviewer Aide Memoire and Operational Checklist for Assessment of Risk of Bias 

 

• Random allocation sequence generation (checking for possible selection bias) 
o Low risk of bias - any truly random process, e.g., random number table; computer 

random number generator 

o Unclear risk of bias - method used to generate sequence not clearly stated 

o High risk of bias - non-random component in the sequence generation process or non-

random approaches 

Note: We will exclude studies using a non-random process such as odd or even date of birth; 

hospital or clinic record number 

 

• Allocation concealment (checking for possible selection bias) 
o Low risk of bias - e.g., telephone or central randomization; consecutively numbered, 

sealed, opaque envelopes 

o Unclear risk of bias - method not clearly stated 

o High risk of bias - studies that do not conceal allocation (e.g., open list) 

 

• Blinding of participants and blinding of personnel (performance bias)  

Note: Cochrane criteria for judging performance bias is problematic because judgment is an 

amalgamation of two items, i.e., blinding of participants and blinding of personnel (e.g., 
therapist). We will assess these two items separately. 

 

Blinding of participants  

o Low risk - report provided a description of an attempt to blind participants (or create 

uncertainty about active intervention) using a placebo device, with no indication that 

such blinding was compromised.   

o Placebo TENS device identical in appearance to the active TENS intervention, 

providing there was sufficient operational details in the report to assure us that 

blinding had not been compromised.  

o Likewise, we categorise all RCTs that compared two active TENS interventions as 
low risk if devices were identical in appearance and there were sufficient 

operational details in the report to assure us that blinding had not been 

compromised. 

o High risk - the report stated that participants were not blinded (or blinding was clearly 

compromised) or if interventions were clearly different (e.g., TENS versus exercise).  

o Unclear bias to all other permutations 

 

Blinding personnel (e.g., therapists/researchers) as follows: 

o Low risk - description of an attempt to blind personnel to the control intervention 

(including a placebo device), with no indication that such blinding was compromised.  
We only categorised RCTs that administered placebo TENS using a sham device as low 

risk if there were sufficient operational details in the report to assure us that blinding 

not been compromised – a sham TENS device identical in appearance to the active TENS 

intervention would be insufficient – there would need to be additional procedural 

information relating to blinding of personnel. Likewise, we categorise all RCTs that 

compared two active TENS interventions as low risk if devices were identical in 

appearance and there were sufficient operational details in the report to assure us that 

blinding had not been compromised. 

o High risk - if the report stated that personnel were not blinded (or blinding was clearly 

compromised) or if interventions were clearly different (e.g., TENS versus exercise).  
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o Unclear risk - all other permutations; insufficient information to permit judgement of 

low/high risk of bias 

 

• Blinding of assessor (detection bias) 

o Low risk of bias – stated that outcome assessor blinded to participants' allocated 

intervention and unlikely that blinding broken (i.e., different personnel to that allocating 

and/or treating participants) 

o Unclear risk of bias - insufficient information to permit judgement of low/high risk of bias 

o High risk of bias - outcome assessor (including 'participants' with respect to self-report 

outcomes) un-blinded to participants' allocated intervention OR outcome assessor 

blinded to allocated intervention but likely that blinding was broken 

 

• Incomplete outcome data (drop-outs) 

o Low risk of bias < 20% drop-out and appears to be random with numbers per group 

provided along with reasons for drop-out, e.g., full data set 

o Unclear risk of bias - < 20% and unclear if random with numbers per group and 

reasons for drop-out not described 

o High risk of bias - ≥ 20% drop-out 

 

• Incomplete outcome data (protocol violations) 
o Low risk of bias - if participants were analysed in the group to which they were 

originally assigned 

o Unclear risk of bias - where insufficient information is provided to determine if 

analysis was per protocol or intention-to-treat 

o High risk of bias - where per protocol analysis was used, where available data were not 

analysed, or participants' data were included in the group to which they were not 

originally assigned 

 

• Selective reporting 
o Low risk of bias - study protocol was available matched Results reported; all pre-

specified outcomes were reported in Methods and reported in Results even if study 

protocol not published  

o Unclear risk of bias - inadequate information to allow judgement of a study to be 

classified as 'low risk' or 'high risk' 

o High risk of bias - incomplete reporting of specified outcomes. One or more primary 

outcomes are reported using measurements or analysis that was not pre-specified. 

One or more of the primary outcomes was not pre-specified. One or more outcomes of 

interest were reported incompletely and could not be entered into meta-analysis. 

Results for a key outcome expected to be reported were excluded 
 

• Size of study (checking for biases confounded by small size) 

o Low risk of bias ≥ 200 participants per treatment arm 

o Unclear risk of bias - 50 to 199 participants per treatment arm 

o High risk of bias < 50 participants per treatment arm 

 

• Estimation of sample size  
o Low risk of bias – statement that estimation made, even if the actual calculation not 

present  

o Unclear risk of bias – N/A  

o High risk of bias – No statement 
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• Other sources of bias 

• Consider other factors including whether studies were stopped early, there were 
differences between groups at baseline, the timing of outcome measurement, co-

intervention comparability, and funding declarations 
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Cochrane RoB aide memoire annotated for our study on TENS 

  

RANDOM SEQUENCE GENERATION 

 
Selection bias (biased allocation to interventions) due to inadequate generation of a randomised 

sequence. 

Criteria for a judgement of 

‘Low risk’ of bias. 
The investigators describe a random component in the sequence 

generation process such as: 

• Referring to a random number table; 

• Using a computer random number generator; 

• Coin tossing; 

• Shuffling cards or envelopes; 

• Throwing dice; 

• Drawing of lots; 

• Minimization*. 

*Minimization may be implemented without a random element, 

and this is considered to be equivalent to being random. 

Criteria for the judgement 

of ‘High risk’ of bias. 
The investigators describe a non-random component in the 

sequence generation process. Usually, the description would 

involve some systematic, non-random approach, for example: 

• Sequence generated by odd or even date of birth; 

• Sequence generated by some rule based on date (or day) of 

admission; 

• Sequence generated by some rule based on hospital or 

clinic record number. 

Other non-random approaches happen much less frequently than 

the systematic approaches mentioned above and tend to be 

obvious.  They usually involve judgement or some method of non-

random categorization of participants, for example: 

• Allocation by judgement of the clinician; 

• Allocation by preference of the participant; 

• Allocation based on the results of a laboratory test or a 

series of tests; 

• Allocation by availability of the intervention. 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Insufficient information about the sequence generation process to 

permit judgement of ‘Low risk’ or ‘High risk’. 
  

ALLOCATION CONCEALMENT 

 

Selection bias (biased allocation to interventions) due to inadequate concealment of allocations 

prior to assignment. 

Criteria for a judgement of 

‘Low risk’ of bias. 
Participants and investigators enrolling participants could not 

foresee assignment because one of the following, or an equivalent 

method, was used to conceal allocation: 
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• Central allocation (including telephone, web-based and 

pharmacy-controlled randomization); 

• Sequentially numbered drug containers of identical 

appearance; 

• Sequentially numbered, opaque, sealed envelopes. 

Criteria for the judgement 

of ‘High risk’ of bias. 
Participants or investigators enrolling participants could possibly 

foresee assignments and thus introduce selection bias, such as 

allocation based on: 

• Using an open random allocation schedule (e.g., a list of 

random numbers); 

• Assignment envelopes were used without appropriate 

safeguards (e.g., if envelopes were unsealed or nonopaque 

or not sequentially numbered); 

• Alternation or rotation; 

• Date of birth; 

• Case record number; 

• Any other explicitly unconcealed procedure 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Insufficient information to permit judgement of ‘Low risk’ or ‘High 
risk’. This is usually the case if the method of concealment is not 

described or not described in sufficient detail to allow a definite 

judgement – for example if the use of assignment envelopes is 

described, but it remains unclear whether envelopes were 

sequentially numbered, opaque and sealed. 

  

BLINDING OF PARTICIPANTS 

Performance bias due to knowledge of the allocated interventions by participants and personnel 

during the study. 

Criteria for a judgement of 

‘Low risk’ of bias. 
Any one of the following: 

• No blinding or incomplete blinding, but the review authors 

judge that the outcome is not likely to be influenced by lack 

of blinding; 

• Blinding of participants and key study personnel ensured, 

and unlikely that the blinding could have been broken. 

Low = Statement blinded and no reason to suggest blinding seriously 

compromised; or blinding inferred, operational process described 

and no reason to suggest blinding seriously compromised 

 

Criteria for the judgement 

of ‘High risk’ of bias. 
Any one of the following: 

• No blinding or incomplete blinding, and the outcome is 

likely to be influenced by lack of blinding; 
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• Blinding of key study participants and personnel attempted, 

but likely that the blinding could have been broken, and the 

outcome is likely to be influenced by lack of blinding. 

High = Statement that not blinded; or statements suggesting 

definitely not blinded 

 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Any one of the following: 

• Insufficient information to permit judgement of ‘Low risk’ or 
‘High risk’; 

• The study did not address this outcome. 

Unclear = No statement; or blinding inferred but not directly stated  

  

BLINDING OF PERSONNEL 

Performance bias due to knowledge of the allocated interventions by participants and personnel 

during the study. 

Criteria for a judgement of 

‘Low risk’ of bias. 
Any one of the following: 

• No blinding or incomplete blinding, but the review authors 

judge that the outcome is not likely to be influenced by lack 

of blinding; 

• Blinding of participants and key study personnel ensured, 

and unlikely that the blinding could have been broken. 

Low = Statement blinded and no reason to suggest blinding seriously 

compromised; or blinding inferred, operational process described 

and no reason to suggest blinding seriously compromised 

 

Criteria for the judgement 

of ‘High risk’ of bias. 
Any one of the following: 

• No blinding or incomplete blinding, and the outcome is 

likely to be influenced by lack of blinding; 

• Blinding of key study participants and personnel attempted, 

but likely that the blinding could have been broken, and the 

outcome is likely to be influenced by lack of blinding. 

High = Statement that not blinded; or statements suggesting 

definitely not blinded 

 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Any one of the following: 

• Insufficient information to permit judgement of ‘Low risk’ or 
‘High risk’; 

• The study did not address this outcome. 

Unclear = No statement; or blinding inferred but not directly stated  
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BLINDING OF OUTCOME ASSESSMENT 

Detection bias due to knowledge of the allocated interventions by outcome assessors. 

Criteria for a judgement of 

‘Low risk’ of bias. 
Any one of the following: 

• No blinding of outcome assessment, but the review authors 

judge that the outcome measurement is not likely to be 

influenced by lack of blinding; 

• Blinding of outcome assessment ensured, and unlikely that 

the blinding could have been broken. 

Low = Statement blinded and no reason to suggest blinding seriously 

compromised; or blinding inferred, operational process described 

and no reason to suggest blinding seriously compromised 

 

Criteria for the judgement 

of ‘High risk’ of bias. 
Any one of the following: 

• No blinding of outcome assessment, and the outcome 

measurement is likely to be influenced by lack of blinding; 

• Blinding of outcome assessment, but likely that the blinding 

could have been broken, and the outcome measurement is 

likely to be influenced by lack of blinding. 

High = Statement that not blinded; or statements suggesting 

definitely not blinded 

 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Any one of the following: 

• Insufficient information to permit judgement of ‘Low risk’ or 
‘High risk’; 

• The study did not address this outcome. 

Unclear = No statement; or blinding inferred but not directly stated  

 

INCOMPLETE OUTCOME DATA 

Attrition bias due to amount, nature or handling of incomplete outcome data. 

Criteria for a judgement of 

‘Low risk’ of bias. 
Any one of the following: 

• No missing outcome data; 

• Reasons for missing outcome data unlikely to be related to 

true outcome (for survival data, censoring unlikely to be 

introducing bias); 

• Missing outcome data balanced in numbers across 

intervention groups, with similar reasons for missing data 

across groups; 

• For dichotomous outcome data, the proportion of missing 

outcomes compared with observed event risk not enough 
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to have a clinically relevant impact on the intervention 

effect estimate; 

• For continuous outcome data, plausible effect size 

(difference in means or standardized difference in means) 

among missing outcomes not enough to have a clinically 

relevant impact on observed effect size; 

• Missing data have been imputed using appropriate 

methods. 

Criteria for the judgement 

of ‘High risk’ of bias. 
Any one of the following: 

• Reason for missing outcome data likely to be related to true 

outcome, with either imbalance in numbers or reasons for 

missing data across intervention groups; 

• For dichotomous outcome data, the proportion of missing 

outcomes compared with observed event risk enough to 

induce clinically relevant bias in intervention effect 

estimate; 

• For continuous outcome data, plausible effect size 

(difference in means or standardized difference in means) 

among missing outcomes enough to induce clinically 

relevant bias in observed effect size; 

• ‘As-treated’ analysis done with substantial departure of the 
intervention received from that assigned at randomization; 

• Potentially inappropriate application of simple imputation. 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Any one of the following: 

• Insufficient reporting of attrition/exclusions to permit 

judgement of ‘Low risk’ or ‘High risk’ (e.g., number 

randomized not stated, no reasons for missing data 

provided); 

• The study did not address this outcome. 

 

SELECTIVE REPORTING 

Reporting bias due to selective outcome reporting. 

Criteria for a judgement of 

‘Low risk’ of bias. 
Any of the following: 

• The study protocol is available and all of the study’s pre-

specified (primary and secondary) outcomes that are of 

interest in the review have been reported in the pre-

specified way; 

• The study protocol is not available, but it is clear that the 

published reports include all expected outcomes, including 

those that were pre-specified (convincing text of this nature 

may be uncommon). 

Criteria for the judgement 

of ‘High risk’ of bias. 
Any one of the following: 

• Not all of the study’s pre-specified primary outcomes have 

been reported; 
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• One or more primary outcomes is reported using 

measurements, analysis methods or subsets of the data 

(e.g., subscales) that were not pre-specified; 

• One or more reported primary outcomes were not pre-

specified (unless clear justification for their reporting is 

provided, such as an unexpected adverse effect); 

• One or more outcomes of interest in the review are 

reported incompletely so that they cannot be entered in a 

meta-analysis; 

• The study report fails to include results for a key outcome 

that would be expected to have been reported for such a 

study. 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 

Insufficient information to permit judgement of ‘Low risk’ or ‘High 
risk’. It is likely that the majority of studies will fall into this 
category. 

 

Insufficient information to permit judgement of ‘Low risk’ or ‘High 
risk’ as study protocol is not available, and/or suspected study’s 
primary and secondary outcomes were not pre-specified and/or one 

or more outcomes of interest in the review are reported 

incompletely so that they cannot be entered in a meta-analysis 

 

SAMPLE SIZE 

 

Criteria for a judgement of 

‘Low risk’ of bias. 
Sample size > 200 participants in trial arm of the primary TENS 

comparison  

Criteria for the judgement 

of ‘High risk’ of bias. 
Sample size <50 participants in trial arm of the primary TENS 

comparison 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Sample size = 50-199 participants in trial arm of the primary TENS 

comparison  

 

SAMPLE SIZE CALCULATION 

 

Criteria for a judgement of 

‘Low risk’ of bias. 
Sample size calculation performed following the CONSORT 

guidelines. (Moher et al., 2012) 

Low Risk = Statement in report that sample size estimated and/or a 

calculation performed, and no reason suspect that estimation 

method and/or calculation was incorrect from information in report  

Criteria for the judgement 

of ‘High risk’ of bias. 
No sample size calculation reported. 

High Risk = No statement in report that sample size estimated 

and/or a calculation performed; or stated in report that sample size 

estimated and/or a calculation performed, but information in report 

provided clear evidence that estimation method and/or calculation 

was incorrect. 
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Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Sample size calculation performed, but lack of information 

provided. 

Unclear Risk = Stated in report that sample size estimated and/or a 

calculation performed, but lack of information provided. 

 

CROSSOVER EFFECT 

 

Reporting bias due to carryover in crossover studies 

Criteria for a judgement of 

‘Low risk’ of bias. 
Order of receiving intervention was randomized, presence of a 

wash-out period clearly stated, other measures clearly stated to 

control for crossover effect. 

Criteria for the judgement 

of ‘High risk’ of bias. 
Order of receiving intervention not randomized, presence of a 

wash-out period not stated, nor measures taken to control for 

crossover effects. 

Criteria for the judgement 

of ‘Unclear risk’ of bias. 
Insufficient information to permit judgement of low/high risk of 

bias. 

  

 

Figure A1 Risk of bias criteria. 
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Measures and Analysis of treatment effect 

 

Evaluation of Pain Outcomes: Description of principles and operational procedures 

Pain outcomes tend to have a U-shaped distribution with some patients experiencing substantial 
reductions in pain and others experiencing minimal or no improvement [12], so average data may be 

misleading because small average between-group effect sizes may represent a proportion of 

participants that responded well to the intervention [13]. Thus, we set responder rate as a primary 

outcome. The Outcome Measures in Rheumatology (OMERACT 12)[14] group states that the 

proportion of patients achieving one or more thresholds of improvement from baseline pain should 

be reported in addition to mean change. We followed the Initiative on Methods, Measurement, and 

Pain Assessment in Clinical Trials (IMMPACT) definitions when analysing response to treatment and 

consider reports of pain relief of 30% or greater compared to baseline as responders [15]. 

 

Primary Pain Outcomes  

Proportion of participant-reported pain relief of >30% expressed as frequency (dichotomous) data  

Our primary outcome was responder rate. The proportion of participants reporting a reduction in 

pain intensity of 30% or greater (i.e., at least moderate pain relief) compared with baseline in each 

group was classed as responders [12,13]. We calculated risk ratio (RR) with 95% confidence intervals 

(CI). Comparisons between groups were finalised by calculating the number needed to treat to 

benefit (NNTB) as an absolute measure of treatment effect where possible [15]. 

 

Participant-reported pain intensity expressed as mean (continuous) data  

We predicted that most RCTs in our review would present effect sizes as the average between 

intervention groups. We calculated standardised mean difference (SMD) with 95% CI because 
continuous data was collected on different scales (i.e., both VAS and NRS). We used a between-

group difference of ≥10 mm on a 0 to 100 mm VAS for minimally important outcome for pain 

intensity in-line with IMMPACT criteria for clinically important change, as previously used in 

Cochrane reviews, where no important change < 15%, minimally important change 15% > 30%, 

moderately important change 30% > 50% and substantially important change ≥ 50% [15]. We 

planned to interpret these findings with caution as it remains possible that estimates that fall close 

to this point may reflect a treatment that benefits an appreciable number of patients.  

 

For standardised mean difference (SMD) we used ’Rules of thumb’ based on Cohen’s d [3,16] for 

interpreting effect sizes as follows: 

• <0.4 = small effect 

• 0.4<0.7 = moderate effect 

• >0.7 = large effect  

We considered a SMD of 0.5 as a rule of thumb for an important difference [3], and were mindful 

that interpretations of this nature can be problematic due a variety of factors including settings and 

context in which pain was evaluated. 
 

Secondary Pain Outcomes 

We identified the proportion of participants reporting a reduction in pain intensity of 50% or greater 

(i.e., at least substantial pain relief) as a secondary outcome. In addition, we planned to analyse the 

frequency of adverse events using the same procedures described for dichotomous and continuous 

data for primary outcomes.  

 

Evaluation of Adverse Events: Description of principles and operational procedures 

For adverse events, we took an exploratory approach ‘through opportunistic capture of any adverse 

effects that happen to be reported’ rather than a bespoke search of wider sources [17]. We used the 
Cochrane Collaboration’s definition of adverse event as “… an unfavourable or harmful outcome that 
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occurs during, or after, the use of a drug or other intervention, but is not necessarily caused by it, and 

an adverse effect (or harm) as an adverse event for which the causal relation between the 

intervention and the event is at least a reasonable possibility” [17]. Serious adverse events were 

defined as untoward medical occurrence or effect resulting in death, threat to life, hospitalisation, 
significant disability or incapacity, congenital anomaly, or birth defect. We extracted data for 

adverse effects of any type or severity as descriptions from participants and number of withdrawals 

and/or stopping of treatment. 

 

We conducted a descriptive analysis and calculated relative risk by extracting and pooling data for 

meta-analysis. We only extracted data as ‘zero’ when the RCT report included numerical data for the 
presence of at least one adverse event in one of the trial arms and clearly stated that no adverse 

events had occurred in the other trial arm(s). 

 

Unit of analysis issues  

We included crossover designs and planned to only enter data from the first period into the meta-

analysis unless trial authors argued convincingly that there was sufficient washout between 

interventions to eliminate contamination. If this was not the case, we planned to note this and 

would not include the data.  

 

There was sufficient washout between interventions to eliminate contamination for all cross trials. 

For simplicity we analysed crossover data as if parallel group in line with analytical processes 

undertaken by the trial authors. Analysing crossover data as if parallel group, normally requires 

generic inverse variance to correct for correlation between groups using the same participants 

(paired data), but we argue that has negligible impact on outcome because generic inverse variance 
increases confidence intervals, and this will be negated by the influence of the overwhelming 

number of data points from parallel group studies. 

 

Dealing with missing data  

An intention-to-treat (ITT) analysis was be used when the ITT population were randomised, received 

at least one dose of TENS, and provided at least one post-baseline outcome measurement. Missing 

participants were assigned zero improvement wherever possible. 

 

Data synthesis  

We used Review Manager 5.3 to pool data and undertake meta-analyses. We grouped data 
according to outcome and measurement time points prioritising pain at rest at the last during TENS 

(whilst TENS was switched on) or the first measurement time point immediately after TENS had been 

switched off. When TENS was applied on more than one occasion as a course of treatment, we 

selected a measurement time point that was clinically rational, such as the last treatment session 

and / or as close to an event that precipitated pain (e.g., trauma, operative procedure).  
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Assessment of heterogeneity  

 

We examined heterogeneity using visual inspection of forest plots, the I² statistic and the Chi2 test 

[18]. We used the Cochrane Collaboration’s rough guide to interpretation and graded heterogeneity 
as: 

• Not important (I2 = 0% to 40%) 

• Moderate (I2 = 30% to 60%) 

• Substantial (I2 = 50% to 90%) 

• Considerable (I2 = 75% to 100%).  
 

Heterogeneity issues likely at play were: 

• Methodological heterogeneity, associated with trial design 

• Clinical heterogeneity, associated with pain 

• Intervention (treatment) heterogeneity, associated with TENS and comparators  

 

We conducted subgroup and sensitivity analyses to explore heterogeneity further. 

Subgroup Analyses: Descriptions of the principles and operational procedures  

We pre-specified the following subgroup analyses to investigate sources of heterogeneity and/or 

estimate treatment effects patient subgroups:  

• Type of pain: acute pain, chronic pain, and specific painful conditions 

• TENS technique: Optimal intensity described as at least 'strong'; Sub-optimal intensity 

described as 'barely perceptible', 'faint', or 'mild'; Conventional TENS (high frequency TENS), 

acupuncture-like TENS (Low frequency TENS) 

• TENS dosage: Single TENS treatment, Multiple TENS treatments, use as often as needed 

• Measurement time point: during TENS (whilst switched on), after TENS (whilst switched off) 

• Contamination from concurrent treatment: TENS administered as a sole treatment, TENS 

administered in combination with medication, TENS administered in combination with non-

pharmacological treatments 

 

It became apparent during screening and data extraction that some pre-specified subgroup analyses 

would not be possible and/or meaningless.  

 

We refined our pre-specified subgroup analyses as follows:  

• Methodological heterogeneity, associated with trial design 

• We conducted subgroup and sensitivity analyses to explore the impact of the 

following on effect size estimates and statistical heterogeneity: 

• high overall risk of bias (i.e., score of <6 out of 8)  

• trial arm sample sizes of <100, <50 and <30  participants 

• estimation of sample size a priori 

• type of placebo 

• TENS administered on its own or with other treatment 

  

• Clinical heterogeneity, associated with pain 

• We conducted subgroup and sensitivity analyses to explore the impact of the 

following on effect size estimates and statistical heterogeneity 

• duration of pain (acute vs chronic),  
• pain conditions (diagnosis) according to trial author 

• broad ICD-11 categories  

• mechanistic descriptors (nociceptive or neuropathic) 

• anatomical structures involved  
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• Intervention (treatment) heterogeneity, associated with TENS and comparators  

• Our eligibility criteria biased the inclusion of RCTs that had optimised TENS 

intervention in terms of generating a strong non-painful TENS sensation at (or close 
to) the site of pain, irrespective of variations in electrical characteristics of currents 

produced by a ‘standard TENS device’ making a subgroup analysis of optimal versus 

suboptimal intensity or site of stimulation impossible.  

• There was insufficient data to undertake subgroup analyses for high frequency 

versus low frequency TENS for any comparison  

• Unclear, inconsistent, and inaccurate terminology and the omission of important 

detail in trial reports rendered subgroup analyses of conventional TENS versus 

acupuncture-like TENS, and contamination from concurrent treatments 

meaningless. Such issues would affect the fidelity of subgroup analyses of 

outcomes at different measurement time points and at following up and therefore 
we have postponed this analysis until the future.  

 

Subgroup analyses: Interpreting the findings  

We followed guidance from [19] when interpreting subgroup analyses using the following criteria  

• Criteria 1: report whether a statistically significant subgroup difference (interaction) was 

detected 

• Criteria 2: consider the covariate distribution (i.e., the number of trials and participants 
contributing to each subgroup) 

• Criteria 3: consider the plausibility of the interaction or lack of interaction 

• Criteria 4: consider the importance of the interaction or lack of Interaction 

• Criteria 5: consider the possibility of confounding 

We considered a p-value of less than 0.1 from the test for subgroup differences to indicate a 

statistically significant difference between the pooled effect estimates for each subgroup (i.e., a 

subgroup effect (interaction). This indicates that the characteristic under consideration (i.e., the 
covariate) modifies treatment effect. We also noted whether the direction of each subgroup effect 

differed and favoured different treatments (i.e., qualitative) or whether the direction of each 

subgroup effect was the same for the treatment but of different sizes (i.e., quantitative). We also 

considered the extent to which individual trials differed in treatment effects within each subgroup 

(i.e., heterogeneity).  

 

If heterogeneity within a subgroup was substantial/considerable, we conducted a further 

exploration of heterogeneity prior to drawing a conclusion about treatment effect within the 

subgroup. This included visual inspection of forest plots to evaluate the extent of heterogeneity 
within the subgroups and across all trials to determine whether the findings of the analyses are 

trustworthy, whilst acknowledging uncertainty from the inconsistency between individual trial 

findings. 

 

Reporting (Publication) Biases: Descriptions of operational procedures  

Publication bias was assessed using a method designed to detect the amount of unpublished data 
with a null effect required to make any result clinically irrelevant (usually taken to mean a numbers 

needed to treat for benefit (NNTB) of 10 [20]). The influence of small study samples was assessed 

using the risk of bias criterion ‘Sample size’ according to numbers of participants analysed in the 
TENS trial arm.  

 

We visually inspected funnel plots to explore the likelihood of reporting bias if there were at least 10 

RCTs in a meta-analysis and if RCTs differed in sample size. Small study effects were analysed using 

Egger's regression test and the Trim and Fill method was used to analyse potential publication bias 
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for RCTs using continuous outcomes [3]. For Egger's regression test, the statistical significance was 

set at ≤0.1.  
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Quality of the evidence 

We considered single RCTs too imprecise, unless the trial arm sample size was greater than 200 

participants for continuous data and greater than 150 events for dichotomous data. We considered 
pooled data to be imprecise if the sample size for a treatment arm was below than 500 participants.  

 

We planned to present pooled effects for outcomes with GRADE judgements in 'Summary of 

findings' tables. Two review authors (MIJ and PGW) independently rated the quality of outcomes 

using the Grades of Recommendation, Assessment, Development and Evaluation (GRADE) system 

(GRADEpro GDT 2015, Supplementary material – S9). We decreased GRADE ratings as follows: 

• Limitations to study quality - Serious (- 1) or very serious (- 2)  

• Important inconsistency about directness - Some (- 1) or major (- 2)  

• Imprecise or sparse data (- 1) 

• High probability of reporting bias (- 1) 
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SECTION 2 – SUPPLEMENTARY DETAILS OF FINDINGS OF THE ANALYSES 

 

Results of the search   

The initial search was conducted during July 2019 and identified 6188 potentially relevant records. 
There were 16 additional records identified through other sources. After removal of duplicates, we 

screened the titles and abstracts of 4256 records and obtained and read the full texts of 548 records. 

We excluded 168 records after screening the full text report, with 17 records awaiting classification. 

We included 348 records of 346 RCTs. Processing of these 346 RCTs (i.e., assessing risk of bias, 

extracting study characteristics and data, and analysis took 9 months.  

 

We conducted an updated search on 17 May 2020 and identified an additional 1491 potentially 

relevant records. We removed duplicates and screened titles and abstracts and read the full texts of 

75 records. We excluded 37 records after screening the full text report, and included additional 36 

RCTs, with 2 records awaiting classification.  
 

In total, our final analysis included 381 RCTs, with 19 RCTs awaiting classification.  

 

Management of multiple records (secondary reports) of one RCT 

We categorised multiple records of one RCT as follows. 

• An RCT with 1-year follow-up data of 70 patients by [21] as the primary report and 3-month 

data of the first 23 patients [22] and 3-month data of 36 patients (presumably including the 

first 23 patients) [23] as secondary reports 

• An RCT of TENS in addition to usual primary care management for the treatment of tennis 

elbow by [24] as the primary report and an economic evaluation by [25] as a secondary 

report 

• An RCT evaluating TENS versus manual therapy for neck pain by [26] reported as the primary 

report and a Spanish language version by [27] as a secondary report 

• The short-term results an RCT evaluating TENS for various chronic pains by [28] as the 

primary report and an analysis to predict outcome of TENS from the RCT [29], the long-term 
results of the RCT [30] and the findings of a pilot study investigating different mechanisms 

for short-term effects of TENS [31] as secondary reports 

• An RCT evaluating TENS for knee osteoarthritis by [32] as the primary report and outcomes 

associated with knee kinematics and kinetics [33] as a secondary report  

 

Management of multiple samples within one report  

The following were described and analysed as distinct sample populations within one report of one 

RCT. We analysed data from these samples separately. 

• Chia et al. [34] conducted separate analyses for a sample of participants categorised as 

nulliparous and multiparous (n = 101) and a sample categorised as nulliparous only (n =20) 

• Kayman-Kose  et al. [35] conducted separate analyses for a sample of participants 

categorised as having a Caesarean section (n = 100) and a sample of participants categorised 

as having a Vaginal delivery (n = 100) 

 

Finally, Lin et al. [36] reported the findings of an RCT of TENS for shoulder pain and Lin et al. [37] 

reported a similar RCT for chronic shoulder tendonitis. Inspection of reports revealed minor 
differences in protocols and data, so we categorised these as distinct RCTs with different sample 

populations. 

 

Thus, we identified 383 distinct samples from 381 RCTs to be included in the review. 

 

Management of errors detected in previous meta-analyses  
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We conducted a search for systematic reviews on 01 July 2019 and identified 145 systematic reviews 

that had included RCTs to evaluate the effect of TENS on pain-related outcomes. Our descriptive 

analysis of systematic reviews found that: 

• There were 32/145 Cochrane reviews and 113/145 non-Cochrane reviews 

• The mean number of RCTs in a systematic review was 5.6 (maximum: 35; minimum: 1) 

• The statements of conclusion in most systematic reviews tended toward inconclusive 

(70/145) or efficacious (51/145)   

The findings of the preliminary descriptive analysis of systematic reviews were disseminated at the 

European Federation of Chapters of IASP Conference XI held in Valencia, Spain in September 2019.  

 

We cross-checked data presented in meta-analyses of previously published systematic reviews with 
data extracted from RCTs included in our meta-TENS review. We found very few inconsistencies with 

data extracted and used in our meta-analysis. We corrected the following errors detected in 

previous meta-analyses  

• double counts of samples from individual RCTs in pooled data (e.g., [38-41])  

• the extraction of the area under the curve for pain intensity instead of VAS 100 mm scale 

(e.g., (i.e., [42] for the RCT by [43]) 

 
Description of reasons for excluding studies   

Primary reasons for excluding studies are provided in the online Table of Excluded Studies. Often 

studies were excluded for multiple violations of our inclusion criteria. At least 39 studies were 

excluded for not being an RCT. 

 

Violations of criteria for ‘standard TENS’ 
The most common reason for exclusion were for violations of our a priori criteria for TENS (i.e., 

electrical characteristics, electrode placement sites, and type of devices; at least 90 studies). The 

following electrical stimulation techniques were excluded; Transcutaneous electric acupoint 

stimulation; Transcutaneous spinal electroanalgesia; Acupuncture-like stimulation delivered using a 
Codetron device; Supraorbital transcutaneous stimulation; Non-invasive interactive 

neurostimulation using an InterX5000 device); H-wave therapy; Neuromuscular electrical 

stimulation; Interferential current therapy; 5KHz sine wave currents; Microcurrent electrical 

stimulation; High voltage pulsed direct current; Frequency rhythmic electrical modulation; and Auto-

targeted neurostimulation. Some of these techniques have been included in previous systematic 

reviews on TENS.  

 

Some original trial authors mistakenly described a technique as ‘TENS’, despite on close inspection 
the electrical characteristics of currents did not match those associated with TENS. For example, 

reports by Itoh et al. state in the title of their report that they evaluated the effect of TENS for knee 
osteoarthritis [44] and chronic non-specific low back pain [45]. Inspection of the trial report reveals 

the characteristics of currents akin to interferential therapy “… a single-channel portable TENS unit 

(model HVF3000, OMRON Healthcare Co Ltd, Japan), which sends between two electrodes a 

premixed amplitude-modulated frequency of 122 Hz (beat frequency) generated by two medium 

frequency sinusoidal waves of 4.0 and 4.122 kHz (feed frequency” [45] p23. RCTs by Itoh et al., have 

been previously included in a Cochrane review on osteoarthritis [46] and a non-Cochrane meta-

analysis on low back pain [47]. 

 

Violations of criteria for appropriate body site for TENS 

At least 20 studies were excluded for administering TENS to acupuncture points that we considered 

to be remote to the site of pain. Many of these studies evaluated transcutaneous electric acupoint 

stimulation (TEAS, TAES) in which stimulation was delivered to remote acupuncture points using 

pulsed currents described as ‘dense-disperse’ using frequencies alternating between 2pps and 
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100pps. There was a subset of transcutaneous electric acupoint stimulation studies that 

administered stimulation as a one-off treatment before surgery (i.e., pre-emptive) for post-surgical 

pain. Some reports implied that transcutaneous electric acupoint stimulation may have been 

administered to regional acupuncture points but often details were unclear. For consistency, we 
decided to exclude all studies described as evaluating transcutaneous electric acupoint stimulation.  

 

Four studies were excluded because they administered TENS to an internal body site, i.e., 

intravaginal [48-50] or intra-oral [51].  

 

Violations of criteria for adult participants  

Four studies were excluded because they included at least one child under the age of 16 years [52-

55]. We included RCTs by [56], [57] and [58] despite having a sample population with at least one 

participant no younger than 17 years of age, because the mean age of the sample suggested over 

90% of participants were over 18 years of age. We appreciate that including people under 18 can 
raise issues such as participants between 16-18 years can be included in paediatric studies which 

may have been missed by our search strategy. It was not possible to isolate the effects of TENS from 

other treatments given simultaneously or there was no suitable comparison group to assess the 

contribution of TENS to outcome in at least 17 studies. 

 

Studies Awaiting Classification 

There were 19 studies awaiting classification (Online Table of Studies Awaiting Classification) 

because we were unable to obtain full texts (n = 7 records) and we were unable to translate non-

English language full text records (n = 12 records).  

 

Description of Included RCTs  

Characteristics of included trials 

We included 381 RCTs at entry. A summary of the characteristics of included RCTs is provided in the 

Online Table of Included Studies and a summary of the conclusion for each RCT is provided the 

Online Table of RCT Authors’ Conclusion. 
 

Study Design  

We identified 383 distinct population samples from 381 RCTs. There were 24532 participants at 

entry with the mean + SD study sample size being 64.05 + 58.29 participants (n=383 samples, 

maximum = 607 [59], minimum = 5 [60]).  

 

There were 10615 participants enrolled into the trial arm that we categorised as the primary TENS 

group, with the mean + SD primary TENS trial arm sample size being 27.71 + 21.89 participants 

(maximum = 144 [59]; minimum = 5 participants [60-64].  

 
We categorised 334 RCTs as a parallel-group design, and 47 as crossover design. We categorised 270 

RCTs as predominantly pragmatic (efficacious) in focus and 111 RCTs as predominantly explanatory 

(mechanistic) in focus.  

 

There were 129 reports that stated that an estimation of sample size had been made a priori. 

 

RCTs were conducted in 38 countries with the most frequent sample populations being from Turkey 

(56 RCTs), with high proportions of RCTs conducted in the USA (51 RCTs), Brazil (38 RCTs), UK (37 

RCTs), and Sweden (27 RCTs).  

 
Types of pain 
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We categorised 162/383 samples of participants with acute pain, 176/383 samples of participants 

with chronic pain, and 10/383samples as including participants with acute and chronic pain.  

 

The category of pain was not reported for 35/383 samples of participants. We categorised samples 
of participants according to pain condition as follows: 

• 95/383 as post-operative pain  

• 37/383 as back pain (predominantly chronic low back pain)  

• 32/383 as osteoarthritis (predominantly of the knee)  

• 26/383 as labour pain 

• 23/383 samples of participants with procedural pain 

• 22/383 as non-specific musculoskeletal pain of the neck and/or shoulder 

• 16/383 as dysmenorrhea 

• 15/383 samples of participants with temporomandibular joint pain  

• 12/383 samples of participants with myofascial pain  

• 11/383 as various pain conditions 

• 9/383 samples of participants with fibromyalgia  

• 7/383 samples of participants with post stroke pain  

• 7/383 samples of participants with rheumatoid arthritis  
The remaining samples were from a variety of conditions including peripheral diabetic neuropathy (6 

samples), spinal cord injury (5 samples), and neuralgias   

 

There were 231/381 RCTs that had 2 comparison groups, 111/381 RCTs had 3 comparison groups, 

29/381 RCTs had 4 comparison groups, 6/381 RCTs had 5 comparison groups, 3/381 RCTs had 6 

comparison groups and 1/381 RCT had 12 comparison groups.  

 

Contamination from Concurrent treatment  

Many reports described delivering TENS as if it was a sole treatment, although reports often 

revealed that participants could access other form of treatments including drug medication and or 
exercise. We categorised at least 216/383 samples as having access to other treatments whilst 

receiving TENS that may ‘contaminate’ estimates of TENS effects, although attempts were often 
made to standardise such access between comparison groups. Analgesic medication or exercise was 

available informally as part of ongoing standard of care (SoC) or formally as part of a combination 

treatment. Rescue medication was standardised and/or monitored and/or measured in some but 

not all RCTs. Generally, there was inadequate monitoring and or reporting of analgesic consumption 

and/or use other treatments associated with the primary TENS intervention.  

 

Characteristics of TENS interventions  

Site of TENS in relation to painful site 

TENS was delivered at the site of pain for 376/383 samples, of which TENS was delivered to regional 

acupuncture points at the site of pain in 7/383 of these samples [65-71].  

 

TENS was not delivered to the site of pain in 3/383 samples. This was due to skin sensitivity and 

integrity at the site of pain painful diabetic neuropathy so TENS was delivered to the lower back 

(dermatomal) [60,72]; and to the absence of a limb so TENS was delivered to the contralateral leg for 

phantom limb pain [73].  

 

There were 2 reports where the statement of the location of TENS was unclear [74,75]. There were 

2/381 reports that did not state the location of TENS, although supplementary information within 
these reports (e.g., descriptions of TENS in Introduction and/or Discussion sections) suggested that 

the location of TENS was appropriate and did not violate our inclusion criteria [76,77].  
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Intensity of TENS 

TENS was delivered at intensities that were strong and above sensory detection threshold to 

342/383 samples. There were 36/381 reports that did not state the intensity of TENS and 7/381 

descriptions that were unclear, supplementary information within these reports (e.g., current 
amplitude (mA), or descriptions of TENS in Introduction and/or Discussion sections) suggested that 

the intensity of TENS was appropriate and did not violate our inclusion criteria. It should be noted 

that our eligibility criteria biased our sample of RCTs towards those delivering TENS above sensory 

detection threshold. 

 

Electrical Characteristics of TENS – Pulse Frequency 

The majority of RCT reports described the electrical characteristics of TENS. At face value, reporting 

appeared to be adequate yet extracting information proved challenging and the resulting 

categorisation of characteristics (variables) imprecise. 

 
We categorised 363/383 samples as receiving TENS using electrical characteristics associated with 

standard TENS (i.e., pulsed electrical currents, see Methods). There were 9/383 reports that did not 

report the electrical characteristics of TENS and 11/383 reports where reporting was unclear, 

although supplementary information within these reports (e.g., device model) suggested that the 

electrical characteristics of TENS used did not violate our inclusion criteria. 

 

There were 353/381 reports that included a numerical value for pulse frequency, and we were able 

to categorise 276/383 of the primary TENS samples as receiving HF TENS (>10 pps). It was less 

common for reports to include a statement of the pattern (mode) of pulse delivery. The nature of 

the design of TENS devices means that we can speculate that a continuous pattern of pulse delivery 
was used to deliver high frequency currents in most of these cases.  

 

We categorised 35/383 samples as receiving low frequency TENS. Often reports did not distinguish 

between pulses per second and bursts per second when describing low frequency stimulation so it 

was not possible to ascertain whether low frequency TENS was administered using a continuous 

pattern of pulses delivered at a low frequency or as a burst pattern of pulses delivering low 

frequency bursts (trains) of high frequency pulses.  

 

We categorised 17/383 samples as receiving TENS delivered by alternating (or switching) the pattern 

of stimulation between continuous to burst, as is often recommended for management of labour 
pain.  

 

We categorised 9/383 samples as receiving alternating frequencies of TENS that used devices that 

were pre-programmed to intermittently switch between high and low and high frequency pulse 

delivery; 10/383 samples as receiving modulating frequency TENS; 2/383 samples as receiving 

random frequency TENS; and 6/383 samples as receiving various frequencies of TENS.  

 

There were 28/381 reports that did not state the numerical pulse frequency of TENS used in the RCT. 

There were 109/381 reports that stated TENS was delivered at 100Hz; 43/381 reports that stated 

TENS was delivered at 80Hz; 8/381 reports that stated TENS was delivered at 4Hz; and 3/381 reports 
that stated TENS was delivered at 2Hz. The remaining reports stated more than one numerical value 

to describe the frequency of TENS (e.g., TENS was administered between upper and lower frequency 

boundaries). Participants in some RCTs were instructed to adjust the pulse frequency of TENS as 

needed.  
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Often, reports were unclear as to whether frequencies were pre-set and immovable or advisory 

starting frequencies on which to adjust according to need. Thus, characterisation of the numerical 

description of the frequency of TENS was imprecise.  

 
There was inconsistency in the use of terms used to describe the type of TENS techniques. Terms 

used included conventional TENS, AL-TENS, brief intense TENS, high frequency TENS, low frequency 

TENS, acu-TENS.  

 

Adequacy of TENS intervention 

We categorised 336/383 of the primary TENS intervention as meeting all 3 criteria for adequacy: 

standard electrical characteristics, administered at an appropriate site relative to pain, and at 

intensities above sensory detection. There were 47/383 samples where there was uncertainty in at 

least one of these criteria, although overall, we judged the electrical characteristics of TENS used did 

not violate our inclusion criteria.  
 

TENS regimens varied from single and multiple treatments of less than one minute duration for post-

partum uterine contractions [78], dysmenorrhea [79], post-operative surgical abortion [80] or 

gynaecologic laparoscopic surgery [81] and brief procedural pains such as carboxytherapy [82] to 

multiple treatments of unspecified duration (e.g., self-administered home treatment for chronic pain 

as prn).  

 

The longest duration of a course of TENS treatment was in a randomised double-blind evaluation of 

different types of electrical characteristics of TENS for chronic pain in which participants self-

administered TENS until they no longer required TENS or up to a maximum of 2 years [83]. The trial 
authors concluded that there was no difference in efficacy between pulsed (burst at a low 

frequency) or continuous (high frequency) TENS. 

 

Characteristics of Outcome Measures 

There were 352 or the 381 RCTs that recorded measurements related to our primary outcome, that 

used a VAS or some other pain continuous or ordinal scale. There were 29/381 RCTs that did not 

collect data related to our primary outcome measures, but all collected secondary outcome data 

related to pain, and were therefore included for review.  

 

The most common secondary outcome measurements were analgesic consumption (127 RCTs), 
range of motion (52 RCTs), McGill Pain Questionnaire scores (both full and short-form versions, 26 

RCTs), tenderness via pressure algometry (23 RCTs), WOMAC scores (14 RCTs), Quality of Life (12 

RCTs) Roland Morris Disability Questionnaire scores (8 RCTs).  
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Description of Risk of Bias Assessment  

Our assessment of the risk of bias for individual RCTs is available from 

m.johnson@leedsbeckett.ac.uk on request.  

 
We summarised our assessment of the risk of bias for the included studies as percentages across all 

included studies. 

 

 
Figure A2 Risk of bias graph: review authors’ judgements about each risk of bias item presented as 
percentages across all included studies. 

 

Overall Risk of Bias 

Methodological details were superficial and unclear in many reports resulting in unclear RoB 

assessments. No studies were judged to have a low risk of bias across all 9 RoB items. There were 

3/381 RCTs judged to have a low risk of bias across 8 of the 9 items, with unclear or high risk due to 

low sample sizes [84-86]. There were 9/381 RCTs with 7 or more items judged as low RoB [84-91] and 

26/381 RCTS with 6 or more items as low RoB.  

We categorised many RCTs as having an unclear risk of bias because study reports lacked omitted or 

lacked operational details associated with study methodology.  

 

We categorised 341/381 RCTs as having a high risk of bias because of inadequate numbers of 

participants in the primary TENS trial arm sample (i.e., <50 participants, with no RCTs meeting our 

criteria for low risk of bias (>200 participants in the TENS arm). There were 13/381 RCTs that used 

>100 participants in the primary TENS trial arm. The largest TENS trial arm size was 144 participants 

in a RCT with a total sample of 607 women randomised to receive acupuncture, TENS, or traditional 

analgesics to manage labour pain [92]. It was found that the use of pharmacological and invasive 
methods was lower in the acupuncture group compared with TENS (P = 0.031) or traditional 

analgesics (P < 0.001), although pain scores were comparable across groups.  

 

Randomisation and Allocation (selection bias)   

We judged that 136/381 RCTs adequately described the method of random sequence generation 

and that 82/381 RCTs adequately described the method of allocation concealment.  

 

Blinding (performance bias and detection bias)   
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There were 94/381 reports that described a method of blinding of participants that was of low risk 

of performance bias. There were 48/381 reports that described a method of blinding of personnel 

that was of low risk of performance bias. There were 130/381 reports that described a method of 

blinding of assessors that was of low risk of detection bias.  
 

Only a few studies attempted to assess seepage of blinding and/or whether participants and/or 

assessors considered interventions to be functioning correctly (active) or therapeutically 

plausible/credibility including [85,89,93,94]. Of the studies judged to be of low risk of performance 

bias [84,85,89] were noteworthy for detailed reporting of well- considered design attributes including 

the design and delivery of an authentic placebo control and an evaluation of the success or 

otherwise of blinding of the outcome assessor.  

 

Incomplete outcome data (attrition bias)   

We awarded low risk of bias to studies with reports that reported that all participants completed the 
study with no missing outcome data or missing outcome data was balanced across the groups with 

similar reasons for loss. There were 118/381 RCTs judged to be of low risk of attrition bias. 

 

Selective reporting (reporting bias)   

There were 90/381 RCTs judged to be of low risk of reporting bias.  

 

Sample size 

There were 13/381 RCTs with at least 100 participants in the TENS treatment arm and only 2 of 

these RCTs had extractable data [95](labour pain) [96](fibromyalgia). There were 341/381 RCTs with 

fewer than 50 participants in the TENS treatment arm. 
 

Sample size estimation 

There were 129/381 reports that stated that a calculation had been undertaken to estimate sample 

size, although often the actual calculation was not provided. Often sample size estimates were 

stated for total number of participants rather than numbers needed in each trial arm and did not 

meet our criteria for low risk of bias. 
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TENS versus placebo: Analysis of effects  

 

There were 202/381 RCTs (203 samples) that compared TENS with a placebo intervention. There 

were 196 RCTs that delivered placebo TENS in one of the following ways: 

• Using a modified TENS device that did not deliver currents (i.e., 0 mA, dead battery, 

modified circuitry, 155 interventions) 

• Using a modified TENS device that delivered currents above that sensory detection 

threshold for a brief period (< 1 minute) before the amplitude declined to 0 mA (17 

interventions) 

• Using a modified TENS device that delivered currents above that sensory detection 

threshold using an interpulse interval of such long duration that it was considered by the 
authors not to have any physiological action (4 interventions) 

• Delivering TENS at amplitudes below sensory detection threshold (12 interventions) 

• Delivering TENS above that sensory detection threshold at sites considered to be 

unrelated to the pain (4 interventions) 

• Four reports that did not state the nature of a placebo TENS intervention.  

There were 6 RCTs that administered placebo pills and 1 RCT used a non-functioning ultrasound 
device. 

 

Outcome: Pain intensity - expressed as mean (continuous) data  

We extracted data at the last during TENS or the first post-TENS intervention measurement point 

after a course of TENS treatment (or a single treatment if only one TENS treatment was given) from 

91 RCTs (92 samples, 4841 participants). Three of these RCTs were crossover studies deemed to 

have sufficient washout between interventions to eliminate contamination [89,97,98]. There was a 

significant overall effect in favour of TENS (SMD -0.96; 95% CI -1.14, -0.78) and substantial 

heterogeneity I² = 88%. (Figure A3). 

 
Visual inspection of the forest plot found reasonable consistency of treatment effects and overlap of 

confidence intervals with effect estimates and confidence intervals on the side favouring TENS in 

50/92 samples. One of these RCTs seems to be an outlier [99] and a sensitivity analysis did not alter 

the overall effect. We suspected transcriptional errors whereby data had been attributed to the 

incorrect intervention group in two RCT reports [35,100]. In both instances mean + SD data was 

incorrectly attributed to the placebo group rather than the TENS group in the table of results 

because all aspects of the report discussed RCT outcome in favour of TENS rather than placebo. We 

attempted to contact RCT authors for clarification without reply. Cross checking data extracted in a 

systematic review arising from the same country as Luchesa et al. [100] and published within 3 years 
of the original report confirmed the transcription error [101] and correct data was entered into our 

meta-analysis. However, we were unable to confirm the transcription error for [35]. This potential 

error affected data related to the ‘vaginal delivery group’ but not a separate sample within the same 
study (the ‘caesarean section group’). Therefore, we entered the data presented in the original 
report (Table 2 p3) into our meta-analysis. Sensitivity analyses by removing this ‘vaginal delivery 
group’ sample from subsequent analyses did not affect tests of overall effect nor tests for subgroup 
differences.  

 

Forest Plot 
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Figure A3 Forest plot of comparison TENS versus placebo. Outcome: pain intensity - expressed as 

mean (continuous) data. 
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Subgroup and sensitivity analyses – Methodological Characteristics  

Subgroup analyses were conducted to explore the impact of methodological characteristics on effect 

sizes, tests of overall effect and statistical heterogeneity. 

 
Risk of Bias  

A subgroup analysis was conducted to explore the effect of RCTs having an overall low risk of bias 

(i.e., >6 low RoB items out of a total of 9 items). The test for subgroup differences was not 

statistically significant (Chi² = 1.96, df = 1 (P = 0.16), suggesting that overall RoB does not modify the 

effect of TENS in comparison to placebo. There are enough trials and participants in each subgroup, 

so the covariate distribution is not concerning. There is substantial heterogeneity between results 

from the trials within each subgroup, therefore the validity of the treatment effect estimate for each 

subgroup is uncertain (Figure A4). 

 

Forest Plot 

 
Figure A4  Forest plot of comparison TENS versus placebo with subgroup analysis to explore the 

effect of RCTs having an overall low risk of bias (i.e., >6 low RoB items). 
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Sample size n > 100 participants in the primary TENS group 

There were only 2 studies with extractable data [95](labour pain) [96](fibromyalgia) so analyses was 

not possible.  

 
Sample size n > 50 participants in the primary TENS group  

A subgroup analysis was conducted to explore the effect of studies including 50 participants or more 

in the primary TENS group. The test for subgroup differences was not statistically significant (Chi² = 

1.50, df = 1 (P = 0.22), suggesting that whether the trial arm sample size was less than 50 

participants does not modify the effect of TENS in comparison to placebo. There are enough trials 

and participants in each subgroup, so the covariate distribution is not concerning. There is 

substantial heterogeneity between results from the trials within each subgroup, therefore the 

validity of the treatment effect estimate for each subgroup is uncertain (Figure A5). 

 [Forest Plot]. 

 
Forest Plot 
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Figure A5 Forest plot of comparison TENS versus placebo with subgroup analysis to explore the 
effect of studies including 50 participants or more in the primary TENS group. 

 

Estimation of sample size 

There was a statistically significant difference in participant-reported pain intensity in favour of TENS 

both for RCTs that stated in the report that they had undertaken a sample size calculation (49 

samples, 2847 participants, P < 0.00001, I² = 91%) and for those that did not (44 samples, 1994 

participants, P < 0.00001, I² = 79%). The test for subgroup differences was statistically significant at 

our pre-specified threshold of P < 0.1 (Chi² = 3.63, df = 1, P = 0.06, I² = 72.4%), suggesting that the 

inclusion of a statement in the report that they had undertaken a sample size calculation does 

modify the effect of TENS in comparison to placebo. The overall SMD is -1.12 [-1.41, -0.84] in favour 
of TENS for reports that stated that a sample size calculation had been performed compared with -

0.78 [-0.99, -0.57] for those that did not; therefore, the subgroup effect is quantitative. There are 

enough trials and participants in each subgroup, so the covariate distribution is not concerning. 
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However, the considerable unexplained heterogeneity combined with frequent unclear reporting of 

how sample size calculations were undertaken means that we have very low confidence in the 

precision of the treatment effect estimate for each subgroup. 

 
Type of placebo  

There was a statistically significant difference in participant-reported pain intensity in favour of TENS 

for RCTs used a placebo that did not deliver any electrical currents (74 samples, 3851 participants, P 

< 0.00001, I² = 88%) and for those that used a placebo that administered pulsed electrical currents 

below sensory detection threshold (7 RCTs, 288 participants, P = 0.01, I² = 85%), faded to zero 

current within one minute (7 RCTs, 549 participants, P = 0.002, I² = 89%), with excessive long 

duration inter-stimulus intervals (2 RCTs, 83 participants, P = 0.02, I² = 90%), or placebo pills (2 RCTs, 

70 participants, P = 0.0005, I² = 0%). The test for subgroup differences was not statistically significant 

(Chi² = 2.03, df = 4 (P = 0.73), I² = 0%). 

 
TENS administered on its own or with other treatment 

There was a statistically significant difference in participant-reported pain intensity in favour of TENS 

both for reports that suggested that participants were allowed access to other treatments with the 

potential to contaminate pain scores (34 samples, 1804 participants, P < 0.00001, I² = 87%) and 

those not allowed access to other treatments (57 samples, 3037 participants, P < 0.00001, I² = 87%). 

The test for subgroup differences was statistically significant at our pre-specified threshold of P < 0.1 

(Chi² = 3.59, df = 1, P = 0.06, I² = 72.1%), suggesting that allowing participants access to other 

treatments does modify the effect of TENS in comparison to placebo. The overall SMD [95% CI] is -

0.74 [-1.02, -0.46] in favour of TENS for reports that suggested that participants were allowed access 

to other treatments with the potential to contaminate pain scores compared with -1.09 [-1.32, -
0.86] for those where participants appeared not to be allowed access to other treatments; 

therefore, the subgroup effect is quantitative. There are enough trials and participants in each 

subgroup, so the covariate distribution is not concerning. However, the substantial heterogeneity 

between results from the trials within each subgroup, combined with the unclear reporting of the 

consumption of analgesics and/or use of other treatments means that we have very low confidence 

in the precision of the treatment effect estimate for each subgroup. 

 

Subgroup – Pain Characteristics 

Pain Duration - Acute versus chronic 

We conducted a subgroup analysis on pain condition categorised as acute and chronic pain 
according to broad categories of the International Association of Pain and the ICD-11 (i.e., in general 

terms a pain condition that has persisted for 3 months or more). The test for subgroup differences 

was not statistically significant (Chi² = 1.12, df = 2 (P = 0.57)), suggesting that the duration of painful 

condition does not modify the effect of TENS in comparison to placebo. There are enough trials and 

participants in each subgroup, so the covariate distribution is not concerning. . There is substantial 

heterogeneity between results from the trials within each subgroup, therefore the validity of the 

treatment effect estimate for each subgroup is uncertain (Figure A6).  

 

Forest Plot 
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Figure A6 Forest plot of comparison TENS versus placebo with subgroup analysis to explore the 

effect of pain duration categorised as acute and chonic pain. 

 

Pain Conditions (diagnoses) – as described by RCT author  

We conducted a subgroup analysis on pain condition categorised according to authors’ description 
given in the trial report. There was a statistically significant difference in favour of TENS for post-

operative pain (36 samples, 1788, P < 0.00001, I² = 80%), procedural pain (10 samples, 682 

participants, P = 0.001, I² = 88%), labour pain (4 sample, 397 participants, P = 0.05, I² = 95%) and 

fibromyalgia (3 samples, 307 participants, P = 0.04, I² = 91%). There were no statistically significant 
differences  for back pain (9 samples, 364 participants, P = 0.06, I² = 89%) or migraine (3 samples, 

230 participants, P = 0.19, I² = 97%). The remainder of the subgroups had fewer than 100 

participants in the primary TENS trial arm. The test for subgroup differences was statistically 

significant (Chi² = 202.12, df = 23 (P < 0.00001); Figure A7), suggesting that the pain condition 

categorised according to that stated in the trial report significantly modifies the effect of TENS in 
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comparison to placebo. The treatment effect favours TENS over placebo for all categories of pain 

condition; therefore, the subgroup effect is quantitative. However, there are more trials (and 

participants) contributing data from some pain conditions than others, and there is considerable 

unexplained heterogeneity between the trials within each of these subgroups. A sensitivity analysis 
that removed subgroups with pooled sample sizes of fewer than 100 participants in the primary 

TENS trial arm was not statistically significant (Chi² = 1.25, df = 5, P =0.94), suggesting that the pain 

condition categorised according to that stated in the trial report does not significantly modify the 

effect of TENS in comparison to placebo. Therefore, the validity of the treatment effect estimate for 

each subgroup is uncertain. 

 

 

Forest Plot 
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Figure A7 Forest plot of comparison TENS versus placebo with subgroup analysis to explore the 

effect of pain condition (diagnosis) categorised according to authors’ description given in the trial 
report. 

 
Broad ICD-11 categories 

We conducted a subgroup analysis on pain condition categorised according to the ICD-11 categories 

with reference to the classification of top-level diagnoses for chronic pain conditions (i.e., chronic 

primary pain, chronic cancer-related pain, chronic postsurgical or posttraumatic pain, chronic 

neuropathic pain, chronic headache or orofacial pain, chronic secondary visceral pain, and chronic 

secondary musculoskeletal pain, [102]). 

 

There was a statistically significant difference in participant-reported pain intensity in favour of TENS 

for chronic primary pain (20 samples, 1046, P = 0.0004, I² = 86%). The remainder of the subgroups 

for chronic pain categorised according to ICD-11 had fewer than 100 participants in the primary 
TENS trial arm. There was a statistically significant difference in participant-reported pain intensity in 

favour of TENS for acute post-operative pain (36 samples, 1788, P < 0.00001, I² = 80%), acute 

procedural pain (10 RCTs, 682 participants, P = 0.001, I² = 88%), and labour pain (4 sample, 397 

participants, P = 0.05, I² = 95%), as previously reported in the subgroup analysis for pain condition 

(diagnosis) categorised according to the authors description. In addition, there were no statistically 

significant differences in participant-reported pain intensity for acute visceral pain (excluding 

dysmenorrhea and labour pain (3 samples, 235 participants, P = 0.04, I² = 95%). The remainder of the 

subgroups had fewer than 100 participants in the primary TENS trial arm (Figure A8). The test for 

subgroup differences was statistically significant (Chi² = 41.5, df = 10 (P < 0.00001), I² = 76.0%). 

 
The sensitivity analysis that removed subgroups with pooled sample sizes of fewer than 100 

participants in the primary TENS trial arm was not a statistically significant (Chi² = 2.25, df = 4 (P 

=0.69), I² = 0%), suggesting that pain condition categorised according to the ICD-11 does not 

significantly modify the effect of TENS in comparison to placebo.  
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Figure A8 Forest plot of comparison TENS versus placebo with subgroup analysis to explore the 

effect of pain condition categorised according to authors’ description given in the trial report. 
 

Nociceptive or Neuropathic 

We conducted a subgroup analysis on pain condition categorised according to mechanistic 

descriptors of pain as predominantly nociceptive or neuropathic in origin (Kosek et al., 2016). There 

was a statistically significant difference in participant-reported pain intensity in favour of TENS for 

pain conditions categorised as predominantly nociceptive in origin (85 samples, 4650 participants, P 

< 0.00001, I² = 88%) and for pain conditions categorised as predominantly neuropathic in origin (7 

samples, 191 participants, P < 0.0001, I² = 80%). The test for subgroup differences was statistically 

significant at our pre-specified threshold of P < 0.1 (Chi² = 2.83, df = 1 (P = 0.09), I² = 64.6%) but 

there were far fewer trials and participants in pooled neuropathic pain data, meaning that we have 

very low confidence in the sub- group analysis and the precision of the treatment effect estimate for 

each subgroup. 
 

Structure Associated with Pain 

We conducted a subgroup analysis on conditions categorised by ourselves according to the 

predominant physiological structures/tissue involved in the painful experience as: Somatosensory 

(cutaneous); Musculoskeletal; Visceral; Neural; and Bone. We categorised post-operative procedures 

according to the targeted surgical structure and spasticity irrespective of cause as musculoskeletal.  

 

There was a statistically significant difference in participant-reported pain intensity in favour of TENS 

for painful experiences with predominant involvement from somatosensory (10 samples, 610 

participants, P = 0.002, I² = 92%), musculoskeletal (26 samples, 1237 participants, P < 0.00001, I² = 
83%), visceral (44 samples, 2543 participants, P < 0.00001, I² = 89%) and neural (7 samples, 191 

participants, P = 0.0001, I² = 80%) structures. There were no statistically significant differences in 

painful experiences with predominant involvement from bone (5 samples, 260 participants, P < 0.06, 

I² = 89%). The test for subgroup differences was not statistically significant (Chi² = 7.62, df = 4 (P = 

0.11), I² = 47.5%). 

 

Plausibility Pain Characteristics - subgroup findings 

The subgroup analyses on pain characteristics found no persuasive evidence that the effects of TENS 

is moderated by pain diagnosis or characteristics. Thus, we posit that TENS may alleviate the 

intensity of pain, irrespective of pain diagnosis. Treatment effects of TENS were not modified when 
pain was categorised according to duration (acute versus chronic) or pain diagnoses according to 

RCT author. The direction subgroup effects were in favour of TENS but of different sizes (i.e., 

quantitative), although substantial heterogeneity between results from the trials within each 

subgroup undermined confidence in the magnitude of treatment effect estimates for each 

subgroup. Nevertheless, the magnitude of any putative subgroup differences was of a scale that 

would be too small to impact clinical decisions. In summary, the findings of our subgroup analyses 

on clinical characteristics are consistent with research that has found no relationships between the 

outcome and type of pain [103].  

 

Analysis of Publication Bias - TENS vs Placebo 

We visually inspected funnel plots to explore the likelihood of reporting bias if there were at least 10 

RCTs in a meta-analysis. Egger's regression test showed significant evidence of a small‐study effect (p 
0.0001). Trim and fill analysis showed evidence of publication bias, indicating that eight trials might 

be missing to right of mean for an adjusted SMD of ‐0.78 (95% CI -0.995 to ‐0.565) (random‐effects 
model, Figure A9). 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-051073:e051073. 12 2022;BMJ Open, et al. Johnson MI



MetaTENS_Appendix_BMJO_05-10-2021 – Supplementary File 1 

Page 53 of 88 

 

 
Figure A9 Funnel plot of TENS versus placebo comparison with trim and fill analysis. Actual results 
displayed in blue. Results corrected for the possibility of a publication bias displayed in orange.  
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Outcome: >30% reduction in pain 

There were two RCTs that had extractable data with a total of 118 participants receiving TENS and 

114 receiving placebo [89,104]. It was not possible to conduct an analysis of the proportion of 

participant-reported pain relief of >30% expressed as frequency (dichotomous) data because of 
insufficient data. Nonetheless, the RCT by [89] was of high quality and had a low RoB across 7 of 9 

RoB items, with the largest trial arm sample size of any comparison with placebo in our review (TENS 

= 103 participants vs. placebo TENS = 99 participants). The study provides strong evidence that using 

TENS for 4 weeks produced clinically meaningful improvement in movement-evoked pain and pain 

at rest when compared with placebo TENS, for women experiencing pain associated with 

fibromyalgia who were on a stable medication.  

 

Outcome: >50% reduction in pain (i.e., substantial pain relief) 

It was possible to extract data from 9 RCTs (460 participants, 9 samples of participants). There were 

two crossover RCTs and both were deemed to have sufficient washout between interventions to 
eliminate contamination [105,106]. At the last during TENS or the first post-TENS intervention 

measurement point, there were 106/241 participants that reported pain relief of >50% or greater 

(responders) for TENS compared with 28/219 participants for any type of placebo. There was a 

statistically significant difference in the proportion of participants achieving substantial pain relief in 

favour of TENS with the risk ratio being 2.89 [2.02, 4.13] and no heterogeneity (I² = 0%; Figure A10). 

There are too few RCTs and participants to be entirely certain of the validity of the treatment effect 

estimate. Therefore, we did not calculate number needed to treat, nor undertake subgroup analyses 

to explore the effect of methodological or clinical characteristics on outcome. 

 

 
Forest plot 

 
Figure A10 Forest plot of comparison TENS versus placebo. Outcome: >50% reduction in pain. NOTE: 

Favours TENS on the right-hand side of the Forest plot.  
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TENS versus no treatment - Analysis of effects 

 

We considered an intervention as ‘no treatment’ if we were assured that the participants did not 
receive any other ‘active’ treatment. We did not include interventions described as controls that 
allowed patients any type of active treatment, including medication or exercise. Thus, RCTs that 

compared TENS in combination with a pharmacological agent versus a control consisting of the 

pharmacological agent on its own were not included in this analysis.  

 

There were 16 RCTs that we categorised as comparing TENS with a no treatment intervention. One 

was a crossover RCT deemed to have enough washout between interventions to eliminate 

contamination [107]. 

 

Outcome: Pain intensity - expressed as mean (continuous) data  

We extracted data at the last during TENS or the first post-TENS intervention measurement point 
from 10 RCTs (10 samples, 602 participant). There was a significant overall effect in favour of TENS 

(SMD -0.82; 95% CI -1.18, -0.46; Figure A11), and substantial heterogeneity (I² = 76%). There was 

insufficient data to undertake subgroup analyses to explore the effect of methodological nor clinical 

characteristics on outcome. 

 

Forest plot 

 
Figure A11 Forest plot of comparison TENS versus no treatment. Outcome: pain intensity - expressed 

as mean (continuous) data. 

 

Analysis of publication bias – TENS vs No Treatment 

We visually inspected funnel plots to explore the likelihood of reporting bias (Figure A12).  Egger's 

regression test showed significant evidence of a small‐study effect (p = 0.0878). However, Trim and 

fill analysis showed no evidence of publication bias. 

 

 
Figure A12 Funnel plot of TENS versus no treatment comparison. 
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Outcome: >30% reduction in pain 

It was not possible to conduct an analysis of the proportion of participant-reported pain relief of 

>30% expressed as frequency (dichotomous) data because there were no RCTs with extractable 

data.  
 

Outcome: >50% reduction in pain 

It was not possible to conduct an analysis of the proportion of participant-reported pain relief of 

>50% expressed as frequency (dichotomous) data because of insufficient data (There was only one 

RCT with extractable data; [87]).  
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TENS versus standard of care - Analysis of effects 

 

We considered an intervention as ‘standard of care’ if trial authors considered the intervention or 
intervention(s) to be fully or part of ‘common’, ‘routine’, or ‘standard’ practice and/or care, 
irrespective of whether authors explicitly named the intervention as ‘standard of care’. Interventions 
were either TENS compared head-to-head with a SoC intervention (i.e., TENS vs SoC) or TENS as an 

adjunct to a SoC intervention (i.e., TENS combined with SoC vs SoC alone).  

 

There were 127 RCTs (127 samples) that we categorised as comparing TENS with a SoC intervention. 

There were 8 crossover RCTs and all were deemed to have sufficient washout between interventions 

to eliminate contamination [79,81,98,108-112]. We categorised 40 of these SoC interventions as RCTs 

predominantly exercise/physiotherapy based, 71 as predominantly pharmacologically based, 3 as 

exercise/physiotherapy combined with pharmacological, and 13 RCTs as neither 

exercise/physiotherapy nor pharmacological (other), and/or unclear. 
 

Outcome: Pain intensity - expressed as mean (continuous) data  

We extracted data at the last during TENS or the first post-TENS intervention measurement point 

from 61 RCTs (61 samples, 3155 participants). There were five crossover RCTs and all were deemed 

to have sufficient washout between interventions to eliminate contamination [79,81,84,98,110]. 

There was a significant overall effect in favour of TENS (SMD -0.72; 95% CI-0.95, -0.50) and 

substantial heterogeneity (I² = 88%; Figure A13). The test for subgroup differences was not 

statistically significant (Chi² = 4.16, df = 2, P = 0.12), suggesting that the nature of the SoC 

intervention does not modify the effect of TENS in comparison with SoC. There are enough trials and 

participants in each subgroup, so the covariate distribution is not concerning. There is substantial 
heterogeneity between results from the trials within each subgroup, therefore the validity of the 

treatment effect estimate for each subgroup is uncertain. 

 

Forest plot 

 

 
Figure A13 Forest plot of comparison TENS versus standard of care. Outcome: pain intensity - 

expressed as mean (continuous) data. Subgroup analysis comparing TENS either alone or when 

added to exercise/physiotherapy based interventions, pharmacologically based interventions, and 

SoC that was categorised as other/unclear. 
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Analysis of publication bias – TENS vs SoC 

We visually inspected funnel plots to explore the likelihood of reporting bias (Figure A14). Egger's 

regression test showed significant evidence of a small‐study effect (p = 0.0062). Trim and fill analysis 

showed evidence of publication bias, indicating that 11 trials might be missing to left of mean for an 
adjusted SMD of ‐1.032 (-1.31, -0.76) (random‐effects model). 
 

 
Figure A14 Funnel plot of TENS versus standard of care comparison with trim and fill analysis. Actual 

results displayed in blue. Results corrected for the possibility of a publication bias displayed in 

orange. 

 

Interpretation: The finding that 11 trials might be missing to left of mean might be due to 

ccontamination by additional concurrent treatments in both TENS and comparator groups – 

participants may titrate concurrent treatments to achieve comparable pain in both groups. This may 

result in underestimation of TENS effects [113] [114] 

 

Outcome: >30% reduction in pain 

There were two RCTs with extractable data. It was not possible to conduct an analysis of the 

proportion of participant-reported pain relief of >30% expressed as frequency (dichotomous) data 

because of insufficient data. The RCT by [89] had  low RoB across 7 of 9 RoB items, and provided 

strong evidence that using TENS for 4 weeks produced clinically meaningful improvement in 

movement-evoked pain and pain at rest when compared with placebo TENS, for women 

experiencing pain associated with fibromyalgia who were on a stable medication and routine care. 

The study by Escortell-Mayor et al. [26] found no differences between TENS and manual therapy the 

proportion of participants achieving moderate reductions in neck pain of at least 20 mm on a 100 

mm VAS (which is below our threshold of >30% reduction). Hence, it was not possible to conduct an 

analysis of the proportion of participant-reported pain relief of >30% expressed as frequency 
(dichotomous) data because of insufficient data. 

 

Outcome: >50% reduction in pain 

There was one RCT (parallel group) with extractable data. It was not possible to conduct an analysis 

of the proportion of participant-reported pain relief of >50% expressed as frequency (dichotomous) 

data because of insufficient data. 
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TENS versus Other Treatments - Analysis of effects  

 

We considered an intervention as ‘another treatment’ if participants received a comparison 
intervention that had not been categorised as standard of care (SoC). The purpose of the analysis 
was to undertake a head-to-head comparison of TENS versus another treatment, so we extracted 

data that enabled isolation of effects between TENS and another treatment providing any additional 

care and/or treatment was standardised between groups, e.g., in instances when patients were also 

given pharmacological, exercise, or physiotherapy-based treatment. The nature of comparisons was 

either TENS compared head-to-head with another treatment either alone or on a background of care 

standardised between groups.  

 

We identified 118 RCTs (131 samples) that compared TENS with at least one other treatment. There 

were four crossover RCTs and all were deemed to have sufficient washout between interventions to 

eliminate contamination [68,110,115,116]. There were 13 RCTs that compared TENS with more than 
one treatment intervention. We decided to include all comparisons in the meta-analysis and 

conducted a sensitivity analysis by removing multiple comparisons from RCTs to explore the effect of 

duplicate TENS data on outcome.  

 

Outcome: Pain intensity - expressed as mean (continuous) data  

We extracted data at the last during TENS or the first post-TENS intervention measurement point 

from 67 RCTs (131 samples, 3327 participants, including duplicates from primary TENS arm).  

 

We extracted data at the last during TENS or the first post-TENS intervention measurement point 

from 67 RCTs (131 samples, 3327 participants, including duplicates from primary TENS arm).  
There were 11 crossover RCTs and all were deemed to have sufficient washout between 

interventions to eliminate contamination [68,105,110,116-123]. 

 

There was not a statistically significant difference in participant-reported pain intensity (Test for 

overall effect: Z = 1.08, P = 0.28; Random-effects model; Figure A15) and this did not change 

following the sensitivity analysis that removed multiple samples from the same RCT (favouring 

samples that were in subgroups with multiple RCTs) and/or removed subgroups with fewer than 2 

RCTs.  

 

The test for subgroup differences was statistically significant (Chi² = 82.82, df = 24, P < 0.00001). It 
was noted that there was a statistically significant difference in favour of percutaneous electrical 

nerve stimulation compared with TENS (4 samples, TENS = 157 participants, P < 0.0001), but no 

other statistically significant differences for subgroups that had more than one RCT in the pooled 

data sample. The test for subgroup differences was still statistically significant after removing 

subgroups with fewer than 100 participants pooled in the TENS trial arm. 

 

Subgroup analyses indicate that the type of treatment intervention used as a comparison 

significantly modifies the effect of TENS. The treatment effect favours TENS in some but not all 

comparisons; therefore, the subgroup effect is qualitative. However, there are more trials (and 

participants) contributing data from some of the subgroups, and there is considerable unexplained 
heterogeneity between the trials within each of these subgroups. Therefore, the validity of the 

treatment effect estimate for each subgroup is uncertain, as individual trial results are inconsistent.  

 

We choose not to report the meta-analysis in the final report. There is a heterogeneous mix of 

comparators, the inclusion of duplicate data in the TENS arm, and sub-groups with too few 

comparisons (Figure A15).  
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Forest plot 
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Figure A15 Forest plot of comparison TENS versus other treatmensts. Outcome: pain intensity - 

expressed as mean (continuous) data. Subgroup analysis comparing TENS with diffferent treatmenr 

modalities. 

Analysis of publication bias – TENS vs. Other treatment 

We did not undertake an analysis of publication bias because we choose not to report the meta-

analysis in the final report. There is a heterogeneous mix of comparators, the inclusion of duplicate 

data in the TENS arm, and sub-groups with too few comparisons  

 

Outcome: >30% reduction in pain 

There were no RCTs with extractable data, so it was not possible to conduct an analysis of the 

proportion of participant-reported pain relief of >30% expressed as frequency (dichotomous) data 

because of insufficient data.  

 

Outcome: >50% reduction in pain 

There was one RCT of crossover design with extractable data and sufficient washout between 

interventions to eliminate contamination [105]. It was not possible to conduct an analysis of the 

proportion of participant-reported pain relief of >50% expressed as frequency (dichotomous) data 

because of insufficient data.  
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High frequency TENS versus low frequency TENS - Analysis of effects  

There were 37 RCTs that included at least one comparison of high versus low frequency TENS. There 

was insufficient extractable data to conduct a subgroup analysis of high versus low frequency TENS 

for any of the previous analyses of either adverse events or effects of interventions.  
 

Outcome: Pain intensity - expressed as mean (continuous) data  

We extracted data at the last during TENS or the first post-TENS intervention measurement point 

from 13 RCTs (13 samples, 468 participants, no crossover RCTs) that compared high frequency and 

low frequency TENS. There was not a statistically significant difference in participant-reported pain 

intensity when data was pooled from samples (SMD -0.19; 95%CI -0.43, 0.06; Figure A16).  

 

Forest plot 

 

 
Figure A16 Forest plot of comparison high frequency TENS versus low frequency TENS. Outcome: 
pain intensity - expressed as mean (continuous) data. 

 

 

Analysis of publication bias – High vs. low frequency TENS  

We visually inspected funnel plots to explore the likelihood of reporting (Figure A17). Egger's 

regression test showed no evidence of a small‐study effect (p = 0.8871). Trim and fill analysis 
showed no evidence of publication bias. 

 

 
Figure A17 Funnel plot of high frequency versus low frequency TENS comparison. 

 
Outcome: >30% reduction in pain 

There was one RCT (parallel group) with extractable data [124]. It was not possible to conduct an 

analysis of high versus low frequency TENS for the proportion of participant-reported pain relief of 

>30% expressed as frequency (dichotomous) data because of insufficient data.  
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Outcome: >50% reduction in pain 

It was possible to extract data from 4 RCTs (5 samples, 286 participants). There were two crossover 

RCTs and all were deemed to have sufficient washout between interventions to eliminate 
contamination [105,106]. We pooled 4 samples with 28/94 participants that reported pain relief of 

>50% or greater (responders) for high frequency TENS compared with 39/92 participants for low 

frequency TENS. This was just below our threshold of 100 participants per trial arm for conducting 

meta-analysis, although the Forest plot is presented for visual inspection (Figure A18).  

 

Forest plot 

 
Figure A18 Forest plot of comparison high frequency TENS versus low frequency TENS. Outcome: 

>50% reduction in pain. 
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Adverse events - Analysis of effects 

Textual and numerical information related to adverse events was extracted directly from primary 

reports via cut and paste into a word document as summarised in the Online Table 4 (11_OL-
TABLE4_AdverseEvents.pdf). 

 

Often trial reports did not clearly distinguish adverse events related to the study or not, or whether 

they were likely a result of a worsening medical condition, including co-morbidity, medical 

procedures, or treatments other than TENS. Information related to adverse events was summarised 

and coded in an Excel spreadsheet for descriptive analysis. There were 245/381 reports that did not 

include a statement about the incidence of adverse events. Out of the 136 reports that included a 

statement of adverse events, 59/136 reports stated there were no adverse events any of the 

intervention groups during the RCT and 90/136 reports stated there were no adverse events related 

to TENS. There were 46 reports that stated the occurrence of adverse events that may be associated 
with TENS, none of which were deemed by authors to be a serious adverse event directly 

attributable to TENS. There was one report of the possibility that TENS may contribute to a serious 

adverse event in an RCT evaluating the effect of electrical stimulation on Botulinum Toxin A therapy 

in patients with chronic myofascial pain syndrome: “There was a possible relationship between the 

treatment and spontaneous abortion. A 36-year-old woman had a spontaneous abortion that 

occurred 21 days after BTX-A injection and electrical stimulation.” [125] p414. Adverse events 

associated with TENS were generally described as mild in severity and infrequent in occurrence and 

included skin irritation, tenderness/soreness and TENS discomfort. Worsening symptoms (e.g., 

increase in pain-soreness) was identified as a negative consequence of TENS, although often it was 

unclear whether trial authors considered this to an adverse event or lack of treatment efficacy.  
 

Outcome: Relative Risk  

We extracted ratio data from 18 RCTs (1587 participants) for meta-analysis by counting the number 

of adverse events, irrespective of severity. We were thorough in checking for double counting but 

not all reports were clear in disclosing adverse events so we cannot guarantee with certainty that 

there may be an occasional counting of two adverse arising from one participant.  

 

There was not a statistically significant difference in the tally of adverse events between TENS (63 

events, 805 participants) and the comparison group (95 events, 782 participants) with the risk ratio 

being 0.73 (95% CI 0.36, 1.48; Figure A19). The test for subgroup differences in adverse events when 
TENS was compared with a placebo control (6 RCTs, 828 participants) or active treatment 

comparison (12 RCTs, 759 participants) was not statistically significant (Chi² = 2.50, df = 1 (P = 0.11), 

I² = 60.0%), suggesting that the type of comparison intervention does not modify the frequency of 

adverse effects associated with TENS. There are enough trials and participants in each subgroup, so 

the covariate distribution is not concerning. There is moderate and substantial heterogeneity 

between results from the trials within each subgroup, therefore, the validity of the treatment effect 

estimate for each subgroup is uncertain. 

 

Forest plot 
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Figure A19 Forest plot of adverse events comparison TENS versus any comparison. 

 

 

Plausibility: Minor and infrequent adverse events from TENS 

Clinical experts claim that TENS hazards associated with TENS are minor and that there is minimal 

potential for serious, life threatening, adverse events [6,126]. This is consistent with our findings for 

our descriptive analysis that found that adverse events during and/or after TENS treatment were 

reported to be minor and included skin irritation, worsening symptoms and TENS discomfort. There 

were no reports of serious adverse events, although there was one report of a possible relationship 

between TENS contributing to a spontaneous abortion in a woman although this occurred 21 days 

after treatment. Having considered overall quality of available evidence, limitations in our review 

process and physiological and clinical plausibility we are confident that there is minimal harm 

associated with TENS, although our estimate of risk ratio lacked precision. 
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SECTION 3 - Potential biases in the review process  

 

Search strategy and screening process - Limitations  

Our search strategy for RCTs was broad and involved screening of over 8000 records. We also 
conducted a search specifically for systematic reviews for a separate analysis and this enabled cross 

referencing of RCTs between searches. Thus, we are confident that our search was comprehensive. 

 

Our screening processes identified RCTs that had optimised TENS intervention in terms of generating 

a strong non-painful TENS sensation at (or close to) the site of pain, irrespective of variations in 

electrical characteristics of currents produced by a ‘standard TENS device’. We did not include in our 
evaluation TENS-like devices (e.g., interferential therapy, transcutaneous electrical acupoint 

stimulation) that may have been delivered in such a way as to generate a strong comfortable 

paraesthesia with similar qualities as that experienced with ‘standard TENS’. None of our analyses to 
date suggest that between or within trial variations in specific electrical characteristics of TENS 
influences clinical outcome to any significant degree.  

 

Effects size estimates - Limitations in the analysis (confounding factors) 

Much heterogeneity remained unexplained following subgroup analyses exploring methodological 

and patient characteristics.  

 

Sample size 

We attribute the presence of statistical heterogeneity to the inclusion of lots of RCTs with small 

sample sizes. It is a matter for debate whether we should have used a higher threshold for trial arm 

size, although our subgroup analysis of trial arm sizes of >30 and >50 participants failed to detect 
subgroup effects.  

 

RCTs with large total sample sizes compromised statistical power by having multiple intervention 

groups that markedly reduced the number of participants randomised to trial arms and increased 

imprecision of estimates of treatment effects.  

 

Quality of reporting - observations 

Generally, trial reports lacked recommended levels of detail suggested for reporting TENS trials 

[113]. It was noticeable that many trial reports focussed on physiological and clinical plausibility of 

findings rather than the integrity of methods, data, and analyses.  
 

Trial Design - Pragmatic and Exploratory 

We included a spectrum of pragmatic and explanatory trials, and it is known that pragmatic trials 

tend to have higher standard deviations because they recruit a wider range of participants but are 

more useful to inform options for care in clinical settings [127]. Some RCTs were overly complicated 

in design and had too many comparison groups and outcome measures, at the expense statistical 

power. 

 

Cross-over studies - Sensitivity analysis 

We included cross-over studies and pre-specified that we would only extract data from the first 
phase unless we considered there to be sufficient duration of washout between crossover to 

prevent carry-over effects. We were only able to extract data from a few cross-over trials and in all 

instances, we considered there to be sufficient washout as evidence suggests that the effects of 

TENS are generally short-lived. We conducted sensitivity analyses and found that removal of 

crossover trials did not affect findings of the analysis  

• TENS versus placebo  

• All trials 
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• SMD [95% CI] = -0.96 [-1.14, -0.78] Test for overall effect: Z = 10.37 (P < 

0.00001) Heterogeneity: Tau² = 0.64; Chi² = 733.23, df = 90 (P < 0.00001); I² = 

88%). 

• After removal of [84,98,128]  
• SMD [95%CI] = -0.97 [-1.16, -0.79] Test for overall effect: Z = 10.35 (P < 

0.00001) Heterogeneity: Tau² = 0.66; Chi² = 726.33, df = 88 (P < 0.00001); I² = 

88%).  

Analysing crossover data as if parallel group, normally requires generic inverse variance to correct 

for correlation between groups using the same participants (paired data), but we argue that has 

negligible impact on outcome because generic inverse variance increases confidence intervals and 

this will be negated by the influence of the overwhelming number of data points from parallel group 

studies. 

 

Appropriateness of TENS  

The electrical characteristics for TENS and the treatment regimens were diverse, but usually 

appropriate for clinical context, e.g., a single dose of less than five minutes for some procedural 

pains, to single doses one hour or a single daily dose over a period of a few week. The included 

studies all administered TENS at a strong intensity that we consider to be optimal. It was difficult to 

ascertain whether electrical characteristics and/or treatment regimens were advisory or prescribed 

for longer duration multiple treatment studies. Few studies formally measured frequency of home 

usage and/or whether there had been adherence to instructions on how best to self-administer 

TENS.  

 

Many RCTs delivered TENS within clinical settings, which is appropriate for in-patient populations 
with acute pain, but less so for out-patient populations with chronic pain, where it would be more 

ecologically valid to monitor outcomes following a period of treatment that was self-administered 

home use. As TENS is a self-administered technique-based intervention, we argue that RCTs using an 

enriched enrolment randomised withdrawal design would have utility. There were no such trials in 

the included studies. 

 

Measurement time points 

Few TENS regimens lasted more than one month even for chronic pain. Follow-up after a course of 

treatment was short and no more than one month. We pre-specified analysis of data during or 

immediately after a single TENS intervention to account for such diversity so our analysis provides 
evidence of ‘immediate’ during treatment effects.  We feel that this is ecologically valid but does not 

address the longer-term outcomes of TENS.  

 

Contamination  

We included data of interventions with concurrent use of pharmacological and/or non-

pharmacological treatments (e.g., exercise, hot/cold therapies), as background or as rescue, formally 

as part of the design of the study. Contamination of estimates of treatment effect in RCTs and meta 

analyses has been recognised as an issue in RCTs of medical interventions [129].  

 

Previously, we have argued that pain scores may be compromised when participants have access to 
analgesics because participants may titrate analgesic consumption to achieve tolerable levels of pain 

intensity in each intervention group [114]. Previously we have reported that contamination from the 

simultaneous use of other treatments is likely to bias toward underestimating treatment effects 

associated with TENS for pain [113]. We have argued that the influence of TENS on analgesic 

consumption, and associated side effects, may be a more meaningful measure and we are planning 

to evaluate the effect of TENS on analgesic consumption. 
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Risk of Performance Bias (blinding participant) 

We used an aide memoire adapted for TENS to support consistency of judgements for risk of bias.  

 

Participant blinding has been central to the debate about the efficacy of TENS. Previous systematic 
reviews have managed judgements of performance bias associated with blinding participants and 

therapists inconsistently with some reviewers awarding high risk of performance bias arguing that it 

is impossible to blind participants to the sensory experience associated with TENS. We argue that 

the key to blinding is whether participants are uncertain whether an intervention is ‘functioning 
properly’ so that participants in treatment and placebo groups are uncertain whether they have 
received appropriate treatment. Many trials used a modified TENS device without current output 

coupled with pre-study briefings to create uncertainty about whether a treatment is ‘functioning 
properly’. This has been shown to mitigate over-estimation of effects associated with knowing which 

intervention is ‘placebo’ even when participants experience TENS sensations (see discussion in [8]). 

There were few RCTs that assessed the credibility and outcome of blinding of participants, those that 
did reported that blinding of this nature was successful. 

 

Adverse events - Limitations in the analysis  

All included RCTs focussed on treatment effects rather than adverse events. Adverse effects were 

rarely pre-specified as an outcome in trial reports and when they were methods and procedures to 

capture adverse effect data was unclear. We found a lack of clarity in reports and especially whether 

the likely cause of adverse events was related to TENS or concurrent treatment such as medication, 

or other medical procedures such as surgery. Some reports categorised worsening symptoms as an 

adverse event rather treatment failure.  

 
Many reports stated ‘no significant adverse effects occurred in the study’ or ‘there were no side 
effects in either group’ but did not provide comparative numerical data (e.g., tabulated). When 

pooling data for meta-analysis, we only extracted data as ‘zero’ if there was clear numerical data or 
there was a statement that no adverse events occurred in a group, and this was accompanied by 

numerical data of the occurrence of at least one event in the comparator group(s). 

 

Overall, our analysis is susceptible to bias associated with unclear and selective reporting of adverse 

events as most investigators reported spontaneous detection of adverse events based on ill-defined 

criteria. Characterisation and extraction of data to pool for meta-analysis for adverse events was 

imprecise because most reports inadequately described the monitoring, determination, and analysis. 
Criteria to recognise adverse events were absent, as were criteria for categorising seriousness. Thus, 

our estimate of risk ratio for the occurrence of adverse events lacked precision and there is still a 

need for more robust data. 

 

There are generally few published studies of adverse effects on TENS. Evidence suggests a higher 

incidence of skin reactions when using monophasic pulsed electrical currents. A laboratory study by 

[130] found that 52% of 25 healthy participants experienced adverse skin reactions to 10 minutes of 

subsensory monophasic pulsed transcutaneous electrical stimulation at the knee compared which 

was higher that reported rates in previous studies using asymmetrically biphasic pulsed electrical 

currents, which was only 4%. Most studies in our analysis used biphasic pulsed electrical currents. 
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SECTION 4 - Certainty and Quality of Evidence 

 

GRADE Methodology  

GRADE = Grades of Recommendation, Assessment, Development and Evaluation  
 

GRADE judgements were undertaken independently by MIJ and CAP (GJ and PGW as arbiters).  

We used GRADEPro software and the Guideline development tool to conduct the assessment of 

evidence and create evidence tables https://gradepro.org/.  

 

Certainty was assessed against the following criteria and if necessary downgraded: 

• Risk of bias - Serious (- 1) or very serious (- 2) 

• Inconsistency- Serious (- 1) or very serious (- 2) 

• Indirectness - Serious (- 1) or very serious (- 2) 

• Imprecision - Serious (- 1) or very serious (- 2) 

• Publication bias – Strongly suspected (- 1)  

 

GRADE judgements of pooled effects for outcomes were:  

• Very low - The true effect is probably markedly different from the estimated effect 

• Low - The true effect might be markedly different from the estimated effect 

• Moderate - The authors believe that the true effect is probably close to the estimated 
effect 

• High - The authors have a lot of confidence that the true effect is like the estimated 

effect. 

 

We created an Aide Memoire to assist decision making (available on request from 

m.johnson@leedsbeckett.ac.uk). The Aide Memoire was based on the GRADE handbook, Domain-

specific guidance for writing useful explanations – from Cochrane and an item checklist developed 

by [131] 
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GRADE: Summary of Findings  

 

TENS versus Placebo 

 

 
 

Explanations 
a. Not serious. Over there was low or unclear RoB, except for sample size. There was low RoB for participant and assessor bias. We 
considered low sample size within inconsistency 

b. Serious. Point estimates varied moderately; Generally, confidence intervals overlapped, although not all overlapped at least one point 
estimate. The direction of effect was consistent; The magnitude of statistical heterogeneity was high (e.g., I2 >60%) and unexplained and 
may be associated with the contribution from small sized studies as detected by Egger's test. We downgraded (-1) for the combined 

effects of unexplained heterogeneity and possible publication bias associated with small study effect. 
c. Not serious. The populations and interventions in included studies were highly applicable. The outcome was directly measured and in a 

sufficient timeframe. The conclusions were based on direct comparisons 
d. Not serious. Pooled data sample size does meet pre-specified (e.g., 500 participants per trial arm). Magnitude of median study sample 
size was low (<100 participants); Number of included studies was high (>10 studies); Overall effect estimate confidence intervals showing 

the possibility of an effect above the threshold of important benefit. 
e. Not serious. Visual inspection of Funnel plots suggested possible asymmetry and Egger's regression test showed evidence of a small‐
study effect (p < 0·0001). Trim and fill analysis indicated that eight trials might be missing to the right of the mean for an adjusted SMD of ‐
0·78 (95% CI -0·995 to ‐0·565) from -0·96 (95% CI -1·14, -0·78). We decided not to downgrade for this item but considered the impact of 
small study effect under inconsistency. 

f. Not serious. Point estimates varied moderately; All confidence intervals overlapped one point estimate. The direction of effect was 
consistent. The magnitude of statistical heterogeneity was low (e.g., I2 >0%) 
g. Serious. Magnitude of median study sample size was low (<100 participants) and does not meet pre-specified criteria for number of 

participants for pooled data (>500 participants per trial arm). Number of included studies was moderate (e.g., 5-10 studies); Outcome was 
a common event (e.g., >1/100). We downgraded (-1).  

  

TENS versus placebo for pain intensity at last during or first post intervention measurement point  

Certainty assessment Summary of findings 

Participants 

(studies) 
Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

Overall 
certainty 

of 
evidence 

Study event rates (%) 

Relative 

effect 
(95% CI) 

Anticipated absolute 
effects 

With Placebo 
(any) at last 

during or 
first post 

intervention 
measurement 

With 
TENS 

Risk with 
Placebo 

(any) at last 
during or 
first post 

intervention 
measurement 

Risk 
difference 
with TENS 

Pain Intensity Rating (assessed with: 0-10 intensity scale (VAS/NRS)) 

4841 

(91 RCTs) 

not 

seriousa 

seriousb not seriousc not seriousd nonee ⨁⨁⨁◯ 

Moderate 

2415 2426 - - SMD 0.96 

SD lower 

(1.14 lower 

to 0.78 

lower) 

Reduction of pain intensity of 50% or more 

460 

(9 RCTs) 

not 

serious 

not seriousf not seriousc seriousg publication 

bias strongly 

suspectede 

⨁⨁◯◯ 

Lowe 

28/219 

(12.8%)  

106/241 

(44.0%)  

RR 2.89 

(2.02 to 

4.13) 

128 per 1,000 242 more 

per 1,000 

(from 130 

more to 400 

more) 

CI: confidence interval; RR: risk ratio; SMD: standardised mean difference 
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TENS versus No Treatment 

 

 

Explanations 
a. Not serious. Low or unclear RoB except for sample size. Possibility that participants know they are not receiving treatment in some 
studies. We did not downgrade  

b. Serious. Point estimates did not vary widely; Confidence intervals had substantial overlap (all confidence intervals overlap at least one 
of the included studies point estimate); The direction of effect was consistent; The magnitude of statistical heterogeneity was high (e.g., I2 
>60%). We downgraded (-1) 

c. Not serious. The populations and interventions in included studies were highly applicable. The outcome was directly measured and in a 
sufficient timeframe. The conclusions were based on direct comparisons 

d. Serious. Pooled data sample size does NOT meet pre-specified (e.g., 500 participants per trial arm). Magnitude of median study sample 
size was low (<100 participants); Number of included studies was high (>10 studies); Overall effect estimate confidence intervals showing 
the possibility of an effect above the threshold of important benefit. We downgraded (-1) because pooled data sample size does NOT 

meet pre-specified  
e. Egger's regression test showed potential evidence of a small‐study effect (p = 0.0878). although trim and fill analysis showed no 
evidence of publication bias.  

  

TENS versus no treatment (waiting list control) for pain intensity at last during or first post intervention 
measurement point  

Certainty assessment Summary of findings 

Participants 
(studies) 
Follow-up 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Publication 

bias 

Overall 
certainty 

of 
evidence 

Study event rates 
(%) 

Relative 
effect 

(95% CI) 

Anticipated absolute 
effects 

With No 
treatment 
(waiting 

list 
control) 

With 
TENS 

Risk with 
No 

treatment 
(waiting 

list 
control) 

Risk 
difference 

with TENS 

Pain Intensity Rating - last during or first post intervention 

602 

(10 RCTs) 

not 

seriousa 

seriousb not seriousc seriousd nonee ⨁⨁◯◯ 

Low 

304 298 - - SMD 0.82 SD 

lower 

(1.18 lower to 

0.46 lower) 

CI: confidence interval; RR: risk ratio; SMD: standardised mean difference 
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TENS versus Standard of Care (SoC) 

  

 

Explanations 
a. Indirectness - Not serious. The populations and interventions in included studies were highly applicable. The outcome was directly 

measured and in a sufficient timeframe. The conclusions were based on direct comparisons. We did not downgrade 

b. Publication bias - Strongly suspected. Visual inspection of Funnel plots suggested asymmetry. Egger's regression test showed significant 
evidence of a small‐study effect (p = 0.0062). Trim and fill analysis showed evidence of publication bias, indicating that 11 trials might be 

missing to left of mean for an adjusted SMD of ‐1.032 (-1.31, -0.76) increasing the effect size (random‐effects model). We downgraded (-1) 
due to small study effect combined with potential RoB associated with blinding. 
c. Risk of bias - Not serious. There was low or unclear RoB for all items except sample size. There was a higher RoB associated blinding of 

participants than for placebo. This was not serious enough to downgrade by one level, so we combined concerns about RoB with concerns 
about publication bias.  

d. Inconsistency - Serious. Point estimates varied moderately; Generally, confidence intervals overlapped, although not all overlapped at 
least one point estimate. The direction of effect was consistent; The magnitude of statistical heterogeneity was high (e.g., I2 >60%). We 
downgraded (-1) 

e. Imprecision - Not serious. Pooled data sample size does meet pre-specified (e.g., 500 participants per trial arm). Magnitude of median 
study sample size was low (<100 participants); Number of included studies was high (>10 studies); Overall effect estimate confidence 
intervals showing the possibility of an effect above threshold. We did not downgrade but Egger's test noted a small study effect which was 

accounted for under Publication Bias  

 
 

TENS versus Other Treatment 

We did not GRADE. 

 

  

TENS versus treatment(s) used as standard of care for pain intensity at last during or first post 
intervention measurement point  

Certainty assessment Summary of findings 

Participants 
(studies) 
Follow-up 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Publication 

bias 

Overall 
certainty 

of 

evidence 

Study event rates 
(%) 

Relative 
effect 

(95% CI) 

Anticipated absolute 
effects 

With 

Standard 
of Care 

With 
TENS 

Risk with 

Standard 
of Care 

Risk 

difference 
with TENS 

Pain Intensity Rating 

3155 

(61 RCTs) 

not 

seriousc 

seriousd not seriousa not seriouse publication 

bias strongly 

suspectedb 

⨁⨁◯◯ 

Low 

1561 1594 - - SMD 0.72 SD 

lower 

(0.95 lower to 

0.5 lower) 

CI: confidence interval; RR: risk ratio; SMD: standardised mean difference 
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High Frequency versus Low Frequency TENS 

 
 

Explanations 
a. Not serious. Low or unclear RoB except for sample size which was accounted for in imprecision.  
b. Not serious. Point estimates varied moderately; Generally, confidence intervals overlapped. The direction of effect was consistent; The 
magnitude of statistical heterogeneity was low (e.g., I2 <40%). 

c. Not serious. The populations and interventions in included studies were highly applicable. The outcome was directly measured and in a 
sufficient timeframe. The conclusions were based on direct comparisons. 
d. Serious. Pooled data sample size does NOT meet pre-specified threshold (e.g., 500 participants per trial arm). Magnitude of median 

study sample size was low (<100 participants); Number of included studies was high (>10 studies); Overall effect estimate confidence 
intervals showed the possibility of no difference in effect. We downgraded (-1). 

e. Undetected. Visual inspection of Funnel plots suggested symmetry. Egger's regression test showed no significant evidence of a small‐
study effect (p = 0.8871). Trim and fill analysis showed no evidence of publication bias.  

 

Adverse events  

  
 
Explanations 
a. Very serious. Adverse events were generally capture by spontaneous observation rather than through formal study design. We 

downgraded by two levels (-2). 
b. Not serious. Overall, there is consistency in the direction of results with some inconsistency in the estimates of the treatment effect.  

c. Very serious. Most trials did not pre-specify formal measurement of adverse events. The populations and interventions in included 
studies were highly applicable. The outcome was not directly measured, nor measured in a sufficient timeframe. The conclusions were 
often based on direct comparisons of spontaneous reports. We downgraded by two levels (-2).  

d. Serious. The event rate and trial sample sizes were very low. The optimal information size criterion for benefit was met (i.e., >500 
participants per trial arm) but this needs to be substantially larger for harm. We downgraded by two levels (-2). 
e. Strongly suspected. Visual inspection of Funnel plots suggested asymmetry and publication bias. 

 

  

High versus low frequency TENS for pain intensity at last during or first post intervention measurement 
point  

Certainty assessment Summary of findings 

Participants 
(studies) 
Follow-up 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Publication 

bias 

Overall 
certainty 

of 
evidence 

Study event rates 

(%) 

Relative 
effect 

(95% CI) 

Anticipated absolute 

effects 

With Low 
Frequency 

TENS 

With High 
Frequency 

TENS 

Risk with 
Low 

Frequency 
TENS 

Risk 
difference 
with High 
Frequency 

TENS 

Pain Intensity Rating 

468 

(13 RCTs) 

not 

seriousa 

not seriousb not seriousc seriousd nonee ⨁⨁⨁◯ 

Moderate 

233 235 - - SMD 0.19 

lower 

(0.43 lower to 

0.06 higher) 

CI: confidence interval; RR: risk ratio; SMD: standardised mean difference 

TENS compared with comparator for adverse events irrespective of severity   

Certainty assessment Summary of findings 

Participants 
(studies) 
Follow-up 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Publication 

bias 

Overall 
certainty 

of 
evidence 

Study event rates (%) 
Relative 

effect 
(95% CI) 

Anticipated absolute 

effects 

With 
Comparator 

With 
TENS 

Risk with 
Comparator 

Risk 
difference 
with TENS 

Proportion of participants experiencing adverse events irrespective of severity - all comparators 

1587 

(18 RCTs) 

very 

seriousa 

not seriousb very seriousc seriousd publication 

bias strongly 

suspectede 

⨁◯◯◯ 

Very lowd 

95/782 

(12.1%)  

63/805 

(7.8%)  

RR 0.73 

(0.36 to 1.48) 

121 per 

1,000 

33 fewer per 

1,000 

(from 78 

fewer to 58 

more) 

CI: confidence interval; RR: risk ratio 
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SECTION 5 – Supplementary Detail to Support Conclusions 

 

Overall completeness and applicability of evidence  

Our analysis supports treatment effects during and immediately post TENS. We did not attempt to 
analyse long-term follow-up following a course of treatment at this stage of the project. We are yet 

to conduct some pre-specified analyses on secondary outcomes including condition-specific pain-

related outcomes (e.g., WOMAC, FIQ), health-related quality of life, including activities of daily living 

and fatigue, using any validated tool (e.g., Patient Global Impression of Change (PGIC), Short Form 

Health Survey (SF-36), EuroQol instruments) and participant-reported treatment satisfaction. 

 

Predominance of in-clinic RCTs  

There was a predominance of RCTs undertaken in hospital settings with short term outcomes such 

as post-operative pain and procedural pain, with fewer studies on chronic pain monitoring long term 

outcome from a long-term course of treatment. Methodological aspects of the study are logistically 
easier to manage and control in hospital settings than home trials whereby participants are using 

TENS to self-manage pain. Consequently, these RCTs tended to be judged as having lower risk of 

bias.  

 

Paucity of long-term follow-up 

There was a scarcity of trials with long-term follow-up of say 6 months after treatment had ceased. 

Interpreting the findings of these types of trials needs careful consideration. The effects of TENS are 

maximal during or immediately after stimulation so a significant gap between the end of a course of 

TENS treatment and follow-up measurements may bias towards observing no treatment effect. 

Trials with a significant gap between the end of a course of TENS treatment and follow-up may 
detect resolution of pain and/or behaviour changes such as reducing fear-avoidance of movement 

pain resulting in increased physical activity that may have been catalysed by a course of TENS 

treatment or by a wide range of other factors.  

 

Paucity of RCTs on prevalent chronic pain conditions 

There were too few trials to make confident judgements about treatment effects associated with 

neuropathic pain, and common types of chronic musculoskeletal pain such as non-specific low back 

and/or neck pain and osteoarthritis. Despite our review providing evidence that differences in TENS 

effects between specific conditions is minimal, we feel that a large scale long-term multi-centre trial 

for these common conditions would still be valuable. This is because differences in the context and 
practicalities of using TENS between specific conditions and populations of patients (e.g., elderly, 

cognitively challenged) that may influence whether TENS is indicated in clinical practice. It will also 

provide guideline panels with more confidence on which to make decisions about specific 

conditions. 

 

Follow-up analyses emerging from this review are: 

• The effect of TENS on analgesic consumption based on the studies included in this review.  

• The effect of TENS versus ‘TENS-like’ devices that were excluded from this review (e.g., 

transcutaneous electrical acupoint stimulation, interferential currents, etc.). There are some 

systematic reviews that have recently undertaken similar analyses [41,132,133]. 
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Plausibility of Findings 

 

Physiological Plausibility 

Our findings are physiological plausible. There is long-standing evidence that TENS acts 
physiologically to neuromodulate central nociceptive transmission irrespective of pathophysiology 

or diagnosis by selectively activating low threshold cutaneous primary afferents which reduces 

noxious evoked activity in central nociceptive transmission cells in both normal and sensitised states 

(see [7,134] for reviews). Therefore, TENS is used for symptomatic relief of pain rather than 

treatment (cure) of pathology in clinical practice.  

 

Clinical Plausibility 

Our findings are consistent with expert opinion and clinical experience spanning more than 50 years, 

that TENS provides symptomatic relief of pain in a manner similar to ‘soothing pain’ by rubbing, 
warming or cooling the skin i.e., a therapeutic neuromodulation.  
 

Our findings agree with expert opinion and clinical guidelines that TENS is probably safe and that 

adverse events are generally mild and restricted to minor skin reactions such as erythema and 

itchiness at the site of electrodes [6,134-136].  

 

Our findings that pain characteristics do not moderate the effect of TENS agree with research that 

has found no relationships between TENS outcome and type of pain [103] and that physiological 

action is via neuromodulation rather than curative (i.e., not dependent on pathology [137,138]).  

 

Our findings that high or low frequency stimulation does not moderate the effect of strong but 
comfortable TENS is consistent with current clinical practice whereby patients are advised to tailor 

the electrical output characteristics of the device to maximise comfort accompanying a strong non-

painful TENS sensation on a moment-to-moment basis if necessary.  

 

There were few trials and participants to make confident judgements about treatment effects 

associated with neuropathic pain, and common musculoskeletal pains such as chronic non-specific 

low back and/or neck pain and osteoarthritis. This review provides evidence that suggests that there 

are minimal differences in treatment effects between specific conditions. There may, however, be 

differences in the context and practicalities of using TENS between specific conditions and 

populations of patients (e.g., elderly, cognitively challenged) that will influence whether TENS is 
indicated in clinical practice. For TENS we posit that context of pain, rather than pathology is more 

likely to predict outcome. 

 

Agreements and disagreements with other studies or reviews  

As part of this review, we identified and characterised 145 previously published systematic reviews 
(32 Cochrane reviews) on effect of TENS on pain-related outcomes.  

 

Our descriptive analysis found that statements of conclusion in previous systematic reviews tended 

toward inconclusive (70/145) or TENS being efficacious (51/145) for acute or chronic pain. Despite 

being comprehensive and robust in methodological approach, Cochrane reviews consistently report 

that there are insufficient trials and participants to undertake meta-analyses of pooled data on 

specific pain conditions.  

 

The recent overview of Cochrane reviews on TENS for chronic pain [139,140] and neuropathic pain 

[139,140] did not pool data, and were inconclusive. In our review we have argued against using a 
classical pathology-based categorisation of pain when appraising TENS at a gross level. Our subgroup 

analyses for common pain conditions such as labour pain, low back pain and osteoarthritis too few 
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trials and participants to estimate treatment effects with certainty. This is consistent with previous 

reviews.  

 

Inconsistency in clinical guidelines  

At present, TENS is recommended TENS as an adjunct to core treatment for osteoarthritis, 

rheumatoid arthritis [135,141], but not for non-specific chronic low back pain [142] and intrapartum 

care (labour pain) [143].  

 

The inconsistency in National Institute for Health and Care Excellence guidelines has been due in 

part to insufficient data to make recommendations for specific pain conditions. We found that the 

magnitude of effect between different types of pain is not clinically relevant enabling data pooling 

from any type of pain. Our review has done this, and our findings should be considered in the 

development of future clinical guidelines, especially those that do not recommend TENS for specific 

pain conditions based on insufficient high quality RCTs on specific types of pain 
 

The NICE draft guideline for chronic pain [144] does not recommend TENS for chronic primary pain 

based on an analysis of two RCTs.  In contrast, we analysed data from 20 trials based on the ICD-11 

coding, with a statistically significant overall effect in favour of TENS compared with placebo (SMD = 

-0.66 [-1.20, -0.29], P < 0.0004).  

 

Cost-benefit  

Our review did not include a cost-benefit analysis, funders should be aware that previous analyses 

provide evidence that TENS equipment, running costs and follow-up clinical support is inexpensive 

and can reduce annual costs for chronic pain [145], chronic low back pain without neurological 
involvement [146,147] and osteoarthritis of the knee [148]. 

 

 

Summary of Conclusions 

TENS produces clinically important reductions in the intensity of acute or chronic pain during and 
immediately after treatment with minimal risk of adverse events. This is based on a review of 381 

RCTs and 24532 participants at entry and various meta-analyses. 

 

• There is moderate-certainty evidence of treatment effects in favour of TENS when compared 

with placebo based on data from 91 RCTs (92 samples, 4841 participants) with standardised 

mean difference [95% CI] for pain intensity of -0.96 [-1.14, -0.78]. This surpassed our threshold 

of magnitude for an important change in pain intensity in-line with IMMPACT criteria [15].  

• There is low-certainty evidence of treatment effects in favour of TENS when compared with no 
treatment (waiting list) controls. 

• There is low-certainty evidence of treatment effects in favour of TENS compared with 

treatments are considered by trial authors to be used fully or partly as standard of care (61 RCTs 

(61 samples, 3155 participants) with the standardised mean difference of -0.72 [-0.95, -0.50] in 

favour of TENS.  

• There is moderate-certainty evidence of no difference in pain intensity between high and low 

frequency TENS. 

• There is evidence from 381 RCTs that adverse events from TENS are minor and infrequent and 

not different from placebo, although the estimate of risk ratio had very-low certainty.  

 

We have been judicious in our interpretation of our findings. We are confident in these conclusions 

because our findings are physiologically plausible and consistent with clinical expertise. 

 

Implications for practice  
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• TENS can produce clinically important reductions in pain intensity for people experiencing acute 

or chronic pain, with minimal risk of harm.  

• There are no clinically important differences in reductions in pain intensity generated by TENS 

for different pain conditions (diagnosis) or type of tissue associated with pain.  

• TENS should be considered as a potential treatment option as an adjunct or as a stand-alone 

treatment for individuals experiencing any type of pain.  

 

For people with pain 

• TENS is a safe pain-relieving treatment and can be used on its own or in combination with other 
treatments to reduce the intensity (soothe) acute or chronic pain.  

• TENS produces a strong non painful TENS sensation within or close to the site of pain, so TENS 

needs to be administered frequently to maintain its pain-relieving effect. 

• TENS equipment and running costs are relatively inexpensive and TENS can be self-administered 

either in hospital, clinic, or home settings. 

 

For clinicians  

• This review of 381 RCTs provides evidence that clinically meaningful reductions in pain intensity 

occur during or immediately after delivering strong non painful TENS close to the site of pain.  

• There is evidence that the characteristics of pain (e.g., duration or type of pain) do not modify 

the effects of TENS so any type of pain may respond. 

• There is evidence that whether the electrical characteristics of currents are high frequency of 

low frequency do not modify the effects of TENS. 

• Patients may need to use TENS frequently in order to maintain an analgesic effect. 

 

For policymakers  

• The findings provide evidence in support of clinical guidelines that recommend TENS as an 

adjunct to core treatment [135,141].  

• The findings provide evidence that the size of treatment effect between different types of pain is 

small, so efficacy is transferable to any type of pain. This should be considered in the 
development of clinical guidelines, especially those that do not recommend TENS for specific 

pain conditions based on insufficient high quality RCTs on specific types of pain, e.g., non-specific 

chronic low back pain [142] and intrapartum care (labour pain) [143]. 

• The findings are consistent with physiological plausibility and with clinical experience and 

expertise in the field.  

 

For funders  

• This review did not include a cost-benefit analysis. Previously published analyses provide 
evidence that TENS equipment, running costs and follow-up clinical support is inexpensive and 

can reduce annual costs for chronic pain [145], chronic low back pain without neurological 

involvement [146,147] and osteoarthritis of the knee [149]. 

• TENS is safe and inexpensive and should be available as a treatment option for the management 

of pain.  

 

Implications for research  

This review should serve to  

• Reduce production of systematic reviews on TENS for acute pain, chronic pain, or specific painful 

conditions unless there is novel angle and/or a dramatic increase in the volume of large 

multicentre randomised controlled trials.  

• Justify a large scale multicentred RCT to assess TENS in a mixed population of chronic pain 

patients to add further confidence, or otherwise, to the precision of the findings reported in this 

review. We propose an Enriched Enrolment Randomised Withdrawal design to overcome many 
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methodological issues encountered in RCTs on TENS [150,151], trial arm sample sizes greater 

than 200 participants, and the use of methodological criteria for RCTs on TENS reported in [113]. 

• Justify the need for pragmatic ecologically valid studies gathering real-world data about how 
best to integrate TENS into practice. Such findings can inform educational packages to train and 

support patients to self-administer TENS [152-154].  
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