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Abstract

Purpose To evaluate benefits and harms of transcutaneous electrical nerve stimulation (TENS) for chronic primary low back
pain (CPLBP) in adults to inform a World Health Organization (WHO) standard clinical guideline.

Methods We searched for randomized controlled trials (RCTs) from various electronic databases from July 1, 2007 to
March 9, 2022. Eligible RCTs targeted TENS compared to placebo/sham, usual care, no intervention, or interventions with
isolated TENS effects (i.e., combined TENS with treatment B versus treatment B alone) in adults with CPLBP. We extracted
outcomes requested by the WHO Guideline Development Group, appraised the risk of bias, conducted meta-analyses where
appropriate, and graded the certainty of evidence using GRADE.

Results Seventeen RCTs (adults, n=1027; adults > 60 years, n=28) out of 2010 records and 89 full text RCTs screened were
included. The evidence suggested that TENS resulted in a marginal reduction in pain compared to sham (9 RCTs) in the
immediate term (2 weeks) (mean difference (MD) = -0.90, 95% confidence interval -1.54 to -0.26), and a reduction in pain
catastrophizing in the short term (3 months) with TENS versus no intervention or interventions with TENS specific effects
(1 RCT) (MD = -11.20, 95% CI -17.88 to -3.52). For other outcomes, little or no difference was found between TENS and
the comparison interventions. The certainty of the evidence for all outcomes was very low.

Conclusions Based on very low certainty evidence, TENS resulted in brief and marginal reductions in pain (not deemed
clinically important) and a short-term reduction in pain catastrophizing in adults with CPLBP, while little to no differences
were found for other outcomes.

Keywords Low back pain - Systematic review - Meta-analysis - Transcutaneous electrical nerve stimulation

Introduction

Electrical stimulation therapies are therapeutic adjuncts
used in the management of chronic pain conditions such as
osteoarthritis, fibromyalgia, and chronic primary low back
pain (CPLBP) [1-3]. They include a range of non-invasive
peripheral stimulation techniques to relieve pain. Among

Extended author information available on the last page of the article

these therapies, transcutaneous electrical nerve stimulation
(TENS) and interferential therapy are the most used low
volatage electrical stimulation therapies [1, 2].

Both are reported to have similar mechanisms of action,
namely acting through segmental inhibition or activation
of descending pain-inhibitory systems [1]. TENS units are
widely available and accessible globally [4]. A TENS unit
is a battery-powered device that can be self-administered
and delivers electrical impulses through electrodes placed
on the intact skin surface near the source of maximal pain.
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Interferential therapy involves a different form of electri-
cal stimulation than TENS, and treatment is administered
using two pairs of electrodes usually in a clinical setting.
Compared to interferential therapy, TENS is used more fre-
quently as a self-delivered intervention given that it is inex-
pensive and easily accessible.

In 2008, Khadilkar and colleagues published a Cochrane
systematic review to assess the effectiveness of TENS ver-
sus placebo for the management of CPLBP (4 randomized
controlled trials [RCTs], 585 patients) [4]. Their outcomes
of interest were pain, functional status, generic health sta-
tus, work disability, participant satisfaction, treatment
side effects, physical examination measures (e.g., range of
motion), medication use, and use of medical services. The
authors concluded that the evidence did not support the use
of TENS for the routine management of CPLBP. Similarly,
Resende et al. (2018) found low-quality evidence that TENS
did not improve function immediately after therapy when
compared to placebo [5]. However, little is known about
the effects of TENS versus other interventions and benefits
and harms in people with CPLBP — pain between the lower
costal margin and the gluteal fold with no specific underly-
ing cause of more than three months duration. Therefore, to
develop clinical practice guideline recommendations for the
management of CPLBP in adults, the World Health Organi-
zation (WHO) commissioned the current systematic review
to update the evidence and expand the aims of the Cochrane
review [4] by assessing additional comparators (e.g., no
intervention, usual care), important outcomes (e.g., psycho-
logical functioning, social participation including work),
and conducting additional subgroup analyses (e.g., gender/
sex, race/ethnicity).

The objectives of this systematic review of RCTs were to
determine: (1) the benefits and harms (as reported in RCTs)
of TENS compared to placebo/sham, usual care, or no inter-
vention for the management of CPLBP in adults, including
older adults (aged > 60 years); and (2) whether the benefits
and harms of TENS vary by age, gender/sex, presence of leg
pain, race/ethnicity, or national economic development of
the countries where the RCTs were conducted.

Methods

This systematic review was conducted as part of a series
of reviews to inform the WHO guideline on the manage-
ment of CPLBP in adults. The development of this guideline
was ongoing at the time of submission of this manuscript.
The methods are detailed in the methodology article of this
series [3, 6].

Briefly, we updated and expanded the scope of the pre-
viously published high-quality Cochrane systematic review
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by Khadilkar et al. (2008) [4]. We registered our review
protocol with Prospero (CRD42022314817) on 7 March
2022. We searched MEDLINE (Ovid), CINAHL (EBSCO),
Embase (Ovid), Cochrane Central Register of Controlled
Trials (Wiley), PEDRO, and the WHO International Clini-
cal Trials Registry Platform (ICTRP) from the period of
1 July 2007 (end date of previous Cochrane review) to 9
March 2022 (see Online Resource 1). We also searched the
reference lists of systematic reviews and included RCTs.

We included RCTs that compared TENS to placebo/
sham, usual care, and no intervention (including comparison
interventions where the attributable effect of TENS could
be isolated, e.g., TENS + medication vs. same medication
alone) in adults (aged >20 years) with CPLBP. TENS inter-
ventions could be applied using device settings of any of the
stimulation parameters including pulse intensity, frequency,
duration, and type (burst or continuous). RCTs of electri-
cal stimulation administered percutancously using needles
were excluded. In addition to the main critical outcomes
requested by the WHO Guideline Development Group
(GDG) and assessed for all reviews in this series (pain,
function, health-related quality of life, harms, psychological
functioning, and social participation including work), we
also assessed additional critical outcomes requested by the
WHO GDG for this review — the change in use of medica-
tions and falls in older adults (aged > 60 years). We reported
outcomes based on post-intervention follow-up intervals
including: (1) immediate term (closest to 2 weeks after the
intervention period); (2) short term (closest to 3 months
after the intervention period); (3) intermediate term (clos-
est to 6 months after the intervention period); (4) long term
(closest to 12 months after the intervention period); and (5)
extra-long term (more than 12 months after the intervention
period).

We assessed between-group differences to determine the
magnitude of the effect of an intervention and to assess its
effectiveness [7, 8] (details in the methodology article in this
series) [6]. Briefly, we considered a mean difference (MD)
of >10% of the scale range (e.g., MD =1 on visual analogue
scale 0 to 10) or > 10% difference in risk for dichotomous
outcomes to be a minimally important difference (MID) [9,
10]. If the standardized mean difference (SMD) was calcu-
lated, SMD > 0.2 was considered a MID [11].

Pairs of reviewers independently screened studies for
eligibility, and critically appraised risk of bias using the
Cochrane ROB 1 tool [12], modified from the Cochrane
Back and Neck Methods Guidelines [13]. One reviewer
extracted data for all included RCTs, which was then
verified by a second reviewer. Any disagreements were
resolved by consensus between paired reviewers or with
a third reviewer when necessary. Forms and guidance for
screening, risk of bias assessment, and data extraction were
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adapted from those used by Hayden et al. in the conduct
of the ‘exercise for chronic low back pain’ collaborative
review, in which members of our team participated [14].
The forms were modified and completed using a web-based
electronic systematic review software DistillerSR Inc. [15].

In addition to the main sub-group analyses conducted
for all reviews in this series (age, gender/ sex, presence of
leg pain, race/ethnicity, national economic development of
country where RCT was conducted), we conducted the fol-
lowing pre-specified sub-group and sensitivity analyses:
number of treatment sessions (i.e., > 10 sessions vs. <10
sessions) and removal of RCTs rated as high risk of bias.

We conducted random-effects meta-analyses and narra-
tive synthesis where meta-analysis was not appropriate [16],
and graded the certainty of evidence using Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) [17]. The comparisons no intervention and inter-
ventions where the specific effects of TENS could be iso-
lated were combined in meta-analyses. Meta-analyses were
conducted using R [18, 19], and GRADE Evidence Profiles
and GRADE Summary of Findings tables were developed
using GRADEpro software [20].

Results

We screened 2010 records and 89 full-text reports (Fig. 1).
We identified five unpublished RCTs in the WHO ICTRP,
of which we contacted the authors with contact information
listed (four of the five). One author responded to inform us
that the RCT was ongoing, and therefore was not included
in our review. Thus, none of the five unpublished RCTs
identified in the WHO ICTRP were included (because the
other three authors did not reply). We included 17 pub-
lished RCTs (16 reports) [2, 21-35] with a total of 1027
adults (ranging from 11 to 134 adults per RCT) from pre-
dominantly healthcare settings (see Online Resources 2,
3). The RCTs were conducted in high-income economies
[36]: Canada (1 RCT) [23], Greece (1 RCT) [31], Japan
(1 RCT) [2], and the United States (3 RCTs) [22, 29, 32];
upper-middle income economies: Brazil (3 RCTs) [24-26],
China (1 RCT) [23], and Turkey (3 RCTs) [30, 34, 35]; and
lower-middle income economies: Egypt (1 RCT) [27], Iran
(1 RCT) [21], and Nigeria (2 RCTs) [28, 33]. The mean age
ranged from 22 to 64 years; two RCTs (both included in
one report) assessed older adults (n=28) [2]. The percent-
age of females within the RCTs ranged from 13 to 100%. In
eight RCTs, adults had CPLBP without leg pain [21, 23, 24,

‘ Previous trials ‘ ‘ Identification of new trials via databases and registers ‘ ‘ Identification of new trials via other methods J
Records identified from:
g | | Trials included in Databases (n = 1912)
= previous review (n = 4) ¢ Medline (n=621) Records removed before Records identified from:
3 e CINAHL (n = 341) screening: Citation searching (n = 1)
% Reports of trials included * EMBASE (n=30) Duplicate records removed
o in previous review (n =  CENTRAL (n=832) (n=76)
el 4y « PEDRO (n=88)
* Registry (n = 174)
A 4
Records screened Records excluded
(n=2010) (n=1917)
g : v
'E Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
o (n=93) (n=4) (n=1) (n=0)
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() y Comparison (n = 8)
New trials included in review Outcomes (n = 2)
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Reports of new included trials
(n=15p
v
B New trials included in review
- (n=17)
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£ (n=16)
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Fig. 1 Flow diagram of literature search
%4 RCTs from previous review were also identified from current

search; thus, they did not add to the total
°] report contained 2 RCTs [2]
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27,28, 31, 32, 35], in four RCTs (three reports) adults had
CPLBP either with or without leg pain (radicular or non-
radicular) [2, 29, 30], in a single RCT, adults had CPLBP
with radiculopathy [22], and presence of leg pain was not
reported in four RCTs [25, 26, 33, 34]. Where reported by
authors, CPLBP duration ranged from 31 weeks to 13 years.

The TENS interventions in the included RCTs involved
electrode placement over the paravertebral lumbosacral area
and sometimes to the affected leg, using conventional con-
tinuous or burst pulse types. TENS was compared to either
sham TENS (11 RCTs) [2, 22-24, 26, 28, 30-32, 34, 35], no
intervention (1 RCT) [29], or interventions where the spe-
cific effects of TENS were isolated (9 RCTs) [2, 21, 24, 25,
27, 30-33] (Table 1). Sham TENS used similar electrode
placements as the intervention groups, except the current
was switched off. We did not find any RCTs comparing

Table 1 Number of included RCTs by comparison and outcome

Outcome Follow-up
Imme- Short Interme- Long Extra-
diate 3 diate (6 (12 long
2 months) months) months) (>12
weeks) months)
TENS versus sham
Pain 10* 2 - - -
Function 4 2 - - -
HRQoL 2 - - - -
Fear avoidance - - - - -
Catastrophizing - - - - -
Depression - 1 - - -
Anxiety - - - - -
Self-efficacy - - - - -
Social - - - - -
participation
Medication use - - - - -
Falls - - - - -
Harms 1 - - - -

TENS versus no intervention or interventions where effects of
TENS were isolated

Pain 8 2 - - -
Function 6 2 - - -
HRQoL 1 - - - -

Fear avoidance - - - - -
Catastrophizing - 1 - - -
Depression - 1 - - -
Anxiety - - - - -
Self-efficacy - - - - -
Social - - - - -
participation

Medication use - - - - _
Falls - - - - -
Harms 1 - - - -
TENS versus usual care

All outcomes - - - - -

HRQoL: health-related quality of life.
22 RCTs included older adults (aged > 60 years)
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TENS to usual care. The outcomes were assessed in the
immediate term (closest to 2 weeks after the intervention
period) (14 RCTs in 13 reports) [2, 21-28, 30, 32-34], or
short term (closest to 3 months after the intervention period)
(1 RCT) [29], or both (2 RCTs) [31, 35]. None of the
included RCTs assessed outcomes in the intermediate (clos-
est to 6 months after the intervention period), long (clos-
est to 12 months after the intervention period) or extra long
(> 12 months after the intervention period) term. The RCTs
were rated as overall high (14, 82%), or unclear (3, 18%)
risk of bias (Online Resource 4). The agreement on overall
ROB ratings was high (weighted overall kappa score 0.95).

Certainty of Evidence

The certainty of the evidence for all outcomes was very low,
and was downgraded due to risk of bias, inconsistency, indi-
rectness, and imprecision of the effect estimates (see Online
Resources 5, 6 and 7).

TENS Versus Sham

All Adults

Due to very low certainty evidence, it is uncertain whether
TENS reduces pain (scale 0 to 10, 0=no pain) in the
immediate term (9 RCTs; mean difference (MD) = -0.90,
95% confidence interval (CI) -1.54 to -0.26) (see Online
Resource 7, plot 1.1.1) [2, 23, 24, 26, 28, 30, 31, 34, 35].
The effect estimate did not reach the threshold for what we
considered to be a minimally important between-group dif-
ference (MD = -1) [6]. It is uncertain whether TENS makes
little or no difference to pain in the short term (2 RCTs; MD
=-0.40, 95% CI -2.21 to 1.41) (plot 1.1.2) [31, 35].

Due to very low certainty evidence, it is uncertain whether
TENS makes little or no difference to function in the imme-
diate (4 RCTs; standardized mean difference (SMD) = -0.96,
95% CI -3.20 to 1.28; benefit indicated by lower values)
(plot 1.2.1) [24, 30, 31, 32], or short term (2 RCTs; MD =
-0.24, 95% CI -4.30 to 3.81; scale 0 to 50, 0= no disability)
(plot 1.2.2) [31, 35]. It is uncertain whether TENS makes
little or no difference to health-related quality of life (scale
0 to 100, 0= poor quality of life; PCS: physical component
summary, MCS: mental component summary) in the imme-
diate term (2 RCTs; PCS: MD=3.21, 95% CI -21.17 to
27.59; plot 1.3.1; MCS: MD =3.57, 95% CI -30.06 to 37.20;
plot 1.4.1) [24, 34]. It is uncertain whether TENS makes
little or no difference to depression (scale 0 to 63, 0=no
depression) in the short term (1 RCT; MD=3.04, 95% CI
-19.15 to 25.22) (plot 1.5.1) [35]. It is uncertain whether
TENS makes little or no difference to adverse events/harms
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TENs Sham
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Cheing 1999 15 631 31200 15 967 23100 —=—— -3.36 [-5.33;-1.40] 48%
De Alencar Caldas 2021 11 068 04400 11 0.95 0.9500 2 -0.27 [-0.89; 0.35] 10.5%
Dias 2021 A-C 35 23021000 18 3.00 2.4000 —1 -0.70 [-2.01, 0B1] 7.3%
Dias 2021 B-C 35 210 20000 17V 3.00 2.4000 —1 -0.80 [-222; 042] 7.2%
Ezema 2022 30 90010000 32 9.00 05000 P B 0.00 [-0.40;, 0.40] 11.4%
Kibar 2020 31 40017500 30 6.00 1.5000 5= -2.00 [-2.82;-1.18] 9.6%
Kofotolis 2008 23 21006000 21 2.00 0.4000 0.10 [-0.20; 0.40] 11.7%
Shimoji 2007 A-C 11 4.00 1.2000 4 450 1.6000 —H— -0.50 [-222; 1.22] 56%
Shimoji 2007 B-C 9 560 2.9000 4 450 1.6000 - 1.10 [-1.36; 3.56] 36%
Topuz 2004 A-C 15 3.73 1.6200 6 591 1.3700 —_— -2.18 [-3.55, -0.81] 7.0%
Topuz 2004 B-C 15 4.26 2.0500 & 581 1.3700 — -1.65 [-3.16; -0.14] 6.4%
Yaksi 2021 A-C 25 400 23000 12 4.50 1.6000 —i— -0.50 [-1.78;, 0.78) 7.4%
Yaksi 2021 B-C 25 28021000 11 450 1.6000 —i—- -1.70 [-2.95, -0.45] 7.5%
Random effects model 280 187 [ ' = r ; -0.90 [-1.54; -0.26] 100.0%
|

Heterogeneity: ° = 77%, 7° = 0.6749, p < 0.01

Dias 2021 A-C: TENS (GT100Hz) va. sharm; Dias 2021 B-C: TENS (GT2Hz) va sham

-4 =2 0 2 2
Favor TENs Favor Sham

Shimoji 2007 4-C: TENS (bidirectional modulated sine waves) vs. sham; Shimaoji 2007 B-C: Conventional TEMS vs. sham

Topuz 2004 A-C: Corventional TENS va. sham; Topuz 2004 B-C: Low-frequency TEMS vs. sham

Yaksi 2021 A-C: Continuows TENS ve sham; Yaksi 2021 B-C: Burst TENS vs. sham

Fig.2 TENS versus sham for pain in the immediate term (closest to 2 weeks); scale range is 0 to 10

(1 RCT) (no plot, narrative synthesis) [35]. None of the
other RCTs assessed adverse events.

Older Adults (aged = 60 Years)

Due to very low certainty evidence, in older adults, it is
uncertain whether TENS makes little or no difference to
pain (scale 0 to 10, 0=no pain) in the immediate term (1
RCT; MD=0.13, 95% CI -9.80 to 10.06) (plot 1.6.1.1) [2].

TENS Versus no Intervention or Interventions where
the Attributable Effect of TENS could be Isolated

All Adults

Due to very low certainty evidence, it is uncertain whether
TENS makes little or no difference to pain (scale 0 to 10,
0=no pain) in the immediate (8 RCTs; MD = -0.19, 95%
CI-0.51 to 0.14) (see Online Resource 7, plot 2.1.1) [2, 24,
25,27, 30-33], or short term (2 RCTs; MD =-0.98, 95% CI
-16.83 to 14.88) (plot 2.1.2) [29, 31].

Due to very low certainty evidence, it is uncertain whether
TENS makes little or no difference to function (benefit indi-
cated by lower values) in the immediate (6 RCTs; SMD =
-0.32,95% C1-0.71 to 0.07) (plot 2.2.1) [21, 24, 25, 27, 30,
31], or short term (2 RCTs; SMD=1.05, 95% CI -18.51 to
20.61) (plot 2.2.2) [29, 31]. It is uncertain whether TENS
makes little or no difference to health-related quality of
life (scale 0 to 100; 0=poor health-related quality of life)

in the immediate term (PCS: MD = -6.82, 95% CI -27.06 to
13.42; plot2.3.1; MCS: MD =-2.91,95% CI -10.25 to 4.43;
plot 2.4.1) [24]. It is uncertain whether TENS makes little
or no difference to depression (scale 0 to 21; 0 =no depres-
sion) in the short term (1 RCT; MD =-1.40, 95% CI -5.57 to
2.77) (plot 2.5.1) [29]. It is uncertain whether TENS reduces
pain catastrophizing (scale 0 to 52; 0= no catastrophizing)
in the short term (1 RCT; MD = -11.20, 95% CI -17.88 to
-3.52) (plot 2.6.1) [30]. It is uncertain whether TENS makes
little or no difference to adverse events/harms in the imme-
diate term (1 RCT) (no plot, narrative synthesis) [31].

Subgroup and Sensitivity Analyses

The results of the subgroup analyses did not substantially
alter our main findings; however, the subgroups require fur-
ther investigation. For all comparisons, the subgroups were
small (consisting of 1-3 RCTs with sample sizes ranging
from 11 to 134 adults per group) and yielded small, pooled
effects with marked imprecision (wide 95% Cls) and unclear
clinical implications. Therefore, subgroup differences could
not be explained and/or the differences between subgroups
would likely not result in different recommendations for
different subgroups (see Online Resource 7). This is due to
the very low certainty evidence and little or no differences
between TENS and comparisons for all outcomes.

@ Springer
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TENS No treatment

Study Total Mean SD Total Mean SD Mean Difference MD 95%—-Cl Weight
De Alencar Caldas 2021 11 1.20 1.2600 11 1.21 1.3000 —— -0.01 [-1.08; 1.06] 9.9%
Depaoli Lemos 2021 16 4.00 31800 16 3.81 2.2900 — 019 [-1.73;, 211] 3.8%
Elserty 2016 A-C 15 2.50 3.9892 B8 377 21779 —_—r -1.27 [-3.79; 1.25] 23%
Elserty 2016 B-C 15 217 3.5631 7 377 20372 e -1.60 [-3.95 075] 26%
Kibar 2020 32 2.00 1.5000 30 3.00 1.7500 —-0-— -1.00 [-1.81; -0.19] 14.4%
Kofotolis 2008 21 160 04000 23 1.40 0.5000 , 0.20 [-0.07; 0.47] 31.9%
Petrofsky 2020 A-E 15 4.41 8.0945 8 5.09 59680 ; -0.68 [-6.50; 5.14] 0.5%
Petrofsky 2020 B-F 15 2.30 56933 7 22532543 —_— 0.05 [-3.71, 3.81] 1.1%
Petrofsky 2020 C-F 15 224 54222 7 22532543 —_— -0.01 [-366; 364] 1.1%
Petrofsky 2020 D-E 15 4.67 B.5583 8 5.09 59680 : -0.42 [-6.41, 557] 04%
Shimoji 2007 11 3.40 06000 10 3.60 0.4000 L | -0.20 [-0.63; 0.23] 25.7%
Tella 2021 11 49113000 11 473 2.0000 —i— 018 [-1.23; 1.59] 6.4%
Random effects model 192 146 & =0.19 [-0.51; 0.14] 100.0%
Heterogeneity: 1= 6%, 1* = 0.1077, p=039 f T T T T 1

-6 -4 -2 0 2 4 8

Favor TENS Favor No treatment

Elgerty 2016 A-C: TENS (fived pulse) + exercise vs, exercise alone, Elserty 2016 B.C. TENS (adjusted pulse) + exercise vs. exercise alone
Patrofsky 2020 A-E: Continuous TENS + sham vs. sham; Petrofsky 2020 B-F: Continuous TENS + LLCH vs. LLCH; Paetrofsky 2020 C-F- TENS last 15 min + LLCH vs. LLCH; Petrofsky 2020 D-E: TENS last 15 min

+ sham vs sham

Fig. 3 TENS versus no intervention or interventions where the effects of TENS were isolated for pain in the immediate term (closest to 2 weeks);

scale range is 0 to 10

Discussion

The evidence regarding the benefits and harms of TENS for
CPLBP in adults is based on 17 RCTs with a total of 1027
adults. Of these, two RCTs (one report, n=28) assessed
older adults (aged >60 years) [2]. Most of the RCTs (14,
82%) were rated as having a high overall risk of bias, and
three (18%) were rated as unclear overall risk of bias. The
certainty of the evidence for all outcomes was very low. For
most outcomes there was little or no difference between
TENS and sham, no intervention, or interventions where
the attributable effect of TENS could be isolated (i.e., com-
bined TENS with treatment B versus treatment B alone). In
the comparison of TENS with sham, in the immediate term,
evidence suggested a marginal reduction in pain that did not
meet our MID (MD = -1) [6] and was not found in the RCTs
exclusively assessing older adults. Additionally, no harms
were reported, but this was assessed in only one RCT. In the
comparison of TENS with no intervention, evidence sug-
gested a reduction in pain catastrophizing in the short term.

Our findings are similar to those in the review by Khad-
ilkar et al. (2008) [4] concluding that the evidence does
not support the use of TENS in the routine management of
CPLBP. There are, however, some notable methodological
differences between these two reviews. First, Khadilkar et
al. exclusively included RCTs comparing TENS to sham.
We expanded the breadth of the comparisons and identified
nine RCTs comparing TENS to no intervention or inter-
ventions where the effects of TENS could be isolated. Our
review differed in our assessment of the risk of bias. Aside
from using a different risk of bias tool, the interpretation
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of each type of bias differed between reviews. Khadilkar et
al. used an arbitrary cut-off score to determine the level of
quality (high versus low quality) attributed to each RCT;
whereas we based our assessment on the inherent impact
that each type of bias could have contributed to the RCT
and its interpretation of results [37]. Interestingly, one RCT
relevant to both the Khadilkar and current review [34] was
judged to be high quality by Khadilkar et al. and high risk of
bias (low quality) by our review team.

Since the publication of Khadilkar et al. in 2008, we
identified one related systematic review assessing the effec-
tiveness of TENS versus placebo for CLBP, the findings of
which aligned with ours. Resende et al. (2018) [5] found
low-quality evidence that TENS did not improve function
immediately after therapy. No other results were available
that specifically assessed the effects of TENS versus pla-
cebo in people with CLBP. Our review differed by specifi-
cally assessing the effects of TENS (not in combination with
IFC) on multiple additional outcomes such as pain, psycho-
logical functioning, and social participation including work.

Our systematic review has strengths. To begin with,
our team consisted of clinical and methodological experts
from around the world, specializing in LBP, systematic
reviews, and evidence syntheses. Secondly, our review pro-
cess involved conducting thorough and peer-reviewed lit-
erature searches without any language restrictions. Third,
during the screening and ROB assessments, a core team
member (with the most expertise and reliability in screen-
ing and ROB evaluations) was involved in each screening
and ROB pair. Fourth, our ROB assessments did not rely
on summary scores or the number of items at risk of bias,
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as some other systematic reviews have done. Instead, we
created supplementary guidance forms based on the ROB1
criteria [12, 13], which allowed reviewers to consider criti-
cal flaws in the studies [6]. Our use of these forms resulted
in high agreement on overall ROB ratings. Lastly, we main-
tained transparency throughout the review process, provid-
ing detailed ROB assessments and footnotes for grading the
certainty of the evidence (see Online Resources 4, 5). These
notes give readers a better understanding of our judgements
and allow them to reach their own conclusions.

Our review has potential limitations. One limitation is
the possibility that we missed relevant RCTs. However, we
attempted to address this by using comprehensive and peer-
reviewed literature search strategies developed with the
assistance of experienced health sciences librarians. Addi-
tionally, we searched the reference lists of included RCTs
and related systematic reviews. Another limitation is that we
did not search the grey literature, which could introduce pub-
lication bias as studies published in peer-reviewed journals
tend to report larger intervention effects than those in the
grey literature [38]. Nonetheless, we believe our review was
not impacted by publication bias. We searched for unpub-
lished RCTs in the WHO ICTRP registry and contacted
authors of unpublished RCTs. Responses from authors
indicated that incomplete RCTs were the main reason for
non-publication. Moreover, unpublished studies are known
to represent a small proportion of studies and rarely impact
results and conclusions [39]. However, it may be important
to include such studies in limited scenarios or where there
are potential conflicts of interest in published research [39].

Of note, the WHO GDG sought a homogeneous popu-
lation comprising adults with CPLBP [6]. That is, we
excluded RCTs that included post-surgical adults within 12
months post-surgery, adults who had undergone fusion or
disc replacement surgery at any time, pregnant individuals,
and adults with a clearly determined specific cause for their
LBP (e.g., vertebral fracture, malignancy, inflammatory
disease). Some reviews use a majority criterion, deeming
eligible studies whereby most participants (e.g., >80%) do
not have certain conditions or characteristics. We excluded a
highly cited RCT by Deyo et al. (1990) [40] for two reasons.
First, it included adults who had surgery or chymopapain
therapy (TENS group: 7/65, 11%; sham group: 6/60, 10%),
and the results were not stratified based on whether surgery
was received, or type of treatment received. Further, they
provided no information on the timing of surgery or type of
surgery. Second, Deyo et al. included adults with spondy-
lolysis, spondylolisthesis, compression fracture, or scoliosis
(TENS group: 7/65, 11%; sham group: 7/60, 12%), and did
not stratify their results based on type of LBP (i.e., primary
vs. secondary CLBP). While authors were contacted in most
cases to clarify study eligibility, this RCT was published

32 years ago; and for pragmatic reasons, authors were not
contacted. Nonetheless, we conducted a sensitivity analysis
including the results of this RCT and our findings did not
change (i.e., we are uncertain if TENS makes little or no dif-
ference to pain, function, and adverse events, since the cer-
tainty of the evidence is very low). In the current review, no
other RCTs were excluded solely for the inclusion of post-
surgical participants or participants with secondary CLBP.

We identified several gaps in the evidence that applied
across all comparisons involving TENS. First, we did not
identify any RCTs reporting on the benefits or harms of
TENS beyond the short term (i.e., 3 months after the inter-
vention period). Second, we did not identify any RCTs
assessing the effects of TENS on fear avoidance, anxiety,
self-efficacy, or social participation including work. Finally,
we were unable to assess whether benefits or harms of
TENS vary by race/ethnicity. For the comparison of TENS
to sham in all adults, we found no RCTs assessing the
effects of treatment on catastrophizing behaviours. In older
adults (aged > 60 years), two small RCTs assessed pain; we
found no RCTs assessing function, health-related quality of
life, depression, fear avoidance, change in medication use,
falls, or harms. We were also unable to assess whether the
benefits or harms of TENS in older adults vary by gender,
presence of leg pain/symptoms, or in people from higher
versus lower income countries. For the comparison of
TENS to no intervention or interventions where the effects
of TENS could be isolated, we found no RCTs reporting on
fear avoidance behaviours, anxiety, self-efficacy, or social
participation including work, and no RCTs in older adults.
Finally, we found no RCTs comparing TENS to usual care.
These identified gaps may be an avenue for further research,
as well as comparing the effects of different doses, frequen-
cies, and durations of TENS. Harms, including those that
may be associated with persistent long-term use, should also
be investigated systematically.

Conclusion

Based on very low certainty evidence, adults with CPLBP
experienced brief and marginal reductions in pain (not
deemed clinically important) and a short-term reduction
in pain catastrophizing with the use of TENS. Harms from
TENS are unclear, as only one included RCT assessed
adverse events. The remaining evidence showed little to no
difference in benefits between TENS and the comparison
interventions for a range of other outcomes (e.g., function,
health-related quality of life, depression). Care plans for
patients should be created through shared decision making,
considering the scientific data and other contextual factors,
such as patient preferences and values.
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